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Abstract
Background: In stroke hospitalizations, verbal fluency tests are used to evaluate executive abilities in order to assess the integrity of functioning and language. Prior 
studies show that clustering and switching during verbal fluency tasks are related to functioning of specific brain regions, such that they are thought to be more 
sensitive in detecting impairments in frontal regions compared to other brain regions. 

Objective: Investigate the hypothesis that the stroke lesion location predicts both quantitative and qualitative (clustering and switching) aspects of fluency. Patients 
with frontal lesions will perform poorly on switching and phonemic tasks, while the patients with temporal lesions will perform poorly on clustering semantic tasks.

Method: Stroke inpatients (N=99) completed verbal fluency measures and structural brain scans within 72 hours of admission. Healthy controls (N=39) were 
recruited and administered verbal fluency measures. Fluency performance was evaluated by valid qualitative and quantitative analysis. 

Results: Lesion location did not predict qualitative aspects of fluency and provided no support that frontal region lesions result in impairments in executive function. 
Hemispheric lesion location was not significant. Stroke patients preformed more poorly on fluency measures compared to controls.

Conclusion: Verbal fluency performance is affected by vascular brain damage resulting from stroke, but lesion location does not differentially affect qualitative or 
quantitative aspects of verbal fluency performance.
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Introduction
In research and clinical settings, oral verbal fluency tasks are widely 

used to assess executive abilities in stroke populations [1,2]. Patients 
produce as many words as possible within a timeframe (typically one 
minute). Two types of fluency are assessed: phonemic (letter fluency) 
and semantic (category fluency) [3,4]. For phonemic fluency, patients 
are asked to produce as many words as possible beginning with a 
designated letter (e.g., F, A, S). For semantic fluency, patients produce 
as many words as possible belonging to a category (e.g., animals, food) 
[4]. Both tasks are thought to engage cognitive abilities that rely on 
different brain networks. Performance on phonemic fluency has been 
argued to reflect higher executive abilities supported largely by frontal-
region functioning, while, performance on semantic fluency is thought 
to reflect memory processes supported largely by temporal-region 
functioning [1]. 

Imaging studies using positron emission tomography (PET) 
support the concept of region specialization during phonemic and 
semantic fluency tasks. Healthy adults have increased blood flow to 
the left frontal cortex when responding to letter prompts (e.g., S, B) 
and an increase in blood flow to the left temporal cortex was found 
when responding to categorical prompts (e.g., vegetables, clothes) [5]. 
Stimulus type may produce a more focal effect. There was greater blood 
flow in the anteromedial temporal and inferior parietal cortices for 
natural objects, but greater blood flow was observed in the left posterior 
temporal cortex for manmade objects. This association suggests a 
differentiated organization of the semantic representations in the brain, 
consistent with category-specific deficits of naming [4-6]. Participant 
characteristics may also influence performance (i.e., numbers of words 

generated) on verbal fluency tasks [7]. Age and education are associated 
with number of words generated, but not gender. Age and education 
adjusted norms are available [4,8].

Fluency tasks typically utilize cut-offs or percentiles to detect 
problems in underlying cognitive processes [1,8,9]. Yet, studies suggest 
these scores may not comprehensively capture patient performance 
on fluency tasks; rather, errors types (e.g. perseveration) could give 
insight into impairments [10,11]. Troyer and colleagues [2,5] proposed 
that verbal fluency was a multifactorial process that may be further 
divided into two cognitive operations: clustering and switching, both 
of which can be assessed during fluency tasks to inform other aspects 
of performance. Clustering, or producing words within a phonemic 
or semantic category, is supported by temporal regions, whereas 
switching, or shifting between categories, is supported by frontal 
regions. Phonemic clusters are word groups that share a sound, either 
beginning with the same phoneme (e.g., farm, family), have a phonemic 
combination (e.g., froth, from), or end with a rhyme (e.g., stand, sand). 
Semantic clusters are words grouped by an aspect of meaning (e.g., cow, 
chicken, all from category farm animals). Within clusters, switching 
can occur in either semantic (cat, cheetah, monkey, lion) or phonemic 
tasks (stairs, stamps, stars, shops). Dual-task paradigms support a 
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clustering and switching distinction. Frontal region dependent-tasks 
(i.e., finger-tapping and producing words) interfere with switching, 
while temporal region dependent-tasks (i.e., object recognition) 
interfere with clustering [7,12].

