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Abstract 

 

Category, Letter and Emotional Verbal Fluency in Spanish-English 

Bilingual Individuals with and without Traumatic Brain Injury 

 

Lisa Dianne Wauters, M.A. 

The University of Texas at Austin, 2016 

 

Supervisor:  Thomas Marquardt 

 

In the following study, twelve verbal fluency tasks (6 in English and 6 in Spanish) 

were administered to 21 healthy Spanish-English bilingual individuals and 4 Spanish-

English bilingual individuals with a history of traumatic brain injury. The performance of 

healthy participants was examined to determine significant differences between type of 

verbal fluency (category, letter and emotional) and languages (English and Spanish). A 

two-way repeated measures analysis of variance revealed significant effects for task types 

and languages, but not the interaction of task types and languages. Performance of brain-

injured participants was compared to healthy participants to examine patterns of 

impairment. Analysis of z-score profiles revealed decreased sensitivity of the letter fluency 

task to brain injury deficits and greater impairment in the pre-morbid non-dominant 

language. Implications of the results for clinical practice and future research are discussed. 
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INTRODUCTION 

 Traumatic brain injury (TBI) is a major cause of injury and death in the United 

States, accounting for an estimated 1.7 million deaths, hospitalizations or emergency 

room visits each year. An unknown number of additional injuries go unreported (Faul, 

Wald & Coronado, 2010). Approximately 20% of veterans returning from wars in Iraq 

and Afghanistan report mild brain injuries that resulted in loss of consciousness or altered 

mental state, though few receive services for their injuries (Hoge, Goldberg & Castro, 

2009).  

 TBI results in a variety of neuropsychological, cognitive, and communicative 

deficits that can have a significant effect on activities of daily living. One of these deficits 

is an impairment in the ability to recognize and express emotions. Research is needed to 

describe these deficits in greater detail so that appropriate treatment methods can be 

determined. This need is especially apparent in Spanish-English bilingual populations in 

the United States, with whom limited research has been conducted. 

 Bilingualism is on the rise in the United States. Approximately 37 million people 

speak Spanish, a number which has increased 233% since 1980 (Shin & Ortman, 2011). 

Considering the prevalence of TBIs and the growing bilingual population, research is 

needed that focuses on the intersection of bilingualism and TBI. 

 The following studies examined performance on three types of verbal fluency 

tasks (category, letter, emotional) for healthy bilingual individuals and brain-injured 

bilingual individuals. The relationship between language proficiency and performance on 

the verbal fluency tasks was analyzed for the healthy bilingual group. Performance of the 
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healthy bilingual group on the verbal fluency tasks was compared to the performance of 

the brain-injured bilingual group. The purpose of this study was to provide preliminary 

data on verbal fluency in bilingual TBI and to explore emotional verbal fluency, a new 

task for assessing emotional expressive vocabulary, as a neuropsychological assessment 

tool for bilingual individuals.  

TRAUMATIC BRAIN INJURY 

 TBI is injury that occurs as a result of abrupt external forces acting on the head, 

skull, or brain (Brookshire, 2007). TBIs can be divided into two categories: open head 

injuries (OHI) and closed-head injuries (CHI). OHI occur when an object penetrates the 

skull and tears the meninges, resulting in a focal point of cerebral damage. CHI, which 

accounts for over 90% of TBIs, can occur as a result of nonacceleration or acceleration 

injuries. Nonacceleration injuries occur when an object or surface strikes a head that is 

restrained and cannot move. Acceleration injuries occur when an object or surface strikes 

an unrestrained head, causing rapid acceleration (when the head has been at rest) or 

deceleration (when the head has been in motion). Acceleration injuries also can occur 

when a head in motion suddenly changes direction without striking an external object. An 

example of this type of injury is the whiplash experienced during a motor vehicle 

accident (Brookshire, 2007). During acceleration injuries, the brain first sustains damage 

at the point of impact as the skull compresses against the brain. When the head stops 

moving, the brain sustains damage again at the site opposite the point of impact as it 

compresses against the skull once more, coming to a stop. These injuries are called coup 

and contrecoup injuries, respectively. CHI as a result of acceleration or deceleration 
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forces often results in focal contusions of the frontal and temporal lobes accompanied by 

more diffuse damage of white matter and the brainstem (Henry & Crawford, 2004b). 

Taber & Hurley (2013) reported that diffuse axonal injury (DAI) is present following all 

severities of TBI, including mild. DAI occurs when forces acting upon the brain cause 

tissue deformations in the axons, which lead to microtubule damage and disruption of the 

cytoskeleton. This damage in turn disrupts the transport of signals through the axons. In 

mild cases, DAI may be the only pathophysiological sign of injury (Taber & Hurley, 

2013). 

 The damage associated with TBI results in a wide variety of cognitive deficits, 

some of which can persist to cause long-term problems. Frontal and temporal contusions 

caused by the coup and contrecoup injuries of CHI may cause deficits in attention and 

executive functions (EF: planning, initiating, directing, monitoring, problem solving, 

inhibition, Dikmen et al., 2009). DAI typically results in a reduction in the speed and 

efficiency of information-processing, impairment of episodic memory, and a decreased 

ability to integrate different mental processes (Henry & Crawford, 2004b). Though 

individuals with TBI often exhibit intact language at the word and sentence levels, they 

exhibit other impairments in communication. Ylvisaker & Gioia (1998) identified six 

primary areas of communicative impairment: Disorganized or incoherent discourse, 

inflexibility, difficulty with abstraction and inference, inefficient word retrieval, impaired 

social communication, and inefficient learning of new language. Additionally, emotional 

processing is affected. Individuals with TBI experience difficulty identifying emotional 

affect based on facial expression and prosody (Marquardt et al., 2001, Croker & 
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McDonald, 2005). Cognitive and communicative deficits associated with mild TBIs often 

are difficult to detect with standardized tests, but they can significantly affect 

reintegration into daily life following injury (Duff et al., 2002). 

BILINGUALISM 

 No universal definition for bilingualism exists. Broadly defined, individuals who 

are bilingual have the ability to use at least two languages in their every-day lives 

(Grosjean, 1998).  Bilinguals may speak each language for different purposes. For 

example, the first language (L1) may be used in the home and the second language (L2) 

at work. As a result, bilingual individuals are rarely equally proficient in both languages 

(“balanced”). The relationship between the two languages may change over time as 

demands in daily life require more of one than the other (Grosjean, 1998). This changing 

relationship means that either L1 or L2 can be the dominant language and that both 

languages can be the dominant language at different points during the lifespan. Several 

factors influence language proficiency. Age of acquisition is known to influence language 

proficiency (Johnson & Newport, 1989), but is not a certain predictor. Other factors 

include which language is used in different environments (home, work, school, etc), 

personal and social attitudes toward each language, cultural identity, socioeconomic 

level, and geographic location (Ardila, 1998; Muñoz & Marquardt, 2003).  

 The bilingual language system is complex and dynamic. At the beginning of 

every interaction, bilingual speakers must automatically and often subconsciously answer 

two questions: “Which language should I communicate in?” and “Should I bring the 

other language in for any reason?” (Grosjean, 2013). The answers to these questions 
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determine the language mode of the speaker. Speakers may be in monolingual mode, in 

which one language is activated and the other deactivated, or they may be in bilingual 

mode, in which both languages are activated, though one (the “base language” of the 

interaction) is more activated than the other. The bilingual mode prepares a speaker for 

adding information in the second language or even switching the language of 

communication completely if necessary. These modes exist on a continuum, and every 

speaker moves along it differently. One speaker may move from one end of the 

continuum to the other throughout a typical day, while another may spend nearly all of 

the time at one end of the continuum (Grosjean, 2013). Once a speaker has entered a 

mode, the bilingual lexical storage system must be navigated in order to select the words 

to be used.  

 Language representation in monolingual and bilingual speakers has two levels: 

Conceptual (information about the word in a real-world context) and lexical 

(morphological and phonological representation of the word) (Levelt, 1999). In the 

beginning stages of lexical selection, activation of conceptual networks appears to be 

language nonspecific, meaning that once a concept is selected as the target concept, 

words in both languages become activated, and a bilingual must inhibit the word from the 

non-target language and select the word from the target language (Bialystok et al., 2008; 

Colomé, 2001).  

 Several models of lexical and conceptual inventories have been proposed for 

bilingual individuals. The models differ with respect to whether words from both 

languages are stored separately and whether the L2 has the ability to directly access the 
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conceptual store. The single system model proposes that all words related in form and 

meaning are stored together. This system is organized according to morphology, not 

according to language or semantic relatedness (Kirsner, Lalor & Hird, 1993). For 

example, “pants” and “pantalones” in English and Spanish (respectively) would be stored 

together, but “dog” and “perro” would not. This is similar to the Bilingual Interactive 

Activation Model, which also posits that words from both languages are connected and 

that activation of concepts is language non-specific (Dijkstra, Van Heuven & Grainger, 

1998).  Other models (Potter, Eckhardt & Feldman, 1984; Dufour & Kroll, 1995) propose 

that lexical items from each language are stored separately. For example, in the Word 

Association Model, words from L1 and L2 are stored separately, but only L1 has a direct 

link to the concept store. L2 can access the concept store through a link with L1. Support 

for this model comes from the observation that naming words in the L2 takes longer than 

naming words in the L1, which is especially true for bilinguals who have lower 

proficiency in L2 (Potter, Eckhardt & Feldman, 1984). Alternatively, the Concept 

Mediation Model proposes that L1 and L2 each have direct links to the concept store but 

no direct link between each other (Dufour & Kroll, 1995). The Revised Hierarchical 

Model (Kroll et al., 2010) attempts to bridge the Word Association Model and the 

Concept Mediation model. In this model, words are stored separately by language, and 

each language has direct access to conceptual store, but the lexical stores also have a 

direct connection to one another. Initially, L2 accesses the concept store through L1, but 

as learning progresses, the link between L2 and the concept store develops. This model 

allows for asymmetry in the connections between the languages and between the 
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languages and the concept store. Some may be stronger or weaker than others, and these 

strengths may change over time as language patterns change. These asymmetries would 

account for observed variability in lexical retrieval between low-proficiency and high-

proficiency bilinguals (Kroll & Stewart, 1994). 

 Research on psycholinguistic theories of language processing is accompanied by 

studies investigating the neuroanatomic representation of the bilingual language system. 

Although there is continuing debate about the extent to which two or more languages 

share neuroanatomic representation, most researchers agree that there exists at least some 

overlap (Fabbro, 2001a, Hernandez et al., 2001, Perani et al., 1998). Studies utilizing 

functional magnetic resonance imaging (fMRI) have demonstrated that, like monolingual 

speakers, language in bilingual speakers is primarily lateralized in the left hemisphere 

(Hernandez et al., 2001; Kim et al., 1997).  Within the left hemisphere, researchers have 

agreed that little to no difference exists in areas of activation between languages for early 

bilingual speakers. Hernandez et al. (2000) examined fMRIs of early bilinguals during a 

picture naming task in each language and found no differences between languages in 

activation of the dorsolateral prefrontal cortex, the supramarginal gyrus, the inferior 

frontal gyrus (Broca's area) or the superior temporal gyrus (Wernicke's area). Similarly, 

Kim et al. (1997) found no differences between languages for either Broca's area or 

Wernicke's area in the fMRI activation patterns of early bilinguals as they talked to 

themselves in each language. However, for the late bilingual speakers, there were 

differences in the foci of activation in Wernicke's area. The researchers concluded that 

age of acquisition determines the extent of neuroanatomical overlap between languages. 
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However, other research has suggested that proficiency alone determines the overlap. 

Perani et al. (1998) examined fMRI activation patterns in high-proficiency and low-

proficiency late bilingual speakers compared with high-proficiency early bilingual 

speakers as they were listening to stories in each language. The languages of the high-

proficiency late bilingual speakers shared all activation foci, including foci in the left 

temporal pole and the middle and posterior temporal gyri, but the L2 of low-proficiency 

late bilingual speakers did not show activation foci in the temporal pole or the anterior 

and posterior parts of the middle temporal gyrus. Results indicated that proficiency level 

determined the extent of neuroanatomical overlap. Bilingual speakers, then, have 

demonstrated some differences in neural activation for different languages based on age 

of acquisition or proficiency levels; however, brain activation studies have also suggested 

that languages largely share neuroanatomic location, especially for high-proficiency or 

early bilingual speakers. 

