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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 cBeé,(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 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-

Impaired verbal fluency is considered a hallmark of frontal
lobe dysfunction (Benton, 1968; Bornstein, 1986; Milner,
\1/96;1;|fﬁr a b“e.f summary,ds;ze Balcil_o %’Shllmimtura, 1998t)r1ing with a given letter) are significantly impaired in pa-

erbal fluency Is measured by a patients ability 0 generalg;q s \yith either unilateral right or left frontal lobe injury

|temshfrom agiven cue O(; cztegor)_/. In S%Tticisgfs’ thg Cu?%aldo & Shimamura, 1998). Several neuroimaging studies
are phonemic (e.g., words beginning wi € leRgmn as well have reported significant activation of the frontal

in other cases, semantic (e.gnllmals). In gen_gral, stuQ|es obes during verbal fluency tasks (Frith et al., 1991; Parks
have found that verbal fluency is most sensitive to bilatera tal., 1988)

and left frontal lesions (Benton, 1968; Janowsky et al., 1989; Another type of fluency that has been studied is design

Milner, 1964; Perret, 1974), although some studies h"‘“"ﬁuency, which is measured by a patient’s ability to generate
found that right frontal patients show disturbed verbal ﬂu'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
Reprint requests to: Juliana Baldo, VA Northern Calif. Health Carel . ianifi tyi ired desian fl task
System, 150 Muir Road (126 S), Martinez, CA 94553. E-mail: '€SIONS Were significantly impaired on a design fiuency task.
juliana@socrates.berkeley.edu Similarly, Ruff et al. (1994) found that design fluency was
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a sensitive measure of right anterior lesions. Arecent neurdnsects, given the categoanimalg. That is, unlike control
imaging study, however, reported that design fluency actiparticipants, these patients were less likely to jump from
vated the frontal lobes bilaterally (Elfgren & Risberg, 1998).one subcategory to another and tended to perseverate on
These results suggest that design fluency is mediated byne subcategory.
right, or perhaps bilateral, frontal regions. The goal of the current study was to study both design
Various hypotheses have been offered to explain paand verbal fluency in a single group of patients with focal
tients’ impaired performance on fluency tasks. For exam{rontal lesions. To our knowledge, these two types of flu-
ple, in patients with dementia, it has been proposed thagncy tasks had not been tested together in focal frontal pa-
category fluency is impaired due to a compromised semartients before. It was also of interest to characterize any
tic store. These patients tend to perform proportionally betswitching impairments in these two fluency conditions. The
ter on letter fluency tasks, which require a search througldesign and verbal fluency tasks were part of a new battery
lexical or phonemic memory, as opposed to semantic menconsisting of nine tests of executive function, the Delis-
ory (Butters et al., 1987). Patients with frontal lobe lesions,Kaplan Executive Function Scale (Delis et al., in press).
however, tend to perform poorly on both letter and categoryWe expected that patients with frontal lobe lesions would
fluency (Baldo & Shimamura,1998). Baldo and Shimam-exhibit impairment on these fluency tasks. More specifi-
ura suggested that fluency impairment in this patient grougally, it was predicted that right frontal patients would be
stems from a failure to develop retrieval strategies formost impaired at design fluency and that patients with left
searches through both lexical and semantic memory. Sudiontal lesions would be most impaired at verbal fluency.
an explanation is consistent with other deficits in these paAlso, it was predicted that frontal patients would show a
tients, such as impaired free recall and long-term memorylisproportionate cost in the new switching conditions in
retrieval (Gershberg & Shimamura, 1995; Mangels et al.these fluency tasks, compared to control participants. That
1996). is, it was expected that patients would have difficulty switch-
A related hypothesis is that patients with frontal lobeing back and forth between two different s&tategories on
lesions perform poorly on fluency tasks due to an impairedoth types of fluency tasks.
switching strategy. In this paper, we refer to switching as
the ability to shift attention between two sets or tasks. Switch—lvI ETHODS
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, TroyeEleven patients with focal frontal lobe lesions were re-
et al. (1998) reported that patients with frontal lobe lesionscruited for this study (see Table 1). Lesions were identified
made few transitions between subcategories on a semantiiom review of computed tomography (CT) and magnetic
fluency task (e.g., switching from farm animals to pets toresonance (MR) scans. Patients with lesions extending into

