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Abstract

The ability to generate items belonging to categories in verbal fluency tasks has been attributed to frontal cortex.
Nonverbal fluency (e.g., design fluency) has been assessed separately and found to rely on the right hemisphere
or right frontal cortex. The current study assessed both verbal and nonverbal fluency in a single group of patients
with focal, frontal lobe lesions and age- and education-matched control participants. In the verbal fluency task,
participants generated items belonging to both letter cues (F, A, andS) and category cues (animals and boys’
names). In the design fluency task, participants generated novel designs by connecting dot arrays with 4 straight
lines. A switching condition was included in both verbal and design fluency tasks and required participants to switch
back and forth between different sets (e.g., between naming fruits and furniture). As a group, patients with frontal
lobe lesions were impaired, compared to control participants, on both verbal and design fluency tasks. Patients with
left frontal lesions performed worse than patients with right frontal lesions on the verbal fluency task, but the
2 groups performed comparably on the design fluency task. Both patients and control participants were impacted
similarly by the switching conditions. These results suggest that verbal fluency is more dependent on left frontal
cortex, while nonverbal fluency tasks, such as design fluency, recruit both right and left frontal processes.
(JINS, 2001,7, 586–596.)
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INTRODUCTION

Impaired verbal fluency is considered a hallmark of frontal
lobe dysfunction (Benton, 1968; Bornstein, 1986; Milner,
1964; for a brief summary, see Baldo & Shimamura, 1998).
Verbal fluency is measured by a patient’s ability to generate
items from a given cue or category. In some cases, the cues
are phonemic (e.g., words beginning with the letterF) and
in other cases, semantic (e.g.,animals). In general, studies
have found that verbal fluency is most sensitive to bilateral
and left frontal lesions (Benton, 1968; Janowsky et al., 1989;
Milner, 1964; Perret, 1974), although some studies have
found that right frontal patients show disturbed verbal flu-

ency as well (Baldo & Shimamura, 1998; Miceli et al.,
1981; Miller, 1984). A recent study found that both cat-
egory fluency (generating words belonging to a semantic
category) and phonemic fluency (generating words begin-
ning with a given letter) are significantly impaired in pa-
tients with either unilateral right or left frontal lobe injury
(Baldo & Shimamura, 1998). Several neuroimaging studies
as well have reported significant activation of the frontal
lobes during verbal fluency tasks (Frith et al., 1991; Parks
et al., 1988).

Another type of fluency that has been studied is design
fluency, which is measured by a patient’s ability to generate
a series of novel (i.e., nonrepeating), abstract designs (Re-
gard et al., 1982). Jones-Gotman and Milner (1977) re-
ported that patients with right frontal and right frontocentral
lesions were significantly impaired on a design fluency task.
Similarly, Ruff et al. (1994) found that design fluency was
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a sensitive measure of right anterior lesions. A recent neuro-
imaging study, however, reported that design fluency acti-
vated the frontal lobes bilaterally (Elfgren & Risberg, 1998).
These results suggest that design fluency is mediated by
right, or perhaps bilateral, frontal regions.

Various hypotheses have been offered to explain pa-
tients’ impaired performance on fluency tasks. For exam-
ple, in patients with dementia, it has been proposed that
category fluency is impaired due to a compromised seman-
tic store. These patients tend to perform proportionally bet-
ter on letter fluency tasks, which require a search through
lexical or phonemic memory, as opposed to semantic mem-
ory (Butters et al., 1987). Patients with frontal lobe lesions,
however, tend to perform poorly on both letter and category
fluency (Baldo & Shimamura,1998). Baldo and Shimam-
ura suggested that fluency impairment in this patient group
stems from a failure to develop retrieval strategies for
searches through both lexical and semantic memory. Such
an explanation is consistent with other deficits in these pa-
tients, such as impaired free recall and long-term memory
retrieval (Gershberg & Shimamura, 1995; Mangels et al.,
1996).