BILINGUALISM & BRAIN INJURY 

 Cognitive-communicative deficits in bilingual individuals with TBI are not yet 

well documented. Ratiu (2015) recently published a dissertation comparing the language 

and cognitive skills of 22 bilingual (Spanish-English) mild TBI participants with those of 

a healthy bilingual control group. The study compared performance between the groups 

on a number of tasks including The Functional Assessment of Verbal Reasoning and 

Executive Strategies (FAVRES: MacDonald, 2005), a memory span task, a working 

memory task, a flanker task (which assesses both response inhibition and interference 

inhibition), a switching task, a confrontation naming task, and a reading aloud task. 
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Results indicated that the FAVRES, the flanker task, the confrontation naming task and 

the reading aloud task were sensitive to the differences in executive functioning between 

the TBI group and the control group. The memory span tasks, the working memory tasks 

and the switching tasks were not sensitive to differences. Interestingly, the control group 

was significantly faster and more accurate than the TBI group at confrontation naming in 

Spanish but not English, even when the analysis accounted for differences in language 

proficiencies. The confrontation naming task did not reveal significant differences in 

language control between the groups, but analysis of performance on the reading aloud 

task indicated that the TBI group made significantly more language control errors than 

the control group. Participants from both groups who were more “balanced” bilinguals 

made more language control errors, presumably because the inhibition of the competing 

language requires more EF recruitment when languages are both strongly represented. 

 Language loss and recovery patterns are better documented in bilingual aphasia. 

Aphasia is language impairment at the word, sentence, and/or discourse levels usually 

occurring after a cerebrovascular event such as a stroke. The condition affects the 

production and/or comprehension of language, depending on the location and extent of 

cortical damage. In bilingual individuals with aphasia, patterns of loss and recovery vary 

widely and can be unpredictable (Marrero et al., 2002). Factors such as age of 

acquisition, context of acquisition, familiarity with each language, proficiency in each 

language, daily use of each language, and individual pathophysiological variables 

influence these patterns significantly (Lorenzen & Murray, 2008). Paradis (1987) 

identified six patterns of recovery reported in bilingual aphasia. In parallel recovery, both 
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languages recover similarly. This pattern would suggest that both languages share a 

significant amount of cortical representation. Selective recovery occurs when only one 

language recovers while the other remains impaired. This pattern may be interpreted as 

evidence of independent cerebral representation for each language, although Paradis 

(1996) argued that selective impairment does not necessarily entail independent 

representation since this pattern can also be indicative of differential inhibition between 

languages, differences in metalinguistic awareness in each language, or language deficits 

caused by lesions that are remote from the language areas of the brain. In differential 

recovery, the two languages recover at different rates and possibly in different domains. 

In successive recovery, a person regains one language, and then subsequently the other. 

In antagonistic recovery, one language recovers as the other regresses. Mixed recovery 

occurs when a person lacks the EF skills needed to keep the two language systems 

separate, resulting in an uncontrolled mixture of both languages. Paradis (1987) argued 

that the EF “switch” that malfunctions when languages are inappropriately mixed could 

also play a role in some nonparallel recoveries in which one language is accessible while 

the other remains inhibited. In this scenario, the speaker is stuck in a monolingual mode 

for one language with the “switch” stuck in inhibition mode for the other.  

 Studies that have examined recovery patterns empirically have found that the 

most common pattern is parallel recovery. Paradis (2001, as cited in Lorenzen & Murray, 

2008) reviewed 132 clinical cases and found that 61% demonstrated parallel recovery, 

18% differential recovery, 7% mixed recovery, and 5% selective recovery. The 

methodology employed to draw these conclusions is unknown. Fabbro (2001b) assessed 
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20 Friulian-Italian bilinguals with the Bilingual Aphasia Test (BAT: Paradis, 1989) and 

found that 65% demonstrated parallel impairment while the remaining 35% demonstrated 

greater impairment in either L1 or L2 (nonparallel impairment). Because the study 

examined BAT scores at only one point in time, no conclusions were drawn about which 

types of nonparallel recovery the subjects experienced. Both Paradis (2001) and Fabbro 

(2001b) drew the conclusion that no single factor (language learned first, most familiar 

language, language used the most at the time of the accident, early versus late 

bilingualism, contexts of language acquisition, type of aphasia, type of lesion, or site of 

lesion) could predict whether recovery would be parallel or which language would 

recover faster in nonparallel recovery. Paradis (1987) concluded that recovery patterns 

are based instead on a complex combination of a variety of factors. 

 Research on bilingual individuals with cognitive-communicative impairments 

requires a thorough language use and background history, as each participant has a 

unique pattern that will affect language ability and use post-injury.  Muñoz & Marquardt 

(2003) reported that in a small group of bilingual speakers with aphasia, performance on 

picture naming and identification tasks in English and Spanish reflected pre- and post-

morbid language use and proficiency patterns. The study argued that discrepancies 

between post-morbid English and Spanish scores did not necessarily indicate differential 

impairments between the languages. Instead, pre-morbid language ability and use 

patterns should be considered along with impairment patterns to make the best treatment 

decisions for a patient. 
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VERBAL FLUENCY IN BILINGUAL INDIVIDUALS 

 Verbal fluency tasks (also known as generative naming tasks) measure the ability 

to quickly retrieve lexical items based on certain criteria. A fixed time is provided 

(usually 60 seconds) to name as many words as possible based on the given criteria. 

Category (or semantic) fluency measures the ability to retrieve words based on a 

semantic category (i.e. animals, fruits, vehicles) (Newcombe, 1969). Letter (or phonemic) 

fluency measures a person's ability to retrieve words based on the initial letter of the word 

(often F, A, or S) (Benton, 1968). Both tasks require a combination of language ability 

(verbal retrieval, integrity of semantic lexical networks) and executive functioning ability 

(effortful initiation, organization of the lexical search, inhibition of noncategorical words, 

self-monitoring) (Crawford & Henry, 2004b).  

 The two tasks differ with respect to the demands they place on the individual. 

Category fluency resembles the manner with which people generate words in every-day 

situations. For example, when planning a grocery shopping trip, a list of foods is 

generated. Letter fluency, in contrast, is a task that does not resemble every-day demands 

for lexical retrieval. Additional inhibition is required to suppress semantically related 

words, and novel retrieval strategies must be used (Shao et al., 2014). In terms of 

cognitive demands, category fluency is more associated with language abilities such as 

size of vocabulary and integrity of semantic lexical networks. Letter fluency is more 

associated with executive functioning abilities, especially self-monitoring, inhibition and 

working memory (Shao et al., 2014; Luo, Luk & Bialystok, 2010). Performance on 

categorical and letter fluency tasks differs. In general, more exemplars are generated in 
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category fluency tasks when compared to letter fluency tasks; however, Brickman et al. 

(2005) showed that the number of exemplars for category fluency declines significantly 

across the normal age span, while the number of exemplars for letter fluency declines at a 

much slower rate. Thus, as age increases, the discrepancy between category and letter 

fluency scores decreases. 

 Differences in performance on verbal fluency tasks may exist between healthy 

age-matched monolingual and bilingual speakers. Gollan, Montoya & Werner (2002) 

compared performance of English monolinguals and Spanish-English bilinguals on 12 

category, 10 letter, and 2 proper name fluency tasks. Participants were tested in English, 

and the bilingual group also completed trials in which they could name words from either 

English or Spanish. Results indicated that the bilingual group produced significantly 

fewer exemplars than the monolingual group in all tasks; however, the difference was 

much larger for category fluency tasks than for letter fluency or proper name fluency 

tasks. One possible explanation for these results is that executive functioning demands in 

bilingual speakers for inhibition of cross-language interference decreased performance; 

however, when allowed to produce exemplars in both languages, the bilingual group did 

not exhibit increased scores. The investigators hypothesized that voluntary language 

switching may incur an additional processing cost, which could cancel out the benefit of 

not inhibiting the other language. Another explanation for the results is that bilingual 

speakers produce fewer exemplars due to weaker connections between semantic and 

phonetic representations in the bilingual lexical system because of decreased use of word 
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forms in both languages relative to monolinguals. This would explain why category 

fluency in particular is decreased in bilingual speakers.  

 Roselli et al. (2002) found similar results when comparing verbal fluency in older 

English monolingual, Spanish monolingual, and Spanish-English bilingual groups. The 

bilingual group performed similarly to both monolingual groups in letter fluency tasks, 

but gave significantly fewer exemplars than both monolingual groups for the semantic 

category (animals). Portocarrero et al. (2007) replicated these results with college-aged 

participants. Bilinguals' decreased performance on categorical fluency tasks may reflect a 

number of linguistic disadvantages recorded in bilingual populations. For example, 

bilinguals have demonstrated smaller vocabularies in each language when compared to 

the vocabularies of monolinguals (Perani et al, 2003; Portocarrero et al., 2007). They 

have also demonstrated lower picture naming accuracy (Roberts et al., 2002; Gollan, 

Montoya et al., 2007) and more “tip of the tongue” experiences (Gollan & Acenas, 2004). 

Additionally, some studies have suggested that cognitive load during category fluency is 

increased for bilinguals since they must actively inhibit cross-language interference when 

words from both languages are activated (Gollan, Montoya & Werner, 2002). However, 

preliminary findings from Lam et al. (in preparation) suggest that decreased performance 

in bilingual individuals may not be associated with an increase in cognitive load. The 

study used a prospective time perception paradigm to measure cognitive load during 

verbal fluency tasks.The prospective time perception paradigm operates based on the 

observation that humans typically underestimate the time passage during a difficult task 

more so than during an easy task. The Spanish-English bilingual participants in the study 
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produced fewer exemplars in all verbal fluency tasks, but they reported experiencing 

significantly increased subjective duration relative to monolingual individuals, suggesting 

that cognitive load was not increased relative to monolingual individuals. However, 

because the validity of the prospective time perception paradigm is unknown, the 

question of whether cognitive load is increased during verbal fluency tasks for bilingual 

individuals remains uncertain.    

 Luo, Luk & Bialystok (2010) found that monolingual and bilingual speakers 

performed equivalently on category fluency tasks and that a group of bilinguals with 

vocabulary scores equivalent to those of the monolingual group produced significantly 

more exemplars in letter fluency tasks than either the monolingual group or the lower 

vocabulary bilingual group. These results suggest that if vocabulary size is controlled, the 

bilingual disadvantage disappears. A bilingual advantage in letter fluency better reflects 

findings from other research, which suggests that bilingual individuals have enhanced 

executive functioning abilities. Bilingual speakers have demonstrated enhanced inhibition 

abilities through superior performance on Stroop tasks (Bialystok et al., 2008) and 

enhanced attention through superior performance in an attentional network task (Costa et 

al., 2008). Performance on letter fluency tasks draws more upon executive functioning 

than performance on category fluency tasks. Thus, enhanced executive functioning 

abilities in bilingual speakers should result in enhanced performance on letter fluency 

tasks. Certainly, a variety of linguistic and cognitive factors affect performance on the 

tasks, which is presumably why different studies have produced conflicting results. 
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VERBAL FLUENCY IN INDIVIDUALS WITH NEUROGENIC DISORDERS 

Deficits in category fluency are associated with compromised integrity of 

semantic knowledge structures, and deficits in letter fluency are associated with 

impairments in executive functioning (Henry, Crawford & Philips, 2004; Henry & 

Crawford, 2004). Analysis of deficits in verbal fluency tasks is used in the assessment of 

several clinical conditions, including attention deficit hyperactivity disorder (Andreou & 

Trott, 2013), Alzheimer's disease (Zhao et al., 2013) and Parkinson's disease (Pettit et al., 

2013). Additionally, generative naming tasks are used in standardized language 

assessments for aphasia (The Western Aphasia Battery: Kertesz, 1982), cognitive 

impairment (The Cognitive Linguistic Quick Test: Helm-Estabrooks, 2001), and traumatic 

brain injury (Scales of Cognitive Ability in Traumatic Brain Injury: Adamovich & 

Henderson, 1992). Each condition demonstrates characteristic patterns that may be used 

in assessment. For example, individuals with Alzheimer's disease and psychosis have 

performed consistently poorer on category fluency tasks than letter fluency tasks (Laws et 

al., 2010; Magaud et al., 2010). Individuals with amyotrophic lateral sclerosis have 

demonstrated greater impairment in letter fluency relative to category fluency (Quinn et 

al., 2012).  