Some lesion studies do not support region specificity on fluency 
tasks, where primarily frontal damage impacts phonemic fluency 
and temporal damage affects semantic fluency. A meta-analysis of 31 
fluency studies found focal frontal lesions produced impairments in 
both phonemic and semantic fluency with larger performance deficits 
in phonemic tasks [13]. In a study of patients with focal frontal lesions, 
there was no difference in the number of words produced between right 
and left patients; yet, the left frontal group produced more unusual 
animal names, whereas the right frontal group produced prototypical 
patterns of animal naming [14]. Another study of patients with focal 
lesions in frontal and temporal regions found small differences in 
switching and cluster sizes [12].

Small samples, lack of control groups and mixed-lesion groups used 
in prior studies limit the ability of verbal fluency tasks to accurately 
detect executive function impairments in stroke patients. Further, there 
is limited information on the relationship between lesions and fluency 
performance, specifically when examining the clustering and switching 
processes of executive function. The complexity of neuroanatomical 
and cognitive processes underlying clustering and switching 
operations requires further analysis to draw conclusions regarding 
fluency in stroke patients and related outcomes. In the current study, 
we examined a large sample of sub-acute stroke patients to determine if 
measures of verbal fluency are able to differentiate lesion location based 
on clustering and switching performance in phonemic and semantic 
fluency tasks. We hypothesize that frontal group will perform poorly 
on switching and phonemic tasks, while the temporal group would 
perform poorly on clustering semantic tasks. 

Methods
Study population: Fluency data were collected during acute stroke 

hospital admissions at a major hospital in the United States of America, 
North America. This registry and methodology has been published 
[15]. Patients were excluded from the current study if there was a 
documented history of mental illness, evidence of alcohol or substance 
abuse, and dementia (Short Blessed Test ≤ 10). Participants with severe 
aphasia were excluded because they were unable to complete the 
verbal fluency tasks. Participants were included if lesion descriptions 
with imaging and fluency data were available. Structural brain scans 
and verbal fluency data were obtained within 72 hours of hospital 
admission. Eligible controls were recruited and tested in a research 
laboratory at Washington University School of Medicine. All aspects of 
the study were approved by the Institutional Review Board.

Lesions were defined based on structural imaging from magnetic 
resonance imaging (MRI) or computerized tomography (CT) 
and classified according to vascular templates [16] and by clinical 
neuroradiological reports. Patients were grouped based on lesion 
location. Due to the broad nature of the lesion descriptions, dividing the 
participants into several highly specific lesion groups was unfeasible. 
Instead, patients were grouped into categories: frontal and non-frontal. 

Study procedure Speech language pathologists administered 
fluency tasks as part of a larger cognitive-linguistic test battery. During 
the phonemic task, participants were instructed that they would 
have one minute to generate as many words as possible that began 
with specified letters (i.e., F,A,S). An example was provided along 

with sample responses to a letter prompt (‘N’) not used in the task. 
Participants were instructed not to respond with proper nouns (e.g., 
Nathan), words with a shared root but different endings (e.g., nap, 
napping) or numbers (e.g., nineteen). During the semantic fluency 
task, participants were instructed that they would have one minute to 
generate as many words as possible belonging to a specified category 
(i.e., animals). 

