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Abstract 

This study examines the sensitivity of two different analyses for comparing verbal 

fluency test performance of participants with mild cognitive impairment resulting from 

traumatic brain injury (TBI) and healthy controls.  The study uses a cluster analysis based 

on Troyer, Moscovitch, and Winocur (1997) of switching and clustering for the first time 

in a TBI-only sample.  The sensitivity of number of correct words produced, a standard 

measure of verbal fluency performance, is also examined.  The effects of demographic 

variables of education and estimated verbal IQ are reported.  Participants included 31 

adults with TBI and 26 adult controls. Significant group differences were found in 

estimated verbal IQ.  Number of correct words produced was no more sensitive for 

detecting group differences in verbal fluency performance than total responses (correct 

and incorrect) in letter and category fluency conditions, but may be more sensitive in 

category switching.  No group differences were found in any cluster analysis measure 

when estimated verbal IQ and total responses were controlled. Results highlighted the 

importance of controlling for demographic variables including estimated verbal IQ when 

interpreting verbal fluency data and that complex, multifaceted analyses of verbal fluency 

performance may not add to the ability of verbal fluency to detect mild cognitive 

impairments following TBI.  Clinical implications are discussed. 
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Verbal Fluency Performance after Traumatic Brain Injury: A Cluster Analysis 

 Verbal fluency refers to the capacity to produce words in a specific category within a 

designated time period.  It is a part of the standard speech-language pathology and 

neuropsychological assessment commonly used with individuals with acquired brain injury, 

including those with traumatic brain injury (TBI).  Several studies have found that individuals 

with TBI perform worse than individuals without TBI, but important associated demographic 

variables have not consistently been controlled.  Furthermore, few have used cluster analysis to 

examine verbal fluency performance after TBI; this newer type of analysis could help explain the 

underlying executive functions that contribute to verbal fluency performance, particularly in 

those with TBI for whom executive dysfunction is common.  Therefore, the purpose of this study 

was to compare verbal fluency in adults with and without TBI, and to expand on earlier research 

by including cluster analysis.   

TBI results from a blow to the head from some external force.  Severity of TBI is defined 

with reference to the time a patient has lost consciousness.  This can range from a mild TBI, a 

brief change in consciousness to severe TBI defined as a loss of consciousness greater than 24 

hours.  The mechanisms of TBI vary somewhat according to the type of TBI.  Damage to brain 

tissues from closed head injuries (CHI) result from acceleration-deceleration forces applied to 

the head.  These acceleration-deceleration forces are transferred through the skull to the brain. 

Because the brain is suspended in cerebral spinal fluid and not directly fixed to the inner surface 

of the skull the brain these forces cause diffuse injuries to brain tissues including diffuse axonal 

injury.  Additionally, focal damage may result from TBI in the form of contusions and 

lacerations caused by these acceleration-deceleration forces (Levin, Benton, & Grossman, 1982).  

The orbitalfrontral regions and ventromedial prefrontal cortex and rostral regions of the temporal 
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lobes are particularly vulnerable to these types of injuries (Courville, 1937; as cited in 

Brookshire, 2007).  These sites are important to several executive functions relevant to verbal 

fluency performance. 

Verbal fluency is the production of words using a letter or category prompt while 

following specific rules within a specified time period, e.g., 60 seconds.  Letter fluency is also 

referred as ‘phonemic’ fluency, and category fluency is consistently used to describe the ability 

to generate words within a semantic category (Abwender, Swan, Bowerman, & Connolly, 2001).  

For example, The Delis-Kaplan Executive Function System test (D-KEFS; Delis, Kaplan, & 

Kramer, 2001) includes category fluency and a category-switching condition, in which 

participants generate words from two different categories, alternating between categories after 

every word.  Verbal fluency is traditionally scored by counting the number of correct words 

generated in each condition. 

Because multiple rules must be followed, verbal fluency is considered a test of executive 

functioning (Hinchliffe et al., 1998).  While these tasks are common in assessments by speech-

language pathologists and neuropsychologists, the underlying cognitive processes are not well 

understood (Ruff, Light, Parker, & Levin, 1997).  Complicating its interpretation is evidence that 

executive functioning is not a single, unitary cognitive system.  Miyake et al. (2000) provided 

evidence of three separable lower-level executive functions.  These included switching between 

mental sets, updating and monitoring working memory stores, and inhibiting inappropriate 

responses.  These executive functions were selected from other theorized executive functions 

because they were lower-level executive functions and a number of tests exist to measure these 

functions.  This is not an exhaustive list of executive functions, but represents a start in 

understanding how executive functions contribute to performance during verbal fluency.   
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Regardless, the ability to generate words in verbal fluency tasks relies on a number of 

higher-level and lower-level cognitive functions.  Performance on this task requires the 

integrated functioning of several cognitive processes.  The specific cognitive processes proposed 

to underlie performance on this task varies, but have included sustained/focused attention, 

initiating and maintaining a lexical search, switching cognitive set, retrieving information from 

semantic memory, initiating responses, self-monitoring of output to decrease repetitions and 

errors, and inhibition of irrelevant or incorrect responses (Bittner & Crowe, 2006).  Thus, verbal 

fluency alone cannot specify the nature of impaired cognitive processes.  For this, supplementary 

comprehensive cognitive testing must be done (Delis, Kaplan, & Kramer, 2001).  Deficits in 

verbal fluency can be from any number of other cognitive deficits, including, but not limited to 

anomia, difficulty inhibiting incorrect responses, difficulty monitoring output, memory 

impairments and attention impairments.  Therefore, when deficits are detected in verbal fluency 

performance, further testing is required to specify the cognitive process(es) underlying impaired 

verbal fluency performance. 

 The following review of the literature is organized by population.  Verbal fluency by 

healthy adults is summarized first, followed by a discussion of verbal fluency after brain injury, 

particularly TBI.  Where demographic variables were controlled, this is noted.  A description of 

cluster analysis follows these sections.   

Verbal Fluency in Healthy Adults 

Historically, verbal fluency tasks were based on the word fluency task included in 

Thurston’s Chicago Test of Intellectual Functioning (Thurston, 1938).  This timed subtest asked 

people to write words that began with a given letter.  This procedure was applied to patients with 

focal brain injuries by Milner (1964; as cited in Benton, 1968).  Motivated to address weaknesses 
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such as lengthy administration time and inappropriateness of using writing to assess individuals 

who may have paresis, Benton (1968) created an oral version of the task.  Initially, the letters F, 

A, and S were chosen at random (Ruff, Light, Parker, & Levin, 1996).  The test was renamed the 

“Controlled Oral Word Association” Test (abbreviated as COWA Test or COWAT) when it was 

included in the Multilingual Aphasia Examination (Benton, 1976).  The COWAT included two 

alternate letter versions including CFL and PRW.  These alternate forms were found to be of 

equal difficulty (Benton, Hamsher, & Sivan, 1994), where difficulty was defined using the 

number of words found in each letter in standard dictionaries of English.  To be clear, COWAT 

employs letter fluency only (CFL, PRW, or FAS), while other verbal fluency tasks include letter 

and category fluency conditions in combination.   

Borkowski, Benton, and Spreen (1967) investigated the relative difficulty of initial letter 

prompt in letter fluency tasks and how letter difficulty may interact with education level and IQ 

scores.  Healthy adult women were asked to perform one-minute letter trials for all letters of the 

alphabet except X and Z.  The participants were divided into three groups and did not differ in 

age or IQ and were given letter trials from one of three levels letter difficulty: hard (Q, J, V, Y, 

K, U), moderate (I, O, N, E, G, L, R), and easy (H, D, M, W, A, B, F, P, T, C, S).  Mean 

performance in these letter trials correlated positively with the number of entries under each 

letter in Webster’s dictionary.   

Tombaugh, Kozak, and Rees (1999) confirmed findings that age and education shared a 

strong positive correlation with letter fluency and extended this finding to category fluency in 

their normative sample using letter prompts (F, A, and S) and category fluency (‘animal 

naming’).  Letter fluency data was collected from 1,300 neurologically healthy individuals aged 

16 to 95 with education levels that ranged from 0 to 21 years.  Age and education correlated with 
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letter fluency and category fluency total correct responses.  However, these variables accounted 

for different proportions of variance across letter and category conditions.  From a subset of 735 

participants, regression analyses were performed to determine the proportion of variance age and 

education accounted for in letter and category fluency conditions.  Results suggested that letter 

fluency was more sensitive to the effects of education than age.  Education accounted for 21.7% 

while age accounted for 11.8% of variance.  Category fluency was more sensitive to the effects 

of age rather than education, which accounted for 23.4% of variance, than to the effects of 

education, which accounted for 13.6% of the variance.  Thus, age and education have a 

significant influence on verbal fluency performance, but for different conditions (letter or 

category).  However, this finding underscored the need to account for such variables in 

interpreting verbal fluency performance.  In particular, that accounting for age is not enough. 

Loonstra, Tarlow, and Sellers (2001) created ‘metanorms’ of verbal fluency performance 

using studies that generated normative data of letter fluency performance from healthy controls 

as well as studies that included control groups of neurologically healthy participants.  A larger 

sample size would be less susceptible to such sampling inconsistencies because there had been 

large inconsistencies between normative samples of verbal fluency.  Studies included those 

which used only letter fluency trials F, A, and S in one-minute time trials and which provided 

means and standard deviations of correct words.  Thirty-two studies were included in their meta-

analysis, which aggregating data from a total of 92 healthy participant samples including 26,797 

participants.  Importantly, Loonstra et al. (2001) commented that demographic data was 

incomplete for many of the included studies.  Only 17 studies included information about 

education level and only 10 studies included information on IQ.  Only one study stratified their 

normative sample by IQ level (Boone, 1999; as cited in Loonstra et al., 2001).  Twenty-six 
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studies reported information on gender and all studies reported the age of participants.  Sufficient 

numbers of participants were included to stratify the sample for age, education, and gender, but 

not for IQ. 

Findings from Loonstra et al. (2001) are illuminating for the interpretation of letter 

fluency measures using a very large sample.  Results indicated that age, education, and gender 

were important factors that varied with letter fluency performance.  For age, a sample of 14,929 

participants was stratified into the following groups: less than 40 years, 40-59 years, and greater 

than 80 years.  Letter fluency total correct performance declined slightly with increasing age.  

This finding is at odds with other studies that have not found age-related differences (e.g. Ruff, 

Light, Parker, & Levin, 1996).  A further finding from the Loonstra et al. study was that women 

slightly outperformed men in the letter fluency task in a sample of 16,482 participants.  

However, other studies have not found such gender differences (e.g. Lezak, 1995) and the effect 

size of the Loonstra et al. (2001) finding was small (Cohen’s d = .12).  Letter fluency 

performance also increased with years of education for a sample of 1,945 participants.  

Participants with 12 or fewer years of education scored lower than participants with greater than 

12 years.  Norms for estimated verbal IQ were not included because too few studies reported that 

information.   