 Verbal fluency deficits in individuals with cortical lesions often can be predicted 

by the location of the lesion. Henry and Crawford (2004a) completed a meta-analysis of 

verbal fluency deficits associated with cortical lesions. Examining results from 31 

studies, they concluded that frontal lesions produced significant deficits in both category 

and letter fluency. Letter fluency deficits were more strongly associated with the presence 
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of frontal lesions than scores from the Wisconsin Card Sorting Test (Grant, 1993) or the 

Trail Making Test (Reitan, 1992). Relative to participants with frontal lesions, 

participants with temporal damage and other non-frontal damage experienced less 

impairment on letter fluency tasks and greater impairment on category fluency. 

Comparable deficits in the two tasks for participants with frontal lobe lesions is 

consistent with evidence from neuroimaging studies which have found that both tasks 

require activation of slightly different regions of the left inferior frontal gyrus (LIFG; 

Costafreda et al., 2006). The activation peaks for letter fluency are located more dorsally 

within the LIFG, and the peaks for category fluency are located more ventrally within the 

LIFG. Thus, damage to the LIFG would most likely be accompanied by deficits in both 

letter and category fluency. 

 Individuals with TBI have demonstrated significant impairments in both category 

and letter fluency (Lannoo et al., 1998; Raskin & Rearick, 1996). In a meta-analysis of 30 

studies examining 1,269 participants with TBI, Henry and Crawford (2004b) found that 

people with TBI demonstrated significant deficits in both letter fluency tasks and 

category fluency tasks relative to healthy controls. The meta-analysis also concluded that 

letter fluency tasks were significantly more sensitive to the presence of TBI than the 

Wisconsin Card Sorting Test (Grant, 1993), which suggests letter fluency may be an 

essential part of the assessment battery for TBI. This pattern of deficits is similar to the 

pattern for individuals with focal frontal lobe lesions (Henry & Crawford, 2004a), which 

is consistent with the observation that individuals with TBI often experience frontal lobe 

contusions from coup or contrecoup injuries. In addition, because DAI slows processing 
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speed and compromises the efficiency of a lexical search, this component of TBI may 

contribute to a decrease in exemplars produced within a set amount of time.  

 Individuals with TBI demonstrate higher error rates in addition to decreased 

output on fluency tasks relative to control participants. Raskin and Rearick (1996) 

examined category fluency (via the category “animals”) and letter fluency (via the letters 

“F,” “A,” and “S”) in 19 participants with mild TBI and 24 healthy participants. The TBI 

group demonstrated significantly decreased output and a significantly higher error rate. 

Errors were repeated words or words that did not fit within the task (e.g. the word 

“phone” for words that begin with “F”). A high rate of errors in verbal fluency is 

consistent with executive functioning deficits in TBI, especially deficits in working 

memory and self-monitoring. Working memory deficits compromise the ability to retain 

task instructions and previous responses until task completion. Self-monitoring deficits 

compromise the ability to monitor and reject responses that do not fit in the task category.  

EMOTIONAL VERBAL FLUENCY 

 Letter and category fluency tasks are extensively used in neuropsychological 

assessments, but no fluency task has yet been adopted that examines the relationship 

between executive functioning, language, and emotional content. Pessoa (2008) argued 

that based on current knowledge of neuroimaging studies, emotion and cognition do not 

embody separate neurological systems. Instead, brain regions viewed as “affective” (i.e. 

the amygdala, ventral striatum and hypothalamus) are also involved in cognition, and 

brain regions viewed as “cognitive” (i.e. the prefrontal and parietal cortices) are also 

involved in emotion. He concluded that cognition and emotion are integrated in the brain 
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and jointly contribute to behavior. Emotional information and semantic association 

processes also are intertwined (Sass et al., 2012). Words are stored not only in semantic 

networks of literal meanings, but also in emotional or connotative networks (Skrandies, 

2011). Positive and negative affective content may influence cognition and language 

differently. Kuchinke et al. (2005) used fMRI to examine activation patterns of 

participants during a lexical decision task and found that participants demonstrated an 

advantage for the semantic processing of positive words as compared to negative words. 

Other studies have also found support for the bias of language processing networks for 

positively affected words and information (Sass et al., 2012; Dodds et al., 2015).  

 The fact that emotion, cognition and language influence each other is an 

important consideration for performance on verbal fluency tasks. Several clinical groups 

may present with emotional processing impairments, including people with depression 

(Klumpp, 2010), right hemisphere brain damage (Borod, 2002) or TBI (Croker & 

McDonald, 2005). For individuals with possible emotional processing deficits, a task of 

emotional verbal fluency could contribute meaningful information to neuropsychological 

assessment (Klumpp, 2010). Sass et al. (2013) conducted a pilot study for the use of the 

emotional verbal fluency task. Twenty-one healthy participants with a mean age of 25 

were asked to generate lists of words based on either a neutral semantic category (i.e. 

“animals,” “vehicles”) or an emotional category (i.e. “fear,” “joy”). Participants had 60 

seconds to complete each task. For the emotional categories, participants were instructed 

to give words or phrases describing things that would cause them to feel the given 

emotion. They were asked to avoid repeating items. Because the emotional categories 
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were more likely to elicit multi-word phrases, the researchers calculated adjusted scores 

to compensate for the difference in number of syllables between the experimental tasks. 

The results revealed that the participants did not demonstrate any significant differences 

between the neutral semantic and emotional categories, suggesting that the tasks were 

comparable in difficulty level for healthy participants. The best performance was 

observed in the category “joy,” which further supports the positivity bias reported in 

previous studies (Sass et al., 2012; Dodds et al., 2015; Kuchinke et al., 2005). The 

investigators concluded that emotional verbal fluency may be an effective task to 

investigate the emotional components of executive functioning, but indicated that further 

research was needed. One weakness of the study was that adjusted scores for the 

emotional fluency task may not have reflected ability. More valid results may be obtained 

if participants are asked to produce one-word items instead of phrases or sentences.  

EMOTIONAL PROCESSING DEFICITS IN TRAUMATIC BRAIN INJURY 

 The brain damage sustained from closed-head TBIs (i.e. DAI and contusions from 

coup/contrecoup injuries) is typically bilateral. As a result, individuals with TBI may 

experience cognitive deficits associated with the left or the right hemisphere. 

Compromised emotional processing, which is associated with right hemisphere 

malfunctioning, is one such impairment. Recognition and expression of emotion are 

processes that are largely lateralized to the right hemisphere (Devinsky, 2000; Dimberg, 

2000). One piece of evidence to support this theory is that people with damage to the 

right hemisphere often demonstrate an impaired ability to recognize or express 

extralinguistic emotional cues (Borod et al., 1998; Borod et al., 2002). People with TBI 
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have demonstrated similar impairments in recognizing and expressing emotion through 

facial expressions or vocal prosody (Spell & Frank, 2000; Rosenberg et al., 2014; 

Marquardt et al., 2001).   

 TBI participants have demonstrated deficits in recognizing emotions via facial 

expressions in pictures (Croker & McDonald, 2005) and in video models with 

accompanying prosody (Marquardt et al., 2001). Croker & McDonald (2005) observed 

that TBI participants were significantly impaired relative to a control group in matching 

emotional labels to pictures of facial expressions but that they improved performance 

when they were given additional contextual information about the pictures. They 

performed similarly to a control group in a test of semantic knowledge about the 

emotional labels used in the study. Thus, the deficits appeared to be specific to processing 

of extralinguistic emotional cues, since semantic and contextual processing of emotion 

appeared to remain relatively intact. Dimoska et al. (2010) reported that in tasks of 

emotion discrimination and labeling based on vocal prosody, individuals with TBI relied 

more heavily on semantic information than prosodic information coded in spoken 

sentences to determine emotion. Therefore, emotional linguistic information (i.e. the 

semantic content of the sentence) may be easier for people with TBI to access than 

emotional extralinguistic information (i.e. facial expression, vocal prosody). However, 

emotional linguistic information may not always be accessible. Marquardt et al. (2001) 

demonstrated that TBI participants performed significantly lower than a control group on 

emotion comprehension tasks using sentences in which the extralinguistic information 

and linguistic information were either contrary to one another or congruent. The TBI 
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group was impaired for both types of sentences, as well as for sentences with neutral 

linguistic information paired with emotional extralinguistic information. In this study, 

access to emotional linguistic information did not help the TBI group improve their 

accuracy of emotion identification. Deficits in emotion recognition could be attributed to 

a direct impairment in the ability to interpret emotions associated with changes in 

prosody and facial expression, or they could be secondary to other broader deficits such 

as the inability to make inferences (Johnson & Turkstra, 2012) or impairments in theory 

of mind (Bibby & McDonald, 2005). Johnson & Turkstra (2012) demonstrated that while 

TBI participants were able to make automatic inferences, such as connecting a pronoun 

with its antecedent, they were significantly less able than healthy controls to make 

elaborative inferences, which require the integration of outside knowledge with items 

from the discourse that are stored in working memory.  

 Participants with TBI also have demonstrated impairments in the expression of 

emotion, though these deficits are more difficult to quantify and thus have not been 

studied as extensively. Marquardt et al. (2001) examined emotional expression of 

sentences with affective prosody in TBI participants and controls. An examiner modeled 

a sentence using affective prosody for one of four emotions (happy, sad, angry, afraid) 

and then asked the participant to repeat the sentence with the same emotional inflection 

as the model. The responses were recorded and later rated independently by four judges. 

The TBI participants produced emotional prosody so that the judges could identify the 

target emotion in an average of 79% of opportunities (as compared to 100% in the control 

group). In another study, Bogaro et al. (2003) administered the BNI Screen for Higher 
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Cerebral Functions (BNI: Prigatano et al., 1995) to 28 patients with mild TBI. The affect 

subtest of the BNI measures a patient's ability to express happy and angry intonation 

when reading a sentence, perceive facial affect, control affect, and demonstrate 

spontaneous affect. The affect subtest was the single best predictor of the 7 subtests of 

whether a participant had TBI. Performance on the subtest could accurately predict 

membership to the TBI or control groups between 80% and 90% of the time. Within the 

affect subtest, the TBI participants scored the lowest on spontaneous demonstration of 

emotional affect. The investigators concluded that spontaneous display of emotional 

affect is a particular deficit of TBI regardless of severity level. 

In summary, people with TBI demonstrate a number of cognitive-communicative 

deficits including deficits in emotional processing. Cognitive-communicative deficits in 

bilingual individuals with TBI require further research so that clinicians can better 

provide services. Category verbal fluency and letter verbal fluency are two tasks that 

have been extensively used in neuropsychological batteries for individuals with TBI. 

Performance of healthy bilingual individuals on these tasks has been documented; 

however, performance of bilingual individuals with TBI on these tasks has not been 

sufficiently examined. Emotional verbal fluency, a recently introduced task by Sass et al. 

(2013), may provide useful information for the neuropsychological evaluation of 

individuals with TBI. This population has demonstrated deficits in the comprehension 

and expression of emotional messages. The current study aimed to examine performance 

of bilingual individuals with and without TBI on tasks of category, letter and emotional 

verbal fluency. 
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PURPOSE 

 
 The two studies had several purposes. In Study 1, performance of healthy 

bilinguals on three verbal fluency tasks (category, letter and emotional) was compared to 

explore the effectiveness of the emotional verbal fluency task for cognitive-

communicative assessment in bilingual individuals. Based on the results of Sass et al. 