Quantitative scoring To examine number of correct words, six 
types of responses were evaluated and scored. Numbers of correct words 
were recorded as non-repeated words, conforming to task directions. 
Perseverative errors were recorded when a word was repeated more 
than once during responding to one of the four prompts (i.e., F, A, 
S, animals). However, if participants produced “anteater” in response 
to the ‘A’ prompt, it was not counted as a perseverative error when 
produced again in response to the ‘animal” prompt unless repeated 
twice in response to the ‘animal” prompt. Root-word variations 
depended on the context were not always counted as perseverative 
errors. For example, “fast, fasting” were scored as two correct answers. 
A similar variation such as “food, foods,” however, was counted as 
a perseverative error. Intrusion errors were scored as words that did 
not fall into the category represented by the prompt. However, for 
phonemic fluency tests, misspellings were not counted as errors if 
they began with a phoneme appropriate to the letter being tested. 
For example, “phenomenon” was scored as correct in response to 
‘F.” This exception was allowed to reduce the impact of spelling skill 
on performance. A special rule was made for proper noun errors. The 
instructions clearly state that proper nouns are incorrect responses. 
Participants’ responses revealed that not all proper nouns are treated 
as such. For example, “French fries” contains a proper noun that was 
frequently given during letter naming. When scored, proper nouns such 
as these were counted as correct responses under the assumption that 
they are thought of as object names rather than proper nouns. Finally, 
diminutive variations are variations of the same word that do not share 
a common root-word. For example, “dog, puppy” was scored as two 
correct answers. Category names, if followed by specific examples, were 
diminutive variations and were counted as correct. For example, “dog, 
Dalmatian, golden retriever” was counted as three correct variations. 
The justification for this method of scoring is that diminutive variations 
result from an incomplete understanding of instructions. Since verbal 
fluency measures are being linked to lesions with the expectation of 
assessing impairments, ignoring diminutive variation responses would 
limit the aims of this study. Diminutive variations were counted in the 
number of correct responses.

Clustering and switching scoring Adjacent clusters sharing a word 
or words were counted as belonging to the cluster that seemed most 
logical or the cluster that resulted in a larger cluster size. For example, 
“rat, mouse, cat, dog” was scored as two clusters with one switch, where 
“cat” was counted in a cluster with “rat, mouse” and dog was counted 
as the switch. Consistent with this rule, clusters appearing within larger 
clusters were counted as members of the overarching cluster. For 
example, “rabbit, rhino, rat, rodent” was counted as a phonemic cluster 
of four items.

Phonemic clusters were scored differently for semantic and 
phonemic fluency tests. For animal naming, phonemic clusters were 
groups of responses that began with the same phoneme. For letter 
naming, since all correct responses began with the same phoneme, 
phonemic clusters were based on initial phoneme combinations or 
rhymes. For example, “food, forward” was not scored as a cluster 
because the words did not share an initial sound. However, “flee, fly,” 
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was scored as a phonemic cluster because the initial sound is the same 
in both words. For animal naming, semantic clusters were largely 
determined based on fit to published subcategories [2]. Commonly 
generated examples in subcategory lists were used for reference (S1).

National Institute of Health Stroke Scale (NIHSS) The NIHSS 
is a conventional measure of stroke severity in acute care settings 
[17]. The 15-item measure assesses level of consciousness, extraocular 
movements, visual fields, facial muscle function, extremity strength, 
sensory function, coordination (ataxia), language (aphasia), speech 
(dysarthria), and hemi-inattention (neglect) on a scale 0-4, with 0 being 
normal or no impairment [18]. The NIHSS is commonly used as an 
initial assessment to inform acute care, rehabilitation and discharge; in 
addition, it is strongly associated with measures assessing the ability to 
complete activities of daily living [19].

Statistical analysis Following the scoring scheme proposed by 
Troyer and colleagues, results from both tasks were classified into five 
categories for analysis: correct responses, number of errors, number of 
switches, number of clusters and number of words in cluster [6,7,12]. 
The average number of responses from the three phonemic fluency 
trials (F, A, S) and the total number of responses obtained from the 
semantic fluency task (animals) were calculated and used for analysis. 
Demographic characteristics were evaluated using nonparametric 
statistics. Group differences among controls and patients were 
evaluated by student’s t-test and one-way ANOVAs with post-hoc 
tests. All statistical analyses were performed using SPSS version 21 
(Chicago, IL, USA).