Research Participants

Table 1. Participant characterization and fluency performance

Lesion VWolume Age  Years Lesion Educ. WAIS-R WCST Verbal  Design

Patients Gender site (cc) attest post etiology (years) PIQ Cat. P.E. fluency 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 applicabteldft hemisphere; R= right hemisphere; AVM= arterio—venous malformation;
Mening.= meningioma; Educ= education; WCST Wisconsin Card Sorting Test; Cat.number of categories sorted; PFEnumber of perseverative

errors; WAIS—-R PIQ= Wechsler Adult Intelligence Scale—Revised Performance Q. 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¢ask. Thus, any deficits on switching can be attributed to a
mostly confined to ventral and dorsolateral prefrontal cor-deficiency in patients’ ability to switch sets, rather than a
tex, although some of the lesions extended medially (setack of understanding of the task.
Figure 1 for lesion reconstructions). Six patients had focal
Ieft. hemisphere lesions, and_5 had fo_cal right hemispherf)esign fluency
lesions. In seven of the patients, lesions were due to an
infarct of the anterior branch of the middle cerebral artery.There were three conditions in the design fluency task:
In the other patients, lesions were due to surgical treatmertic, filter, and switch (described below). The three condi-
for an aneurysm, arterial-venous malformation, cyst, or metions were administered in this order. Participants used their
ningioma. The average time since onset of injury was 9.%ominant, right hand to draw, except for 2 patients who
years, and thus most of the patients’ lesions were chroniaused their nondominant, left hand, due to right hemiplegia.
Patients with left hemisphere lesions had an average lesion For all three conditions, participants were first shown a
volume of 39.0+ 29.5 cc, and patients with right hemi- practice page with three squares, each of which contained
sphere lesions had an average lesion volume of 56.2 an array of dots (see Figure 2). The instructions for each
72.3 cc. Lesion volumes were determined by lesion reconeondition were given orally and were also presented in writ-
struction software that used a standard brain to estimate thiag in a booklet, so that participants could refer to the rules
area of lesion across a series of planes (Frey et al., 1987at any time during the task. Participants were instructed to
All patients were in the normal range on the Western Aphaimake a different design in each square by connecting dots,
sia Battery (Kertesz,1982), except for one mildly aphasicalways using straight lines. Participants could lift the pen
patient (J.C.) who had an Aphasia Quotient of 90 (out offrom the page; that is, the designs did not have to be made
100), where 93.7 is normal. Another patient with moderatewith one, continuous stroke. They were told that the de-
aphasia was excluded from the study. All patients were presigns should be drawn using orflyur straight lines to con-
morbidly right-handed, although 2 patients (W.A., J.C.) usechect the dots and that each line had to touch at least one
their nondominant, left hand for the design fluency task dueother line at a dot. The examiner demonstrated this last rule
to right hemiplegia. by drawing two lines that met at a dot. Participants were
The control group was 11 healthy control participantstold that the lines could cross each other in the design and
recruited from the same community as the patients. Contrahat it did not matter whether or not the designs could be
participants were all right-handed. Patients and control pamamed. Participants practiced drawing three designs. The
ticipants did not differ in terms of adé-(1,20 = .26,p=  examiner gave feedback and corrected errors during this
.61], or educatioF(1,20 = .21,p = .65; see Table 1]. practice phase.
Right hemisphere and left hemisphere patients were also Following practice in each condition, participants were
comparable interms of ag®l(= 63.0+ 8.5and 68.2£ 3.2,  presented with a page of 35 squares, and the rules for draw-
respectively) and educatioM(= 14.2 + .75 and 14.2t ing designs were reiterated. The arrays in every square were
1.4, respectively). All testing was conducted at the Veterangdentical and were the same as those used in the practice
Administration Northern California Health Care System phase for each condition. Participants were told that they
in Martinez, CA. Patients and control participants werewould have 60 s to draw as many different designs as they
screened for history of dementia, drug abuse, and psychiatould. During this testing phase, the examiner prompted the
ricillness, and control participants were additionally screenegbarticipant once (i.e., explained the error)ihe drew three
for prior neurologic history. All participants read and signed consecutive, incorrect designs (e.g., perseverated on the same
consent forms prior to participating in the study. design or used only three lines). The participant was al-
lowed to finish any design in progress when the time limit
was reached.
Materials and Procedure In the basic condition, the squares contained an array of
five filled (black) dots, and participants had to draw de-
The design and verbal fluency tasks were given as part of signs by connecting the filled dots (see Figure 2). In the
larger neuropsychological battery, the Delis-Kaplan Execfilter condition, the squares contained an array of five filled
utive Function Scale (D—KEFS; Delis et al., in press). Inand five empty dots, and participants were instructed to
this battery, design fluency is administered first, and verbabraw the designs by connecting the empty dots only. Thus,
fluency is administered after several other subtests. Moghey had to “filter” out the filled dots (that they had previ-
participants completed both design and verbal fluency tasksusly connected in the basic condition) and only connect
in the same session, but a few patients and control particthe empty dots. In the switch condition, the arrays again
pants returned for a second session, in which the verbalonsisted of five filled and five empty dots, although the
fluency task was administered. dots were arranged differently from the filter condition. In
The order of conditions within each task was fixed, with this switch condition, participants were asked to draw de-
the switching conditions always being administered lastsigns by switching back and forth between connecting empty
Although this design does not control for order effects, itand filled dots. They were told that they could begin either
does allow the patients to have a good understanding of theith an empty or a filled dot.
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Fig. 1. Lesion reconstructions, based on computed tomographycamdagnetic 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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Fig. 2. Examples of the stimuli used in the three conditions of the design fluency task, including examples of both
acceptable and unacceptable designs.