A related hypothesis is that patients with frontal lobe
lesions perform poorly on fluency tasks due to an impaired
switching strategy. In this paper, we refer to switching as
the ability to shift attention between two sets or tasks. Switch-
ing may be endogenously derived (i.e., directed by the in-
dividual such as in the Wisconsin Card Sorting Task) or
exogenously derived (i.e., with the guidance of external
cues, such as on the Trail Making Test). Recently, Troyer
et al. (1998) reported that patients with frontal lobe lesions
made few transitions between subcategories on a semantic
fluency task (e.g., switching from farm animals to pets to

insects, given the categoryanimals). That is, unlike control
participants, these patients were less likely to jump from
one subcategory to another and tended to perseverate on
one subcategory.

The goal of the current study was to study both design
and verbal fluency in a single group of patients with focal
frontal lesions. To our knowledge, these two types of flu-
ency tasks had not been tested together in focal frontal pa-
tients before. It was also of interest to characterize any
switching impairments in these two fluency conditions. The
design and verbal fluency tasks were part of a new battery
consisting of nine tests of executive function, the Delis-
Kaplan Executive Function Scale (Delis et al., in press).
We expected that patients with frontal lobe lesions would
exhibit impairment on these fluency tasks. More specifi-
cally, it was predicted that right frontal patients would be
most impaired at design fluency and that patients with left
frontal lesions would be most impaired at verbal fluency.
Also, it was predicted that frontal patients would show a
disproportionate cost in the new switching conditions in
these fluency tasks, compared to control participants. That
is, it was expected that patients would have difficulty switch-
ing back and forth between two different sets0categories on
both types of fluency tasks.

METHODS

Research Participants

Eleven patients with focal frontal lobe lesions were re-
cruited for this study (see Table 1). Lesions were identified
from review of computed tomography (CT) and magnetic
resonance (MR) scans. Patients with lesions extending into

Table 1. Participant characterization and fluency performance

Patients Gender
Lesion

site
Volume

(cc)
Age

at test
Years
post

Lesion
etiology

Educ.
(years)

WAIS–R
PIQ

WCST
Cat. P.E.

Verbal
fluency

Design
fluency

O.A. M L 17.5 66 13 Stroke 14 134 1 26 12.2 7.3
E.B. F R 17.3 81 14 Stroke 12 114 4 22 14.7 6.7
S.R. F R 12.9 78 2 Stroke 12 93 2 40 11.3 6.7
W.A. F L 26.2 76 11 Stroke 14 132 — — 7.4 9.7
W.T. M R 25.9 54 9 Cyst 18 — — — 13.8 10.3
M.G. M R 24.5 35 13 AVM 12 — — — 10.3 9.0
M.K. M R 200.4 67 18 Aneurysm 17 — — — 10.8 4.7
L.S. F L 27.9 70 16 Mening. 16 — 4 23 3.9 5.0
W.E. M L 41.1 69 2 Stroke 14 104 1 35 7.8 3.0
J.C. M L 102.6 74 10 Stroke 16 103 6 12 6.2 5.3
J.M. M L 18.8 54 1 Stroke 11 91 — — 7.0 7.0

Means

Frontal 7M,4F 6L,5R 46.8 65.8 9.9 — 14.2 110.1 3 26.3 9.6 6.8
Control 8M,3F — — 68.1 — — 14.6 — 18.2 10.2

