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Fluency tasks have been widely used to tap the voluntary generation of responses. The anatomical correlates of fluency tasks
and their sensitivity and specificity have been hotly debated. However, investigation of the cognitive processes involved in
voluntary generation of responses and whether generation is supported by a common, general process (e.g. fluid intelligence) or
specific cognitive processes underpinned by particular frontal regions has rarely been addressed. This study investigates a range
of verbal and non-verbal fluency tasks in patients with unselected focal frontal (n = 47) and posterior (n = 20) lesions. Patients
and controls (n = 35) matched for education, age and sex were administered fluency tasks including word (phonemic/semantic),
design, gesture and ideational fluency as well as background cognitive tests. Lesions were analysed by standard anterior/
posterior and left/right frontal subdivisions as well as a finer-grained frontal localization method. Thus, patients with right
and left lateral lesions were compared to patients with superior medial lesions. The results show that all eight fluency tasks are
sensitive to frontal lobe damage although only the phonemic word and design fluency tasks were specific to the frontal region.
Superior medial patients were the only group to be impaired on all eight fluency tasks, relative to controls, consistent with an
energization deficit. The most marked fluency deficits for lateral patients were along material specific lines (i.e. left—phonemic
and right—design). Phonemic word fluency that requires greater selection was most severely impaired following left inferior
frontal damage. Overall, our results support the notion that frontal functions comprise a set of specialized cognitive processes,
supported by distinct frontal regions.
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Introductlon generation task takes two forms, phonemic or semantic word flu-

ency, each of which requires the generation of multiple single
Fluency tasks have long been used to tap one of the executive words from a single cue within a given time. Non-verbal gener-
functions implemented by the frontal lobes; namely, the voluntary ation analogues to word fluency have been developed
generation of non-overlearned responses. The classic verbal (Jones-Gotman and Milner, 1977). Typically, these are design
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Fluency tests in frontal lesions

fluency tasks involving free or constrained conditions. In the free
condition, subjects are required to invent novel drawings that do
not represent and are not derived from real objects. In the con-
strained condition, subjects are asked to generate drawings that
consist of four lines. Three other fluency tasks have been sporad-
ically used to assess voluntary response generation: ideational
fluency (also referred to as the Alternate Uses test and the
Uses of Objects test), gesture fluency and motor movement
generation. Ideational and gesture fluency require generation of
either known or novel uses of objects (ideational, e.g. uses of a
brick: conventional—build a house; unconventional—paperweight)
or finger positions (gesture: meaningless and meaningful; Jason,
1985). Motor movement generation involves making random
movements with a joystick and has been used to investigate
movement selection in the context of neuroimaging (Deiber
et al., 1991).

Fluency tasks and anatomical correlates

Voluntary generation is widely thought to be a frontal lobe pro-
cess and prefrontal damage is known to result in a lack of initi-
ation (Fuster, 2008). However, the evidence of frontal
specialization (i.e. sensitivity and specificity) or localization within
the frontal cortex for fluency tasks is inconsistent or sparse. Since
the seminal study of Milner (1964), many lesion studies have
demonstrated reduced word fluency following frontal lobe lesions
(Baldo and Shimamura, 1998; Rogers et al., 1998; Stuss et al.,
1998; Troyer et al., 1998; Schwartz and Baldo, 2001), compared
to both posterior patients and controls (Perret, 1974; Pendleton
et al., 1982). However, the lack of definitive sensitivity and spe-
cificity is reflected in the absence of a frontal semantic fluency
deficit reported in some studies (Newcombe, 1969; Martin
et al., 1990) while other studies report equivalent frontal and
posterior impairments (Newcombe, 1969; Coslett et al., 1991) or
a posterior deficit (Vilkki and Holst, 1994; Stuss et al., 1998).
A meta-analysis of phonemic and semantic fluency revealed
large and comparable frontal deficits, whereas temporal patients
showed a larger semantic than phonemic fluency deficit (Henry
and Crawford, 2004; for a similar finding in semantic dementia,
see Hodges et al., 1992). In contrast, a lesion mapping study of
left-hemisphere stroke patients revealed that semantic and phon-
emic fluency deficits correlated with temporal and frontal lesions,
respectively (Baldo et al., 2006). This was considered by these
authors to be consistent with the idea that temporal cortex sup-
ports word retrieval constrained by semantics while frontal regions
support word retrieval constrained by phonology. Within the fron-
tal cortex, a number of studies suggest word fluency is more
reduced following left than right frontal lesions (Milner, 1964;
Newcombe, 1969; Miceli et al., 1981; Pendleton et al., 1982;
Vilkki and Holst, 1994), especially for phonemic fluency (Milner,
1964; Benton, 1968; Perret, 1974; Stuss et al., 1998). However,
reduced word fluency has been reported in right lesions (Perret,
1974; Martin et al., 1990; Loring et al., 1994), although other
studies suggest right frontals perform comparably with controls
(Milner, 1964; Newcombe, 1969).

Design fluency has generally been associated with the frontal
region (Tucha et al., 1999; Baldo et al., 2001). Specifically,
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Jones-Gotman and Milner (1977) reported an impairment for
this task (i.e. reduced and perseverative output) in a relatively
small group of right frontal and right fronto-central patients. A
further study of eight patients has corroborated the right frontal
deficit (Ruff et al., 1994), but frontal lateralization and more
detailed localization remain controversial. Several studies have
found an equally severe left and right frontal deficit (Tucha
et al., 1999; Baldo et al., 2001). Notably, the failure to include
a posterior patient control group means that the specificity of a
design fluency deficit to the frontal lobes has yet to be estab-
lished. The three other fluency tasks (ideational fluency, gesture
fluency and motor movement generation) are little investigated
and poorly understood. An ideational fluency deficit for novel
uses was documented in 10 frontal patients with widely distrib-
uted lesions (compared to a small number of controls, basal
ganglia and posterior patients; Eslinger and Grattan, 1993). For
gesture fluency, Jason (1985) reported a left frontal deficit
(meaningful and meaningless gestures) and a right frontal deficit
(only meaningful gestures). We previously reported a dynamic
aphasic patient (CH) who, despite severely impaired verbal gen-
eration skills, including word fluency, performed normally on a
range of gesture fluency and motor movement generation tasks.
Patient CH had focal left inferior frontal and temporal atrophy in
the context of non-fluent progressive aphasia (Robinson et al.,
2005). There are no reports of frontal lateralization for ideational
fluency.