This meta-analysis made an important contribution to the understanding how 

demographic variables contribute to letter fluency performance by neurologically healthy 

individuals.  It also verified that estimated verbal IQ has been frequently overlooked and under-

reported in studies that use verbal fluency measures.  Despite these findings of the influences of 

demographic variables in interpreting scores, verbal fluency assessments generally do not 

account for verbal IQ or level of education.  For instance, the D-KEFS provides norms that are 
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stratified only by age in their sample of 1,700 children and adults selected to match US 

population demographics.  Education is not stratified in the sample, and instead the authors 

simply state that the education in the sample generally matches education demographics in the 

United States.   

Verbal Fluency by Adults with Brain Injury 

Several researchers have investigated verbal fluency of adults with brain injury, and some 

have controlled for age, education, and estimated IQ.  In an early study by Borkowski et al. 

(1967) participants with and without brain injury were given letter trial pairs (e.g. J and U) of 

varying difficulty to determine how letter difficulty interacted with IQ.  Participants included 30 

patients with confirmed brain injury and 30 hospitalized control patients without brain injury.  

The brain injury group consisted of nine patients with right-hemisphere lesions, 10 patients with 

left-hemisphere lesions, and 11 patients with bilateral or diffuse injury.  None of the patients had 

an aphasia diagnosis.  Pre-injury IQ scores were informally estimated for the brain-injured 

group, the specifics of which are not included in the procedure.  All participants were given pairs 

of letter trials grouped by letter difficulty.  Letter difficulty for this study was defined as the 

number of available words that one could generate as estimated by Thorndike and Lorge word 

frequency data (1944; as cited in Borkowski et al. 1967). 

Borkowski et al. (1967) found that the brain-injured group produced fewer words than the 

control group across all letter pair trials.  Both groups produced significantly fewer words in 

difficult pairs (JU vs. FS or PT).  Further analysis split both groups into high IQ (> 100) and low 

IQ (< 90) subgroups to investigate interactions between group, IQ, and letter difficulty.  For 

participants with low IQ, both easy and difficult letters discriminated controls and brain-injured 

participants.  For participants with high IQ, in contrast, only difficult letters discriminated 
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controls and brain injured participants.  It is important to note that IQ was estimated based on the 

WAIS (Wechsler, 1955), which, although commonly used for neuropsychological testing, had 

not been validated for use on people with brain injuries (Crawford, 1992).  Therefore, some 

caution should be taken in interpreting these results.  However, this early finding suggested that 

there was a relationship between IQ and verbal fluency performance by individuals with brain 

injury, at least letter fluency.   

Addressing the association between verbal IQ and letter fluency, Crawford, Moore, and 

Cameron (1992) found a strong positive correlation between verbal IQ estimated by the National 

Adult Reading Test (NART; Nelson, 1982) and total correct words in letter fluency by 38 

participants with brain injury and 142 healthy controls.  Etiologies from the brain injury group 

included closed head injury (N = 19), subarachnoid hemorrhage (N = 15), dementia of the 

Alzheimer’s type (DAT; N = 2) and multiple sclerosis (MS; N = 2).  Additionally, researchers 

calculated a regression equation based on the performance of the control sample.  The resulting 

regression equation was then applied to the estimated verbal IQ and total correct words from the 

brain-injured group to predict letter fluency performance before brain injury.  Predicted total 

correct words were found to be significantly higher than actual scores following brain injury.  

Thus, these findings provided further clear evidence that pre-injury verbal IQ must be considered 

in the interpretation of letter fluency performance, including those with brain injury.   

Despite findings such as those from Crawford et al. (1992), there are limited norms that 

account for verbal IQ. which has been very rarely addressed in assessment and interpretation of 

verbal fluency performance.  This is a significant limitation, with significant clinical 

implications.  The letter trials F, A, and S have a relatively large number of word associates, that 

is, all of these letters were in the “easy” letter category in the Borkoski et al. (1967) study.  In 
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light of the Borkowski et al. (1967) and Crawford et al. (1992) findings, this suggests that, the 

present D-KEFS letter fluency protocol may contribute to under-diagnosis of executive function 

deficits in participants with high verbal IQ and over-diagnosis of participants with low verbal IQ.   

Similarly, given that there is evidence that letter fluency scores increase with education, the D-

KEFS could contribute to over-diagnosis of executive function deficits in participants with less 

education and under-diagnosis of patients with more education.  

Category fluency has also been found to be sensitive to detecting cognitive impairments 

following mild TBI (MTBI).  Raskin and Rearick (1996) compared verbal fluency performance 

in 19 participants with MTBI and 24 controls without TBI.  Individuals with MTBI provided 

fewer total correct on both letter and category fluency tasks compared to controls.  Furthermore, 

researchers found a significant correlation between category fluency and recall scores that 

measured learning over trials on the California Verbal Learning Test (CVLT; Delis, Kramer, 

Kaplow, & Ober, 1987).  This suggested that, while these assessments measured very different 

processes, that they may share underlying processes, such as working memory.   

Henry and Crawford (2004) conducted a meta-analysis to compare verbal (letter and 

category) fluency performance of individuals with focal frontal lesions, focal temporal lesions, 

and TBI.  They found that category fluency was more sensitive in detecting lesions to the 

temporal lobes, while frontal lesions were associated with relatively equal deficits in letter and 

category fluency.  The TBI group’s performance in both letter and category fluency conditions 

was similar to the frontal-lesion group, suggesting that the two groups have similar underlying 

cognitive impairments.  Because frontal lobe lesions are associated with executive dysfunction 

and this is common in TBI, it is not too surprising then that the TBI group’s performance 

reflected a similar pattern.  However, this interpretation should be taken with caution because the 
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TBI group may have exhibited similar performance as the frontal lesion group for reasons other 

than executive dysfunction.  Further, the diffuse neuropathology of TBI differs from focal 

lesions caused by conditions such as stroke. 

Surprisingly, only 8 of the 30 studies included in the Henry and Crawford (2004) meta-

analysis reported verbal IQ and only nine included category fluency.  From the studies that 

included verbal IQ, the variance from verbal IQ was not greater than the variance in verbal 

fluency performance, suggesting that the group differences in verbal fluency would have 

remained significant even when predicted verbal IQ was accounted for. 

 Further support for the sensitivity of category fluency to TBI came from Kave, Heled, 

Vakil, and Agranov (2011).  Researchers administered letter and category fluency conditions to 

30 participants with moderate to severe TBI and 30 age-matched healthy control participants.  

Participants with TBI produced fewer correct words in both letter and category fluency than 

controls.  However, in contrast to Henry and Crawford (2004), Kave et al. (2011) found that 

category fluency was more impaired than letter fluency.  This difference in performance between 

these two conditions may have been a consequence of the diffuse and variable nature of brain 

injury due to TBI.  Furthermore, the addition of additional category fluency trials may have 

increased the validity of that condition (Kave et al., 2011). 

Finally, in a small study Baumgarten (2009) compared the performance of 13 participants 

with brain injury and 10 healthy controls who were matched by age, education, and estimated IQ.  

Several executive function measures were obtained, including two measures of working memory 

and verbal fluency from the D-KEFS.  Pertinent to this topic, estimated verbal IQ was positively 

correlated with measures of category verbal fluency.   

Verbal Fluency in Adults with and without Brain Injury Using Cluster Analysis  
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Based on early findings from studies on word retrieval cues (e.g. Bousfeld & Sedgewick, 

1944), researchers have more closely examined relationships between the generated exemplars 

on fluency tasks in order to make inferences about the underlying cognitive processes in 

individuals with brain injury.  This led to the development of “qualitative analyses” for verbal 

fluency data.  The term “qualitative analysis” has been consistently used throughout the 

literature, despite the fact that the major analysis systems are a method of quantifying 

relationships between words generated by participants.  For this reason, the term “cluster 

analysis” will be used here, as it is more representative of the actual methods employed by this 

research paradigm.  

The rate of word generation in verbal fluency tasks is not linear over time.  Individuals 

tend to produce spurts of related words followed by silence that is followed by another spurt of 

related words (Bousfield & Sedgewick, 1944; Gruenewald & Lockhead, 1980).  Three major 

methods have been proposed to quantify processes thought to underlie performance in verbal 

fluency tasks.  Abwender et al., (2001) discuss these methods in their review of the major cluster 

analysis systems.  The first method designed by Raskin, Sliwinski, and Borod (1992) provided a 

means to identify only clusters.  The second method designed by Troyer, Moscovitch, and 

Winocur (1997) incorporated a switching measure between clusters and used a slightly different 

definition of clusters.  Finally, Abwender et al. (2001) identified two kinds of switches: ‘hard’ 

switches and ‘soft’ switches.  This review will focus on the first two cluster analysis methods 

because they are relevant to the literature on TBI and to the method employed in the present 

investigation. 

In one of the first studies to employ cluster analysis on verbal fluency test data, Raskin et 

al. (1992) investigated differences in the proportion of clustered words in participants with and 
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without Parkinson’s disease (PD).  All participants were given three letter fluency trials, 

including F, A, and S, from the Multilingual Aphasia Examination (Benton & Hamsher, 1976).  

Participants were also given one trial of category fluency condition from the animal naming task 

of the Boston Diagnostic Aphasia Examination (BDAE; Goodglass, & Kaplan, 1972).  The 

instructions for this category fluency task asks participants to generate words from farm animals 

or jungle animals for 90 seconds instead of 60 seconds.   

Total responses (correct and incorrect) by participants were analyzed by a cluster analysis 

system devised by Raskin et al. (1992).  In their system, semantic and phonemic clusters were 

identified in both letter and category fluency conditions.  This allowed identification of task-

consistent and task-discrepant cluster strategies.  Participants using task-consistent strategies 

cluster words consistent with the cue provided, for example using phonemic clusters in letter 

fluency trials and semantic clusters in category fluency trials.  Task-discrepant strategies are 

inconsistent with the cue provided, for example using phonemic-clusters in category fluency 

trials or semantic clusters in letter fluency trials. 

In the letter fluency condition, phonemic clusters were defined as two words produced 

successively that either had the same second letter or rhymed.  Semantic clusters were identified 

by two words produced successively that shared a semantic category (e.g. sweater, shirt) or were 

differing forms of the same word.  Phonemic clusters in the category fluency condition were 

defined less stringently than in letter fluency by requiring that two successive words share only 

the first letter.  According to Abwender et al. (2001), the Raskin et al. (1992) method prevented 

analysis of cluster size because a cluster was defined as a pair of words.  Instead, a ratio of 

clustered words was calculated for letter and category fluency conditions, representing a 

percentage of clustered words in both conditions. 
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Raskin et al. (1992) found that participants with PD produced fewer correct words in the 

category fluency condition overall.  There were no differences between groups in number of 

words produced in letter fluency.  Analysis of cluster measures found that the control group 

demonstrated a higher proportion of semantically clustered words in the category fluency 

condition.  There were no between-group differences in the proportion of phonemic clustered 

words in category fluency, nor were there group differences in the proportion of phonemic or 

semantic clustered words in the letter fluency condition.   