The main dependent variable was the number of corredng over a line. The dependent variable was the number of
designs completed in 60 s. In addition, the number of errorseconds to reach the end of the path at the circle marked
was calculated, based on a percentage of the number OEND.”
errors divided by the total number of designs, in order to
control tor overall output. Etrore representing inapproprt-Verbal fluency
ate designs (e.g., designs with five lines) and perseverative
errors (i.e., repetitions of the same design) were calculate@here were three conditions in the verbal fluency task: let-
separately. ter (F, A, andS), category &nimalsandboys’ nameysand

In order to have a measure of motor speed, which mighswitch (switching betweefruits andfurniture). The condi-
have an impact on design fluency performance, particitions were administered to all participants in this order.
pants performed a separate motor speed task that was panstructions were given orally by the examiner and were
of another test within the D—KEFS. The motor speed taskpresented in written form as well. Participants were given
consisted of 32 large, open circles scattered across>a 4360 s to verbally generate items in each condition. Re-
28 cm page. The circles were connected by a dotted lingponses were recorded on paper by the examiner.
along a path. Participants had to begin at the dot marked First, participants had to generate as many words as pos-
“START” and connect the dots as quickly as possible, usingsible that started with the lettér. Participants were given
the dotted line as a guide. Thus, the task required little irseveral rules to follow, namely, that the words could not be
terms of higher cognitive abilities and simply required trac-names of people, places, or numbers, and that they could

https://doi.org/10.1017/51355617701755063 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617701755063

Verbal and design fluency 591

not be repeated sequences (e.g., take, takes, taking, etd)esign Fluency
The next two letter itemsA and S) were given sub-
sequently. Second, participants had to generate exemplaiata from the design fluency task were analyzed with a
belonging to the categognimals and subsequentlpoys’ 3 X 2 analysis of variance (ANOVA) with Condition (basic,
namesLast, in the switch condition, participants were askedfilter, or switch) as a within-subjects factor, and Group
to switch back and forth between naming fruits and furni-(frontal or control) as a between-subjects factor. Fluency
ture (e.g.apple. . couch. . banana. . desk. They were told  rates were based on the number of correct (i.e., acceptable)
that they could begin either with a piece of fruit or furniture. designs made by a participant. Designs were deemed ac-
Verbal fluency rates were based on the number of correcteptable if they met the constraints of the condition (e.g.,
items produced by the participants. Items were counted agontained four lines) and were not repetitions of designs
correct if they met the constraints of the condition and werealready drawn in that condition. Error rates (percentage of
not repetitions. Letter fluency scores were based on thgerseverative and unacceptable designs) are considered
average number of items generated across the three lettegparately below.
conditions. Category scores were the average number of There was a main effect of Groip (1,20 = 13.26,p <
items generated in the two categories. Switch scores werd1], as the frontal lobe patients produced fewer designs than
based on the correct number of itenfsujts andfurniture) control participants (see Figure 3). There was a main effect
generated in this condition. of Condition[F (2,40 =13.74,p < .0001], as all partici-
pants produced the fewest items in the switch condition. The
RESULTS numbe_r of de_signs produced in the_ basic and filter condi-
tions did not differ across both participantgroQip$l, 20 =
Data analysis for both design and verbal fluency were ini-85, p = .37]. The ConditionX Group interaction was
tially conducted to compare control participants to patientot significant F(2,40 = 1.85,p = .17], as the pattern of
with frontal lobe lesions. These initial analyses allowed usperformance across conditions was similar for patients and
to determine whether, as a group, frontal lobe patients densontrol participants. That is, patients did not show a dispro-
onstrated impaired performance on the fluency tasks angortionate cost in the switch condition. Rather, both groups
switching conditions. Interaction contrasts comparing rightshowed a comparably large cost in the switch condition.
to left hemisphere patients are presented subsequently for An interaction contrast was conducted to compare per-