In a review of the sensitivity and specificity of phonemic word
fluency to frontal lobe lesions, Alvarez and Emory (2006) con-
cluded that this task is sensitive to frontal lobe lesions but its
specificity remained a question. That is, phonemic word fluency
may also be sensitive to non-frontal lesions. These authors high-
lighted several limitations of lesion studies that may have contrib-
uted to the lack of specificity including the lack of an appropriate
control group (Benton, 1968), sparse lesion localization details,
the use of written rather than oral word fluency tasks (Milner,
1964; Pendleton et al., 1982) and the provision of only minimal
details about the presence (or absence) of dysphasia. Further limi-
tations such as the small number of patients in many lesion studies
(Baldo and Shimamura, 1998) and the variety of procedures
adopted for grouping frontal patients according to lesion site are
also relevant.

There are generally two main procedures used for grouping
patients: standard approaches (i.e. frontal/posterior, left/right/
bi-frontal; for examples of the method, see Milner, 1964;
Benton, 1968; Tucha et al., 1999; Baldo et al., 2001) and the
more recent 'hot-spotting’ procedure that employs a finer-grained
approach (i.e. left/right lateral, superior/inferior medial; for ex-
amples of the method, see Stuss et al., 1998; Troyer, et al.,
1998; for review, see Stuss, 2011). Standard approaches to group-
ing frontal patients are by far the most widely adopted procedures
and form the basis of the review above. An exception is the study
by Stuss et al. (1998) who used a finer-grained approach to iden-
tify ‘the most significant effect on letter-based [phonemic]
fluency...was  produced by left dorso-lateral  frontal
lesions...Brodmann's areas 46, 45, 44, 6, 8, and 9' (p. 274).
These authors were uncertain whether ‘further anatomical differ-
entiation can be identified within this region’ (p. 274).
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Nevertheless, despite identification of the frontal region as having
sensitivity for phonemic fluency, Stuss et al. (1998) did not show
specificity of this task as patients with posterior lesions were also
impaired, relative to healthy controls. Thus, the question of
whether the word fluency task is specific to frontal lobe lesions
remains unresolved.

In sum, it is well documented that all four fluency tasks (word,
design, gesture and ideational) are sensitive to frontal lobe
damage. However, evidence for the specificity of fluency tasks
to the frontal lobes remains equivocal. In addition, questions
remain regarding any further differentiation within this area for
voluntary non-overlearned response generation as measured by
fluency tasks.

Fluency tasks and cognitive processes

To generate responses for all types of fluency tasks, sustained
activation for the duration of the time period is required.
Indeed, a deficit in sustaining activation has been implicated in
reduced performance in fluency tasks, including word fluency
(Stuss et al., 1998; Reverberi et al., 2006). However, more specific
processes may come into play for some fluency tasks, namely,
mechanisms for selection between possible outputs and for the
creation of new responses.

A selection mechanism comes into play when multiple
verbal responses are linked to the same cue and so compete for
generation. This produces an analogous situation within semantic
memory to those in episodic memory, which give rise to the
cue-overload phenomenon (Watkins and Watkins, 1975).
The selection demands of fluency tasks may vary depending on
the type of responses and the degree of conflict due to competi-
tion. A selection mechanism may be more necessary for phonemic
rather than semantic fluency (Perret, 1974). This is because the
former involves competition due to the habitual use of words with
respect to their meaning in addition to the use of words with
respect to the first letter (or sound).

We have previously documented that a selection deficit at the
conceptual level accounted for reduced verbal generation (words,
phrases and sentences) in patients with dynamic aphasia with left
inferior frontal gyrus (LIFG) damage (Robinson et al., 1998,
2005). We have also reported that generation of sentences was
only impaired when selection is required in patients with LIFG
lesions (Robinson et al.,, 2010). Moreover, Thompson-Schill
et al. (1997), on the basis of a functional imaging study of
normal subjects, have argued that the LIFG is critical for selec-
tion. Since these studies, the role of the LIFG in selection has
been debated (Hirshorn and Thompson-Schill, 2006; Heim et al.,
2009; Schnur et al., 2009). Thus, it can be hypothesized that any
fluency task with greater selection demands resulting from mul-
tiple response competition will be impaired following LIFG
damage. However, a very different and considerably more gen-
eral perspective has recently been put forward. In a large study
of frontal patients, Roca et al. (2010) interpreted their impaired
verbal fluency (i.e. phonemic word fluency) performance as re-
sulting from a deficit in fluid intelligence, thought to ‘reflect cur-
rent ability for abstract thought and reasoning’ (p. 235; see also
Duncan et al., 1995). For a group of tasks including verbal
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fluency, the authors state that '...differences between patients
and controls can be entirely explained by g..." (Roca et al.,
2010, p. 243).

Another type of mechanism appears to be important for design,
ideational and gesture fluency tasks, but possibly not for word
fluency tasks. The first three types of tasks have considerable nov-
elty demands; that is they require the creation of new responses. If
this is the key factor, then an impairment may result in the gen-
eration of an insufficient number of possible responses. Thus, little
competition may occur such that minimal or no selection is neces-
sary. One can then hypothesize that LIFG lesions may not be
critical for these types of tasks.

The present study aimed to investigate a range of verbal and
non-verbal generation tasks (word, design, gesture and ideational
fluency) in patients with focal frontal and posterior lesions and
matched healthy controls to address anatomical and theoretical
issues.

Anatomical issues

The anatomical issues are frontal specialization and localization
within the frontal cortex. Which fluency tasks are sensitive to
frontal lobe damage (i.e. compared to healthy controls), and
which tasks are specific to frontal lobe damage (i.e. compared
to posterior patients)? We term these comparisons the standard
analyses. Which fluency tasks rely on processes that can be loca-
lized more specifically within the frontal cortex? We selected
regions thought to be relevant for key processes involved in the
different fluency tasks. We investigated whether patients with le-
sions within specific frontal regions performed worse than healthy
controls and patients with lesions in other parts of the frontal
lobes. However, we did not compare a set of frontal regions
only with each other. Such a comparison implicitly presupposes
that only one such region contains all the processes required for
a given fluency task; there are no grounds for making this as-
sumption. More specifically, we investigated whether individual
fluency tasks show a lateralization effect (i.e. left frontal compared
to right frontal). Furthermore, can localization within the frontal
cortex be revealed using a finer-grained lesion identification
method (i.e. lateral—left/right, medial—superior/inferior)? We
termed these comparisons the lateralization and finer-grained ana-
lyses, respectively. Moreover, adopting different grouping proced-
ures is necessary in order to investigate whether effects found in
previous studies replicate.