(2013), participants were hypothesized to perform comparatively on category fluency and 

emotional fluency tasks. Differences between number of items generated for joy versus 

anger also were compared to examine whether participants demonstrated a positivity bias 

within the task. Based on results from Sass et al. (2013), participants were expected to 

produce a greater number of items for joy as compared to anger. 

Results from Gollan et al. (2002) suggested that bilingual individuals may 

produce a comparable number of items in letter and category fluency; however, one 

reason for this observed pattern may have been the narrow categories used for the 

category fluency tasks (i.e. musical instruments, occupations, college majors, etc). Other 

studies that used broader semantic categories (Portocarrero et al., 2007, Roselli et al., 

2002) suggested that a greater number of items would be generated in category fluency, 

consistent with patterns observed in monolingual populations. Based on these results, it 

was hypothesized that more items would be generated in category fluency tasks relative 

to letter fluency tasks.  

Secondly, differences between numbers of items generated in each language were 

examined to determine if participants demonstrated greater output in one language as 

compared to the other. Participants were hypothesized to produce more items on all three 
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task types in the dominant language. Language proficiency ratings also were correlated 

with output in each task to examine the relationship between language proficiency and 

performance on the tasks. Language proficiency ratings were hypothesized to 

significantly correlate with the number of items generated in each language.  

Study 2 compared the performance of bilingual participants with TBI on three 

verbal fluency task types (category, letter and emotional) with normative data to provide 

preliminary data for generative naming in bilingual individuals with TBI. The results of 

Study 1 were used to provide normative data for Study 2. Based on results from previous 

studies (Lannoo et al., 1998; Raskin & Rearick, 1996), participants with TBI were 

expected to demonstrate impairment in category and letter verbal fluency. Because 

impairment in the spontaneous expression of affect is considered to be a differential 

deficit of TBI (Bogaro et al., 2003), participants with TBI were hypothesized to produce 

significantly fewer items than healthy individuals on the emotional verbal fluency task. 

Examination of performance by the TBI group on the emotional verbal fluency tasks was 

used to determine the utility of such a task for cognitive-communicative assessment in 

individuals with TBI. Previous studies have shown impairments in the expression of 

emotional affect for this population (Marquardt et al., 2001; Bogaro et al., 2003) and 

suggested that individuals with TBI may be able to rely more upon semantic information 

to understand an emotional message (Croker & McDonald, 2005; Dimoska et al., 2010).  

The current study examined the ability of individuals with TBI to utilize emotional 

association networks in the generation of semantically-related emotional words. Deficits 
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in emotional expression were expected to result in decreased output relative to controls 

for emotional verbal fluency tasks. 

 Error rates for TBI participants and healthy participants were compared to 

examine the qualitative differences in output between groups. Based on results from 

Raskin and Rearick (1996), TBI participants were hypothesized to exhibit significantly 

more errors than healthy participants. Based on results from Ratiu (2015) that indicated 

impaired language control in bilingual individuals with TBI, the TBI participants were 

expected to exhibit a high rate of language choice errors. 

Differences in performance on each task in each language by the TBI participants 

were analyzed to determine whether one language experienced greater impairment 

relative to the other. The language that had been non-dominant pre-injury was 

hypothesized to exhibit decreased output as compared to the pre-morbid dominant 

language. Balanced bilingual individuals were hypothesized to exhibit comparable 

impairment in both languages 
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STUDY 1 METHOD 

PARTICIPANTS 

 Twenty-one individuals (5 male and 16 female) aged 22-41 participated in the 

study. Participants were recruited through advertisements at the University of Texas at 

Austin and referrals from other participants. Participants demonstrated adequate hearing 

and had no history of psychiatric illnesses, neurological disorders, learning disorders, 

attention disorders, alcoholism, drug addiction, stroke or brain injury. All participants 

reported conversational fluency in both Spanish and English. Additionally, they 

demonstrated adequate ability in both languages during the session to speak briefly with 

the examiner in both languages and to complete the experimental task in both languages. 

Participants were tested at a quiet location of their choosing. Testing took place over 2 

sessions for a total of 40 minutes. Sessions were separated by a minimum of 48 hours.  

MEASURES OF BILINGUALISM 

 Participants completed the Language Use Survey (LUS: Muñoz, Marquardt, & 

Copeland, 1999) and visual analog scales of language proficiency to provide information 

on patterns of usage and proficiency in each language.  

 The LUS is a questionnaire that gathers information about the language that was 

heard, spoken and read the most throughout the lifespan; the level of confidence in 

hearing, speaking and reading each language throughout the lifespan; how often and in 

what contexts the participant uses each language in daily life; how proficient immediate 

family members are in each language; which languages the participant used in school; 
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and self-ratings of proficiency in each language. For the purposes of this study, the pages 

of the LUS that ask participants to rate proficiency in different language domains (i.e. 

overall ability, speaking and listening in casual situations, speaking and listening in 

formal situations, reading and writing) on a scale of 1-7 were replaced with pages that 

instead asked participants to rate proficiency on a 12 cm visual analog scale with the left 

anchor representing no proficiency and the right anchor representing native-like 

proficiency for each domain of language use. Additionally, a visual scale for language 

dominance also was included. For the language dominance scale, participants were asked 

to mark a line on the scale that indicated how comfortable they are using each language 

relative to the other. Spanish was represented on the left anchor of the scale, and English 

was represented on the right anchor of the scale. Participants were instructed that a mark 

in the middle would indicate that they are equally comfortable using both languages, and 

that a mark on the far left would indicate that they are only comfortable using Spanish.  

Language proficiency scores were calculated by measuring the placement of 

marks in millimeters on the visual analog scales and converting them to a scale of 100. 

Ratings from the seven language domains were averaged to obtain an overall proficiency 

score. Dominance ratings were calculated by measuring how many millimeters from the 

midpoint of the line a mark was made. Ratings were converted to a scale of 50. The 

midpoint was considered to be a rating of 0. The left anchor point was considered to be a 

rating of -50 and the right anchor point was considered to be a rating of +50. Thus, 

negative ratings represented Spanish dominance and positive ratings represented English 
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dominance. Dominance ratings between -8 and +8 were considered to indicate relatively 

balanced bilingualism. 

Table 1: Demographic and language proficiency data for participants 

ID Gender  Age  Years of 
Education  

English 
AoA* 

Spanish 
AoA* 

English 
proficiency 

Spanish 
proficiency 

Dominance

1 F 29 18.5 4 0 97.5 92.26 3.33

2 F 25 16.5 0 0 100 49.76 26.67

3 F 23 17 0 11 100 59.4 8.33

4 F 28 20.5 5 0 100 97.61 18.3

5 F 22 16 0 11 100 69.17 17.5

6 F 24 17 0 0 100 58.93 23.33

7 F 24 17 0 0 100 59.4 25

8 F 30 17 0 14 100 52.43 33.33

9 M 30 17 8 0 72.25 99.64 3.33

10 F 24 18 2 0 97.25 62.73 30.83

11 F 24 17 0 14 97.26 69.76 4.16

12 M 25 18 0 0 96.3 80.35 23.33

13 M 37 17 5 0 95.36 100 0

14 F 29 19 0 14 100 61.55 26.67

15 F 24 18 0 17 100 78.87 16.66

16 F 29 21 0 12 100 77.49 20

17 F 25 17 0 12 100 63.57 20

18 F 24 18 8 0 100 96.55 1.67

19 F 42 18 0 15 100 78.93 18.33

20 M 40 16 7 0 83.1 100 -3.33

21 M 26 14 6 0 82.37 41.66 33.33

MN -- 28 17.5 2.14 5.71 96.26 73.81 16.7

*AoA = age of acquisition 

 Though no objective measures of language proficiency were administered in this 

study, Luk & Bialystok (2013) demonstrated that self-ratings of language proficiency in 

bilingual individuals correlated significantly and strongly, though not perfectly, with 
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objective measures such as the Peabody Picture Vocabulary Test (PPVT: Dunn & Dunn, 

1997) and the Expressive Vocabulary Test (EVT: Williams, 1997). Additionally, Gollan 

et al. (2012) reported that self-ratings of language dominance in Spanish-English 

bilinguals were significantly correlated with ratings obtained during interviews in both 

languages and with scores from naming tests such as the multilingual naming test 

developed for the study and the Boston Naming Test (BNT: Kaplan et al., 2001). Some 

self-reports contradicted the results of standardized tests, but the investigators 

hypothesized that one of the reasons for this discrepancy could be the English-

monolingual bias of tests such as the BNT, even when translated into Spanish. The study 

provided evidence for the validity of self-ratings for language proficiency but also 

cautioned against using self-reports alone. Instead, a combination of self-reports and 

objective measures was recommended. The present studies examined results with 

acknowledgment of the limitation that the healthy participants were not administered any 

objective measures of language proficiency or dominance. 

EXPERIMENTAL TASK: GENERATIVE NAMING 

 Measures of verbal fluency were administered as experimental tasks. Participants 

were asked to generate as many words as possible in one minute based on broad semantic 

categories (animals, foods), word-initial letters (F, S), or emotional categories (joy, 

anger). Each generation task was administered in both languages for a total of 12 

generative naming samples from each participant. To minimize priming effects, an 

individual generation task was not administered in both languages during the same 

session. For example, the examiners elicited samples for “animals” in English during one 
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session and in Spanish during the other. Order of administration was pseudo-randomized, 

and one of two different administration sequences was randomly assigned to each 

participant in order to minimize the effects of sequence.  

Prior to beginning the tasks, the examiners read instructions in English to the 

participants and provided examples of naming in each type of generative task (two in 

English, one in Spanish). Participants were told to try to answer with single words and to 

avoid repeating the same word twice. After confirming that the participants understood 

the tasks, the examiners provided instructions for each individual experimental task in the 

language of the target sample. For example, when eliciting the category of animals in 

English, the examiner said, “Tell me all the animals you know. You have one minute. 

Are you ready? Start now.” When eliciting the category of alegría in Spanish, the 

examiner said, “Dígame todas las palabras que sabe que están relacionadas con el 

sentimiento de alegría. Tiene uno minuto. Esta listo? Ahora empiece.” For all task 

conditions, examiners told participants to stop naming after 60 seconds had passed. All 

responses were audio recorded for scoring. 

The emotional fluency task differed from the task introduced by Sass et al. (2013) 

in that participants were told to try and answer with single words (though short phrases 

were accepted) and were told that they could produce any word that they associated with 

the given emotion. The examiner explained that these words could be other emotions, 

things that caused them to feel the emotion, or any other association. The task presented 

in Sass et al. (2013) did not ask responders to answer with single words and asked 

responders only to name things that triggered the given emotion. 
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One consideration for the present study is that a few participants expressed 

unfamiliarity with the word ira as a term for anger. Dialectical or proficiency differences 

may have accounted for the unfamiliarity. In the case that a participant did not understand 

the word, the examiner provided enojo as a closely related synonymn. Enojo and ira both 

have English translations of anger. All participants understood enojo. In the case that 

enojo was given as a synonym, forms of this word were considered to be repetitions of 

the stimuli and not accepted as unique items.  

DATA ANALYSIS 

Responses were transcribed and scored by the researcher and a trained 

undergraduate research assistant. Transcripts were scored according to the following 

guidelines. Each generated item was counted as 1 if it was spoken in the language of the 

instructions, represented the target category and was not a repetition of a previous word 

in the sample. Errors were categorized into 3 groups: language choice errors, categorical 

errors, and repetition errors (see Table 2). Responses in the emotional categories were 

more specific to an individual's experiences than responses in the other two categories. 

As a result, items were accepted as representative of an emotional category if they were 

not definitively in contradiction with it (e.g. “laughter” in the category of “sadness”). In 

the category fluency and emotional fluency tasks, if a participant produced a 

superordinate category (such as “birds”) in conjunction with specific exemplars (such as 

“toucan” and “parrot”), only the specific exemplars were counted as unique items. Proper 

nouns were not counted as errors, since no instructions prohibited their inclusion, but 

they were not counted toward the total number of correct responses. 
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Anchor text 

Table 2: Scoring codes for verbal fluency transcripts (continued) 
Scoring Codes Description Example
Error Codes 
Language Choice Error 
(L) 

An item produced in the 
non-target language. Some 
items from the non-target 
language were accepted if 
speakers had generally 
adopted the word into the 
language. 
 