Raskin and Rearick (1996) used this method with 19 participants with MTBI and 24 

controls.  Participants were generally matched for age and education.  Education however 

approached significance; controls had a slightly higher level of education.  The MTBI group had 

an average loss of consciousness (LOC) of seven minutes. The group average time post-onset 

was 38 months.  Estimated verbal IQ was not reported.  A group of patients with PD was also 

included in the analysis from Raskin et al. (1992).  Experiment procedures matched those of 

Raskin et al. (1992).  Measures in this study included total number of words generated in the 

letter and category fluency tasks, number of semantically clustered and phonemically clustered 

words, the proportion of semantically clustered and phonemically clustered words in each 

condition, as well as intrusion and perseveration errors.   

Investigators found that the MTBI group produced significantly fewer total words in both 

letter and category fluency tasks compared to controls.  The MTBI group also produced more 

errors in both the letter and category fluency tasks.  Analysis of the number of phonemic clusters 

and semantic clusters found that the MTBI group produced significantly fewer semantic clusters 

in both the letter and semantic fluency tasks.  However, when a ratio of clusters to the total 

number of words generated, there were no group differences.  This suggests that the group 
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differences were an artifact of the overall difference in number of items generated between 

groups.  Because cluster ratios did not differ significantly, the authors suggested that participants 

with MTBI may use similar retrieval strategies, but are slower at activating and retrieving 

semantic clusters, linking their findings with a delayed-processing account of cognitive deficits 

resulting from TBI (Stuss & Gow, 1992).   

 Troyer et al. (1997) introduced another cluster analysis method, which added a switching 

component and coded only task-consistent clusters.  In this study, researchers investigated 

differences in clustering and switching in young and older healthy adults.  Switching was defined 

as a process initiated when a participant has exhausted the accessible members of a subcategory, 

and a new subcategory must be found and accessed.  Troyer et al. (1997) linked that process 

directly to executive function switching mechanisms.  It should be noted that this is distinct from 

the quantitative measure of category switching, as seen in the D-KEFS Verbal Fluency task.  The 

Troyer et al. (1997) definition of switching would posit that both measures assess the same 

cognitive process.  Troyer et al. (1997) suggested that clustering relied upon processes located in 

the temporal lobe including word storage, and that switching relies upon frontal-lobe processes 

including search processes, cognitive flexibility, and shifting. 

 In this cluster analysis method, phonemic clusters were defined as sequentially produced 

words that shared one or more of the following criteria: they began with the same first two 

letters, they differed by one vowel sound, rhymed, or they were homophonous.  Phonemic 

switches were defined by exclusion to the cluster rating.  That is, switches are the opposite of 

clusters in this system.  Semantic clusters were defined with reference to a hierarchical 

categorization scheme developed by the authors.  Semantic clusters were defined as sequentially 

produced words referring to animals that shared one or more of the following criteria: they 
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shared environments, they shared similar use by humans, and/or they were classified in the same 

zoological categories.  Cluster size was counted beginning with the second with-in cluster 

member.  This allowed researchers to count the size of clustered words within a cluster.  

Switches were counted at the first word that did not meet the definition for a cluster. 

In that initial study, participants were grouped by age; the younger adult group averaged 

22.3 years of age and the older group averaged 73.3 years of age (Troyer et al., 1997).  The 

younger group was more educated than the older group and estimated verbal IQ was not 

reported.  Number of words generated, average cluster size, and number of switches were 

measured in both letter (F-A-S) and category fluency (animals) conditions.  Results indicated no 

between-group differences in number of words generated for letter fluency, while older adults 

produced fewer words in the category fluency condition.  Older adults produced significantly 

larger average phonemic cluster size than younger adults with no differences in average semantic 

cluster size.  Finally, older adults produced significantly fewer semantic switches than younger 

adults, but no difference was seen in phonemic switches.  Troyer et al. (1997) conjectured that 

older adults have had more exposure to words and thus may have large vocabulary sizes.  

However, estimated verbal IQ or vocabulary measures were not provided to support this claim. 

 Several other studies have used the Troyer et al. (1997) method in analyzing verbal 

fluency data because the detailed procedure and scoring protocol is readily available, and high 

inter-rater reliability is reported for both phonemic and semantic cluster measures (.95).  Several 

studies have attempted to correlate these measures with other cognitive measures and sites of 

lesion to attempt to provide validation for these cognitive constructs. 

Troyer, Moscovitch, Winocur, Alexander, and Stuss (1998) compared cluster and 

switching performance in 55 participants with brain injury, grouped based on the general brain 
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region of injury. Two major groups were identified: a focal frontal lobe lesion group and a 

temporal lobe lesion group.  Both patient groups had an age-matched healthy control group.  The 

frontal lesion group was further divided into 4 sub-groups: left dorsolateral frontal and/or 

lenticular striate regions (LDLF; N = 14)); right dorsolateral frontal and/or lenticular striate 

regions (RDLF; N = 11); superior medial frontal region (SMF; N = 17); and inferior medial 

frontal regions (IMF; N = 11).  Etiologies from this frontal lesion group included stroke (N = 

37), tumor (N = 8), TBI (N = 8), and lobectomy (N = 1).  The temporal lesion group was divided 

into 2 sub-groups: unilateral right temporal lobe lesions (RTL; N = 14) and unilateral left 

temporal lobe lesions (LTL; N = 9).  Etiologies from this temporal-lobe lesion group included 

lobectomy for intractable seizure (N = 20) and stroke (N = 3).  Overall, the control group had 

higher education than the brain-injured group.  Data were collected for both letter (F-A-S) and 

category fluency (animals).   

The frontal-damage groups performed lower than the control group.  The LDLF group 

and the SMF group had fewer phonemic and semantic switches compared to the control group.  

There were no group differences in cluster size between the frontal and control groups.  

However, the total word output in the letter fluency task was significantly lower in the LDLF 

group and SMF group compared to controls.  Total output was lower in category fluency for the 

LDLF, RDLF, SMF, and IMF groups.  Both of the TL groups had fewer semantic switches 

compared to the control group.  The LTL group produced smaller cluster sizes than the RTL 

group.   

Troyer et al. (1998) concluded that their results provide support that switching between 

subcategories is related to frontal lobe functioning and clustering is related to temporal lobe 

function.  They addressed the issue of the dependency of the switching count and total word 
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output because their data suggested that group differences in switching were always associated 

with the number of words generated.  They argue that this is not necessarily the case, for instance 

when participants produce larger clusters they will produce fewer switches.  However, this does 

not necessarily imply that these processes are independent.   

 Epker, Lacritz, and Cullum (1999) applied the Troyer et al. (1997) cluster analysis 

method to determine the diagnostic utility of cluster analysis for identifying individuals with 

Dementia of the Alzheimer’s type (DAT), Parkinson’s disease (PD) with dementia (DPD), and 

Parkinson’s disease without dementia (NDPD), and older neurologically healthy controls.  The 

DAT, DPD, and control groups were matched for age but the NDPD group was younger.  

Control and NDPD groups were matched on education, while the DPD and DAT groups had less 

education.  Participants were asked to generate words in letter (F-A-S) and category fluency 

(animal naming) conditions, as in the Troyer et al. (1997) protocol.  Dependent variables 

included total words produced, number of switches, and cluster size for letter fluency and 

category fluency.  The NDPD performed worse than control group on letter fluency total words 

produced, phonemic switches, and average phonemic cluster size.  There were no differences 

between the NDPD group and control group on category fluency measures.  The DAT and DPD 

groups demonstrated equal performance, scoring the lowest among the groups in letter fluency 

total words produced, phonemic switches, and phonemic cluster size.  In category fluency, the 

DAT and DPD groups performed worse than the control and NDPD groups in total words 

produced, semantic switches.  Average semantic cluster size did not differ between any of the 

groups. 

 The investigators noted that group differences in cluster analysis measures corresponded 

to differences in total words produced.  To further explore the relationship between total words 
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produced and cluster analysis differences between the groups, Epker et al. (1999) calculated 

ratios between clustering and switching scores and total words produced.  Using these ratios, 

group differences in phonemic switches, average phonemic cluster size, and semantic switches 

disappeared.  This suggested that group differences in those variables were highly dependent on 

total words produced.  For example, individuals who produce words at a faster rate simply have 

more opportunities to switch while average cluster size remains relatively stable. 

 Taken together, this literature suggests that, while groups with brain injury produce fewer 

switches than controls, this may in fact be an artifact of differences in total number of words 

produced.  Further, Abwender et al. (2001) suggested that, by defining switching and clustering 

as mutually exclusive, the validity of switching is questionable.  Their solution and major 

contribution to this literature was to decompose switching into subtypes.  The Abwender et al. 

(2001) cluster analysis method can be seen as a composite between Raskin et al. (1992) and 

Troyer et al. (1997) methods.  Task discrepant and task consistent measures as well as cluster 

ratios could be calculated like in Raskin et al. (1992).  Cluster size could be calculated like in 

Troyer et al. (2001).  Finally, switches were counted like in Troyer et al. (1997), but were 

divided into two types: cluster switches (CS) and hard switches (HS).  CS were switches that 

occurred between two clustered words.  HS, in contrast were switches that occurred between a 

nonclustered word and a clustered word or two nonclustered words. 

 Abwender’s et al. (2001) participants included 88 college students with an average age of 

20 years.  No estimated verbal IQ or any other demographic data was reported.  Cluster analysis 

from the three methods was applied to the verbal fluency data from these participants.  Cluster 

ratios showed strong convergence between Abwender et al. (2001) and Raskin et al. (1992) 

methods.  Average cluster size had moderate convergence between Abwender et al. (2001) and 
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Troyer et al. (1997).  Convergence of switching was not calculated between Abwender et al. 

(2001) and Troyer et al. (1997) because in the former switches were divided into two types.  

Inter-rater reliability was strongest for the Troyer et al. (1997) method, somewhat less for 

Abwender et al. (2001) and lowest for Raskin et al. (1992). 

 In a critique on cluster analysis methods, Mayr (2002) commented that methods that rely 

on overall performance of verbal fluency tasks have not adequately shown that switching is 

dissociable from processing speed reductions following brain injury.  Cluster analysis methods, 

as operationalized like Troyer et al. (1997) assume that group differences in switching is 

necessarily dependent on increased time accessing clusters during the switch, with no group 

differences in time of producing words within clusters.  That is, the switching score can be 

influenced not only by an increased time between clusters, but also increased time generating 

words within clusters.  Any attempt to obtain information about underlying cognitive 

components of verbal fluency using overall performance will likely fail without some temporal 

measure of word production.  There is no way around, according to Mayr (2002), using detailed 

timing protocols in testing models of verbal fluency.  This would change the scoring of verbal 

fluency cluster measures, increasing the time and effort required for interpretation, making such 

a scoring system less feasible in a clinical setting.   