Results
The final sample included 138 participants with ages ranging 

27-97 years (Table 1). There was a difference in gender but not age 
or education among the controls and stroke patients. In subgroup 
analyses of the stroke sample, there were no statistically significant 

difference in age, education, sex or NIHSS score among the frontal and 
non-frontal groups. In the total sample, there were 48 right hemisphere 
lesions, 25 left hemisphere lesions and 26 bilateral lesions. There were 
no statistically differences between the three groups on any of the 
demographic variables or the measures of verbal fluency.

Relationships between demographic, groups, and fluency 
measures Correlations between age, education and performance 
on phonemic (letter task) and semantic (animal task) fluency was 
calculated for the total sample (Table 2). Age was negatively correlated 
with number of correct responses on both letter and animal fluency 
tasks, such that number of correct responses decreased as age increased 
for both tasks. Age was positively correlated with errors on letter 
fluency and animal fluency tasks. Education was correlated with 
number of correct responses on letter fluency. Letter fluency switches 
and numbers of clusters were also correlated with education. When the 
stroke and control groups were analyzed separately, the relationship 
between age and education changed for each group (Table 2). Stroke 
group: age correlated with number correct and errors on letter fluency 
and cluster size on animal fluency. Education did not correlate with 
any measures of letter or animal fluency for the stroke group. Control 
group: age correlated with number correct and number of switches on 
both letter and animal fluency and errors on animal fluency. Education 
correlated with number correct on both letter and animal fluency and 
number of switches and number of clusters for letter fluency. 

Phonemic fluency task To evaluate differences on the phonemic 
fluency task, we examined performance among frontal, non-frontal, 
and control groups. A one-way ANOVA revealed a significant effect of 
group on the number of correct responses [F(2, 135) = 62.2, p<.001]. 
Post hoc Tukey HSD tests indicated that the control group (M = 11.8, 
95% CI [10.9, 12.6]) differed significantly from the frontal (M = 5.9, 
95% CI [5.3, 6.6]) and non-frontal (M = 6.2, 95% CI [5.2, 7.1]) groups, 
p<.001; there was no difference between the frontal and non-frontal 

Controls
(N=39)

Stroke 
(N=99) p

Frontal Group
(N=56)  

Non-Frontal Group
(N=43) p

Age (Y)
Mean (SD) 67.6 (15.8) 64.4 (13.9) 0.452 63.0 (14.3) 66.2 (13.2) 0.486
Education (Y)
Mean (SD) 13.1 (3.24) 12.2 (2.39) 0.068 11.9 (2.60) 12.5 (2.07) 0.294
Sex 
Male
Female

9
30

52
47

0.002 30
26

22
21

0.455

NIHSS 
Mean (SD) - 6.95 (4.59) - 7.66 (4.84) 6.02 (4.10) 0.286

Table 1. Demographics of stroke and control groups.

Stroke Control
Variable Age (yrs) Education (yrs) Age (yrs) Education (yrs)
FAS Correct -0.23* 0.05 -0.403** 0.567**
FAS Errors .23** -0.03 -0.024 -0.40
FAS Switches -0.12 -0.02 -0.422** .526**
FAS Clusters -0.16 0.18 -0.109 0.302*
FAS Cluster Size -0.14 -0.13 -0.141 0.039
Animal Correct -0.16 -0.03 -0.502** .355*
Animal Errors 0.10 0.02 0.363* -0.265
Animal Switches -0.04 -0.08 -0.476** .291
Animal Clusters -0.10 -0.03 -0.046 0.035
Animal Cluster Size -0.24* 0.05 -0.211 0.186

** p < .001; * p < .05.

Table 2. Age, education and fluency associations among stroke and control groups.
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groups. Of particular interest was whether switching, number of words 
in clusters, and cluster size in letter fluency was different across three 
groups, as predicted by the literature. A one-way ANOVA indicated 
that all three dependent measures were statistically significant 
[switching: F(2, 135) = 53.0, p<.001; words in a cluster: F(2, 135) = 32.9, 
p <.001; cluster size: F(2, 135) = 17.5, p<.001 ]. Post hoc comparisons 
showed that the control group differed significantly across switching 
(M = 8.78 95% CI [8.0, 9.5]), words in a cluster (M = 4.6, 95% CI [3.0, 
5.1]) and cluster size (M = 2.4, 95% CI [2.2, 2.]) from the frontal group 
(switching (M = 4.3 95% CI [3.8, 4.9]); words in a cluster (M = 1.9, 95% 
CI [1.6, 2.3]); cluster size (M = 1.8, 95% CI [1.6, 1.8])) and non-frontal 
group (switching (M = 4.3 95% CI [3.5, 5.0]); words in a cluster (M = 
2.1, 95% CI [1.4, 2.7]); cluster size (M = 1.8, 95% CI [1.5, 1.9])), p<.001, 
yet the frontal and non-frontal groups did not differ on any of the three 
measures of letter fluency.