“Possole” in the English 
foods task is a language 
choice error. 
 
“Tacos” in the English foods 
task is not a language choice 
error because the word has 
been generally adopted as a 
food term in American 
English.  

Repetition Error (R) An item that was already 
produced in the same 
sample. 

“Cat, dog, horse, cat.” The 
repetition of the word “cat” 
is a repetition error. 
 
“Walk, walked, walking.” 
The repetitions of the word 
“walk” with different regular 
conjugations are repetition 
errors. 

Category Error (C) An item in the target 
language that does not 
belong in the target category. 

“Restaurant” in the English 
foods condition is a category 
error. 
 
“Cistern” in the English 
letter S condition is a 
category error. 
 

Other Exclusion Codes 
Proper Noun (P) An item which refers to one 

specific person, place, object 
or day. 
 

“Christmas,” “Gloria,” and 
“Friday,” are proper nouns. 

Superordinate Category 
(SC) 

A broad label that could be 
applied to several exemplars. 
An item was only coded as 
SC if exemplars of the 
category were also 
generated. 

“Birds, eagle, bluebird, 
parrot.” Birds is the 
superordinate category for 
eagle, bluebird and parrot.  
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Table 2: Scoring codes for verbal fluency transcripts (continued) 
 

Unintelligible Words 
and Unrecognized 
Words (X) 

An item that could not be 
accurately transcribed due to 
the speaker's delivery or an 
item that the scorer did not 
recognize as a word. These 
items were excluded but not 
considered errors because a) 
some dialects of Spanish 
may include words that the 
Mexican-American dialect 
does not and b) at times, 
audio recordings may be 
unreliable representations of 
speech productions. 

“Forugo” in the Spanish 
letter F condition was not 
recognized by the scorer. 
 
A few items for which 
delivery was unclear (i.e. 
mumbled, very softly 
spoken) could not be 
accurately transcribed. 

 

Accepted items were summed to obtain a raw score for each sample. Examples of 

included and excluded items (errors and other excluded items) are provided in Table 3. 

The number of errors was divided by the total number of items generated and multiplied 

by 100 to obtain a percentage of errors.  

Table 3: Examples of included and excluded items (continued) 
 Examples of Included Items  

 
Examples of Excluded Items  
 

Animals All items that referred to 
creatures in the kingdom 
animalia were accepted. Adult 
and child forms of the same 
animal type (cat, kitten or cow, 
calf) were counted as separate 
semantic concepts. Male and 
female forms of the same 
animal type (e.g. rooster, hen) 
were counted as separate 
semantic concepts. Distinct dog 
breeds (e.g. poodle, golden 
retriever) were counted as 

Proper names (e.g. Lassie, 
Shamu) were excluded.  
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Table 3: Examples of included and excluded items (continued) 
separate semantic concepts. 
Mythological creatures (e.g. 
dragon, unicorn) were 
accepted. 
 

Food All raw and cooked food items 
(e.g. potato, mashed potato), 
recipe ingredients (e.g. salt), 
names of prepared dishes (e.g. 
macaroni and cheese), and 
superordinate food category 
labels (e.g. meats) were 
accepted. Drinks were not 
accepted, with the exception of 
milk and milk-based drinks 
(e.g. milk shake) which were 
considered to be foods because 
they contain high amounts of 
protein, fat and carbohydrates. 
 

Drinks (e.g. water, soda) were 
excluded. Places where foods 
are sold (e.g. food truck) were 
excluded. 

Letter S Items beginning with the letter 
S were accepted. Words with 
the same root that were 
different parts of speech (e.g.  
sad, sadness) were counted as 
separate items. Words and their 
irregular forms (e.g. slide, slid) 
were counted as separate items. 
 

Proper nouns (e.g. Saturday, 
Sagittarius) were excluded. 
Words that began with the letter 
C (e.g. city, century) were 
excluded. Regular conjugations 
of the same word (e.g. snap, 
snapped) were not counted as 
separate items.  

Letter F Items beginning with the letter 
F were accepted. Words with 
the same root that were 
different parts of speech (e.g. 
fame, famous) were counted as 
separate items. Words and their 
irregular forms (e.g. freeze, 
froze) were counted as separate 
items. 

Proper nouns (e.g. Friday, 
Fred) were excluded. Words 
that began with the letters Ph 
(e.g. phone, phonetic) were 
excluded. Regular conjugations 
of the same word (e.g. fake, 
faking) were not counted as 
separate items.  

Joy Items the responder associated 
with the emotion of joy were 
accepted. 

Words with literal definitions 
that contradicted “joy” (e.g. 
sorrow) were not accepted. 



 36

Table 3: Examples of included and excluded items (continued) 
Proper nouns (e.g. Christmas) 
were not accepted. 

Anger Items the responder associated 
with the emotion of anger were 
accepted. 

Words with literal definitions 
that contradicted “anger” (e.g. 
peaceful) were not accepted. 
Proper nouns (e.g. Michael) 
were not accepted. 

 

 Based on the scoring criteria, the researchers determined a number of correct 

responses produced in each task for each participant. Group means were calculated for 

each task. Performance on the two tasks in each task type (e.g. animals and foods in the 

task type of category fluency) were averaged to obtain an average number of correct 

responses in each task type for each participant. Group means were calculated for each 

task type within and across languages. To compare differences in the number of items 

produced in the category, emotional and letter fluency task types in each language, a two-

way repeated measures analysis of variance (ANOVA) was conducted. Two paired 

sample t-tests were conducted to examine the differences between the group means for 

the English joy and anger conditions and the Spanish alegría and ira conditions. 

 Pearson product moment correlation coefficients were calculated to determine the 

correlations between language proficiency and number of items produced in each 

language. Pearson coefficients also were calculated to examine correlations between 

language proficiency differences and the differences in the number of items produced 

between languages as well as dominance ratings and differences in the number of items 

produced between languages. 
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RELIABILITY 

 Interjudge reliability was obtained for the transcriptions and response coding of 

three participants. A trained undergraduate research assistant scored the transcribed 

samples independently of the researcher and the other undergraduate research assistant. 

Interjudge agreement was calculated by dividing the number of agreements between 

judges by the total number of agreements and disagreements. Interjudge reliability for the 

transcription of responses was .96. Interjudge reliability for the assignment of scoring 

codes to responses also was .96. 
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STUDY 1 RESULTS 

 The total number of correct items produced by participants for each task condition 

and language is presented in Table 4. The mean number of items generated in each task 

divided by language is presented in Figure 1. The mean number of total items produced 

in English was 112.48 and the mean number of total items produced in Spanish was 

84.43. The greatest number of items was produced for the English foods condition  

(M=25.57; SD=7.05). The least number of items was produced for the Spanish ira 

condition (M=9.52; SD=4.21).  

Figure 1: Mean number of items generated in each task by language 

 

The group means for number of items generated in a single task divided by task 

type and language are presented in Table 5 and Figure 2.  Category fluency had the  
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greatest mean (M=22.38; SD=6.26). Emotional fluency had the lowest mean (M=12.26; 

SD=4.95). Letter fluency had a mean slightly greater than emotional fluency (M=14.58; 

SD=6.16). The average number of items generated during a single task was 18.75 in 

English conditions and 14.07 in Spanish conditions.  

Table 5: Group means and standard deviations by task type and language  
 Category  Letter Emotional Overall 

Mean  SD Mean  SD Mean  SD Mean  SD 

English  25.33 6.19 17.21 5.79 13.69 4.91 18.75 7.44 

Spanish 19.43 4.8 11.95 5.4 10.83 4.61 14.07 6.23 

Both 22.38 6.26 14.58 6.16 12.26 4.95 16.41 7.24 

 

Figure 2: Group means and standard deviations by task type and language 

 

Effect of task type and language on number of items produced in a single task 

 A two-way repeated measures ANOVA revealed significant differences between 

languages (F=28.38, p<.01) and task type (F=95.20, p<.01) for the number of items 
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produced. The interaction between language and task type was not significant (F=2.62, 

p>.05). Significantly more items were produced in English than in Spanish, consistent 

with higher ratings of English proficiency (M=96.26; SD=7.51) than Spanish proficiency 

(M=73.81; SD=18.29). 

A post-hoc paired samples t-test with Bonferroni correction examined the 

differences in the number of items produced between task types (see Table 6). There was 

a significant difference in the number of items produced in category fluency (M=22.38, 

SD=6.26) versus letter fluency (M=14.58, SD=6.16); t(20)=9.55, p<.05. The difference 

between category fluency and emotional fluency (M=12.26, SD=4.95) also was 

significant; t(20)=13.26, p<.05. The difference between letter fluency and emotional 

fluency was not significant. 

Table 6: Post-hoc paired t-test results for category fluency, letter fluency and emotional 
fluency in Spanish and English 

 95% CI for 
Mean Difference

t-value df p-value (two-
tailed) 

Category-Letter 5.67, 9.93 9.55 20 .000* 

Category-Emotional 8.13, 12.11 13.26 20 .000* 

Letter-Emotional 0.01, 4.64 2.62 20 .016 

*Significant at α=.05 after Bonferroni corrections 

A post-hoc paired samples t-test with Bonferroni correction revealed a significant 

difference in number of items produced in English category fluency (M=25.33, SD=6.19) 

versus English letter fluency (M=17.21, SD=5.79), English category fluency versus 

English emotional fluency (M=13.69, SD=4.91), and English letter fluency versus 

English emotional fluency; t(20)=6.95, 9.18, 3.40, p<.05. 
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 A post-hoc paired samples t-test with Bonferroni correction revealed a significant 

difference in number of items produced in Spanish category fluency (M=19.43, SD=4.80) 

versus Spanish letter fluency (M=11.95, SD=5.40) and in Spanish category fluency 

versus Spanish emotional fluency (M=10.83, SD=4.61); t(20)=10.35, 10.76, p<.05. No 

significant difference was found between Spanish letter fluency and Spanish emotional 

fluency. 

Table 7: Post-hoc paired t-test results for category fluency, letter fluency and emotional 
fluency in English 

 95% CI for 
Mean Difference

t-value df p-value (two-tailed)

Category-Letter 5.68, 10.56 6.95 20 .000* 

Category-Emotional 8.99, 14.29 9.18 20 .000* 

Letter-Emotional 1.36, 5.69 3.40 20 .003* 

*Significant at α=.05 after Bonferroni corrections 

Table 8: Post-hoc paired t-test results for category fluency, letter fluency and emotional 
fluency in Spanish 

 95% CI for 
Mean Difference

t-value df p-value (two-tailed)

Category-Letter 5.97, 8.98 10.35 20 .000* 

Category-Emotional 6.93, 10.26 10.76 20 .000* 

Letter-Emotional -1.04, 3.28 1.08 20 .292 

*Significant at α=.05 after Bonferroni corrections 

Relationship between language proficiencies and number of items produced in each 

language  

 Pearson product moment correlation coefficients were calculated between English 

proficiency ratings and number of English items produced in each task type as well as 

overall. Self-reported English proficiency ratings were weakly correlated with number of 
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items produced in letter fluency, emotional fluency or overall (r=0.05, 0.28, 0.31). 

English proficiency ratings were moderately correlated with number of English items 

produced in category fluency (r=0.41). This relationship did not reach significance. 

Correlations were likely reduced because of the ceiling effect in English. Most 

participants rated English proficiency at or near 100%. 

Pearson coefficients also were calculated between Spanish proficiency ratings and 

number of Spanish items produced in each task type as well as overall. Self-reported 

Spanish proficiency ratings were moderately correlated with number of Spanish items 

produced in letter fluency tasks and emotional fluency tasks (r=0.48, 0.45). These 

relationships did not reach significance after Bonferroni correction. Spanish proficiency 

ratings were strongly correlated with number of Spanish items produced in category 

fluency tasks and overall (r=0.61, 0.59). These relationships were significant after 

Bonferroni correction (p<0.0125).  