both tasks. formance in patients with left and right hemisphere lesions.
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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 conditidresig filter, andswitch
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There was no statistical difference between patient groupsumber of perseverative errors in the switch condition (see
in their ability to generate desigh6(1,9) = 1.90,p=.20].  Table 2). This drop in the switch condition may have been
There was a main effect of Condition, as both groups gendue to the smaller overall output in this condition: the fewer
erated the fewest designs in the switch condifie(2,18 =  the designs, the less opportunity to repeat one. The effect of
4.51,p < .05]. The pattern of performance across the switch-Condition did not interact with groupF (2,40 = .22,p =
ing and nonswitching conditions in the design fluency task.80]. That is, patients’ and control participants’ error pat-
was comparable for right and left frontal patief42,18 =  terns were comparable across the three conditions. Frontal
.46, p = .64]. Although the power was low (12.0%) in this patients did not demonstrate a disproportional error rate in
contrast analysis due to the small group sizes, the pattern dfie switch condition.
data across conditions is comparable for the two patient Interms of errors representing inappropriate designs, there
groups (see Figure 3). It is possible that a numeric, rightvas no statistical difference between patients with frontal
hemisphere advantage was not found to be significant dukesions and control participanf§ (1,20 = .04, p = .85].
to the small sample. However, the prediction was that thé& hus, patients and control participants were similarly likely
right hemisphere patients would show impaired, not supeto generate unacceptable designs proportional to their over-
rior, performance compared to left frontal patients, and thisall output. The effect of Condition was significdi(2,40 =
certainly was not the case. 13.70,p < .0001], as the majority of inappropriate designs
To insure that performance on design fluency was notvere drawn in the switch condition. The interaction of
unduly influenced by motor speed, a simple regression wa§roupx Condition was not significarit~(2,40 = .35,p =
performed, using average design fluency performance and0], suggesting that the tendency to make inappropriate
the number of seconds to complete the motor speed task @esigns was comparable across conditions for patients and
variables. All participants, patients and controls, were in-control participants.
cluded in this analysis. This analysis showed no relation-
ship between tie avera_ge number of designs produced ar\]}jerbal Fluency
motor speedR = .36,p = .10.
There were numerous errors made in the design fluenciluency rates from the verbal fluency task were analyzed
task. Initial interaction contrasts with only the two patient with a 3 2 analysis of variance (ANOVA) with Condition
groups (rightvs. left frontal patients) showed no differ- (letter, category, or switch) as a within-subjects factor, and
ences between patient groups in terms of error rates, an@roup (frontal or control) as a between-subjects factor.
thus the following analyses present data collapsed acrodsrror rates are addressed separately below.
these groups (i.e., for frontal patients. control partici- There was a main effect of Grofip (1,22 = 29.38,p <
pants). Error data were analyzed with x 2 ANOVA with .0001], as the frontal lobe patients produced fewer correct
Condition (basic, filter, or switch) as a within-subjects fac-responses than control participants (see Figure 4). There
tor and Group (frontal or control) as a between-subjectsvas a main effect of ConditiohF(2,44) = 41.68,p <
factor. Perseverative errors (i.e., repeated designs, with 006001], as all participants produced fewer items in the letter
without intervening designs) and inappropriate desigrand switch conditions, compared to the category condition.
errors (e.g., designs with 5 lines) were considered sepafFhe Condition X Group interaction was significant
rately. Error data are presented in Table 2 for both patienfF (2,44 = 4.89,p < .05]. As can be seen in Figure 4,
groups and control participants. frontal lobe patients produced proportionately fewer items
In terms of perseverative errors, there was no statisticah the letter condition, compared to control participants.
difference between patients with frontal lesions and controHowever, the switching cost did not appear disproportion-
participantg F (1,20 = 1.56,p = .22], although numeri- ate in patients. To analyze this further, a separate inter-
cally patients made proportionally more errors (see Table 2)action contrast was run, comparing just categeeysus
There was a significant main effect of Conditiidf(2,40 =  switch conditions in patients and control participants. This
4.08,p < .05], as both groups made proportionally the leastinteraction was significarftF(1,22 = 5.55,p < .05], and