Note.Dashes indicate data that are not available or not applicable. L5 left hemisphere; R5 right hemisphere; AVM5 arterio–venous malformation;
Mening.5 meningioma; Educ.5 education; WCST5 Wisconsin Card Sorting Test; Cat.5 number of categories sorted; P.E.5 number of perseverative
errors; WAIS–R PIQ5 Wechsler Adult Intelligence Scale–Revised Performance IQ. Verbal and design fluency data are averaged over three conditions as
described in text.
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nonfrontal regions were excluded. Patients’ lesions were
mostly confined to ventral and dorsolateral prefrontal cor-
tex, although some of the lesions extended medially (see
Figure 1 for lesion reconstructions). Six patients had focal
left hemisphere lesions, and 5 had focal right hemisphere
lesions. In seven of the patients, lesions were due to an
infarct of the anterior branch of the middle cerebral artery.
In the other patients, lesions were due to surgical treatment
for an aneurysm, arterial-venous malformation, cyst, or me-
ningioma. The average time since onset of injury was 9.9
years, and thus most of the patients’ lesions were chronic.
Patients with left hemisphere lesions had an average lesion
volume of 39.06 29.5 cc, and patients with right hemi-
sphere lesions had an average lesion volume of 56.26
72.3 cc. Lesion volumes were determined by lesion recon-
struction software that used a standard brain to estimate the
area of lesion across a series of planes (Frey et al., 1987).
All patients were in the normal range on the Western Apha-
sia Battery (Kertesz,1982), except for one mildly aphasic
patient (J.C.) who had an Aphasia Quotient of 90 (out of
100), where 93.7 is normal. Another patient with moderate
aphasia was excluded from the study. All patients were pre-
morbidly right-handed, although 2 patients (W.A., J.C.) used
their nondominant, left hand for the design fluency task due
to right hemiplegia.

The control group was 11 healthy control participants
recruited from the same community as the patients. Control
participants were all right-handed. Patients and control par-
ticipants did not differ in terms of age@F~1,20! 5 .26,p 5
.61], or education@F~1,20! 5 .21, p 5 .65; see Table 1].
Right hemisphere and left hemisphere patients were also
comparable in terms of age (M 5 63.06 8.5 and 68.26 3.2,
respectively) and education (M 5 14.26 .75 and 14.26
1.4, respectively). All testing was conducted at the Veterans
Administration Northern California Health Care System
in Martinez, CA. Patients and control participants were
screened for history of dementia, drug abuse, and psychiat-
ric illness, and control participants were additionally screened
for prior neurologic history. All participants read and signed
consent forms prior to participating in the study.

Materials and Procedure

The design and verbal fluency tasks were given as part of a
larger neuropsychological battery, the Delis-Kaplan Exec-
utive Function Scale (D–KEFS; Delis et al., in press). In
this battery, design fluency is administered first, and verbal
fluency is administered after several other subtests. Most
participants completed both design and verbal fluency tasks
in the same session, but a few patients and control partici-
pants returned for a second session, in which the verbal
fluency task was administered.

The order of conditions within each task was fixed, with
the switching conditions always being administered last.
Although this design does not control for order effects, it
does allow the patients to have a good understanding of the

task. Thus, any deficits on switching can be attributed to a
deficiency in patients’ ability to switch sets, rather than a
lack of understanding of the task.

Design fluency

There were three conditions in the design fluency task:ba-
sic, filter, andswitch (described below). The three condi-
tions were administered in this order. Participants used their
dominant, right hand to draw, except for 2 patients who
used their nondominant, left hand, due to right hemiplegia.

For all three conditions, participants were first shown a
practice page with three squares, each of which contained
an array of dots (see Figure 2). The instructions for each
condition were given orally and were also presented in writ-
ing in a booklet, so that participants could refer to the rules
at any time during the task. Participants were instructed to
make a different design in each square by connecting dots,
always using straight lines. Participants could lift the pen
from the page; that is, the designs did not have to be made
with one, continuous stroke. They were told that the de-
signs should be drawn using onlyfour straight lines to con-
nect the dots and that each line had to touch at least one
other line at a dot. The examiner demonstrated this last rule
by drawing two lines that met at a dot. Participants were
told that the lines could cross each other in the design and
that it did not matter whether or not the designs could be
named. Participants practiced drawing three designs. The
examiner gave feedback and corrected errors during this
practice phase.