Table 9: Pearson product moment correlation coefficients for language proficiency 
and the number of items produced in each language 

 Category Fluency Letter Fluency Emotional 
Fluency 

Total 

English proficiency 0.41 0.05 0.28 0.31 

Spanish proficiency 0.61* 0.48 0.45 0.59* 

*Significant at α=.05 after Bonferroni correction 

Self-reported dominance ratings and differences between language proficiency 

ratings 

The difference score between the Spanish and English overall proficiencies was 

calculated for each participant by subtracting the Spanish overall proficiency score from 
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the English overall proficiency score. Differences were positive or negative, depending 

on whether the participants rated themselves higher in English or Spanish. A larger 

difference indicated a less balanced bilingualism, and a smaller difference indicated a 

more balanced bilingualism.  A negative value indicated higher proficiency in Spanish 

than English and a positive value indicated higher proficiency in English. 

Dominance ratings obtained from the visual analog scale for dominance on the 

LUS were represented by a negative score (as low as -50) for Spanish dominance or a 

positive score (as high as +50) for English dominance. Perfectly balanced bilingualism 

was represented by a 0. A Pearson correlation coefficient was calculated between 

difference scores and dominance ratings. The two measures were strongly correlated 

(r=0.77), and this relationship was significant after Bonferroni correction (p<0.005). This 

positive correlation was expected. 

Relationships between dominance ratings and language production differences 

 Pearson correlation coefficients were calculated between dominance ratings and 

the differences in number of productions between languages for each task type and 

overall. Differences in the number of productions for each task type were calculated by 

subtracting the number of Spanish productions for a task type from the number of English 

productions for a task type. A resulting negative difference indicated that more items 

were produced in Spanish. A resulting positive difference indicated that more items were 

produced in English. Dominance ratings were moderately correlated with the language 

production difference in category fluency and emotional fluency (r=0.44, 0.38). These 

relationships were not significant after Bonferroni correction. Dominance ratings were 
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strongly correlated with language production difference in letter fluency and overall 

(r=0.66, 0.63). These relationships reached significance after Bonferroni correction 

(p<0.005). 

Relationships between proficiency difference scores and language production 

differences 

 Pearson correlation coefficients were calculated between proficiency difference 

scores and production differences. Proficiency difference scores were strongly correlated 

with language production differences in category fluency, letter fluency and overall 

(r=0.69, 0.68, 0.77). These relationships reached significance after Bonferroni correction 

(p<.005). Proficiency difference scores were moderately correlated with language 

production difference in emotional fluency (r=0.38). This relationship did not reach 

significance. 

Table 10: Pearson product moment correlation coefficients for language proficiency 
difference scores, language dominance ratings, and language production 
differences 

 CF Difference  LF Difference  EF Difference  Total Difference 

Language Proficiency 
Difference Score 

0.69* 0.68* 0.38 0.77* 

Language Dominance 
Rating 

0.44 0.66* 0.38 0.63* 

*Significant at α=.05 after Bonferroni corrections 

Differences between positive and negative emotional verbal fluency tasks 

 Paired t-tests corrected with the Bonferroni procedure examined the difference 

between the joy and anger conditions in English and Spanish. Results indicated that the 
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mean group difference was significant in both English (t=3.75, p<.05) and Spanish 

(t=3.13, p<.05). 

Table 11: Paired t-test results for joy and anger comparisons in English and Spanish 
 95% CI for Mean 

Difference 
t-value df p-value (two-tailed)

Joy-Anger 1.67 to 5.85 3.75 20 .001* 

Alegría-Ira 0.87 to 4.37 3.13 20 .005* 

*Significant at α=.05 after Bonferroni corrections. 

 In summary, significant differences were found between group performance in 

each task type (category, letter and emotional) and between languages (English and 

Spanish). Further analysis revealed that the difference between letter and emotional 

fluency was significant in English, but not in Spanish or overall. There were no 

significant correlations between English proficiency and number of items generated in 

English for any task type or overall. Spanish proficiency was significantly correlated with 

number of items generated in Spanish for category fluency and overall, but not for letter 

fluency or emotional fluency. Language dominance ratings were significantly correlated 

with language production differences in letter fluency and overall, but not category 

fluency or emotional fluency. Proficiency difference scores were significantly correlated 

with language production differences in category fluency, letter fluency and overall, but 

not in emotional fluency. Finally, the group mean for joy was significantly higher than 

the group mean for anger in both English and Spanish. 
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STUDY 2 METHOD 

PARTICIPANTS 

 Four individuals (3 male and 1 female) aged 21-59 with a history of TBI 

participated in the study. Participants were recruited through speech and language therapy 

clinics at the University of Texas at Austin and Texas Christian University, private 

rehabilitation clinics in central Texas, and research advertisements. Participants 

considered themselves conversational in both Spanish and English. Additionally, they 

demonstrated adequate ability in English and Spanish to speak with the researchers in 

each language and to complete tasks in both languages. Medical records and self-reports 

confirmed a diagnosis of mild-moderate TBI. TBI participants demonstrated adequate 

hearing and had no diagnosis of speech disorders such as dysarthria. Three of the 

participants did not demonstrate any symptoms of frank language impairment such as 

aphasia.  One of the participants exhibited anomia and empty speech secondary to TBI, 

but language processing was sufficient to complete the tasks. One of the participants was 

unexpectedly discharged from the residential rehabilitation facility where he was tested 

before he completed the study. He could not be contacted to complete testing. 

 The Scales of Cognitive Ability in Traumatic Brain Injury (SCATBI: Adamovich 

& Henderson, 1992) were administered to participants to obtain objective measures of 

cognitive-communicative deficits and severity level. To assess confrontation naming 

ability, the examiners administered the Boston Naming Test (BNT: Kaplan et al., 2001) in 

English and Spanish. In order to assess executive functioning in the TBI group, the  
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Table 12: Demographic information for participants with TBI 
 Normal Participants Participants with TBI 

 Mean  Range SD GP MM DN AO 

Age  27.81 22-42 5.56 21 59 46 27 

Gender 16 F 5 M  M F M M 

Years 
Education  

17.5 14-21 1.51 12 19 14 9 

Post-injury    1 year 37 years 5 years 6 months 

Type of 
damage 

   Closed-head 
TBI, left 
subdural 

hematoma 

Closed-head 
TBI, facial 
lacerations, 
fractured C6 

and C7 
vertebrae  

Closed-head 
TBI, left 
subdural 

hemorrhage, 
inferior right 
frontal lobe 
contusion 

Closed-head 
TBI, right 
and left 

frontal lobe 
contusions 

Etiology    Sports-
related 

accident 

Motor 
vehicle 
accident 

Fall from 
roof 

Motor 
vehicle 
accident 

Severity*    Mild-
Moderate 

Borderline 
Normal 

Moderate-
Severe 

Mild-
Moderate 

*Severity levels obtained from administration of The Scales of Cognitive Ability in Traumatic Brain Injury 
(Adamovich & Henderson, 1992) 
 
examiners administered a Stroop Color Word Test (SCWT: Stroop, 1935) in English and 

Spanish, The Trail Making Test (TMT: Reitan, 1992), the Wisconsin Card Sorting Test  

(WCST: Grant, 1993), and the Tower of London – Drexel University (TOL: Culbertson, 

2001). Instructions for the BNT and SCWT were given in English when participants 

performed in English and in Spanish when participants performed in Spanish. 

Instructions for the SCATBI, TMT, WCST and TOL were given in English.   

Table 13: Test battery for TBI participants (continued) 

Scales of 
Cognitive Ability 
in Traumatic 
Brain Injury 
(SCATBI: 
Adamovich & 

A standardized test that consists of five subtests: 
Perception/Discrimination, Orientation, Organization, Recall and 
Reasoning. The SCATBI tests low-level skills such as orientation 
and discrimination of objects and high-level skills such as 
complex organization and abstract reasoning. Allows TBI patients 
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Table 13: Test battery for TBI participants (continued) 

Henderson, 
1992) 

who functioned at high levels pre-injury to measure their post-
morbid difficulties. 

Boston Naming 
Test (BNT: 
Kaplan et al., 
2001) 

A standardized test that consists of 60 line drawings graded in 
difficulty from high frequency objects to low frequency objects. 
The participant was asked the name each item. Measures ability in 
confrontation naming, which requires an intact semantical 
network and the ability to retrieve items from those networks. 
Administered in both English and Spanish. 

Stroop Color 
Word Test 
(SCWT: Stroop, 
1935) 

A short task that consists of a page with “x”s printed in red, blue 
or green ink and a page with color words printed in colors that are 
incongruent with the written words. The participant is asked to 
name the ink colors each block of “x”s or color word was printed 
in as quickly as possible. Two scores were obtained: the 
difference between the number of colors the participant was able 
to accurately name in one minute in each scenario, and the number 
of interference errors during each task. Evaluates inhibition, 
flexibility, and reaction time. Administered in both English and 
Spanish. 

The Trail 
Making Test 
(TMT: Reitan, 
1992) 

A short task that consists of two parts in which the participant 
connects 25 circles as quickly as possible. In Part A, the 
participant connects circles based on ascending numbers. In Part 
B, the participant connects circles based on alternating ascending 
numbers and letters (i.e. 1 → A → 2 → B). Two scores were 
obtained: the amount of time required for the participant to 
complete each part of the test, and the number of errors. Evaluates 
visual attention, task switching ability, speed of processing and 
flexibility. 

The Wisconsin 
Card Sorting 
Test (WCST: 
Grant, 1993) 

A standardized test of cognitive flexibility in the presence of 
changing schedules of reinforcement. Four stimulus cards are 
presented to the participant on the table, and the participant is 
instructed to match the top card of the deck in his hand to one of 
the cards on the table. The examiner does not tell the participant 
how to match the cards but indicates if the match made is correct 
or incorrect. The rules for what is correct and incorrect change as 
the test progresses. Scores are obtained by examining the number 
of trials a participant requires before determining the pattern after 
each rule change, and the number of errors on each section of the 
test. 

The Tower of 
London – Drexel 

A standardized test that consists of two boards with three pegs 
each and several differently colored beads. The examiner arranges 
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Table 13: Test battery for TBI participants (continued) 

University 
(TOL: 
Culbertson, 
2001) 

three beads on the pegs of one of the boards and then asks the 
participant to move his beads so that they match the beads of the 
examiner's board in as few moves as possible. The examiner 
records the number of moves and the amount of time the 
participant requires to solve the problem. Evaluates problem-
solving, planning and processing speed. 

 

 The participants were tested in a quiet clinical therapy room or in their homes. 

Testing took place over three sessions for a total of 3-4 hours. Sessions were separated by 

a minimum of 48 hours. Results of the test battery for each participant are presented in 

Tables 14-19. 