Theoretical issues

Is verbal generation supported by a common, general process (e.g.
fluid intelligence) based on multiple demand regions (Roca et al.,
2010) or does generation instead or as well involve specific cog-
nitive processes supported by particular regions within the
frontal cortex? In particular, we consider selection and the role
of the LIFG: is there evidence that patients with LIFG lesions
(compared with non-LIFG patients) show a deficit on fluency
tasks with high selection requirements (e.g. phonemic versus
semantic fluency)?



Fluency tests in frontal lesions

Materials and methods

Subjects

Seventy-two patients with focal frontal or posterior lesions primarily
due to brain tumour and stroke were recruited from the National
Hospital for Neurology and Neurosurgery. A description of patients’
lesion location, aetiology, lesion extent and chronicity is available in
Supplementary Table 1 and full details of inclusion and exclusion cri-
teria are detailed in Robinson et al. (2010) since the same sample was
recruited for both studies. Thus, 67 patients with focal lesions (47
frontal; 20 posterior: 12 left and 8 right) were compared with 35
healthy adult controls with no neurological or psychiatric history,
matched as was possible for age, gender and education.

The National Hospital for Neurology and Neurosurgery and the
Institute of Neurology Joint Research Ethics Committee and the
University College London Hospitals NHS Trust Research and
Development Directorate approved the study.

Lesion analyses

A neurologist (M.B.) who was blind to the history of each patient
reviewed the hard copies of MRI scans (or CT where MRI was un-
available, n = 14). Brain MRI was obtained on systems operated at 1.5
T and included the acquisition of an axial dual-echo and an axial and
coronal Tq-weighted scan. CT scans were all obtained using a spiral CT
system (SOMATOM PLUS 4, Siemens). Axial images were collected
with an effective slice thickness of 5mm and pitch of 1.5. Both MRI
and CT data were used as our goal was to enable the recruitment of a
large number of patients. The exclusion criteria and lesion assessment
guidelines were rigorous and based on detailed anatomical localization
using standard atlases (Duvernoy, 1991). Of note, all frontal lesions
were entirely within the frontal lobe except for two right frontal
patients with vascular lesions that extended to the postcentral gyrus
(analyses were conducted with and without these two patients with
the results being unchanged). The lesion localization method is
described in detail in Robinson et al. (2010). Briefly, each frontal pa-
tient was coded for the presence of lesion and oedema in each hemi-
sphere in the anterior and posterior portion of nine left and right
frontal regions (18 areas in total). An area was only coded as damaged
if at least 25% was affected.

Four analyses (standard, lateralization, finer-grained and theoretic-
ally driven) for grouping frontal patients on the basis of their lesions
were adopted. These four procedures were used for the behavioural
analyses. They allowed comparison to be made with previous studies
as well as replication and extension of previously reported effects.

In the standard analysis (frontal versus posterior versus controls), all
18 regions were collapsed together to establish a general frontal effect
(frontal: n =47; posterior: n =20; controls: n =35). This analysis was
critical because subsequent analyses were carried out if, and only if,
there was a significant frontal deficit compared to controls. This is
because the aim was to be more specific anatomically on the localiza-
tion of key systems responsible for an already established frontal lesion
effect. Thus, following the first standard analysis, the lateralization
analysis was carried out by collapsing all the patients with left and
right frontal lesions and contrasting them with controls (left frontal:
n =18, right frontal: n=22, controls: n=35; seven frontal patients
with bilateral lesions were excluded).

The finer-grained analysis was carried out in parallel with the lat-
eralization analysis. This third type of analysis used the grouping pre-
viously adopted by Stuss et al. (1998) contrasting the left lateral versus
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right lateral versus superior medial versus controls (left lateral n =10,
right lateral n =28, inferior and middle frontal gyri; superior medial
n =12, superior frontal gyri; controls n=35; for examples of the
method, see Picton et al., 2006; Turner et al., 2007). Primary lesion
site was determined by a lesion falling entirely within one site or, when
it extended over two sites, the lesion was required to affect >75% of
the primary site and <30% of the secondary site. Seventeen frontal
patients were excluded from this third finer-grained analysis as the
primary site of lesion fit more than one subgroup (n = 13) or because
of the small number of patients available for the inferior medial group
(n=4; cingulate and orbital cortex) (Fig. 1). For the word fluency
results, we directly compared the left lateral and right lateral patients
in order to attempt to replicate the effects previously documented by
Stuss et al. (1998) and Troyer et al. (1998).

The fourth theoretically driven analysis was used to investigate two
hypotheses in relation to phonemic word fluency. The first is that the
LIFG plays a specific role in verbal conceptual selection (Robinson
et al. 2010). The second hypothesis is that verbal generation involves
specific cognitive processes rather than a common, general process
such as fluid intelligence (Roca et al., 2010). Thus, frontal patients
with lesions to the LIFG (n = 12) were directly compared with frontal
patients with lesions not including the LIFG (non-LIFG: n = 35).

Statistical analyses

ANOVA was used for the standard, the lateralization and the
finer-grained analyses. Age was included as a covariate as the right
frontal group was significantly older than the left frontal group.
Adopting the methods of previous studies (e.g. Stuss et al., 1998;
Troyer et al., 1998; Tucha et al., 1999), significant results were fol-
lowed by pairwise comparisons (standard and lateralization analyses:
between patient groups and controls; finer-grained analysis: each fron-
tal sub-group compared to controls). Bonferroni's correction was
applied to all analyses (e.g. frontal versus posterior versus control;
left frontal versus right frontal versus controls; left lateral/right lat-
eral/superior medial versus controls; all P < 0.017) and only significant
results are reported. For word and design fluency, including the the-
oretically driven analyses, t-tests were used to directly compare the
frontal patient groups for reasons discussed above (i.e. left frontal
versus right frontal; left lateral versus right lateral; LIFG versus
non-LIFG). If error variances were unequal (i.e. Levene's test was sig-
nificant), non-parametric statistics were applied (Kruskal-Wallis test;
followed by pairwise Mann-Whitney U-tests—for similar method,
see Turner et al., 2007).