Table 2. Pattern of errors on design fluency task

% Inappropriate errors S.E. % Perseverative errotsS.E.
Group Basic Filter Switch Basic Filter Switch
Control 0.6+ 0.6 4.5+ 23 22.7+5.7 14.0+ 2.7 12.4+ 0.3 3.8+ 21
RH Front 0.0+ 0.0 21+21 18.7+ 7.2 14.6+ 9.9 14.1+ 10.6 5.0+ 3.3
LH Front 6.9+ 3.3 24+ 24 20.5+ 13.8 16.7+ 4.0 22.8+ 4.7 122+ 7.2

Note RH Front= right frontal; LH Front= left frontal. The percentage of inappropriate errors (e.g., using five linesandard 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)+ standard error is presented in the last three columns.
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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 conditidatier, category andswitch

was due to a larger discrepancy or switching cost in controbf fluency task. However, because the three conditions within
participants, not patients. each of the two fluency task conditions were not parallel
On the verbal fluency task, interaction contrasts revealedi.e., basic, filter, switclvs. letter, category, switch), it was
that patients with left hemisphere lesions were impairechot possible to analyze design and verbal fluency with an
relative to right hemisphere patierfts(1,9) = 10.80,p <  omnibus ANOVA. Therefore, average performance scores
.01 (power= 42.3%)]. That is, patients with left hemi- across the three conditions in the verbal and design fluency
sphere lesions generated fewer items overall than righttasks were used to compare the two groups, with>a 2
sided patients. There was a main effect of ConditionANOVA of Task (verbal or design fluency) and Hemisphere
[F(2,18 = 38.49,p < .0001], as all patients showed a cost (left or right). There was a main effect of Hemisphere
in the switching condition, as well as a larger cost in the[F(1,9) = 8.86,p < .05], as left frontal patients were more
letter condition. Lesion side did not interact with Condition impaired on both tasks, compared to right frontal patients.
[F(2,18 = 3.35,p = .36], as left and right frontal patients There was an effect of Tagk (1,9 = 16.33,p < .01], as
showed parallel patterns of performance on switching andboth patient groups generated fewer designs than words.
non-switching conditions. The Hemispher& Task interaction approached significance
Error rates were extremely low for both patients and con{F(1,9) = 4.07,p = .07], as there was a larger discrepancy
trol participants on the verbal fluency task, including bothbetween verbal and design performance in right-sided pa-
repetitive errors (e.g., saying “monkey” twice), as well astients than left frontal patients. This was due to the fact that
inappropriate items (e.g., saying “clock” under the animalleft frontal patients exhibited more consistently poor per-
category). Across the verbal fluency conditions, control parformance across the two tasks, while right frontal patients
ticipants made an average of 0.4 errors, and patients maddowed a larger drop in design fluency performance com-
an average of 0.5 errors per condition. The majority of parpared to verbal fluency.
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. DISCUSSION

In this study, we assessed verbal and design fluency in stan-
dard conditions and in conditions that necessitated task
It was of interest to directly assess whether there was angwitching. The verbal and design fluency tasks were part of
evidence of an interaction of lesion lateralization and typea larger battery of executive functions, the Delis-Kaplan