Following practice in each condition, participants were
presented with a page of 35 squares, and the rules for draw-
ing designs were reiterated. The arrays in every square were
identical and were the same as those used in the practice
phase for each condition. Participants were told that they
would have 60 s to draw as many different designs as they
could. During this testing phase, the examiner prompted the
participant once (i.e., explained the error) if s0he drew three
consecutive, incorrect designs (e.g., perseverated on the same
design or used only three lines). The participant was al-
lowed to finish any design in progress when the time limit
was reached.

In the basic condition, the squares contained an array of
five filled (black) dots, and participants had to draw de-
signs by connecting the filled dots (see Figure 2). In the
filter condition, the squares contained an array of five filled
and five empty dots, and participants were instructed to
draw the designs by connecting the empty dots only. Thus,
they had to “filter” out the filled dots (that they had previ-
ously connected in the basic condition) and only connect
the empty dots. In the switch condition, the arrays again
consisted of five filled and five empty dots, although the
dots were arranged differently from the filter condition. In
this switch condition, participants were asked to draw de-
signs by switching back and forth between connecting empty
and filled dots. They were told that they could begin either
with an empty or a filled dot.
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Fig. 1. Lesion reconstructions, based on computed tomography and0or magnetic resonance scans. Lesions were re-
constructed onto a standard brain template. The lateral views on the right show the lesions projected onto the lateral
surface of the brain. The last row of horizontal slices represents an average of all patients’ lesions, with a legend
signifying the amount of lesion overlap (from zero to 100%).
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The main dependent variable was the number of correct
designs completed in 60 s. In addition, the number of errors
was calculated, based on a percentage of the number of
errors divided by the total number of designs, in order to
control for overall output. Errors representing inappropri-
ate designs (e.g., designs with five lines) and perseverative
errors (i.e., repetitions of the same design) were calculated
separately.

In order to have a measure of motor speed, which might
have an impact on design fluency performance, partici-
pants performed a separate motor speed task that was part
of another test within the D–KEFS. The motor speed task
consisted of 32 large, open circles scattered across a 433
28 cm page. The circles were connected by a dotted line
along a path. Participants had to begin at the dot marked
“START” and connect the dots as quickly as possible, using
the dotted line as a guide. Thus, the task required little in
terms of higher cognitive abilities and simply required trac-

ing over a line. The dependent variable was the number of
seconds to reach the end of the path at the circle marked
“END.”

Verbal fluency

There were three conditions in the verbal fluency task: let-
ter (F, A, andS), category (animalsandboys’ names) and
switch (switching betweenfruits andfurniture). The condi-
tions were administered to all participants in this order.
Instructions were given orally by the examiner and were
presented in written form as well. Participants were given
60 s to verbally generate items in each condition. Re-
sponses were recorded on paper by the examiner.

First, participants had to generate as many words as pos-
sible that started with the letterF. Participants were given
several rules to follow, namely, that the words could not be
names of people, places, or numbers, and that they could

Fig. 2. Examples of the stimuli used in the three conditions of the design fluency task, including examples of both
acceptable and unacceptable designs.
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not be repeated sequences (e.g., take, takes, taking, etc.).
The next two letter items (A and S) were given sub-
sequently. Second, participants had to generate exemplars
belonging to the categoryanimals, and subsequently,boys’
names. Last, in the switch condition, participants were asked
to switch back and forth between naming fruits and furni-
ture (e.g.,apple. . couch. . banana. . desk). They were told
that they could begin either with a piece of fruit or furniture.

Verbal fluency rates were based on the number of correct
items produced by the participants. Items were counted as
correct if they met the constraints of the condition and were
not repetitions. Letter fluency scores were based on the
average number of items generated across the three letter
conditions. Category scores were the average number of
items generated in the two categories. Switch scores were
based on the correct number of items (fruits andfurniture)
generated in this condition.

RESULTS

Data analysis for both design and verbal fluency were ini-
tially conducted to compare control participants to patients
with frontal lobe lesions. These initial analyses allowed us
to determine whether, as a group, frontal lobe patients dem-
onstrated impaired performance on the fluency tasks and
switching conditions. Interaction contrasts comparing right
to left hemisphere patients are presented subsequently for
both tasks.