Table 14: SCATBI standard scores and severity ratings 

Participant GP MM DN AO 

Perception 104 108 92 101 

Orientation 94 119 91 97 

Organization 129 129 86 107 

Recall 89 110 78 107 

Reasoning 96 123 77 95 

Low Functioning Skills 108 127 88 98 

High Functioning Skills 92 118 75 101 

Composite 100 126 82 98 

Severity Score 10 15 7 10 

Severity Mild 
(approaching 

moderate) 

Borderline 
normal 

Moderate 
(approaching 

severe) 

Mild 
(approaching 

moderate)

Note: Standard scores are based on normative data from the test manual collected from individuals with 
TBI 
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Table 15: BNT Scores and percentile ranks 
Participant GP MM DN AO 

Language E S E S E S E S

Number Correct 29 39 55 19 6 13 56 - 

Percentile Rank* <1st  79th  87th  7th  <1st  2nd  92nd - 

*Percentile ranks calculated based upon norms provided for bilingual speakers by Kohnert, Hernandez & 
Bates (1998) 

Table 16: SCWT rates of completion, error rates and percentile ranks 
Participant GP MM DN AO 
Language E S E S E S E S 
Color: rate of completion*  1.2 0.9 1.5 1.0 0.5 0.9 0.8 - 
Percentile rank** 25th 2nd 67th 5th <1st 2nd 2nd - 
Color: Percentage errors 1.4 0 1.1 1.7 3.6 0 0 - 
Percentile rank** 2nd >65th 5th 2nd <1st >65th >66th - 
Percent errors self-corrected 100 - 100 100 100 - - - 
Color-Word: rate of completion* 0.7 0.7 1.1 0.8 0.3 0.6 0.5 - 
Percentile rank** 18th 16th 87th 33rd <1st 6th 3rd - 
Color-Word: Percentage errors 7.5 4.8 4.8 2.1 0 8.1 12.9 - 
Percentile rank** <1st <1st <1st 13th >37th <1st <1st - 
Percent errors self-corrected 100 0 33.3 100 - 100 100 - 

*rate of completion measured in items named per second 
**Percentile ranks calculated based on normative data for bilingual speakers collected by Rosselli et al. 
(2002). Participants from the study were timed as they named 100 items from stimuli included in the 
Golden Stroop Color and Word Test (Golden, 1978). In the present study, participants were given 60 
seconds to name as many items as possible. Data from both studies were converted into rates of item 
completion and percentage errors for direct comparison. 

Table 17: TMT completion times and percentile ranks 
Participant GP MM DN AO 
Trail A B A B A B A B 
Time 62 250* 46 66 31 112** 36 78 
Percentile Rank*** <1st <1st 8th 55th 79th <1st 9th 1st 

* Several errors were made that were self-corrected 
** Two errors were made that were not self-corrected 
*** Percentile ranks were calculated from normative data stratified by age and education level collected by 
Tombaugh (2004) 

Table 18: TOL standard scores and percentile ranks 
Participant GP MM DN 
 SS % Rank SS % Rank SS % Rank 
Total move score 62 1st 110 69th 124 97th 
Total correct score 86 19th 106 62nd 132 97th 
Total rule violations 74 8th >104 >53rd >104 >53rd 
Total time violations 74 8th 92 21st 108 66th 
Total initiation time 98 65th 122 90th 148 99th 
Total execution time <60 1st 100 31st 112 86th 
Total time <60 3rd 94 25th 82 7th 
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Table 19: WCST scores and percentile ranks 
Participant GP MM DN 
 Score % Rank Score % Rank Score % Rank 
Number of trials administered 128 - 122 - 107 - 
Total number correct 67 - 102 - 76 - 
Number of categories completed 2 <1st 6 >16th 6 >16th 
Trials to complete first category 10 >16th 58 2nd-5th 19 6th-10th 
Failure to maintain set 1 >16th 4 <1st 1 >16th 
Learning to learn* - - -2.31 11th-16th 2.03 >16th 
Total number of errors 61 2nd 20 39th 31 21st 
Percent errors 48 3rd 16 55th 29 19th 
Perseverative responses 27 6th 8 50th 20 18th 
Percent perseverative responses 21 9th 7 61st 19 14th 
Perseverative errors 24 6th 8 47th 19 14th 
Percent perseverative errors 19 7th 7 61st 18 12th 
Nonperseverative errors 37 2nd 12 27th 12 30th 
Percent nonperseverative errors 28 4th 11 34th 11 34th 
Conceptual level responses 33 - 70 - 70 - 
Percent conceptual level responses 26 1st 65 55th 65 23rd 

*GP did not complete enough categories to calculate this score 

MEASURES OF BILINGUALISM 

 The measures of bilingualism administered were the same as in Study 1, 

except that the language use schedules and visual analog scales for language proficiency 

included pre-injury as well as post-injury sheets. Additionally, selected questions from the 

Bilingual Aphasia Test (BAT: Paradis, 1989) were administered to determine level of pre-

morbid literacy in both languages. The BAT is a test of language impairment following 

cerebrovascular events for bilingual populations.  The language background survey of the 

BAT gathers information about a person's premorbid and postmorbid language skills. The 

selected questions administered to the participants gathered information about whether the 

participant could read and write in both languages, at what ages the participant learned to 

read and write in each language, and how often the participant read or wrote in each 

language before the injury. 
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Table 20: Language use and proficiency ratings for participants with TBI and control 
group 

 Normal Participants TBI Participants 

 Mean  Range SD GP MM DN AO

    Pre Post Pre Post Pre Post Pre Post

AoA English  2.14 0-8 3.05 12 - 2 - 0 - 5 - 

AoA Spanish 5.71 0-17 6.88 0 - 0 - 0 - 0 - 

% English Use 56.54 0-96.15 29.85 12.5 0 93.55 84.85 0 0 100 100 

% Spanish Use 8.23 0-39.29 13.23 87.5 100 6.45 15.15 0 0 0 0 

% Bilingual Use 35.23 0-100 30.01 0 0 0 0 100 100 0 0 

English 
proficiency 

96.26 72.25-100 7.51 87.14 87.14 100 100 100 34.4 100 100 

Spanish 
proficiency 

73.81 41.66-100 18.29 100 100 64.64 73.09 100 29.17 77.86 60.24

Dominance 
Rating 

16.7 -3.33-33.33 11.46 0 0 -7.5 11.67 0 0 33.33 38.33

PARTICIPANT PROFILES 
   

Participant GP:   GP was a 21-year-old male who graduated from high school 

and worked part time as a website designer and as a semi-professional wrestler on the 

weekends. GP acquired a TBI when he fell head-first onto concrete during a wrestling 

match at the age of 20. GP lost consciousness at the scene and later became lucid prior to 

losing consciousness again. Computed Tomography (CT) scans revealed an acute left 

subdural hematoma (8-10 mm) with 7 mm left to right midline shift. A left frontal 

temporoparietal decompressive craniectomy was performed to evacuate the subdural 

hematoma. The operation was successful; however, left posterior and bilateral anterior 

cerebral artery infarcts remained with brain herniation. At the time of the injury, GP 

presented with hemiparesis and difficulties with verbal comprehension, verbal 

expression, problem solving, social interaction and memory. After discharge from acute 
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care, GP received approximately 6 weeks of inpatient rehabilitation therapy. He was 

discharged with a good prognosis for recovery. At the time of testing, he lived with his 

family and required moderate assistance for complex activities of daily living. GP was 

seeking outpatient therapy services prior to referral to the research study. 

Language profile: GP was born in Mexico and was educated in Spanish until 

approximately age 12 when he moved to the United States and received middle school 

and high school education in English. He spoke both languages with other students at 

school. After graduation from high school, GP primarily spoke Spanish but continued to 

use English with some friends. Following his injury, he spoke only Spanish with his 

family. GP considered himself a balanced bilingual speaker, with a dominance rating of 

0, indicating equal ability in both languages. He rated English proficiency slightly lower 

than Spanish proficiency (87.14 vs. 100). On the literacy questionnaire, he reported a 

high level of literacy in both languages. On the BNT, GP demonstrated significant 

impairment in English (1st percentile) and average performance in Spanish (79th 

percentile). The discrepancy between scores may contradict his self-report of balanced 

bilingualism. GP reported no change in English or Spanish proficiencies following his 

injury.  

Neuropsychological profile: GP obtained a severity score of 10 on the SCATBI, 

indicating a mild-moderate severity level. His lowest standard score was obtained in the 

recall subtest, consistent with self-report of memory problems. Performance on the 

SCWT indicated below average processing speed when compared to average response 

rates of healthy adults. GP exhibited high rates of errors on the interference sheet (<1st 
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percentile on each), indicating impairment in inhibition of competing words. He was able 

to self-correct 100% of his errors in the English condition and 0% in the Spanish 

condition, which suggests inconsistent ability in self-monitoring. Performance on the 

TMT demonstrated significantly impaired speed of processing for sequencing and 

planning, with times for both trails falling under the first percentile for his age. He 

demonstrated a high error rate during completion of Trail B, indicating possible 

impairment in alternating attention. GP scored in the significantly impaired range (<10th 

percentile) in most areas on the WCST, including high rates of perseverative and 

nonperseverative errors. Scores in this range indicate significant impairment in executive 

functioning, including higher-level reasoning, problem solving and cognitive flexibility. 

On the TOL, GP demonstrated significant impairment in both the time for completion of 

each task and the number of moves required for the completion of each task. These scores 

indicate slow processing time and impairment in higher-level planning skills. On this test, 

GP also demonstrated a number of rule violations, indicating an inability to effectively 

self-monitor his performance for illegal moves. Overall, GP was mildly to moderately 

impaired multiple cognitive domains, including memory, perception and orientation, but 

more significantly impaired in higher-order skills such as deductive reasoning and 

planning. He also demonstrated slowed processing speed across several different tasks. 

 Participant MM: MM was a 59-year-old woman who had graduated from college 

and completed some graduate level coursework for a total of 19 years of education. She 

primarily worked as a property manager for several real estate properties. According to 

self-report, MM sustained a closed-head TBI at the age of 22 when she was in a motor 
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vehicle accident. She also presented with multiple scalp and facial lacerations, fractured 

C6 and C7 vertebrae, fractured right and left femurs and a nicked aorta of the heart. 

Following the accident, she spent six days in acute care and then transferred to an 

inpatient rehabilitation facility for approximately 6-7 weeks. MM reportedly experienced 

amnesia for 6-8 weeks after the accident. MM also reported that during the initial 

recovery, she did not have the ability to speak English and spoke only Spanish. She 

regained the ability to speak English 8 weeks after the accident. She was 37 years post-

injury at the time of testing. Due to the length of time that had passed since her injury, 

medical records were not available for review. An oral mechanism examination during 

testing revealed left-side weakness in the oral cavity and facial muscles, which may 

indicate right hemisphere damage. 

Language profile: MM was born to Cuban parents who lived abroad in Germany. 

Part of her extended family was Spanish, so she initially learned a mixture of Cuban and 

Castilian Spanish. She began to learn English at age 2 and eventually completed all of her 

formal education in English. By the time she was approximately 15 years old, MM had 

stopped speaking Spanish in the home and in school. However, she considered herself 

strongly confident in both languages throughout most of her life. At the time of testing, 

MM reported her English proficiency to be higher than her Spanish proficiency (100 vs 

73.09). Results from the BNT corroborated her report of English dominance. She scored 

in the bottom tenth percentile on the Spanish BNT and in the average range (87th 

percentile) on the English BNT. MM reported that she continued to use Spanish to speak 

to friends and acquaintances in approximately 10-15% of her daily interactions. During 
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testing sessions, the examiner informally observed disorganized and tangential language 

characterized by disfluencies and mild word finding difficulties.  

 Neuropsychological profile: MM scored in the borderline normal range on the 

SCATBI. Performance on the SCWT suggested average processing speed in her 

dominant language (English) but below average speed in Spanish. She exhibited a high 

rate of errors, especially on the interference sheet (<1st percentile in English; 13th 

percentile in Spanish). She failed to correct 67% of errors made on the English condition 

interference sheet, indicating difficulty with inhibition and self-monitoring. Performance 

on the TMT suggested variable ability to sustain attention. Her completion time for Trail 

A was at the 8th percentile and her completion time for Trail B was at the 55th percentile. 

During Trail A, the participant made comments unrelated to the task and required 

prompting to continue working. Scores on the WCST were primarily in the low average 

to average range, with the exception of the number of trials required to complete the first 

category and her failure to maintain the set score, both of which were in the significantly 

impaired range. These scores reflect the participant’s impulsive and disorganized 

behavior. In the beginning of the test, MM tried to “guess” when a set change would 

occur, resulting in an increased number of errors. Performance after the first part of the 

test indicated reasoning and problem solving skills to be within average limits. 

Performance on the TOL was in the average range, indicating intact ability for higher-

level planning processes. Overall, MM presented with few significant cognitive deficits; 

however, residual effects of her brain injury were observable in her social interactions. 

The examiner informally observed a tendency to switch topics of conversation 
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unexpectedly or talk about tangential topics. She also talked for inappropriate lengths of 

time, despite cues that the focus should return to testing.  