Generation tests and procedure

Word fluency

Phonemic (‘S") and semantic (fruit/vegetables) word fluency tasks
were administered (Milner, 1964; Benton, 1968; Hodges et al.,
1990). Subjects were asked to orally generate words for 1 min without
producing proper nouns or numbers (phonemic fluency) or repeating
words. The total number of correct words generated was recorded.
Thus, perseverative responses and rule break errors (e.g. Susan for 'S’
and bread for ‘fruit/vegetables’) were excluded. For each patient, a
word fluency ratio was calculated to contrast the number generated
for the two tasks: phonemic/(phonemic + semantic). The lower the
ratio, the more reduced the performance on the phonemic relative
to the semantic task.
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Figure 1 Lesion location for patients with lesions predominantly affecting the left lateral, right lateral and superior medial regions. The
shaded areas represent the proportion of patients within each group who have lesions affecting at least 25% of the depicted region.

Design fluency

Free and fixed design fluency tasks, as detailed by Jones-Gotman and
Milner (1977), were given. Subjects were asked to generate as many
drawings as possible in two conditions: (i) free—5min to complete
drawings that neither represented real objects nor were derived from
such objects and (ii) fixed—4 min as in the free condition, except that
each drawing had to consist of four lines, straight or curved. Subjects
were provided with a pencil and blank A4 paper. The total number of
correct designs generated was recorded. Perseverative responses (i.e. a
repeat or partial repeat of a previous response) and errors (i.e. if it
clearly broke the rules given) were excluded.

Gesture fluency

The gesture fluency tests, and instructions, were based on Jason
(1985). Subjects were asked to generate as many movements as pos-
sible with the upper limbs in 2 min under two conditions: (i) meaning-
less movements and (ii) meaningful movements. The total number of
correct responses generated was recorded and scored, aided by video
camera. Perseverative responses and rule break errors (e.g. waving in
the meaningless condition) were excluded from the analysis.

Ideational fluency

This task was based on the Uses of Objects (or Alternate Uses) Test
(Lezak et al., 2004). Subjects were asked to generate possible uses of
an object in 90s (i) brick and (i) table knife, under two conditions:
(i) conventional uses (e.g. build a house and butter bread) and (ii) un-
conventional uses (e.g. paperweight and open letters). The total
number of correct responses generated was recorded. Perseverative
responses (complete or partial) and errors (e.g. a screwdriver for con-
ventional uses of a table knife) were excluded. The responses from the
two objects [(i) and (ii)] were combined and analysed together in each
condition.

All fluency and baseline cognitive tests were administered by an
experienced clinical neuropsychologist (G.R.), as part of a larger set
of tests.

Results

Descriptive characteristics and baseline
cognitive test summary

Descriptive characteristics and baseline cognitive test scores of the
patients (posterior and left/right frontal; for the total frontal group
scores, see Supplementary Table 2) and the healthy controls are
presented in Table 1. Control and patient groups were matched
(i.e. P> 0.05) for sex, age and pre-morbid intelligence, apart from
the older age of right frontal than left frontal patients (U = 91.000,
P < 0.01). The frontal sub-groups were equivalent in the time
since the lesion occurred. However, posterior patients were more
acute than frontal patients [posterior: mean=4.5 months,
SD = 10.4; frontal: mean = 18.3 months, SD = 34.6; U = 169.000,
P < 0.011.

For cognitive baseline measures, the three basic groups in
the standard analysis did not differ in their performance on a test
of general intelligence [Advanced Progressive Matrices: F(2,88) =
1.225, P> 0.05]. The mean score for the frontal and posterior
patient groups was in the normal range for verbal memory and in
the lower end of the normal range for visual memory (published
normative data: Warrington, 1984) [Recognition Memory Test
Words: t(52) = —0.02, P > 0.05; Faces: t(52) = —0.53, P > 0.05;
comparison is between frontal and posterior patients as not all con-
trols performed this standard test]. On the verbal memory test, 92 %
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Table 1 Descriptive characteristics and cognitive baseline scores for healthy controls and patient groups for the standard,
lateralization analysis (posterior and frontal) and the finer-grained analysis

Healthy controls Posterior patients Frontal patients Frontal sub-groups
Left Right LL RL SM
n=35 n=20 n=18 n=22 n=10 n=8
n=12
Sex (M:F) 18:17 10:10 14:4 11:11 8:2 3:5 6:6
Mean lesion extent (no. frontal areas) - - 4.3 3.4 3.5 3.1 3.3
(2.8) (2.0 (2.2) (1.9) (1.8)
Mean age 47.8 541 42.3 55.4**% 45.0 47.9 48.3
(15.5) (9.9) (9.0) (15.2) (10.2) (17.2) (12.5)
Mean NART®-derived premorbid 1Q 109.5 109.6 101.1 104.3 104.8 108.1 100.3
(12.4) (9.7) (14.5) (13.6) (13.2) 9.7) (14.9)
Advanced Progressive Matrices® (/12) 7.6 7.3 8.2 6.1 7.7 7.1 7.7
(3.0) (2.4) (2.3) (2.8) (2.6) (2.4) 3.1)
Recognition Memory Test? Words (/50) 45¢ 44.7 46.4 44.2 46.8 46.1 46.3
4.7) (3.3) (5.7) 3.1) 2.7) (3.6)
Recognition Memory Testd Faces (/50) 44¢ 411 431 37.7*2 42.6 394 40.5
(6.0) (3.5) (6.8) (3.7) (5.3) (5.2)
Incomplete Letters Testf(/ZO) 19.9 19.3** 19.8 19.3* 19.8 19.4 19.8
(0.4) (0.9) (0.6) (0.8) (0.4) (0.5) (0.5)
Graded Naming Test® (/30) 223 17.8* 17.9 18.9 19.2 209 20.5
(4.9) (7.4) (4.8) (5.9) (5.2) (5.2) (3.9)
Synonyms Test (/50) 43.1 43.4 36.9* 41.5 39.0 41.8 394
(6.8) (5.2) (7.6) (6.8) (6.0) (4.9) (7.3)
Hayling overall score'’ 6.2 55 4.3** 3.6%%* 4.0***  3.4**  4.8*
(1.1) (1.4) 2.1) (2.0) (1.8) (2.3) (1.9)

Frontal patients total n = 47; LL = left lateral; RL = right lateral; SM = superior medial.
dcompared with the left frontal patients.

PNART = National Adult Reading Test (Nelson and Willison, 1991).

‘Raven (1976).

dWarrington (1984).

standardized sample 50th percentile (40-54 years) and healthy controls not included in statistical analysis.

fWalrrington and James (1991).
&McKenna and Warrington (1980).
" Warrington et al. (1998).
'Burgess and Shallice (1997).