Design Fluency

Data from the design fluency task were analyzed with a
33 2 analysis of variance (ANOVA) with Condition (basic,
filter, or switch) as a within-subjects factor, and Group
(frontal or control) as a between-subjects factor. Fluency
rates were based on the number of correct (i.e., acceptable)
designs made by a participant. Designs were deemed ac-
ceptable if they met the constraints of the condition (e.g.,
contained four lines) and were not repetitions of designs
already drawn in that condition. Error rates (percentage of
perseverative and unacceptable designs) are considered
separately below.

There was a main effect of Group@F~1,20! 5 13.26,p ,
.01], as the frontal lobe patients produced fewer designs than
control participants (see Figure 3). There was a main effect
of Condition @F~2,40! 513.74,p , .0001], as all partici-
pants produced the fewest items in the switch condition. The
number of designs produced in the basic and filter condi-
tions did not differ across both participant groups@F~1,20!5
.85, p 5 .37]. The Condition3 Group interaction was
not significant@F~2,40! 5 1.85,p 5 .17], as the pattern of
performance across conditions was similar for patients and
control participants. That is, patients did not show a dispro-
portionate cost in the switch condition. Rather, both groups
showed a comparably large cost in the switch condition.

An interaction contrast was conducted to compare per-
formance in patients with left and right hemisphere lesions.

Fig. 3. Average number of designs made by right and left frontal lobe patients and control participants in the design
fluency task, across the three task conditions;basic, filter, andswitch.
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There was no statistical difference between patient groups
in their ability to generate designs@F~1,9! 5 1.90,p5 .20].
There was a main effect of Condition, as both groups gen-
erated the fewest designs in the switch condition@F~2,18! 5
4.51,p , .05]. The pattern of performance across the switch-
ing and nonswitching conditions in the design fluency task
was comparable for right and left frontal patients@F~2,18! 5
.46,p 5 .64]. Although the power was low (12.0%) in this
contrast analysis due to the small group sizes, the pattern of
data across conditions is comparable for the two patient
groups (see Figure 3). It is possible that a numeric, right
hemisphere advantage was not found to be significant due
to the small sample. However, the prediction was that the
right hemisphere patients would show impaired, not supe-
rior, performance compared to left frontal patients, and this
certainly was not the case.

To insure that performance on design fluency was not
unduly influenced by motor speed, a simple regression was
performed, using average design fluency performance and
the number of seconds to complete the motor speed task as
variables. All participants, patients and controls, were in-
cluded in this analysis. This analysis showed no relation-
ship between the average number of designs produced and
motor speed,R5 .36,p 5 .10.

There were numerous errors made in the design fluency
task. Initial interaction contrasts with only the two patient
groups (rightvs. left frontal patients) showed no differ-
ences between patient groups in terms of error rates, and
thus the following analyses present data collapsed across
these groups (i.e., for frontal patientsvs. control partici-
pants). Error data were analyzed with a 33 2 ANOVA with
Condition (basic, filter, or switch) as a within-subjects fac-
tor and Group (frontal or control) as a between-subjects
factor. Perseverative errors (i.e., repeated designs, with or
without intervening designs) and inappropriate design
errors (e.g., designs with 5 lines) were considered sepa-
rately. Error data are presented in Table 2 for both patient
groups and control participants.

In terms of perseverative errors, there was no statistical
difference between patients with frontal lesions and control
participants@F~1,20! 5 1.56, p 5 .22], although numeri-
cally patients made proportionally more errors (see Table 2).
There was a significant main effect of Condition@F~2,40! 5
4.08,p , .05], as both groups made proportionally the least

number of perseverative errors in the switch condition (see
Table 2). This drop in the switch condition may have been
due to the smaller overall output in this condition: the fewer
the designs, the less opportunity to repeat one. The effect of
Condition did not interact with group@F~2,40! 5 .22,p 5
.80]. That is, patients’ and control participants’ error pat-
terns were comparable across the three conditions. Frontal
patients did not demonstrate a disproportional error rate in
the switch condition.