 Despite this critique, researchers continue to utilize the Troyer et al. (1997) cluster 

analysis method.  Recently, Kave, Heled, Vakil, and Agranov (2011) used a modified verbal 

fluency task to determine which verbal fluency measure was more sensitive to the presence of 

cognitive deficits following TBI.  Included in this study were 30 participants who sustained 

moderate to severe brain injury an average of 12 months prior to the study.  The study also 

included an age and education-matched control group of 30 participants.  Verbal IQ data was 
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available for 22 participants with TBI and was reported to be “within normal limits” (from 

WAIS-III) but was not available for the control group.  Letter fluency included F, A, and S trials.  

Category fluency included an ‘animal naming’ condition as well as two additional conditions: 

‘fruits and vegetables,’ and ‘vehicles.’ Investigators found that the TBI group had significantly 

fewer phonemic and semantic switches than controls in both conditions.  However, cluster size 

was not different between groups.  This study, however, did not account for processing speed or 

verbal IQ in their analysis, a limitation shared by many other studies contributing to this 

literature. 

 The present investigation applied a modified version of the Troyer et al. (1997) cluster 

analysis method for the first time in a TBI-only sample.  TBI participants sustained mild to 

severe injuries, but made fairly good recovery resulting in mild chronic deficits.  This study is 

also unique in that it utilizes the category switching condition in the experiment protocol from 

the D-KEFS (Delis et al., 2001).  This allows a measurement of validity between cluster analysis 

switching scores and category switching scores.  Finally, this investigation examines 

relationships between certain demographic variables and quantitative and cluster analysis 

measures.  

 The following research questions were addressed: 

(1) Do D-KEFS quantitative measures of verbal fluency differentiate participants with 

TBI from healthy controls? 

(2) Do participants with TBI have fewer cluster switches, clusters, or mean cluster size in 

either letter or category fluency than healthy controls? 

(3) Do demographic variables of age, education, and estimated verbal IQ correlate with 

D-KEFS quantitative measures in either the TBI or control group? 
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(4) Do the cluster analysis measures correlate with total responses in category switching, 

education, and estimated verbal IQ in either the TBI or control group? 

Methods 

General Procedures 

Verbal fluency data was collected across numerous studies including two completed 

studies (Kennedy et al. 2009; Baumgarten, 2009), and two ongoing studies by Kennedy: one that 

focuses on identifying problems college students with TBI have upon (re-)entry into college and 

one that focuses on interventions that support students with TBI as they return to college.  

Furthermore, an additional 10 participants with TBI and 8 controls were recruited specifically for 

this study and for an ongoing study on auditory working memory. 

All procedures in this study were approved by the University of Minnesota Institutional 

Review Board (IRB) and all participants provided informed consent prior to participation.   

Participants 

Participants with TBI were recruited from lists of research participants who had taken 

part in previous studies and had given permission to be contacted about future research 

opportunities.  Additional participants were recruited from a posting in a local brain injury 

newsletter. 

All participants in the TBI group met the following criteria: a documented TBI as noted 

in medical records, age between 18 years and 80 years, at least 10 years of formal full-time 

education, and English as the primary or native language.  The following criteria were 

exclusionary: neurological illness or disease other than TBI, known learning disabilities, 

visual/reading impairment, giftedness, history of substance abuse, severe amnesia, failure of 
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aphasia screening, apraxia of speech, less than six months post-injury, current enrollment in 

rehabilitative therapy. 

Control participants without TBI were recruited from posting in a local brain injury 

association newsletter.  Additionally, flyers were given to participants with TBI who were 

encouraged to share with friends and family.  Control participants were required to meet the 

same inclusion and exclusion criteria, except they could not have sustained a TBI or report 

receiving an injury to the head that included a loss of consciousness. 

In total, participants included 58 adults.  Thirty-two participants had a brain injury: six 

with mild TBI, two with moderate TBI, and 24 with severe TBI.  Three participants with TBI 

were excluded from the cluster analysis, because words generated during the verbal fluency task 

were not recorded.  Because the quantitative data collected from these three participants was still 

valid, these participants’ data were included in the quantitative analysis.  One participant with 

severe TBI fell below one standard deviation of the group mean in estimated verbal IQ and was 

excluded from both the quantitative analysis and the cluster analysis because verbal IQ was a 

participant variable of interest. This resulted in a different number of TBI participants in the 

traditional quantitative and cluster analyses. There were 31 TBI participants included in the 

traditional quantitative analysis: six with mild TBI, two with moderate TBI, and 23 with severe 

TBI.  There were 28 participants in the TBI group included in the cluster analyses: six with mild 

TBI, two with moderate TBI, and 20 with severe TBI.  The control included 26 participants and 

no participants from this group were excluded.  

Table 1 reports demographic information for the TBI and control groups, including 

gender, age, education, years post-injury, and estimated verbal IQ, as measured by the National 

Adult Reading Test-II (NART-II).  The National Adult Reading Test-II (NART; Nelson & 
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Williamson, 1991) was used to estimate verbal IQ.  The NART-II is an oral reading task 

composed of 50 words that do not follow transparent sound-letter correspondences.  It is thought 

to sample word familiarity without significantly taxing the cognitive system, as it is not a timed 

task.  This estimate can be used to compare the performance of people with brain injury with 

healthy controls to allow for control of verbal IQ before brain injury because it has been shown 

to be generally insensitive to neurological disease or damage (for a thorough discussion of the 

NART, see Crawford, 1992).   

 Groups did not differ in age or education, although there was a trend of lower education 

in the TBI group that approached significance.  The TBI group had a lower average verbal IQ 

than the control group that was statistically significant.   

Means and standard deviations for the TBI and control groups’ performance on measures 

of the standardized tests are reported in Table 2.  All participants were given the following 

cognitive tests or subtests of cognitive batteries: D-KEFS Verbal Fluency and Trails, both tests 

of executive function; the California Verbal Learning Test – II, a test of verbal learning and 

working memory (CVLT-II; Delis, et al, 2000); and the digit span portions of the Wechsler 

Memory Scale-III (Wechsler, 1997).  Participants in the Kennedy et al. (2009) study did not 

receive the D-KEFS Design Fluency subtest.  It should be noted that no participant had aphasia.  

The TBI group had significantly lower scores in several of the D-KEFS subtests which included 

trails measures, number sequencing, letter sequencing, motor speed, and number-letter 

switching.  The TBI group scored significantly lower than the control group on several measures 

of the CVLT-II, including short-delay free recall, short-delay cued recall, long-delay free recall, 

long-delay cued recall, and intrusions.  Immediate free recall approached significance, with the 

TBI group scoring lower than the control group.   
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Experimental Procedures 

Standardized tests for the current study were administered in the same order to minimize 

testing time.  Breaks were encouraged between standardized tests, if they did not interfere with 

administration of the standardized tests. 

 Of primary interest in this study was the verbal fluency subtest of the D-KEFS.  This task 

was composed of three conditions; the first condition was letter fluency in which participants 

said as many different words as they could that began with a given letter for one minute.  

Participants were asked not say the names of people, places, or numbers.  Participants were also 

instructed to not say the same word with different endings.  The letter fluency condition was 

composed of three trials, including the letter “F,” followed by the letter “A,” and finally the letter 

“S.”  

The second condition was category fluency, in which participants said as many words as 

they could that belonged to a given category for one minute.  There were two trials in this 

condition with an alternate form as well.  The first trial was “animals” and the alternate form was 

“items of clothing.” The second trial was “boys’ names” and the alternate form was “girls’ 

names.  Several of the participants in each group were given either of the alternate forms for the 

first trial (“animals” or “items of clothing”), though all participants were given the boys’ names 

category for the second trial. 

The third and final condition was category switching, in which participants said as many 

pieces of furniture and as many fruits as they can, alternating between furniture and fruit 

categories for one minute.  Participants were allowed to start with either a fruit or piece of 

furniture. 
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The verbal instructions given to participants during this task are provided in Appendix A, 

as per the standardized instructions from the D-KEFS manual.  The experimenter timed each trial 

for one minute, then asked participants to stop.  Responses were recorded on the D-KEFS verbal 

fluency protocol sheet in the time interval in which they were generated. 

Data Analysis 

 Dependent variables used in data analysis were classified into the traditional quantitative 

measures and cluster analysis measures.   

 Quantitative measures 

The D-KEFS manual defined the following traditional quantitative measures: letter and 

category fluency correct words; category-switching correct words; interval-analysis correct 

words, percent set-loss errors, and percent repetition errors.  Norms were provided only for age 

in the D-KEFS manual, but norms were not used because age was not statistically significant and 

it was felt that raw scores could be more easily interpreted and compared with findings from 

other studies.  However, D-KEFS norm tables were used to obtain standard scores for percent 

set-loss errors and percent repetition errors.  See Table 3 for full descriptions of the verbal 

fluency quantitative measures used in this study. 

 Cluster measures 

There were two types of cluster measures: phonemic and semantic.  Phonemic clusters 

were defined as any successive word that (1) shared the same first and second letters, (2) 

rhymed, (3) was a homonym, or (4) had the same first and last sound (i.e. differed by only the 

vowel sound) (See Appendix B; Troyer et al., 1997). Semantic clusters were defined as any 

successive word that shared a subcategory relationship described in cluster relationships 

provided by Troyer et al. (1997), which defined subcategories for animals.  However, many of 
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the participants of the current study were tested on an alternate semantic fluency task, requiring 

them to generate items of clothing.  Therefore, following Troyer et al. (1997), subcategories of 

clothing were derived from a subset of “items of clothing”, using a range of categories, including 

clothing worn on the same part of the body (e.g. shorts, pants), clothing worn for particular 

weather conditions (e.g. rain coat, rain pants), clothing for specific purposes (e.g. helmet, 

shoulder pads), and jewelry.  Again, following Troyer et al. (1997), only task-consistent clusters 

were identified, that is phonemic clusters were identified in the letter fluency condition only 

while semantic clusters were coded in the category fluency condition only, but not vice versa.  

Table 4 contains a full list of cluster analysis measures.  The phonemic and semantic fluency 

coding subcategories and examples are provided in Appendix B and C.   

 Clusters and subsequent switches were identified by examining generated words in pairs; 

each word was compared with the word produced immediately before it.  Words that had one of 

the subcategory relationships with the word produced before were coded with a ‘1’. Words that 

had no such relationship were coded with a ‘0’. The first word in the task was always a ‘0’. 

Cluster size was calculated by counting successive words that received a score of ‘1’, but also 

included the switch produced immediately the first clustered word of the cluster.  The first word 

was the one that “switched into” the cluster.  