Jscaled score is 1-10, 6 is average; Scores with significant P - values are in bold; *P < 0.05; **P < 0.01; ***P < 0.001, compared with healthy controls.

of both frontal and posterior patients scored above the 5% cut-off.
For the visual memory test, 73% of frontal patients and 77% of
posterior patients scored above the 5% cut-off. The three basic
groups differed significantly on the naming and comprehension
measures [Graded Naming Test: F(2,97)=4.955, P <0.01;
Synonyms Test: F(2,91) =4.315, P < 0.05]. Mild nominal deficits
were present in frontal and posterior patients. Specifically, 85% of
both frontal and posterior patients performed above the 5% cut-off
on the naming test and 92% of frontal and all posterior patients
performed above the 5% cut-off on the word comprehension test.
The left frontal patients scored lower than right frontal patients only
on the comprehension measure [lateralization analysis Graded
Naming Test: F(2,69) =4.14, P < 0.05; Synonyms Test: F(2,66) =
3.94, P < 0.05] (Table 1). On the Incomplete Letters Test of visual
perception, all patients scored above the 5% cut-off, although the
groups differed [non-parametric Kruskal-Wallis test: x*(2) = 8.225,
P < 0.05]. On the Hayling Test of frontal ‘executive’ function, the
three basic groups differed significantly [non-parametric Kruskal-
Wallis test: X2(2) =21.25, P < 0.001]. Posterior patients were unim-
paired relative to controls (P > 0.05). In striking contrast, the Hayling
Test overall scaled score of the frontal patient group (and each frontal

sub-group) was significantly impaired, relative to controls, on the
Hayling Test [non-parametric Kruskal-Wallis test: lateralization ana-
lysis: x%(2) = 22.94, P < 0.001; finer-grained analysis: x*(4) = 20.99,
P < 0.001] (Table 1).

Generation tests

Word fluency

In the standard analysis, the three basic groups differed signifi-
cantly for number of words generated on both the phonemic
and semantic tasks [phonemic: F(2,98) =16.328, P < 0.007;
semantic: F(2,98) = 15.732, P < 0.001]. For the two word fluency
tasks, frontal patients were severely impaired in comparison with
controls while the posterior patients performed comparably to
controls on the phonemic but not the semantic fluency task
(Table 2). Moreover, frontal patients were impaired compared to
posterior patients only on the phonemic task (i.e. frontal and pos-
terior patients were equivalent for the semantic task). In the lat-
eralization analysis, there was a significant effect for phonemic
fluency [F(2,71) =28.418, P < 0.001], with left frontal patients
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Table 2 Word, design, gesture and ideational fluency: mean total number generated and standard deviation (SD) for healthy
controls and patient groups for the standard, lateralization analysis (posterior and frontal) and finer-grained analysis (frontal

sub-groups)

Healthy controls

Posterior patients

Frontal patients Frontal sub-groups

Left Right LL RL SM
n=35 n=20 n=18 n=22 n=10 n=8 n=12
Word fluency
Phonemic 16.9 13.8 6.8%** 2 12.6* 7.8%** 2 14.8 11.2*%*
(4.7) (5.8) (5.2) (4.2) (6.1) (2.4) (4.1)
Semantic fruit/vegetables 20.5 14.2%* 12.4*** 14.3** 13.2%** 15.0* 15.3**
(5.5) (5.2) (6.1) (6.0) (6.2) (7.3) (4.0)
Design fluency
Free 17.9 14.2 10.1%* 5.8%**2 10.6* 6.1*** 7.8%%*
(8.3) (10.1) (6.7) (5.1) (8.5) (6.5) (4.4)
Fixed 21.3 16.8 15.8 8.6%**2 13.8 8.1*** 13.5*%
(8.7) (8.9) (8.4) (6.5) (7.6) (6.3) (9.6)
Gesture fluency
Meaningless movements 17.9 13.4 12.8* U8~ 11.7* 12.8 10.2**
(8.2) (5.3) (7.1) (7.0) (6.9) (7.5) (6.1)
Meaningful movements 15.1 13.4 10.9** 10.8* 12.2 11.3 10.6*
(4.7) (4.8) (6.1) (3.8) (7.1) (4.0 (4.2)
Ideational fluency
Conventional uses 15.2 10.0%* 9.9* 10.0** 12.8 11.4 9.8%*
(6.3) (4.2) (4.5) (4.9) (4.4) (5.6) (3.7)
Unconventional uses 13.7 9.9* 6.9%** 7.0%** 9.4 723 R 7.4%%*
(4.8) (6.0) (5.1) (3.9) (5.4) (3.4) (4.6)

Frontal patients total n = 47; LL = left lateral; RL = right lateral; SM = superior medial; Scores with significant P - values are in bold with significance indicated by *P < 0.05;

**P < 0.01; ***P < 0.001, compared to healthy controls.

asignificant comparing left frontal versus right frontal (lateralization analysis) and left lateral versus right lateral (finer-grained analysis).

Table 3 Word fluency: Number generated and mean ratio
(and SD) for LIFG and Non-LIFG patients

Frontal sub-groups

LIFG Non-LIFG
n=12 n=35
Word fluency
Phonemic 6.0 (5.8)** 11.2 (5.4)
Semantic 10.3 (5.9) 14.0 (6.4)
Contrast ratio 0.30 (0.16)*  0.45 (0.18)

[Phonemic/(Phonemic + Semantic)]

Scores with significant P - values are in bold with significance indicated by
*P < 0.05; **P < 0.01.

more impaired when directly compared to right frontal patients
[t(38) = —3.920, P < 0.001]. For semantic fluency, both left fron-
tal and right frontal patient groups were impaired, relative to con-
trols [F(2,71) =15.179, P < 0.001], but not compared to each
other [t(38)= —0.956, P > 0.05]. The finer-grained analysis
revealed significant effects for both phonemic and semantic flu-
ency [non-parametric Kruskal-Wallis test for phonemic fluency:
x*(3)=23.067, P <0.001; semantic fluency: F(3,60)=7.057,
P < 0.001]. For phonemic fluency, the left lateral and the superior
medial groups were significantly impaired compared to controls
but the right lateral group was not (Table 2). When directly com-
pared to right lateral patients, the left lateral patients were more
impaired [t(38) = —3.920, P < 0.001]. For semantic fluency all

three groups were significantly impaired, relative to controls, and
left lateral and right lateral patients did not differ when directly
compared [t(16) = —0.567, P > 0.05].