In terms of errors representing inappropriate designs, there
was no statistical difference between patients with frontal
lesions and control participants@F~1,20! 5 .04, p 5 .85].
Thus, patients and control participants were similarly likely
to generate unacceptable designs proportional to their over-
all output. The effect of Condition was significant@F~2,40!5
13.70,p , .0001], as the majority of inappropriate designs
were drawn in the switch condition. The interaction of
Group3 Condition was not significant@F~2,40! 5 .35,p5
.70], suggesting that the tendency to make inappropriate
designs was comparable across conditions for patients and
control participants.

Verbal Fluency

Fluency rates from the verbal fluency task were analyzed
with a 33 2 analysis of variance (ANOVA) with Condition
(letter, category, or switch) as a within-subjects factor, and
Group (frontal or control) as a between-subjects factor.
Error rates are addressed separately below.

There was a main effect of Group@F~1,22! 5 29.38,p ,
.0001], as the frontal lobe patients produced fewer correct
responses than control participants (see Figure 4). There
was a main effect of Condition@F~2,44! 5 41.68, p ,
.0001], as all participants produced fewer items in the letter
and switch conditions, compared to the category condition.
The Condition 3 Group interaction was significant
@F~2,44! 5 4.89, p , .05]. As can be seen in Figure 4,
frontal lobe patients produced proportionately fewer items
in the letter condition, compared to control participants.
However, the switching cost did not appear disproportion-
ate in patients. To analyze this further, a separate inter-
action contrast was run, comparing just categoryversus
switch conditions in patients and control participants. This
interaction was significant@F~1,22! 5 5.55,p , .05], and

Table 2. Pattern of errors on design fluency task

% Inappropriate errors6 S.E. % Perseverative errors6 S.E.

Group Basic Filter Switch Basic Filter Switch

Control 0.66 0.6 4.56 2.3 22.76 5.7 14.06 2.7 12.46 0.3 3.86 2.1
RH Front 0.06 0.0 2.16 2.1 18.76 7.2 14.66 9.9 14.16 10.6 5.06 3.3
LH Front 6.96 3.3 2.46 2.4 20.56 13.8 16.76 4.0 22.86 4.7 12.26 7.2

Note. RH Front5 right frontal; LH Front5 left frontal. The percentage of inappropriate errors (e.g., using five lines)6 standard error
in the design fluency task is presented for all groups in the first three columns. The percentage of perseverative errors (i.e., repetitive
designs)6 standard error is presented in the last three columns.
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was due to a larger discrepancy or switching cost in control
participants, not patients.

On the verbal fluency task, interaction contrasts revealed
that patients with left hemisphere lesions were impaired
relative to right hemisphere patients@F~1,9! 5 10.80,p ,
.01 (power5 42.3%)]. That is, patients with left hemi-
sphere lesions generated fewer items overall than right-
sided patients. There was a main effect of Condition
@F~2,18! 5 38.49,p , .0001], as all patients showed a cost
in the switching condition, as well as a larger cost in the
letter condition. Lesion side did not interact with Condition
@F~2,18! 5 3.35,p 5 .36], as left and right frontal patients
showed parallel patterns of performance on switching and
non-switching conditions.

Error rates were extremely low for both patients and con-
trol participants on the verbal fluency task, including both
repetitive errors (e.g., saying “monkey” twice), as well as
inappropriate items (e.g., saying “clock” under the animal
category). Across the verbal fluency conditions, control par-
ticipants made an average of 0.4 errors, and patients made
an average of 0.5 errors per condition. The majority of par-
ticipants in both groups made no errors. Due to the paucity
of data points, error rates on the verbal fluency task were
not analyzed further.