Fluency Task X Hemisphere Interactions
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Executive Function Scale (Delis et al., in press). Overall, One possible explanation for the comparable cost of task
patients with frontal lobe lesions were impaired on bothswitching in patients and controls was the chronic nature of
verbal and design fluency tasks. Patients with left frontalthe patients’ lesions. It would be of interest to test patients
lobe lesions were more impaired than right hemisphere pawith more uniformly acute lesions. The advantage of this
tients on the verbal fluency task, but right and left hemi-chronic patient group was that their behaviors were well-
sphere patients performed more comparably on the desigstabilized, and we were assured that any deficits were at-
fluency task. tributable to the observed lesions. The advanced age of both

Previous studies with frontal lobe patients have assessqghtients and control participants also may have obscured
verbal and design fluency separately. Design fluency hasome differences between groups, as overall performance
been linked to right frontal function and verbal fluency to may have been diminished.
left frontal function (Jones-Gotman & Milner, 1977; Milner,  Another explanation for the comparable switching costs
1964; Perret, 1974; Ruff et al., 1994). In the current studyjn patients and control participants was the explicit nature
both types of fluency tasks were administered to a singlef the task instructions—participants were provided with
group of patients with focal, frontal lesions. Our finding of the subcategories to switch between in the verbal fluency
greater left hemisphere involvement for verbal fluency istask and had visual cues to guide their switching on design
consistent with previous findings. However, in the currentfluency. Previous, conventional studies of task switching in
study, patients with left frontal lesions performed compa-frontal lobe patients did not make explicit demands to switch
rably to right hemisphere patients on a design fluency taskor shift categories. For example, patients with frontal lobe
If anything, there was a slight advantage for right hemi-lesions are impaired in the propensity to shift categories on
sphere patients, which is the opposite of what was exthe Wisconsin Card Sorting Test (Milner, 1963) and in other
pected. This finding, though not in line with previous patienttests of concept identification (Owen et al., 1993). On such
studies, is consistent with a recent neuroimaging study thaests, individuals are not told that the category selected by
found bilateral activation when normal participants per-the experimenter will be switched at some later time. To be
formed a design fluency task (Elfgren & Risberg, 1998). successful on such tests, participants must spontaneously

The pattern of performance by patients in our study sugshift based on inference, with no external support. Simi-
gests that, while verbal fluency is more dependent on leftarly, on conventional verbal fluency tasks, shifting be-
frontal cortex (presumably due to access to linguistic protween subcategories is an excellent strategy to generate items,
cesses), design fluency depends on both right and left frorbut no external cues are provided to guide this strategy.
tal cortex. One possible explanation is that many visuospatialroyer et al. (1998) assessed switching by participants’ten-
tasks recruit both right and left hemisphere mechanisms iency to switch between subcategories on a verbal fluency
order to analyze both global and local information, respectask and found that patients with frontal lobe lesions were
tively (Robertson & Delis, 1986). Alternatively, it may be less likely to switch between subcategories. Thus, in this
that monitoring and updating responses in putatively noniess directed task, where frontal patients had to spontane-
verbal tasks still require, to some extent, verbal mediatiorously utilize a switching strategy, they showed impaired
via left frontal regions. For example, in our design fluency performance compared to control participants.
task, participants were required to connect dots in an array. In our study, patients appeared to be able to switch as
In Jones-Gotman and Milner (1977), patients drew designgvell as control participants, when they were explicitly in-
freely on a page with few constraints. The more constrainedtructed to do so. Thus, it is important to make the distinc-
nature of our task (i.e., drawing designs within a dot arraytion between endogenously and exogenously directed
using only four straight lines) may have required left fron- switching, as it is possible that these two types of shifting
tal functions such as verbal working memory. The consid-are differentially sensitive to focal frontal damage. Specif-
erable advantage of this more constrained task, howeveigally, it appears that switching in response to exogenous
was that the number and quality of designs, as well as theuing may remain intact following focal frontal lesions (cur-
number of perseverative designs, could be more objectivelyent study), while switching based on endogenous (i.e., self)
measured and quantified. cuing may not (Troyer et al., 1998).