The theoretically driven analysis (LIFG versus non-LIFG) revealed
that LIFG patients were more severely impaired than non-LIFG
patients for phonemic word fluency [t(45)= —2.860, P < 0.01]
(Table 3). In contrast, the LIFG and non-LIFG patients did not
differ significantly for semantic fluency [t(45)= —1.787,
P > 0.05]. For the word fluency ratio analysis, there was a signifi-
cant difference between LIFG and non-LIFG patients
[t(45) = —2.479, P < 0.05]. The lower ratio of the LIFG patients
reflects a disproportionately reduced performance on phonemic
compared to semantic word fluency, relative to non-LIFG patients.

The relationship between word fluency and fluid intelligence
was investigated by performing correlations between the two
word fluency tasks and the fluid intelligence measure [number
of words generated in word fluency regressed on Advanced
Progressive Matrices score using combined frontal patient and
control data]. The correlation between fluid intelligence and phon-
emic word fluency score was not significant (r = 0.246, P > 0.05).
In contrast, semantic fluency score was positively correlated to the
fluid intelligence measure (r=0.609, P < 0.001). Scatterplots for
the word fluency and fluid intelligence measures are shown in
Fig. 2A and B. Interestingly, of the 11 frontal patients who per-
formed below the lowest scoring control on the phonemic fluency
task, six had LIFG lesions. Of the remaining five poorly performing
patients, one had oedema (but not a lesion) to the LIFG, one had
a left lateral lesion and three had superior medial lesions. This
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Figure 2 Regressions of phonemic (a) and semantic (b) word
fluency on Advanced Progressive Matrices score. Regression line
is calculated from combined patient and control data with LIFG
patients, non-LIFG patients and controls shown.

suggests that LIFG patients produced a low number of words in
the phonemic task regardless of whether their fluid intelligence
score was high or low.

Design fluency

In the standard analysis, the three basic groups differed signifi-
cantly [free: F(2,93) = 15.380, P < 0.001; fixed: F(2,93) = 12.978,
P < 0.001]. Frontal patients were impaired for number of designs
generated in both the free and fixed conditions (except the left fron-
tal patients who were unimpaired on the fixed task), compared to
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both controls and the posterior group who were not impaired (Table
2). The lateralization analysis revealed a significant effect for both
tasks [free: F(2,69) = 20.490, P < 0.001; fixed: F(2,69) = 16.135,
P < 0.001] with right frontal patients more impaired when directly
compared to left frontal patients [free: t(36) =2.274, P < 0.05;
fixed: t(36) =3.011, P < 0.01]. The finer-grained analysis revealed
significant frontal effects [free: F(3,58) = 8.810, P < 0.001; fixed:
F(3,58) = 6.863, P < 0.001]. However, left lateral and right lateral
patients did not differ when directly compared [free: (14) = 1.190,
P > 0.05; fixed: t(14) = 1.651, P > 0.05].

Gesture fluency

The standard analysis showed a significant difference between the
three groups for both meaningless and meaningful movements
[meaningless: F(2,91) = 6.663, P < 0.05; meaningful: F(2,91) =
9.158, P < 0.001]. The frontal, but not the posterior, group was
significantly impaired compared to controls, with no difference
between frontal and posterior patients and the left frontal and
right frontal patients being as equally impaired, relative to controls
[meaningless: F(2,68) =5.758, P < 0.01; non-parametric Kruskal—
Wallis test used for meaningful: x*(2) = 13.363, P < 0.01] (Table
2). The finer-grained analysis revealed a superior medial impair-
ment for both tasks and a mild left lateral deficit for meaningless
gestures, relative to controls [meaningless: F(3,57) = 4.549,
P < 0.01; meaningful: F(3,57)=3.201, P <0.05] (Table 2).
Interestingly, there was no impairment in the right lateral group.

Ideational fluency

The standard analysis revealed a significant difference between the
three basic groups in the conventional and unconventional uses of
objects [conventional: F(2,93) =12.501, P < 0.001; unconven-
tional: F(2,93) =18.621 P < 0.001]. Frontal (left and right) and
posterior patients generated fewer uses of objects than controls
on both tasks, although there was no difference between frontal
and posterior patients (Table 2). The lateralization analysis re-
vealed that left and right frontal patients were equally impaired
on both tasks, relative to controls [conventional: F(2,69) = 8.732,
P < 0.001; unconventional: F(2,69) =19.200, P < 0.001]. The
finer-grained analysis revealed a superior medial deficit on both
tasks and a right lateral deficit only for the unconventional uses
task [conventional: F(3,57) =3.309, P < 0.05; unconventional:
F(3,57)=7.9, P <0.001]. The left lateral group showed no sig-
nificant deficit.

Generation tests and baseline cognitive
tests

To investigate the relationship between the eight fluency tests,
correlations were performed within the frontal patient group. A
significant positive relationship was found between almost all flu-
ency tasks except for that between phonemic word fluency and
free design, fixed design and meaningless movement fluency tasks
(Table 4). For the baseline cognitive tests, only the semantic word
fluency score was related to all cognitive measures. The fixed
design fluency score was related to all cognitive measures apart
from the synonyms test. Interestingly, phonemic word fluency was
only related to verbal measures (verbal version of the Recognition
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Table 4 Correlations (r) between word, design, gesture and ideational fluency tests and between fluency and cognitive

baseline tests for the frontal patient group (n =47)

Word Design Gesture Ideational
Phonemic Semantic Free Fixed Meaningless Meaningful Conventional Unconventional
movements movements uses uses
Word fluency
Phonemic - - - - - - -
Semantic 0.689
P < 0.001
Design fluency
Free 0.147 0.329
P>0.05 P<0.05
Fixed 0.224 0.527 0.638
P>0.05 P<0.001 P<0.001
Gesture fluency
Meaningless movements 0.202 0.164 0.521 0.542
P>005 P>0.05 P<0.001 P<0.001
Meaningful movements 0.552 0.679 0.400 0.512 0.618
P<0.001 P<0.001 P<0.01 P<0.01 P<0.001
Ideational fluency
Conventional uses 0.593 0.575 0.379 0.318 0.362 0.642
P<0.001 P<0.001 P<0.05 P<0.05 P<0.05 P < 0.001
Unconventional uses 0.474 0.609 0.489 0.448 0.396 0.694 0.566
P<0.001 P<0.001 P<0.01 P<0.01 P<0.05 P <0.001 P <0.001
Advanced Progressive Matrices 0.246 0.609 0.342 0.602 0.278 0.541 0.313 0.553
P>0.05 P<0.001 P<0.05 P<0.001 P>0.05 P <0.001 P<0.05 P < 0.001
Recognition Memory Test Words 0.397 0.560 0.232 0.423 0.135 0.340 0.447 0.418
P<0.05 P<0.001 P>005 P<0.01 P>0.05 P < 0.05 P < 0.01 P < 0.01
Recognition Memory Test Faces 0.217 0.413 0.462 0.652 0.215 0.292 0.250 0.244
P>005 P<0.01 P<0.01 P<0.001 P>0.05 P> 0.05 P> 0.05 P> 0.05
Graded Naming Test 0.548 0.566 0.175 0.323 -0.057 0.270 0.195 0.455
P <0.001 P<0.001 P>0.05 P<0.05 P>0.05 P > 0.05 P> 0.05 P < 0.01
Synonyms Test 0.399 0.472 0.038 0.151 0.208 0.044 —0.019 0.315
P<0.01 P<0.01 P>005 P>0.05 P>0.05 P> 0.05 P> 0.05 P < 0.05
Hayling Test 0.240 0.548 0.305 0.551 0.425 0.576 0.300 0.631
P>005 P<0.0010 P>0.05 P<0.001 P<0.01 P<0.001 P>0.05 P < 0.001