Fluency Task3 Hemisphere Interactions

It was of interest to directly assess whether there was any
evidence of an interaction of lesion lateralization and type

of fluency task. However, because the three conditions within
each of the two fluency task conditions were not parallel
(i.e., basic, filter, switchvs. letter, category, switch), it was
not possible to analyze design and verbal fluency with an
omnibus ANOVA. Therefore, average performance scores
across the three conditions in the verbal and design fluency
tasks were used to compare the two groups, with a 23 2
ANOVA of Task (verbal or design fluency) and Hemisphere
(left or right). There was a main effect of Hemisphere
@F~1,9! 5 8.86,p , .05], as left frontal patients were more
impaired on both tasks, compared to right frontal patients.
There was an effect of Task@F~1,9! 5 16.33,p , .01], as
both patient groups generated fewer designs than words.
The Hemisphere3Task interaction approached significance
@F~1,9! 5 4.07,p 5 .07], as there was a larger discrepancy
between verbal and design performance in right-sided pa-
tients than left frontal patients. This was due to the fact that
left frontal patients exhibited more consistently poor per-
formance across the two tasks, while right frontal patients
showed a larger drop in design fluency performance com-
pared to verbal fluency.

DISCUSSION

In this study, we assessed verbal and design fluency in stan-
dard conditions and in conditions that necessitated task
switching. The verbal and design fluency tasks were part of
a larger battery of executive functions, the Delis-Kaplan

Fig. 4. Average number of words generated by right and left frontal lobe patients and control participants in the verbal
fluency task, across the three task conditions:letter, category, andswitch.
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Executive Function Scale (Delis et al., in press). Overall,
patients with frontal lobe lesions were impaired on both
verbal and design fluency tasks. Patients with left frontal
lobe lesions were more impaired than right hemisphere pa-
tients on the verbal fluency task, but right and left hemi-
sphere patients performed more comparably on the design
fluency task.

Previous studies with frontal lobe patients have assessed
verbal and design fluency separately. Design fluency has
been linked to right frontal function and verbal fluency to
left frontal function (Jones-Gotman & Milner, 1977; Milner,
1964; Perret, 1974; Ruff et al., 1994). In the current study,
both types of fluency tasks were administered to a single
group of patients with focal, frontal lesions. Our finding of
greater left hemisphere involvement for verbal fluency is
consistent with previous findings. However, in the current
study, patients with left frontal lesions performed compa-
rably to right hemisphere patients on a design fluency task.
If anything, there was a slight advantage for right hemi-
sphere patients, which is the opposite of what was ex-
pected. This finding, though not in line with previous patient
studies, is consistent with a recent neuroimaging study that
found bilateral activation when normal participants per-
formed a design fluency task (Elfgren & Risberg, 1998).

The pattern of performance by patients in our study sug-
gests that, while verbal fluency is more dependent on left
frontal cortex (presumably due to access to linguistic pro-
cesses), design fluency depends on both right and left fron-
tal cortex. One possible explanation is that many visuospatial
tasks recruit both right and left hemisphere mechanisms in
order to analyze both global and local information, respec-
tively (Robertson & Delis, 1986). Alternatively, it may be
that monitoring and updating responses in putatively non-
verbal tasks still require, to some extent, verbal mediation
via left frontal regions. For example, in our design fluency
task, participants were required to connect dots in an array.
In Jones-Gotman and Milner (1977), patients drew designs
freely on a page with few constraints. The more constrained
nature of our task (i.e., drawing designs within a dot array
using only four straight lines) may have required left fron-
tal functions such as verbal working memory. The consid-
erable advantage of this more constrained task, however,
was that the number and quality of designs, as well as the
number of perseverative designs, could be more objectively
measured and quantified.

A switching variable was introduced in the current study
such that participants were required to alternate between
two sets or categories during the fluency tasks. In one con-
dition of the verbal fluency task, participants were required
to alternate between naming fruits and furniture. In the de-
sign fluency task, participants were required to form de-
signs by alternating between empty and filled dots in an
array. Both patients and control participants exhibited costs
in their performance on these switching conditions. Pa-
tients with frontal lobe lesions did not, however, exhibit
disproportionate impairment in the switching conditions on
either the design or verbal fluency tasks.