Pairs of words were allowed to have more than one subcategory relationship.  For 

example, elk and moose belong to the deer subcategory as well as the North American animals 

subcategory.  Further, when clusters overlapped, with some words belonging to two 

subcategories, the overlapping words were counted in both categories.  For instance, in cat, 

cheetah, and elephant, the word cheetah belongs to the feline and Africa subcategories and was 

counted as a cluster with cat and as a cluster with elephant.  However, when a cluster was within 
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another cluster, only the larger cluster was counted.  For example, elephant, lion, and tiger, the 

feline words were counted in the larger Africa animals cluster with elephant, but were not 

themselves counted as a separate cluster.  If that cluster were followed by “mountain lion,” (a 

North American feline), lion, tiger and mountain lion would form another cluster. See Appendix 

D for Troyer’s et al. (1997) category and subcategories for animals.  

The following measures were extrapolated from the data: phonemic switches, phonemic 

clustered words, average phonemic cluster size, semantic switches, semantic clustered words, 

and average semantic cluster size.  An independent rater was trained to code phonemic and 

semantic clusters and coded 25% of the data while being masked to group.  Point-by point 

reliability was calculated.  Agreement with the researcher was 95%, indicating high inter-rater 

reliability for this type of analysis. 

Results 

Results, including means and standard deviations are reported in Tables 5 – 12. 

Preliminary Results 

 Three preliminary analyses were completed before the experimental analysis to examine 

the validity of the data for addressing the experimental questions. 

A one-way repeated-measures analysis of covariance (group x letter fluency trials) was 

conducted to compare the effect of group on the number of correct words generated in F, A, and 

S letter trials.  Estimated verbal IQ was the covariate.  There was a significant main effect of 

group, F (1, 54) = 4.96, p = .03, ηp
2 = .08.  The TBI group generated fewer correct words than the 

control group.  There were no significant effects for trial or interactions between group and letter 

trial, Wilks’ λ = .96, F (2, 53) = 1.25, p = .30, ηp
2 = .05; Wilks’ λ = .97, F (2, 53) = .97, p = .39, 
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ηp
2 = .04. See Table 5 for means and standard deviations. Because there was no statistical 

significance between letter trials, data across letter trials were collapsed for subsequent analyses. 

A one-way repeated-measures analysis of covariance (group x time-interval) was 

conducted to compare the effect of group on correct words generated in time-intervals 1, 2, 3, 

and 4.  Because the D-KEFS scoring system does not break down time-interval analysis by 

condition (i.e. category, letter, category switching), we collapsed these data in the time-interval 

analyses.  Estimated verbal IQ was the covariate.  There was a significant effect of interval, F (3, 

52) = 4.07, p < .01, ηp
2 = .07 and a significant main effect of group, F (1, 54) = 11.52, p < .001, 

ηp
2 = .18.  The TBI group produced fewer words than the control group in each time interval and 

the number of correct words produced across both groups declined significantly as time intervals 

passed (see Figure 1).  Group by time interval interaction was not significant, F (3, 52) = .72, p = 

.54, ηp
2 = .01.  There was a significant quadratic main effect across time intervals F (1, 54) = 

6.64, p = .013, ηp
2 = .11. There were no linear or cubic main effects F (1, 54) = 2.85, p = .10, ηp

2 

= .05; F (1, 54) = 3.20, p = .08, ηp
2 = .06 and there were no significant group by interval linear, 

quadratic, or cubic interaction effects: F (1, 54) = 1.18, p = .28, ηp
2 = .02; F (1, 54) = .01, p = 

.92, ηp
2 = .00; F (1, 54) = .72, p = .40, ηp

2 = .01.  Thus, data across time intervals were also 

collapsed in subsequent analyses.  Table 6 reports means and standard deviations of correct 

words across time intervals by group. 

To rule out differences in category fluency conditions between and across groups, a 

univariate analysis of covariance (group x category) for total responses was conducted to identify 

differences between ‘animals’ and ‘items of clothing.’  Estimated verbal IQ was the covariate.  

The TBI group produced significantly fewer category fluency total responses than the control 

group, as indicated by the main effect for group, F (1, 57) = 5.19, p = .03, ηp
2 = .09.  Total 
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responses in the ‘animals’ and ‘items of clothing’ categories were not significantly different, F 

(1, 57) = 2.52, p = .12, ηp
2 = .05.  Group by category fluency condition interaction was not 

significant F (1, 57) = .50, p = .48, ηp
2 = .01  (see Table 7 for means and standard deviations).  

This suggests that both groups perform similarly regardless of category fluency condition 

(animals or items of clothing). Because there were no significant differences between category 

fluency conditions, data was collapsed across categories ‘animals’ and ‘items of clothing’ within 

each group for the following experimental analyses. 

Experimental Results 

 Preliminary analyses allowed the experimental questions to be addressed.  The results of 

each research question are presented below. 

Do D-KEFS quantitative measures of verbal fluency differentiate participants with TBI 

from healthy controls? 

A total of four multivariate analyses of covariance were conducted to determine if group 

differences existed in D-KEFS-provided quantitative measures of verbal fluency, including letter 

and category fluency correct words, category switching correct words, category switching 

accuracy, percent set-loss errors, and percent repetition errors.  The covariate was estimated 

verbal IQ for all four multivariate analyses of covariance.  Raw scores were used for the 

following dependent variables: letter fluency correct words, category fluency correct words, and 

category switching correct words.  Standard scores were used for the remaining dependent 

variables: switching accuracy, percent repetition errors and percent set-loss errors.  

Quantitative measures of overall verbal fluency performance 

A multivariate analysis of covariance examined total responses collapsed across all 

verbal fluency conditions, percent set-loss errors, and percent repetition errors by group.  
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Estimated verbal IQ was the covariate. The overall result produced a significant multivariate 

main effect for group, Wilks’ λ = .69, F (3, 52) = 7.71, p < .001, ηp
2 = .31. Given the significance 

of the overall test, the univariate effects were examined. The TBI group produced significantly 

fewer total responses than the control group. There were no significant group differences in 

percent set-loss errors or percent repetition errors.  Refer to Table 7 for results including means 

and standard deviations. 

Quantitative measures of letter fluency performance 

A multivariate analysis of covariance was conducted to determine if group differences 

existed in number of correct words and total responses for letter fluency (collapsed across letter 

trials).  The overall result produced a significant multivariate main effect for group, Wilks’ λ = 

.89, F (2, 53) = 3.25, p = .05, ηp
2 = .11. Given the significance of the overall test, univariate 

effects were examined.  The TBI group produced significantly fewer correct words and total 

responses than the control group. Refer to Table 8 for results including means and standard 

deviations. 

Because total number of correct responses and total number of responses in each 

condition are likely correlated, further analysis of letter fluency quantitative measures was 

conducted. A one-way analysis of covariance examined the effect of group on correct words 

produced with both estimated verbal IQ and total responses as covariates.  When estimated 

verbal IQ and total responses were controlled, there were no statistical differences between 

groups for letter fluency F (1, 57) = 1.18, p = .28, ηp
2 = .02. This suggests that, when comparing 

performance between groups, letter fluency correct words may be no more sensitive to group 

differences than simple total responses generated in this condition. 

Quantitative measures of category fluency performance 
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A multivariate analysis of covariance was conducted to determine if group differences 

existed in correct words and total responses for category fluency (collapsed across category 

fluency conditions).  The overall result produced a significant multivariate main effect for group, 

Wilks’ λ = .86, F (2, 53) = 4.29, p = .02, ηp
2 = .14.  Given the significance of the overall test, the 

univariate effects were examined.  The TBI group again produced significantly fewer correct 

words and total responses than the control group. Refer to Table 9 for results including means 

and standard deviations. 

Because total number of correct responses and total number of responses in category 

fluency are likely correlated, further analysis of category fluency quantitative measures was 

conducted. A one-way analysis of covariance was conducted to examine the effect of group on 

correct words produced with both estimated verbal IQ and category fluency total responses as 

covariates.  When estimated verbal IQ and category fluency total responses were controlled, 

there were no statistical differences between groups for category fluency correct words F (1, 57) 

= 2.54, p = .12, ηp
2 = .05. This suggests that, when comparing performance between groups, 

category fluency correct words may be no more sensitive to group differences than simple total 

responses generated in this condition. 

Quantitative measures of category switching performance 

A multivariate analysis of covariance examined group differences in total correct, total 

responses, and switching accuracy.  Estimated verbal IQ was the covariate.  The overall result 

produced a significant multivariate main effect for group, Wilks’ λ = .72, F (3, 52) = 6.66, p = 

.001, ηp
2 = .28. Given the significance of the overall test, the univariate effects were examined. 

The TBI group produced significantly fewer correct words and total responses and was 
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significantly less accurate in switching between target categories in this condition. Refer to Table 

10 for results including means and standard deviations. 

Because total number of correct words and total number of responses in category 

switching are likely correlated, further analysis was conducted. A one-way analysis of 

covariance examined the effect of group on correct words with both estimated verbal IQ and 

total responses as covariates.  When estimated verbal IQ and category switching total responses 

were controlled, significant group differences disappeared. However differences approached 

significance, with the TBI group tending to score below controls, F (1, 57) = 3.05, p = .09, ηp
2 = 

.05. This suggests a group difference in correct words produced when both estimated verbal IQ 

and total responses are controlled. Number of correct responses may be a more sensitive measure 

when comparing the performance of adults with TBI (who have mild cognitive impairments) to 

adults without TBI, than correct responses in the category switching condition only. 

Do participants with TBI have fewer cluster switches, clusters, or mean cluster size in 

either letter or semantic fluency than healthy controls? 

Two separate multivariate analyses of covariance were conducted to determine if group 

differences existed in phonemic cluster measures and semantic cluster measures.  

Semantic cluster measures 

A multivariate analysis of covariance was conducted examine group differences in 

semantic switches, clustered words, and mean cluster size.  Estimated verbal IQ was the 

covariate.  Between-group differences were not significant, Wilks’ λ = .90, F (3, 49) = 1.92, p = 

.14, ηp
2 = .11.  Refer to Table 11 for means, standard deviations, and group comparisons, none of 

which reached significance.  This suggests that semantic cluster measures are not sensitive at 

differentiating these groups.  
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Phonemic cluster measures 

A multivariate analysis of covariance was conducted to examine group differences in 

phonemic switches, clustered words, and mean cluster size.  Overall, the groups did not differ, 

Wilks’ λ = .89, F (3, 49) = 1.99, p = .13, ηp
2 = .11.  However, the TBI group produced 

significantly fewer phonemic switches.  Refer to Table 12 for means, standard deviations and 

group comparisons.   

 Because the number of phonemic switches may correspond closely with the total number 

of responses, phonemic switching was further analyzed using a one-way analysis of covariance 

to identify group differences.  Estimated verbal IQ and total responses from the letter fluency 

condition were the covariates.  Groups did not differ in phonemic clusters when estimated verbal 

IQ and letter fluency total responses were controlled F (1, 54) = .26, p = .61, ηp
2 = .005.  This 

suggests number of phonemic switches was no more sensitive in detecting group differences than 

total responses generated. 