Semantic fluency task To assess performance differences by group 
in semantic fluency, a one-way ANOVA revealed a significant effect on 
the number of correct response [F (2, 135) = 10.6, p<.001]. Tukey HSD 
tests indicated that the control group (M = 15.0, 95% CI [13.6, 16.3]) 
differed significantly from the frontal (M = 10.9, 95% CI [9.8, 12.1]) 
and non-frontal groups (M = 11.8, 95% CI [10.3, 13.2]), p<.001 while 
the two stroke groups did not differ. Further analysis was conducted to 
examine group effects on switching, words in a cluster, and cluster size. 
There was a significant group difference on switching [F (2, 135) = 24.0, 
p<.001] with the control group (M =8.0, 95% CI [7.1, 8.8]) differing 
from frontal (M = 4.7, 95% CI [4.1, 5.3]) and non-frontal (M = 5.3, 95% 
CI [4.6, 5.9]) groups, yet there was no difference between the two stroke 
groups. Finally, there was no statistically significant difference in any 
groups for words in a cluster [F (2, 135) = 0.49, p>.05] or cluster size 
[F(2, 135) = 10.6, p>.05]. 

We investigated the possibility that because stroke patients 
produced fewer responses in general, they did not have as many 
opportunities to make errors on the semantic and phonemic tasks. The 
ratio of errors to correct responses was compared between patients and 
controls. There was no statistically significant difference found between 
stroke patients and controls on the ratio of errors to correct responses 
on either phonemic task (t (136) = 1.02, p = 0.31) or semantic task (t 
(136) = -0.56, p = 0.58). 

As previously mentioned, there was no significant difference in 
NIHSS scores between frontal and non-frontal groups. This indicated 
that overall stroke severity was similar across both groups. NIHSS score 
and performance on verbal fluency measures was evaluated (Table 3) to 
determine if fluency simply reflected stroke severity. Only the number 
of correct responses for animal fluency correlated significantly with 
stroke severity. 

Discussion
This study investigated if performance on measures of verbal 

fluency (letter naming and animal naming tasks) was sensitive to lesion 
location and could differentiate between stroke patients with frontal vs. 
non-frontal damage. We also examined whether fluency was associated 
with age, education and stroke severity. The correlations between verbal 
fluency scores and age and education are consistent with previous 
findings in the literature [2,20]. The control group had more robust 
correlations between both age and education and letter and animal 
fluency performance. Age was negatively correlated with correct 
responses in letter fluency for the stroke group, but age correlated 
with both tasks for the control group. Education correlated with three 
measures of letter fluency for the controls, yet there was no correlation 
with education on either task for the stroke group. This suggests the 
cognitive impairments caused by a stroke eclipse the effects of age and 
education at the post-acute stage of recovery. 

Compared to the controls, stroke patients in both groups showed 
similar performance patterns across the phonemic and semantic 
tasks. Differences in the number of correct responses and switching 
in semantic and phonemic tasks were consistent with our hypothesis 
that executive abilities are impaired in stroke patients, compared 
to healthy controls. The lack of a difference in the number of errors 
made by controls and patients in either letter or category fluency was 
unexpected. We surmise that patients were more inclined to withhold 
an incorrect response, rather than venturing a response that may be 
incorrect, thus producing less errors overall. This explanation supports 
a conceptual framework of execution function, as a collection of 
various processes with selective deficits in components of underlying 
executive skills. In the case of stroke, it appears that the ability to self-
monitor is intact, yet other facets like switching and clustering may be 
impaired [21]. 