r = Pearson product-moment correlation coefficient.

Memory Test, Graded Naming Test and Synonyms Test). In con-
trast, the free design fluency score was only related to visual
measures (Advanced Progressive Matrices and non-verbal version
of the Recognition Memory Test).

Discussion

To the best of our knowledge, this is the first time that a range of
verbal and non-verbal fluency tasks have been administered to a
large population of patients with focal frontal and posterior
lesions. Our standard and finer-grained lesion analyses allowed
us to address the sensitivity and specificity of the frontal lobes
for each fluency task, compare performance across these tasks
and take into account factors such as the relative proportion of
frontal regions affected. Our study aimed to overcome the limita-
tions of previous studies that have left the specificity of (word)
fluency tasks elusive. In particular, we included healthy and patient
control groups, used only oral word fluency tasks, provided lesion
localization details, reported language measures so the presence/

absence of dysphasia is clear and we recruited a large number of
patients. Finally, we adopted both standard and finer-grained pro-
cedures for grouping frontal patients, so our results can be easily
compared to previous studies.

We documented verbal and non-verbal fluency deficits in our
frontal patients in all eight fluency tasks. The verbal fluency (word
and ideational) deficits cannot be explained purely on the basis of
dysphasia, as only 15% of our frontal (and posterior) patients
presented with significant nominal deficits, whereas a much
higher number of frontal patients were impaired on verbal fluency
tasks. For instance, for phonemic fluency, 41% of frontal patients
performed below the 5% cut-off. Similarly, our non-verbal fluency
(design and gesture) deficits cannot be explained purely on the
basis of significant perceptual defects as visual perception skills
were intact for all subjects.

Anatomical issues

In the literature, there are conflicting findings for word and design
fluency and virtually no relevant studies for gesture and ideational
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fluency. To the best of our knowledge, our study is the first to
administer the same range of fluency tasks to patients with pos-
terior lesions and patients with frontal lesions localized in differing
regions and compare the performance of patients to that of
healthy controls. Our methods allowed us to draw some powerful
conclusions about fluency tasks, the procedures used for grouping
frontal patients when analysing behavioural performance and the
nature of frontal lobe functions.

Frontal specialization

Our frontal group was impaired on all eight fluency tasks (verbal
and non-verbal), when compared with healthy controls. However,
when compared with posterior patients, only phonemic word and
design fluency tasks were selectively impaired in the frontal
patients. Semantic word, ideational and gesture fluency perform-
ance did not differ significantly between frontal and posterior pa-
tients. Thus, all fluency tasks are sensitive to frontal damage, but
only phonemic word and design fluency tasks show specificity and
hence are specialized for the diagnosis of focal frontal lobe
impairments.

Lateralization and localization within the frontal cortex

The lateralization and finer-grained analyses revealed a degree of
lateralization within the frontal cortex, along material specific lines
(i.e. left—verbal and right—non-verbal). Thus, we found a severe
phonemic word fluency deficit for left frontal patients, compared
to right frontal patients. This was further refined to the left lateral
patients, compared to right lateral patients, and to patients with
LIFG lesions, relative to frontal patients without LIFG lesions. This
specificity can be seen from the lesion sites of the 11 frontal
patients who performed worse than any healthy control on the
phonemic fluency task. Thus, 6 of the 11 patients had LIFG
lesions, one had oedema but not a lesion in the left inferior frontal
region, three had superior medial lesions and one had a left lateral
(but not a LIFG) lesion.

In contrast, our large right frontal patient group showed severe
design fluency deficits (free and fixed), compared to left frontal
patients. Our severe design fluency deficit in this large right frontal
group (n=22) is a robust and clear finding compared to the hint
of a right frontal deficit (or no deficit) in previous studies with
small numbers (e.g. n=9, Jones-Gotman and Milner, 1977,
n =8, Ruff et al., 1994). The most severe design fluency effects
were specific to right lateral patients. Right frontal patients were
older than left frontal patients. However, this was not so for the
considerably smaller right lateral subgroup who were completely
intact on one fluency task (phonemic) and grossly impaired on the
two design fluency tasks. This strongly suggests that the lateral-
ization effect is unlikely to be due to the age differences. Given
this difference in lateralization, it was not surprising that perform-
ance on the phonemic word fluency task was not correlated with
either design fluency task despite the fact that almost all fluency
tasks were positively correlated (Table 4). Our findings support the
notion that phonemic word fluency and design fluency are under-
pinned by different cortical substrates.

Our results allowed us to provide further differentiation within
the frontal region regarding the areas implicated in word and
design fluency tasks. Our word fluency results precisely replicate
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the findings reported by Stuss et al. (1998) and Troyer et al.
(1998) using the same finer-grained frontal grouping procedure,
namely, a severe phonemic fluency deficit following left lateral
damage. However, in their studies, left lateral lesions included
the left inferior and middle frontal gyri. We documented the
most severe phonemic word fluency deficit in patients with LIFG
lesions.

Our right frontal design fluency deficit provides evidence for
both the sensitivity and specificity of this task given that our pos-
terior group was unimpaired. Moreover, our right lateral design
fluency deficit provides evidence for a smaller critical region than
that available in previous reports that only identify the right frontal
region as a whole as relevant (Jones-Gotman and Milner, 1977).

In contrast to phonemic word and design fluency, semantic
word fluency lacks utility for identifying critical lesions as we
found equivalent deficits in all patients (left and right frontal, pos-
terior). It is noteworthy that phonemic fluency is the most useful
clinical test for detecting left frontal damage due to both its sen-
sitivity and specificity to frontal damage and speed of administra-
tion (i.e. 1 min. cf. design fluency 4-5min).