Do demographic variables of age, education, and estimated verbal IQ correlate with D-

KEFS quantitative measures in either the TBI or control group? 

Pearson product moment correlations were calculated for age, education, estimated verbal 

IQ, total responses from letter fluency, category fluency, and overall verbal fluency; correct 

words from category switching, category switching accuracy, as well as percent repetition and 

percent set-loss errors.  Because there were group differences in estimated verbal IQ, correlations 

were run separately for both groups.   

TBI Group 

Pearson product-moment correlations were calculated for the TBI group.  Refer to Table 

13 for this correlation matrix. 
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Demographic variables of age and estimated verbal IQ were both significantly and 

positively correlated with percent repetition errors.  These results suggest that, as participant age 

increased so too did the proportion of repetition errors to total responses over all verbal fluency 

conditions. Similarly, as participant’s estimated verbal IQ increased, the proportion of repetition 

errors to total responses also increased.  

Control Group   

Pearson product-moment correlations were calculated for the control group.  Refer to 

Table 14 for this correlation matrix. 

Demographic variables of estimated verbal IQ and education were highly and positively 

correlated. Estimated verbal IQ was also significantly and positively correlated with percent 

repetition errors. Education was strongly and positively correlated with letter fluency total 

responses and total responses overall. These results suggest that, as education increased 

estimated verbal IQ also increased.  Further, and like the TBI group, as estimated verbal IQ 

increased, so too did the proportion of repetition errors based on total responses over all.  These 

results also suggest that, as education increased, total responses generated were greater over all 

verbal fluency conditions.  

Do the cluster analysis measures correlate with total responses in category switching, 

education, and estimated verbal IQ in either the TBI or control group? 

Pearson product-moment correlations were calculated for category switching total 

responses, estimated verbal IQ, education, phonemic and semantic switching, clustered words, 

and mean cluster size. Correlations were analyzed separately by group.  Refer to Tables 15 and 

16 for these correlation matrices. 

TBI Group 
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Pearson product-moment correlations were calculated for the TBI group.  In the TBI 

group, estimated verbal IQ was significantly and positively correlated with the number of 

phonemic and semantic clustered words.  However, because verbal IQ has a positive trend with 

total responses in letter fluency, it may be that participants with a higher verbal IQ simply 

generate more responses. That is, more total responses would allow more opportunities to 

produce clustered words. Alternatively, participants with higher verbal IQs may actually 

generate a greater proportion of clustered words.  The use of correlation cannot provide evidence 

to support either case, but simply demonstrates relationships.  No significant correlations 

between education and other measures were apparent in this group. 

Category switching total responses had a strong positive correlation with phonemic 

switches.  A relationship between category switching total responses and semantic switching 

approached significance.  These results suggest that there may be a relationship between 

category switching total responses and phonemic and semantic switching. However, given that 

phonemic and semantic switching scores seem to be highly dependent on total response scores, 

and given that the total response measures are likely highly correlated, these relationships may 

be no surprise; they may simply be a reflection of participants’ verbal IQ. 

Control Group 

Education had a significant positive relationship with number of phonemic clustered 

words in the control group; a positive relationship between education and number of semantic 

clustered words approached significance.  Education and estimated verbal IQ had a significant 

positive relationship. This suggests that the control group’s cluster scores are influenced by 

differing demographic variables than the TBI group. 
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Total responses in category switching was significantly and positively correlated with 

number of phonemic clustered words.  Further, a positive relationship between phonemic 

switches and category switching total responses approached significance in the control group. 

Again all of these measures are highly influenced by total responses generated, and may simply 

reflect variations in total responses generated. 

Discussion 

The purpose of the present study was to examine the verbal fluency of aduls with and 

without TBI using various measures of verbal fluency performance. Specifically, this study 

investigated the clinical utility of traditional, quantitative measures of verbal fluency 

performance as well as cluster analysis measures using a method based on Troyer et al. (1997). 

Relationships between demographic variables and traditional quantitative and nontraditional 

cluster measures were also explored. 

Do D-KEFS quantitative measures of verbal fluency differentiate participants with TBI 

from healthy controls? 

 Results of this study found no significant differences between groups by using “correct 

words” measures, in letter fluency and category fluency, when estimated verbal IQ and total 

responses were controlled for. This suggests that, in this sample, correct word measures may be 

no more useful in comparing groups’ performance than simply using total responses regardless 

of correctness of responses. However, one of the defining characteristics of verbal fluency tasks 

is their use of rules to engage executive functioning in participants.  This has led to correct words 

to be a widely used measure with both research and clinical application.  The results of the 

present study were consistent with previous findings by Epker et al. (1999) who suggest that total 

responses was just as effective as correct words in finding group differences between controls 
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and patients with Alzheimer’s, non-demented Parkinson’s disease, and demented Parkinson’s 

disease.  The current study extends this finding to TBI participants with mild chronic cognitive 

impairments.  Furthermore, these findings were extended to verbal fluency conditions including 

letter fluency and category fluency.   

However, results of the current study suggest that correct words may be more sensitive to 

group differences than total responses only in the category switching condition.  This sensitivity 

may be due to the increased cognitive demands in sustaining a mental search of the lexicon 

between two categories.    

The use of rules guiding participant output, however, is fundamental to this task in order 

to tax the executive function system.  Therefore, this finding should not imply that the 

application of the verbal fluency task eliminate the rules component of the task.  Rather, the 

findings of this study have implications in the scoring of verbal fluency data; scoring verbal 

fluency total responses is simpler and presumably quicker than scoring correct words and is just 

as effective in identifying group differences in cognitive impairments following TBI.  

Do participants with TBI have fewer switches, clusters, or mean cluster size in either 

letter or category fluency than matched controls? 

 The TBI group produced fewer phonemic switches, even when estimated verbal IQ was 

accounted for.  However, number of phonemic switches was no more effective than total 

responses at identifying differences between groups in verbal fluency performance.  Again, this 

finding is consistent with the previously mentioned findings of Epker et al. (1999).  Raskin and 

Rearick (1999) suggested that impairments in verbal fluency reflect reduction in information 

processing, rather than impairment in clustering or switching.  While this study does not provide 

evidence to directly support this, given that the cluster measures were not a sensitive measure to 
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differentiate groups, it is a more viable explanation for the performance of the TBI sample than 

impaired executive function switching as measured by the Troyer et al. (1997) cluster analysis 

method. 

Do demographic variables of age, education, and estimated verbal IQ correlate with D-

KEFS quantitative measures in either the TBI or control group? 

 D-KEFS quantitative measures appear to be influenced by different demographic 

variables in the TBI and control groups.  In the TBI group, age and percent repetition errors were 

positively correlated, while in the control group, education was positively related to total 

responses in letter fluency.  The first finding is interesting and could be explained by the 

interaction between TBI and an aging brain; older participants who have sustained a TBI may 

have fewer cognitive resources to self-monitor their output for repetitions. The relationship 

between education and letter fluency in the control group could be explained by education being 

related to increased familiarity with words; participants with more education may be more 

comfortable in accessing word by letter cue than participants with less education. It is interesting 

that this relationship is not apparent in the TBI group.  Because the groups are generally matched 

for education, another account should be considered.  This could be a result of participants with 

TBI being slower at generating words. This could have a leveling effect on verbal output 

between TBI participants with higher verbal IQ and those with lower verbal IQ.  

The relationship between estimated verbal IQ and percent repetition errors in both the 

TBI and control groups could be a result of increased familiarity and fluency in accessing words 

that then taxes the self-monitoring systems.  Repetition errors are thought to be a measure of the 

self-monitoring system during the verbal fluency task and since estimated verbal IQ is thought to 

measure familiarity with words, it could be that participants with higher verbal IQ are generally 
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faster at generating words, which taxes the self-monitoring system to a greater extent than 

participants who are slower at generating words. 

Do the cluster analysis measures correlate with total responses in category switching, 

education, and estimated verbal IQ in either the TBI or control group? 

 Cluster measures were also influenced by different demographic variables between 

groups in this study.  In the TBI group, there was a positive relationship between estimated 

verbal IQ and phonemic and semantic clustered words while in the control group there was a 

positive relationship between education and phonemic clustered words and semantic clustered 

words.  It is interesting that these correlations appear only in the cluster measures that are most 

sensitive to total responses.  This correlation may be the result of an influence between estimated 

verbal IQ and letter and category fluency total responses in the TBI and education and letter 

fluency in the control group. However, neither of these relationships reached significance in the 

TBI group, and a relationship between education and category fluency failed to reach 

significance.  Therefore, it may be that TBI participants with higher verbal IQ rely on clustering 

more than those with lower verbal IQ.  In contrast, control participants with higher levels of 

education rely more on clustering than those with lower levels of education. 

Conclusions and Clinical Implications 

The findings of this study suggest that the traditional “total correct” measures may not be 

any more sensitive than simply counting total responses for letter and category fluency 

conditions when using these tasks to measure verbal fluency in adults without TBI and in adults 

with mild cognitive impairment after TBI.  These tasks may not tax the executive function 

system to make correct response measures any more useful in interpretation than total responses 

measures across all verbal fluency conditions.  
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The D-KEFS scoring protocol utilizes a large number of measures based on the number 

of correct words.  This study questions the utility of such measures in people with TBI who have 

made good cognitive recovery.  These results question the clinical utility of cluster analysis 

measures and even total correct measures. Simply counting total responses would be more 

efficient as well as less susceptible to scoring errors.  If a simpler scoring technique can be 

applied with the same clinical utility, it should be preferred in clinical settings.  

This study provides further support of the consistent finding of research that has 

investigated the effect of education and verbal IQ that verbal fluency should account for these 

demographic variables.  These are by no means the only demographic factors that could 

influence verbal fluency performance.  This consistent finding in the verbal fluency literature 

suggests that verbal fluency protocols that correct only for age, such as the D-KEFS verbal 

fluency subtest, may be lacking important demographic factors that greatly impact interpretation 

of the task.  The clinical implications of not accounting for these important demographics are 

potentially severe. For instance, not accounting estimated verbal IQ in normative tables could 

lead to an under-diagnosis of cognitive impairment following TBI in persons who have higher 

estimated verbal IQ.  Conversely, an over diagnosis could occur in persons with lower estimated 

verbal IQ and suspected TBI. 

Limitations and Future Directions 

This study had several limitations.  Like other studies of this type, it suffers from inherent 

difficulties of the Troyer et al. (1997) cluster analysis method as noted by Mayr (2002).  Without 

implementing a protocol that allows measurement of time elapsed between words, it will not be 

possible to determine whether performance is a product of increased time between clusters, as 

suggested by the switching-deficit hypothesis, or a product of general slow-down of word 
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generation between words within a cluster, as suggested by an increased processing speed 

hypothesis.   