Our hypothesis, based on previous imaging work, that frontal 
patients would produce more errors and exhibit poorer performance 
on switching in either phonemic or semantic tasks than non-frontal 
patients was not supported. Although both frontal and non-frontal 
groups performed more poorly on the phonemic task and semantic task 
compared to healthy controls, both groups produced similar scores on 
all quantitative and measures of letter and animal fluency. Frontal and 
non-frontal patients did not differ in the number of errors or switching 
in either phonemic or semantic tasks. This suggests that patients with 
lesions in the non-frontal regions are also susceptible to disruption 
in executive abilities. Although it is possible that a lack of clearly 
delineated homogenous groups (frontal vs. non-frontal) prevented us 
from detecting a difference, similarity in number of errors produced 
between frontal and non-frontal groups suggests that patients in both 
groups still self-monitor and withhold incorrect responses. 

The similarity in scores and lack of discrimination on verbal 
fluency performance between the frontal and non-frontal groups is 
informative. Davidson et al. [22] used measures of verbal fluency, Trail 
Making Test, and Wisconsin Card Sorting Test to assess performance 
in participants with frontal region tumor resection; participants 
demonstrated poor performance in switching but not clustering, yet 
there was no lesion-specific relationship between performance on the 
measures. In another study, Tamez and colleagues [23] found similar 
findings in a stroke cohort with Trail Making and Digit Span Tests 
where both measures demonstrated sensitivity to brain damage, yet 
they lack specificity in being able to differentiate patients with frontal 
vs. non-frontal lesions. The similarity in performance across different 

Variable NIHSS
FAS Correct -0.12
FAS Errors 0.02
FAS Switches -0.10
FAS Clusters -0.14
FAS Cluster Size 0.17
Animals Correct -0.27**
Animals Errors 0.01
Animals Switches -0.15
Animals Clusters -0.16
Animals Cluster Size -0.03

** p < .001; * p < .05.

Table 3. Correlation between NIHSS and fluency measures for stroke group.
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lesions groups in acute setting on verbal fluency measures of executive 
function is significant. These findings suggest that neuropsychological 
assessments of verbal fluency (phonemic and semantic tasks) have 
strong utility in assessing impairments of executive abilities overall but 
contribute less to identifying specific lesion locations with particular 
performance deficits. 

Limitations 
Stroke lesions classification based on clinical imaging can be 

complicated due to CT vs. MRI sensitivity, age specificity and 
undocumented vascular damage among others. Despite the modest 
sample of stroke patients available, the lesions of very few participants 
fit the criteria for an exclusive group comprising solely of frontal lesions. 
One reason for this is that frontal lesions frequently result in aphasia, 
and therefore produce a group of necessarily excluded participants. 
This was reflected in the proportion and results that showed there were 
no statistically significant differences between patients with localized 
lesions in right, left and both hemispheres and performance on the 
fluency measures; potentially due to small sample sizes. As a result, 
the lesion diversity was limited. Only four of the frontal patients had 
lesions completely confined to the frontal regions. The remainder 
of the frontal group had lesions affecting other regions of the brain. 
Based on the lobar vascular  classification we used,  the postcentral 
gyrus (parietal lobe)  was scored as frontal. The difficulty in placing 
stroke patients into a lesion category supports the use of techniques 
like Voxel-based Lesion-Symptom Mapping that eliminates broad 
lesion groupings. Another limitation concerns the acuity of when the 
stroke patients were assessed. The lesion data analyzed came from acute 
stroke patients, within 72 hours of admission. However, other studies 
with chronic stroke patients several months post-stroke, show similar 
results in the lack of lesion localization of neuropsychological tests 
[21,24]. Therefore, it is unlikely that the acute testing of verbal fluency 
contributed to the results. Conversely, the timing of these assessments 
in acute stroke care may serve to influence treatment planning and 
rehabilitation goals as they reveal deficists in performance in executive 
function. These cognitive deficits may be targeted during in-patient 
rehabilitation and addressed to improve stroke recovery. 
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