One possible explanation for the comparable cost of task
switching in patients and controls was the chronic nature of
the patients’ lesions. It would be of interest to test patients
with more uniformly acute lesions. The advantage of this
chronic patient group was that their behaviors were well-
stabilized, and we were assured that any deficits were at-
tributable to the observed lesions. The advanced age of both
patients and control participants also may have obscured
some differences between groups, as overall performance
may have been diminished.

Another explanation for the comparable switching costs
in patients and control participants was the explicit nature
of the task instructions—participants were provided with
the subcategories to switch between in the verbal fluency
task and had visual cues to guide their switching on design
fluency. Previous, conventional studies of task switching in
frontal lobe patients did not make explicit demands to switch
or shift categories. For example, patients with frontal lobe
lesions are impaired in the propensity to shift categories on
the Wisconsin Card Sorting Test (Milner, 1963) and in other
tests of concept identification (Owen et al., 1993). On such
tests, individuals are not told that the category selected by
the experimenter will be switched at some later time. To be
successful on such tests, participants must spontaneously
shift based on inference, with no external support. Simi-
larly, on conventional verbal fluency tasks, shifting be-
tween subcategories is an excellent strategy to generate items,
but no external cues are provided to guide this strategy.
Troyer et al. (1998) assessed switching by participants’ ten-
dency to switch between subcategories on a verbal fluency
task and found that patients with frontal lobe lesions were
less likely to switch between subcategories. Thus, in this
less directed task, where frontal patients had to spontane-
ously utilize a switching strategy, they showed impaired
performance compared to control participants.

In our study, patients appeared to be able to switch as
well as control participants, when they were explicitly in-
structed to do so. Thus, it is important to make the distinc-
tion between endogenously and exogenously directed
switching, as it is possible that these two types of shifting
are differentially sensitive to focal frontal damage. Specif-
ically, it appears that switching in response to exogenous
cuing may remain intact following focal frontal lesions (cur-
rent study), while switching based on endogenous (i.e., self )
cuing may not (Troyer et al., 1998).

This hypothesis parallels findings from memory studies
in frontal lobe patients that report that these patients do not
spontaneously make use of strategic cues present in the
material. For example, on free recall tasks, patients with
focal frontal lesions fail to take advantage of the presence
of semantically related items (i.e., impaired semantic clus-
tering). However, when instructed to take advantage of se-
mantic categories to improve performance, frontal patients’
performance approaches that of control participants (Gersh-
berg & Shimamura, 1995; Hirst & Volpe, 1988). These find-
ings suggest that patients with frontal lobe lesions lack the
ability to generate0utilize internally derived strategies, but
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they are able to take advantage of strategies when given
explicit instructions.

To the extent that the frontal lobes contribute to aspects
of attentional shifting, it may be possible to detect specific
task switching deficits under certain conditions. Dunbar and
Sussman (1995) used a Stroop-like task in which partici-
pants were presented a picture with an incongruent word
(e.g., the word “dog” superimposed on a picture of a rab-
bit). Patients with frontal lobe lesions were not signifi-
cantly affected by incongruous stimuli if the task only
involved word naming or picture naming. However, the
patients were particularly affected if they had to switch
between word naming and picture naming within the same
block of trials. Neuroimaging studies have indicated in-
creased activation in prefrontal cortex when switching de-
mands are great, such as in divided attention tasks
(D’Esposito et al., 1995) or in then-back task, in which
participants must constantly update information held in
working memory (Cohen et al., 1997).

In the current study, patients with frontal lobe lesions
were impaired overall on tasks of verbal and design flu-
ency. A switching variable did not, however, differentially
affect the frontal lobe patients as was expected. It would be
interesting to test patients on a fluency task in which they
were required to switch back and forth between more di-
verse sets, such as between naming animals and words be-
ginning with the letterF. Such a cross-category switching
task may prove to be more attention demanding and thus
more disruptive to patients with focal frontal lobe lesions.
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