A switching variable was introduced in the current study This hypothesis parallels findings from memory studies
such that participants were required to alternate betweeim frontal lobe patients that report that these patients do not
two sets or categories during the fluency tasks. In one conspontaneously make use of strategic cues present in the
dition of the verbal fluency task, participants were requiredmaterial. For example, on free recall tasks, patients with
to alternate between naming fruits and furniture. In the defocal frontal lesions fail to take advantage of the presence
sign fluency task, participants were required to form de-of semantically related items (i.e., impaired semantic clus-
signs by alternating between empty and filled dots in artering). However, when instructed to take advantage of se-
array. Both patients and control participants exhibited costsnantic categories to improve performance, frontal patients’
in their performance on these switching conditions. Paperformance approaches that of control participants (Gersh-
tients with frontal lobe lesions did not, however, exhibit berg & Shimamura, 1995; Hirst & Volpe, 1988). These find-
disproportionate impairment in the switching conditions onings suggest that patients with frontal lobe lesions lack the
either the design or verbal fluency tasks. ability to generatgutilize internally derived strategies, but
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they are able to take advantage of strategies when givebelis, D., Kaplan, E., & Kramer, J. (in pres®elis-Kaplan Exec-
explicit instructions. utive Function ScaleSan Antonio, TX: The Psychological
To the extent that the frontal lobes contribute to aspects Corporation.
of attentional shifting, it may be possible to detect specificD'ESPosito, M., Detre, J,, Alsop, D., Shin, R., Atlas, S., & Gross-
task switching deficits under certain conditions. Dunbar and gﬁnbmﬁ?}n Tehn?or:%;ih?:i?gfzt;lge ‘3298”1”""' executive sys-
panis were presented & pcture wih an incongruent worR TP K. & Sussman, . (1995).Towarda cognive ascount of
N N . . frontal lobe function: Simulating frontal lobe deficits in nor-
(Q.g., th? word .dog superlmpose(_j on a picture of.a r.a'b- mal subjects. In J. Grafman, K.J. Holyoak, & F. Boller (Eds.),
bit). Patients with frontal lobe lesions were not signifi-

i s W Annals of the New York Academy of Sciences, Vol. 769
cantly affected by incongruous stimuli if the task only  (pp. 289-304).

involved word naming or picture naming. However, the Elfgren, C. & Risberg, J. (1998). Lateralized blood flow increases
patients were particularly affected if they had to switch during fluency tasks: Influence of cognitive stratedyeuro-
between word naming and picture naming within the same psychologia36, 505-512.

block of trials. Neuroimaging studies have indicated in-Frey, R., Woods, D., Knight, R., Scabini, B., & Clayworth, C.
creased activation in prefrontal cortex when switching de- (1987). Defining functional areas with averaged CT scans.
mands are great, such as in divided attention tasks Society for Neuroscience Abstracls, 1266.

(D’Esposito et al., 1995) or in tha-backtask, in which Frith, C., Friston, K., Liddle, P., & Frackowiak, D. (1991). APET

L - . . study of word findingNeuropsychologia29, 1137-1148.
\?v?)rrtliciz%ar%tjmrg:J)/St(ggr?esrgagslzl uggg;e) information held InGershberg, F. & Shimamura, A. (1995). Impaired use of organiza-

. . . tional strategies in free recall following frontal lobe damage.
In the current study, patients with frontal lobe lesions  \eyropsychologial3, 1305-1333.

were impaired overall on tasks of verbal and design flu-yjrst, w. & Volpe, B. (1988). Memory strategies with brain dam-
ency. A switching variable did not, however, differentially  age.Brain and Cognition8, 379—408.

affect the frontal lobe patients as was expected. It would b&anowsky, J., Shimamura, A., Kritchevsky, M., & Squire, L. (1989).
interesting to test patients on a fluency task in which they Cognitive impairment following frontal lobe damage and its
were required to switch back and forth between more di- relevance to human amnesBehavioral Neurosciencel03
verse sets, such as between naming animals and words be-548-560.

ginning with the lettelF. Such a cross-category switching Jones-Gotman, M. & Milner, B. (1977). Design fluency: The in-
task may prove to be more attention demanding and thus vention of nonsense drawings after focal cortical lesheuro-

. . . . - psychologial5, 653—-674.
more disruptive to patients with focal frontal lobe Iesmns.KerteSL A. (1982)Western Aphasia Batterilew York: Grune &

Stratton.
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