Ideational and gesture fluency are sensitive to frontal lobe le-
sions. However, we did not find specificity for these tasks and our
finer-grained analysis did not reveal further anatomical differenti-
ation within the frontal region. A possible explanation for the lack
of specificity lies in the processing requirements of the two tasks,
namely, imagining the use of objects (ideational fluency) and the
execution of actions (gesture fluency). Although both tasks draw
on semantic representations, they may also recruit other
action-related representations that involve activation of a some-
what different basic network (i.e. fronto-parietal network; Fridman
et al., 2006). Thus, ideational and gesture fluency tasks may then
contrast with phonemic fluency in relying on less specific basic
networks. It is of interest that both these fluency tasks, like all
the other word and design fluency tasks, involve a superior medial
deficit. For gesture fluency, the superior medial deficit we
observed is more specific than the associated region described in
the only previous report documenting frontal impairment (left
frontal and right frontal; Jason, 1985). Therefore, our results sug-
gest that a smaller region may be critically involved in gesture
fluency.

Theoretical issues

We will consider evidence on the functional specificity of different
prefrontal cortex regions. The most basic question is whether a
general cognitive process, such as fluid intelligence, underpins
generation on all fluency tasks or whether there are a number
of sub-processes that implement the different fluency tasks. In
support of the first notion, Roca et al. (2010) found that their
left frontal patients’ word fluency deficit could be explained by
their fluid intelligence performance. Moreover, for several ‘execu-
tive' tasks including phonemic word fluency, Roca et al. (2010)
found no specific association with particular regions of prefrontal
damage. For some of the fluency tasks we used, an explanation
along the lines that Roca et al. (2010) propose is plausible. Thus,
the ideational and gesture fluency tasks do not show any specific
localization within the frontal lobes. All four of these tasks
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correlate significantly, in most cases very strongly with each other,
and, with one exception, with Raven's Advanced Progressive
Matrices (our fluid intelligence measure).

In our study, however, this is not the case for phonemic word
fluency. Our findings are in striking contrast to those of Roca
et al. (2010). Specifically, we did not find a significant correlation
between performance for phonemic word fluency and our fluid
intelligence measure. Moreover, we documented a frontal deficit
for phonemic word fluency that was most severe in the LIFG pa-
tients. In these patients, phonemic word fluency performance,
unlike that for semantic word fluency, was reduced regardless of
their performance on the Advanced Progressive Matrices (Fig. 2).
It is noteworthy that our right lateral patients were unimpaired on
the phonemic word fluency task. Indeed, our LIFG finding may
account for the difference with Roca et al.'s (2010) result. In the
Roca et al. (2010) study, the frontal group included only two
patients with left inferior frontal lesions. Our findings suggest
that left inferior frontal damage critically underlies a phonemic
word fluency deficit, a position first put forward by Milner
(1964) more than 40 years ago.

Our results support the view that there are a number of func-
tionally and anatomically distinct cognitive processes that may be
selectively impaired following specific frontal damage. We
hypothesize that performance on fluency tasks involves at least
three sets of cognitive processes: sustained activation (or energi-
zation); selection and creation of novel responses. Fluency tasks
have some similar core processes such as sustained activation,
reflected in the positive correlation between most fluency tasks.

Energization processes

All fluency tasks require generation of new series of responses,
rather than the production of a well-learned sequence, as well
as sustained activation. Both processes are held to depend on
the process of energization. Shallice et al. (2008) describe the
‘processes of energization (cognitive effort) [as] necessary to acti-
vate operations not directly triggered in an overlearned fashion by
perceptual and motivational inputs’ (p. 82). Energization processes
are thought to be localized in the superior medial region (for
review, see Stuss and Alexander, 2007; Shallice et al., 2008;
Stuss, 2011). This is consistent with the long held view that this
region is critical in conditions such as apathy and akinetic mutism.
Interestingly, our study reports for the first time a fluency deficit
across all eight verbal and non-verbal fluency tasks in one of the
four frontal regions, namely, the superior medial one. Our results
are therefore consistent with the suggestion that the superior
medial region plays a critical role in energization.

Selection processes

It has been argued that phonemic fluency requires greater selec-
tion demands than semantic fluency due to it producing more
competition among associated stored words that are inappropriate
given the specific task demands (Perret, 1974). In our study, word
fluency was indeed more reduced for phonemic than semantic
fluency in our LIFG patients, compared to non-left inferior frontal
patients. This was supported by a significantly lower word fluency
ratio; that is, the performance of left inferior frontal patients was
significantly more reduced for phonemic than semantic fluency

G. Robinson et al.

compared with frontal patients without left inferior frontal
damage. Our word fluency findings converge with evidence
from dynamic aphasia patients, left inferior frontal patients and
neuroimaging studies suggesting that the LIFG plays a critical
role in verbal generation when selection demands are high
(Thompson-Schill et al., 1997, 1998; Robinson et al., 1998,
2005, 2010; Schnur et al., 2009).

Creation of novel responses

Design fluency, ideational fluency (novel uses) and gesture fluency
(meaningless gestures) tasks place a very high demand on novelty
in order to create new responses (for similar discussion, see Turner,
1999). We suggest that these fluency tasks with the greatest nov-
elty component activate fewer previously existing responses. This
results in little competition and a lower need for selection. Indeed,
the processes of creating new responses and selection perhaps
show an inverse relationship. In this context, we note that the
LIFG, thought to be involved in selection, plays no specific role
in these generation tasks requiring the creation of novel responses.
Indeed, our findings do not point to any specific region of the
prefrontal cortex as being most critically involved in these pro-
cesses. This is compatible with Roca et al.'s (2010) general pos-
ition we discussed above.

Conclusion

Our findings suggest the frontal lobes are critical for generation, as
measured by fluency tasks. In particular, we provide clear evidence
for the sensitivity of verbal and non-verbal fluency tasks to frontal
lobe damage and for the specificity of the phonemic word and
design fluency tasks to this region. There is a degree of lateraliza-
tion within the frontal cortex for verbal and non-verbal material.
Thus, we replicate word fluency effects established by a
finer-grained procedure for grouping frontal patients and we
extend this by applying the procedure to a range of verbal and
non-verbal fluency tasks in a large sample. Moreover, our findings
do not support the view proposing that a general, common frontal
process underpins performance on all fluency tasks. On the con-
trary, our findings suggest the LIFG plays a crucial role in selection
and the superior medial region plays a role in energization.
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