The relationship between estimated verbal IQ and repetition errors warrants further 

investigation.  The letter prompts used in this study are all considered “easy” (Borkowski, et al. 

1967).  Varying letter difficulty may influence the association between estimated verbal IQ and 

repetition.  Since people tend to produce fewer words in more difficult letter trials, the reduced 

letter fluency output could reduce the demands on monitoring for repetitions.  That could result 

in fewer repetition errors for more difficult letter trials, despite the increased difficulty. 

The statistical analyses employed in this investigation were lacking in the analysis of 

correct words when controlling for estimated verbal IQ and total responses, only letter fluency 

was included in a follow-up ANCOVA.  This analysis does not account for the possibility that 

any of the measures that were not significant from the initial MANCOVA could be significantly 

different in a follow-up statistical test when controlling for both estimated verbal IQ and total 

responses. Future analysis should account for this limitation. 

Despite the limitations, these results make a significant contribution for clinicians who 

work with TBI populations by highlighting and confirming the importance of controlling for 

education and estimated verbal IQ.  Importantly, it also raises the questions about the most useful 

variables in verbal fluency assessment following TBI.  These results suggest that in some cases, 

at least, a simpler scoring method may yield similar results as more complex and time-

consuming analyses.   
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Table 1: Group Demographics for Gender, Age, Education, Years Post-Injury, and Estimated 

Verbal IQ 

Group Gender 

(M/F) 

Age (years) Education 

(years) 

Years post-

TBI 

Estimated 

Verbal IQ 

TBI (N = 31) 14/17     

 M  44.41 14.29 11.53 107.77 

 SD  14.62 1.89 10.95 7.21 

 Range  20.52 - 60.75 11 - 18 0.52 - 39.01 87 - 125 

Control (N = 26) 15/11     

 M  42.54 15.15 - 112.12 

 SD  14.66 1.67 - 6.98 

 Range  21.43 - 76.35 12 - 19 - 94 - 124 

Group Comparison      

p-value  .63 .08 - .03* 

      
* p ≤ .05 



Verbal Fluency Cluster Analysis 

 

48 

Table 2: Performance by TBI and Control Groups: Means and Standard Deviations 
 
  TBI -   

Mean (SD) 
Control - 
Mean (SD) 

p Cohen’s 
d 

Simple Trails: Speed (D-KEFS) N = 31 N = 26   

Number sequencing 10.00 (3.11) 11.42 (1.50) .03* -.58 

Letter sequencing 9.97 (3.20) 11.96 (1.37) .003** -.81 

Motor Speed 10.41 (2.05) 12.00 (1.02) < .001*** -.98 

Alternating Trails: Executive Functions 

(D-KEFS)  

N = 31 N = 26   

Number-letter switching 10.13 (3.14)  12.00 (1.62) .006* -.75 

Number-letter switching vs. 

combined number and letter 

sequencing 

  9.51 (2.82) 9.77 (2.10) .75 -.10 

Number-letter switching vs. 

motor speed 

  9.71 (3.09) 10.04 (2.07) .65 -.13 

Design Fluency (D-KEFS) N = 22 N = 18   

Total Correct Designs   7.82 (3.70) 9.44 (3.47) .16 -.45 

Switching vs. Filled Dots and 

Empty Dots 

10.59 (2.40) 10.83 (2.55) .76 -.10 

Set Loss Designs 11.05 (3.30) 11.11 (3.32) .95 -.02 

 Repeated Designs  11.09 

(2.97) 

10.89 (2.63) .82 .07 

California Verbal Learning Test – II N = 31 N = 26   

Immediate free recall (Z-score)  48.06 

(13.93) 

54.23 

(10.18) 

.07 -.51 

Long-delay free recall   -.68 (1.35) .23 (1.01) .007** -.76 

 Long-delay cued recall -.66 (1.31) .17 (.90) .008** -.74 

Short-delay Free recall  -.58 (1.35) .44 (.88) .002** -.90 

Short-delay Cued recall -.71 (1.33) .10 (0.99) .01** -.69 

Intrusion Errors   .77 (1.65) .04 (.75) .03* -.63 

Repetition Errors .34 (1.16) .38 (.92) .87 -.04 
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Wechsler Memory Scale-III N = 22 N = 18   

Digit Span Forward 10.36 (1.97) 10.78 (2.90) .41 -.17 

Digit Span Backward 6.50 (2.22) 7.11 (2.45) .60 -.26 

Digit Span Total 13.13 (4.49) 14.17 (6.62) .56 -.18 

 
* p ≤ .05 
 
** p ≤ .01 

*** p ≤ .001
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Table 3: Quantitative Analysis Measures from the D-KEFS (Delis et al., 2001) 

Independent Variable Description 

 Trial A single 60-second word generation task within a condition.   

 Condition Several word generation trials using similar instructions.  

Conditions include letter and category fluency and category 

switching. 

 Interval Refers to total correct scores across 4 time intervals within 

each trial: 1 (0 – 15 s.), 2 (16 – 30 s.), 3 (31 – 45 s.), 4 (46 – 

60 s.).  The correct responses within each time interval are 

added across all trials.   

Dependent Variable Description 

 Total responses Number of responses generated, including set-loss errors 

and repetition errors.  

 Correct Words Total responses minus set-loss errors and repetition errors. 

 Percent Repetition 

 Errors 

Proportion of repetition errors accumulated across all trials 

and conditions divided by total responses across all 

conditions. 

 Percent Set-loss 

 Errors 

Includes all set-loss errors for all trials and conditions 

divided by total responses for all conditions 
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Table 4: Cluster Analysis Measures from Troyer et al. (1997) 

Dependent Variable Description 

 Clustered word A word that shares a relationship with the word produced 

immediately before it, defined by coding criteria in either 

the letter fluency trials (phonemic clustered word) or 

category fluency trial (semantic clustered word). 

 Switch A word that does not share a relationship with the word 

produced immediately before it in either the letter fluency 

trials (phonemic switch) or category fluency trial (semantic 

switch). 

 Cluster Successive clustered words that share the same cluster 

relationship. This includes the first word of the cluster, even 

though it is coded as a switch. 

 Average cluster 

 size 

The number of clustered words within each identifiable 

cluster divided by the number of identifiable clusters.  This 

measure includes the first word of a cluster, even though 

that word is coded as a switch.  Includes average phonemic 

cluster size and average semantic cluster size.   
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Table 5: Means and Standard Deviations of Correct Words in Letter Trials (F, A, S) by Group 

 TBI –  
Mean (SD) 

Control - 
Mean (SD) 

    
Correct Words Trial F 13.61 (3.92) 16.34 (5.04) 
Correct Words Trial A 11.58 (2.94) 13.96 (4.57) 
Correct Words Trial S 13.45 (3.03) 16.81 (4.88) 
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Table 6: Means and Standard Deviations of Correct Words in Intervals by Group 

 TBI –  
Mean (SD) 

Control - 
Mean (SD) 

    
Correct Words Interval 1 36.87 (5.45) 40.77 (6.22) 
Correct Words Interval 2 22.10 (5.60) 26.88 (6.45) 
Correct Words Interval 3 16.45 (4.57) 22.27 (6.50) 
Correct Words Interval 4 14.32 (4.33) 19.81 (5.43) 
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Table 7: Results of Overall Verbal Fluency Quantitative Analysis by Group 

Overall Verbal Fluency 
Variable 

TBI –  
Mean (SD) 

Control - 
Mean (SD) 

F  p ηp
2 

      . 
Total Responses 93.55 (15.02) 114.31 (24.18) 10.79 .002** .17 

% Set Loss Errors (SS) 10.42   (3.44)   11.88   (1.37)   2.81 .10 .05 

% Repetition Errors 

(SS) 

  8.94   (3.37)   11.12   (2.67)   3.15 .08 .06 

      
** p ≤ .01 
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Table 8: Results of Letter Fluency Quantitative Analysis by Group 

Variable TBI –  
Mean (SD) 

Control - 
Mean (SD) 

F  p ηp
2 

      
Correct Words 36.81 (7.48) 46.15 (13.59) 6.25 .02* .10 

Total Responses 38.55 (8.03) 47.38 (13.52) 5.30 .03* .09 

 
* p ≤ .05 
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Table 9: Results of Category Fluency Quantitative Analysis by Group 
 
Category Fluency 
Variable 

TBI –  
Mean (SD) 

Control - 
Mean (SD) 

F p ηp
2 

      
Correct Words 39.35 (8.18) 46.69 (8.10) 7.96 .007** .13 

Total Responses 40.87 (8.69) 47.31 (8.27) 5.87 .02* .10 

 
* p ≤ .05 

** p ≤ .01 
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Table 10: Results of Category Switching Quantitative Analysis by Group 

Category Switching 

Variable 

   TBI –  

   Mean (SD) 

       Control - 

       Mean (SD) 

F p ηp
2 

      
Correct Words  13.19 (2.27) 17.08 (3.38) 20.31 < .001*** .27 

Total Responses 13.97 (2.44) 17.46 (3.28) 16.29 < .001*** .23 

Switching Accuracy 

(SS) 

  9.97 (3.73) 14.08 (3.02) 17.22 < .001*** .24 

 
*** p ≤ .001 
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Table 11: Results of Semantic Cluster Measures by Group 

Semantic Cluster Variable TBI – Mean 
(SD) 

Control – 
Mean (SD) 

F (1, 54) p ηp
2 

      
Switches 11.29 (2.92) 12.42 (3.21)       1.88 .18 .04 

Clustered words   8.82 (3.81) 10.58 (3.75)       1.43 .29 .03 

Mean cluster size   2.86 (.75)   2.91 (.76)         .01 .92 .00 
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Table 12: Results of Phonemic Cluster Measures by Group 

Phonemic Cluster Measure TBI – Mean 
(SD) 

Control – 
Mean (SD) 

F (1, 54) p ηp
2 

      
Switches 28.61 (6.83) 34.04 (8.70)       4.52 .04* .08 

Clustered words 10.04 (5.39) 13.35 (8.03)       1.09 .30 .02 

Mean cluster size   2.52 (.58)   2.63 (.64)         .49 .49 .01 

 
*p ≤ .05 
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Table 13: Pearson’s Product Moment Correlations between Selected Verbal Fluency Quantitative Measures, Age, Education, and 

Estimated Verbal IQ from the TBI Group 

 N = 31   1   2   3   4   5   6   7   8   9    10 
1 Age 

 
  1          

2 Estimated Verbal IQ 
 

 .33a   1         

3 Education 
 

 .32a  .16   1        

4 Letter Fluency - Total 
Responses 
 

 .18  .31a  .03   1       

5 Category Fluency - 
Total Responses 
 

 .08  .27  .05  .31a   1      

6 Category Switching – 
Total Responses 
 

 .04  .16  .02  .32a  .58**   1     

7 Category Switching - 
Switching Accuracy 
 

-.04  .02  .01  .31a  .17  .59**   1    

8 Verbal Fluency Overall 
Total Responses 
 

 .12  .30  .02  .78** .81**  .61** -.32a   1   

9 Percent Set-Loss Errors -.08  .13 -.17  .002 -.10 -.07  .21 -.10   1  

10 Percent Repetition 
Errors 

 .40*  .40*  .24  .06  .005 -.15 -.30  .02 -.08   1 
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* p ≤ .05 
 
** p ≤ .01 
 
a = approached significance
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Table 14: Pearson’s Product Moment Correlations between Selected Verbal Fluency Quantitative Measures, Age, Education, and 

Estimated Verbal IQ from the Control Group 

 N = 26   1   2   3   4   5   6   7   8   9    10 
1 Age 

 
  1          

2 Estimated Verbal IQ 
 

 .24   1         

3 Education 
 

 .10  .48*   1        

4 Letter Fluency - Total 
Responses 
 

-.13  .37a  .47*   1       

5 Category Fluency - 
Total Responses 
 

-.07 -.04  .17  .64*   1      

6 Category Switching – 
Total Responses 
 

-.18  .20  .31  .52**  .37a   1     

7 Category Switching - 
Switching Accuracy 
 

-.25  .13  .38a  .48*  .35a  .93***   1    

8 Verbal Fluency Overall 
Total Responses 
 

-.02  .28  .42*  .84*** .77***  .39a -.35a   1   

9 Percent Set-Loss Errors -.32  .12 -.24  .07 -.07  .28  .33a  .12   1  

10 Percent Repetition 
Errors 

 -.27  .47* -.004 -.04 -.31  .03 -.01 -.31 .11   1 
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* p ≤ .05 
 
** p ≤ .01 
 
*** p ≤ .001 
 
a = approached significance 
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Table 15: Pearson’s Product Moment Correlations between Estimated Verbal IQ, Education, Cluster Switching Total Responses, and 

Cluster Measures in the TBI Group. 

    1   2   3   4   5   6   7   8   9 

1 Estimated Verbal IQ 
N = 31 

  1         

2 Education 
N = 31 

 .16   1        

3 Category Switching Total Response 
N = 31 

 .16  .02   1       

4 Phonemic Switches 
N = 28 

 .05 -.18  .41*   1      

5 Phonemic Clustered Words 
N = 28 

 .43*  .16 -.02 -.02   1     

6 Mean Phonemic Cluster Size 
N = 28 

 .06 -.09 -.11 -.34a  .55**   1    

7 Semantic Switches 
N = 28 

 .06  .17  .31a  .28 -.08 -.15   1   

8 Semantic Clustered Words 
N = 28 

 .38* -.06  .24  .29  .21 -.19 -42*   1  

9 Mean Semantic Cluster Size 
N = 28 

 .20 -.26 -.10  .29  .14  .01 -.61**  .72**   1 

 
* p ≤ .05 
 
** p ≤ .01 
 
a = approached significance
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Table 16: Pearson’s Product Moment Correlations between Estimated verbal IQ, Education, Cluster Switching Total Responses, and 

Cluster Measures in the Control Group. 

 N = 26   1   2   3   4   5   6   7   8   9 

1 Estimated Verbal IQ   1         

2 Education  .48*   1        

3 Category Switching Total Response  .20  .31   1       

4 Phonemic Switches  .28  .29  .37a   1      

5 Phonemic Clustered Words  .33  .49*  .47*  .31   1     

6 Mean Phonemic Cluster Size -.15 -.001  .15 -.21  .30   1    

7 Semantic Switches -.11 -.23  .08  .55**  .14 -.16   1   

8 Semantic Clustered Words  .04  .39a  .20 -.13  .29 -.01 -.48*   1  

9 Mean Semantic Cluster Size -.10  .15  .16  .34a  .10  .41* -.57**  .66**   1 

* p ≤ .05 
 
** p ≤ .01 
 
a = approached significance
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Figure 1: Mean Correct Responses over Four Time Intervals by Group – Collapsed 

Across Letter Fluency, Category Fluency, and Category Switching Conditions. 
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Appendix A: Instructions Given to Participants for the Verbal Fluency Test 

Condition 1: Letter Fluency 

Say: 

“I’m going to say a letter of the alphabet.  When I say begin, I want you to tell me as 

many words as you can that begin with that letter.  You will have 60 seconds before I tell 

you to stop.  None of the words can be names of people, or places, or numbers.  For 

example, if I gave you the letter T, you could say take, tooth, and so forth, but you should 

not say Tom because that is a person’s name, you should not say Texas because that is 

the name of a place, and you should not say twelve because that is a number.  Also, do 

not give me the same word with different endings.  For example, if you say take, you 

should not also say takes or taking.  Do you have any questions?” 

[A summary of these rules is displayed in front of the participant to remind participant of 

them during the task] 

“Here is a page that will help you remember these rules.” 

“The first letter is F.  Ready?  Begin.” 

“Stop.” 

“The next letter is A.  Ready?  Begin.” 

“Stop.” 

“The next letter is S.  Ready?  Begin.” 

“Stop.” 

Condition 2: Category Fluency 

Say: 
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“Now we are going to do something a little different.  This time, I want you to tell me as 

many animals [items of clothing] as you can.  It doesn’t matter what letter they start with.  

You will have 60 seconds before I tell you to stop.  Do you have any questions?  Ready?  

Begin.” 

“Stop” 

“Now tell me as many boys’ names as you can.  You will have 60 seconds before I tell 

you to stop.  Ready?  Begin.” 

“Stop.” 

Condition 3: Category Switching 

“Now we are going to do something a little different.  I want you to switch back and forth 

between saying as many fruits and as many pieces of furniture as you can.  It doesn’t 

matter what letter they start with.  You will have 60 seconds before I tell you to stop.  So 

you would say a fruit, then a piece of furniture, and so on.  You can start with either a 

fruit or a piece of furniture.  Do you have any questions?  Ready?  Begin.” 

“Stop.” 
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Appendix B: Criteria for Identifying Phonemic Cluster Relationships between Words 

There are 4 types of cluster relationships coded in the letter fluency condition: 

1) first two letters: successive words that share the same first two letters 

2) rhyme: successive words that rhyme 

3) homonyms: successive words that have the same sound (when the participant 

indicated that this was not a repetition (e.g. “sun” and the other “son”) 

4) first and last letters: successive words that differ by only 1 vowel sound. 
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Appendix C: Category and Subcategory Criteria for Identifying Semantic Cluster 

Relationships for Clothing Data 

Clothing that is worn on the same body part(s): 

Headgear: hat, cap, stocking cap, beanie, top hat, beret, glasses, goggles, ear 

plugs, earrings 

 Clothing that is worn on the neck: scarf, neck warmer, tie, neckband, necklaces 

 Clothing that is worn on the torso: Coats, jackets, shirts, vests, blouse, tunics,  

Clothing that covers both the torso and legs: jumpsuits, slips, dresses, gowns, 

suit, coveralls 

 Armwear: mittens, gloves, bracelets, wristbands, armwarmers, watches, rings 

 Clothing that is worn on the hips or waist: belt, sash, cummerbund, etc 

 Clothing that is worn on the legs: pants, skirts, shorts, capris, etc 

 Footwear: shoes, socks, sandals, shoelaces, etc 

 Undergarments: boxers, briefs, bras, socks etc 

Clothing that is worn in same weather conditions: 

 Clothing that is worn in cold conditions: sweatshirt, jacket, gloves, scarf, 

sweater,  

 Clothing that is worn in warm conditions: shorts, t-shirt,  

Clothing that is worn for specific purposes: 

 Formal wear: suit, tie, dress 

 Sleepwear: pajamas, etc 

 Swimwear: swimming suit, swimming shorts, bikini, etc 

 Sportswear: gym shorts, running shoes, trainers 
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Jewelry/accessories: rings, earrings, bracelets, watches 
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Appendix D: Category and Subcategory Criteria for Identifying Semantic Cluster 

Relationships for Animals Data 

Living Environment: 

Africa: aardvark, antelope, buffalo, camel, chameleon, cheetah, chimpanzee, 

cobra, eland, elephant, gazelle, giraffe, gnu, gorilla, hippopotamus, hyena, impala, 

jackal, lemur, leopard, lion, manatee, mongoose, monkey, ostrich, panther, 

rhinoceros, tiger, wildebeest, warthog, zebra 

Australia: emu, kangaroo, kiwi, opossum, platypus, Tasmanian devil, wallaby, 

wombat 

 Arctic/Far North: auk, caribou, musk ox, penguin, polar bear, reindeer, seal 

 Farm: chicken, cow donkey, ferret, goal, horse, mule, pig, sheep, turkey 

North America: badger, bear, beaver, bobcat, caribou, chipmunk, cougar, deer, 

elk, fox, moose, mountain lion, puma, rabbit, raccoon, skunk, squirrel, wolf 

Water: alligator, auk, beaver, crocodile, dolphin, fish, frog, lobster, manatee, 

muskrat, newt, octopus, otter, oyster, penguin, platypus, salamander, sea lion, 

seal, shark, toad, turtle, whale 

Human Use: 

 Beasts of Burden: camel, donkey, horse, llama, ox 

 Fur: beaver, chinchilla, fox, mink, rabbit 

Pets: budgie, canary, cat, dog, gerbil, golden retriever, guinea pig, hamster, 

parrot, rabbit 

Zoological Categories: 
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Bird: budgie, condor, eagle, finch, kiwi, macaw, parrot, parakeet, pelican, 

penguin, robin, toucan, woodpecker 

 Bovine: bison, buffalo, cow, musk ox, yak 

 Canine: coyote, dog, fox, hyena, jackal, wolf 

Deer: antelope, caribou, eland, elk, gazelle, gnu, impala, moose, reindeer, 

wildebeest 

Feline: bobcat, cat, cheetah, cougar, jaguar, leopard, lion, lynx, mountain lion, 

ocelot, panther, puma, tiger 

 Fish: bass, guppy, salmon, trout 

 Insect: ant, beetle, cockroach, flea, fly, praying mantis 

 Insectivores: aardvark, anteater, hedgehog, mole, shrew 

Primate: ape, baboon, chimpanzee, gibbon, gorilla, human, lemur, marmoset, 

monkey, orangutan 

 Rabbit: coney, hare, pika, rabbit 

Reptile/Amphibian: alligator, chameleon, crocodile, frog, gecko, iguana, lizard, 

newt, salamander, snake, toad, tortoise, turtle 

Rodent: beaver, chinchilla, chipmunk, gerbil, gopher, groundhog, guinea pig, 

hamster, hedgehog, marmot, mole, mouse, muskrat, porcupine, rat, squirrel, 

woodchuck 

 Weasel: badger, ferret, marten, mink, mongoose, otter, polecat, skunk 