 Participant DN: DN was a 46-year-old right-handed man who was a high school 

graduate and had completed some college for a total of 14 years of education. Prior to his 

injury, he worked 20 years for a remodeling company in the United States. DN sustained 

a TBI when he fell off of a ladder during a roof repair. He presented with a left 

hemispheric subdural hemorrhage, a cerebral contusion in the inferior right frontal lobe, 

and respiratory failure. He also sustained injuries to the shoulder and back. DN spent one 

month receiving inpatient acute and rehabilitation care and then moved to an outpatient 

facility where he continued to receive rehabilitation services. He was 5 years post-injury 

at the time of testing and continued to receive speech and language therapy. As a result of 

the injury, DN experienced significant anomia and comprehension deficits in both 

languages that remained difficulties five years post-injury. He often required his 

conversational partners to repeat information. DN reported that he sometimes 

experienced dizziness and fainting as a continued consequence of his injury. He reported 

that he had some high frequency hearing loss in the left ear and that he sometimes 

experienced depression because of the difficulties he continued to experience as a result 

of the injury.  

 Language profile: DN was born in Mexico and completed all of his formal 

education in Spanish. He reported that he had been exposed to English through the media 

throughout his life, but that he began to speak English regularly when he moved to the 

United States between the ages of 18 and 21. He considered himself more confident in 
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Spanish even several years after his move. DN reported that he had native-like 

proficiency in both English and Spanish prior to his injury (proficiency score of 100 in 

both languages; dominance rating of 0) and reported a high level of pre-morbid literacy in 

both languages. However, he indicated significantly decreased proficiency in both 

languages since his injury (34.4 in English; 29.17 in Spanish). His BNT scores were in 

the significantly impaired range for both English and Spanish (respective scores of 6 and 

13), demonstrating impairment of confrontation naming in both languages. DN reported 

that at times English was more difficult to use and other times Spanish was more 

difficult. He reported that code switching sometimes helped him to find words or 

formulate sentences, but not always. The examiner informally observed significant 

anomia, empty speech and a tendency to use simple grammatical forms. Additionally, 

language comprehension was impaired. However, language processing was sufficiently 

intact to complete testing. 

 Neuropsychological profile: DN obtained a standard score of 82 on the SCATBI, 

indicating moderate severity approaching severe. On the TMT, he completed Trail A 

within normal time limits for his age (31 seconds) but demonstrated significantly slowed 

performance in Trail B (112 seconds; <1st percentile). These scores suggest that sustained 

attention and basic sequencing skills were intact but that his ability to plan and sequence 

as cognitive load increased with an alternating attention task was impaired. DN also made 

two uncorrected errors at the end of the sequence for Trail B, indicating impairment in 

the ability to self-monitor performance. Performance on the SCWT indicated slowed 

processing speed, especially for the English language tasks. Error rates for the 
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interference sheets were variable. He made errors on 0% of the English sheet and 8.5% of 

the Spanish sheet. These error rates indicate some difficulty with inhibition of competing 

words; however, he self-corrected 100% of errors across the four tasks, demonstrating 

relatively intact self-monitoring for this test. DN's performance on the TOL revealed 

some mild impairment in higher-level planning. His total move score and total correct 

score were above average, but he required a greater amount of time than expected to 

initiate plans. These results primarily indicated slowed cognitive processing speed. DN 

displayed the ability to accurately solve the TOL puzzles, but he required extra time to do 

so. Scores on the WCST were primarily within the low average to average range for his 

age and education level. The number of trials required to complete the first category was 

classified as in the impaired range. This score indicated a slow cognitive processing 

speed for higher-order cognitive tasks. DN required more time to process and determine 

the demands of the test, but once he understood, he was able to answer accurately. The 

number of perseverative errors made was also in the impaired ranges, indicating poor 

cognitive flexibility. Overall, DN demonstrated the greatest impairment in the realms of 

language processing, cognitive flexibility and speed of cognitive processing. 

Nonlinguistic planning, reasoning and sequencing appeared mildly impaired but 

relatively intact compared to language and processing speed deficits.  

 Participant AO: AO was a 27-year-old man who had not graduated from high 

school but had finished the 9th grade. Prior to his injury, he worked as a line cook in a 

restaurant. AO sustained a TBI from a motor vehicle accident. Immediately following the 

accident, he was put into a medically induced coma. According to self-report, he 
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sustained damage to the left and right frontal lobes. He was unable to see through his 

right eye for two months following the injury and continued to require glasses for 

reading. AO was in a residential rehabilitation program at the time of testing but denied 

any cognitive-communicative deficits except for persisting difficulties with memory. He 

was unexpectedly discharged from the facility and was unable to complete all testing 

sessions. Medical records were also not available for review. Available data for AO was 

analyzed for the study with the acknowledged limitation that a complete data set was not 

available for this participant. 

 Language profile: AO was born in the United States to Costa Rican parents and 

spoke only Spanish until age 5 when he entered the public school system. He completed 9 

years of formal education in English before he quit school to work full time. He reported 

that he stopped using Spanish when he became a teenager. He occasionally used Spanish 

to communicate with his family, but reported that most days he used English in 100% of 

his interactions. His English BNT score was in the above average range for Spanish-

English bilingual speakers (92nd percentile). The examiner was unable to obtain his 

Spanish BNT score before he was discharged from the rehabilitation facility. AO 

reported higher proficiency in English than in Spanish (100 vs 77.86) and rated himself 

as strongly English dominant (33.33). He reported a slight decrease in his Spanish 

proficiency following his injury (from 77.86 to 60.24). He reported that he was literate in 

both languages, but that he rarely read or wrote Spanish in the months leading up to his 

injury. 
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 Neuropsychological profile: AO obtained a severity rating of 10 on the SCATBI, 

which indicated a mild-moderate level of severity. His performance on both subtests of 

the TMT indicated significantly impaired cognitive processing speed for lower-level 

planning and sequencing (8th percentile on Trail A and 1st percentile on Trail B). His 

times on the English SCWT (in the 2nd and 3rd percentiles) also indicated slowed 

processing speed. He made 4 errors on the interference sheet of the SCWT but self-

corrected 100% of them, indicating impairment in inhibition of competing language but 

an intact ability to self-monitor performance on this task. Overall, AO appeared to 

demonstrate mild-moderate impairment in memory and cognitive processing speed, but a 

full assessment was not possible to examine higher-order planning, sequencing, reasoning 

and problem solving. 

EXPERIMENTAL TASK: GENERATIVE NAMING 

 The experimental tasks administered were identical to the experimental tasks in 

Study 1. Participant DN required additional instructions and examples to complete the 

tasks because of language comprehension deficits. The examiner gave him as much time 

as necessary before beginning each task to be sure that he understood the target language 

and target category. The transcripts of each sample were scored according the guidelines 

described in Study 1. 

DATA ANALYSIS 

 Scores were obtained for the experimental tasks as described in Study 1. The 

scores for each individual task were converted into z-scores relative to the mean and 

standard deviation of the normal group from Study 1. A z-score below – 1.33 SD was 
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considered to be an indication of impairment. The number of errors was summed for each 

task, divided by the total number of responses and multiplied by 100 to obtain a 

percentage of errors for each task.  

RELIABILITY 

 Interjudge reliability was obtained for the transcriptions and response coding of 

three participants. A trained undergraduate research assistant scored the transcribed 

samples independently of the researcher and the other undergraduate research assistant. 

Interjudge agreement was calculated by dividing the number of agreements between 

judges by the total number of agreements and disagreements. Interjudge reliability for the 

transcription of responses was .91. Interjudge reliability for the assignment of scoring 

codes to responses was .95. 

 

 

 

 

 

 

 

 



 64

STUDY 2 RESULTS 

The total correct number of items generated by the participants in each individual 

task as compared to the means from the control group are presented in Table 21. Z-scores 

were calculated for each participant based on the means and standard deviations of the 

control group for the total number of correct items produced in each task condition in 

both languages. 

Table 21: Number of items generated for each task by TBI participants and control   
group 

 Control Participants TBI Participants 

 Mean  Range SD GP MM DN AO

E Animals 25.10 17-36 5.35 11 30 3 -

E Foods 25.57 15-36 7.05 13 26 2 10

S Animales 18.48 11-29 5.22 12 14 7 5

S Comidas 20.38 12-30 4.26 15 12 4 -

E Letter S 18.67 8-34 6.12 7 11 3 -

E Letter F 15.76 3-26 5.18 10 18 1 9

S Letra S 12.62 3-25 6.24 13 9 3 8

S Letra F 11.29 3-22 4.46 8 11 6 -

E Joy 15.57 7-26 4.97 4 13 4 -

E Anger 11.81 6-20 4.15 6 12 3 4

S Alegria 12.14 3-22 4.71 6 16 7 5

S Ira 9.52 3-20 4.21 5 3 4 - 

 
Z-Score comparison limitations 

 Z-score comparisons with the control group from Study 1 should be interpreted 

with caution. Differences between demographic variables of the control group and the 

TBI participants will be discussed in this section in relation to a study by Brickman et al. 
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(2005) that examined the effects of age, gender and education level on category and letter 

fluency in a large group of healthy participants (N=471). 

  Participants from the control group were primarily college graduates with high 

levels of education (M=17.5, SD=1.51). GP, DN and AO had levels of education below 

the mean of the control group (12, 14 and 9 years, respectively). Only GP and AO had 

levels of education outside the range of the control group (range = 14-21). Brickman et 

al. (2005) found a significant correlation between education level and output in both 

category and letter fluency; however, the correlation was not strong (r=.19 for category 

fluency and r=.20 for letter fluency). These results suggest that education level affects 

output for the tasks but that most of the variance observed between participants was not 

explained by education level. For the current study, z-scores from GP, DN and AO were 

interpreted with the acknowledgement that their lower levels of education may have 

accounted for some of the differences observed between their performance and the 

performance of the control group. 

The control group consisted primarily of females (16 females and 5 males) while 

GP, DN and AO were male. Brickman et al. (2005) found no effect for gender on verbal 

fluency scores. Both genders performed comparably. Thus, this difference was not 

considered to affect the validity of the z-scores. 

The mean age of the control group was 27.81 (SD=5.56) with a range of 22-42. 

Of the four participants, only AO fell within the range of the control group (27 years). GP 

was just below the lower end of the range (21 years) and DN was just above the higher 

end of the range (46 years). MM was significantly outside the range (59 years). Brickman 
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et al. (2005) found that performance on both letter and category fluency tasks linearly 

declined with age, though category fluency performance declined much more steeply 

than letter fluency performance. Between ages 21-82, the mean for category fluency 

declined by approximately 7 items, and the mean for letter fluency declined by less than 

two items. The decline began by ages 40-50 and was steepest between ages 60-70. MM’s 

age range was not considered to be represented by the control group, and so her z-scores 

were interpreted with acknowledgement of this limitation, especially for category fluency 

scores.  

Finally, the control group was significantly English dominant. Some members of 

the control group considered themselves balanced bilinguals (dominance rating between -

8 and +8; n=6), but the majority considered themselves English dominant (dominance 

rating greater than +8; n=15). Mean language proficiency ratings differed by 22.45 (out 

of 100). AO and MM considered themselves to be English dominant. GP and DN 

considered themselves to be balanced bilinguals, but demonstrated possible Spanish 

dominance. Differences between dominance for GP and DN could have affected the 

validity of their observed z-scores. 

Participant GP  

Z-Scores were calculated for the total number of correct items produced in each 

task condition by GP in both languages. Results are presented in Figure 3. 

GP demonstrated an impaired level of performance (z-score < -1.33) in English 

animals, English foods, English letter S, English joy and English anger. He demonstrated 

below average performance in all other conditions except for Spanish letter S, but no 
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Spanish scores were in the impaired range. The score for the Spanish joy condition was 

just above the cutoff for impairment. Overall, he demonstrated below average 

performance for all task conditions and impaired performance on several English 

conditions. Some of his decreased performance relative to the control group may have 

been due to his lower level of education. 

Figure 3: Verbal fluency z-scores for participant GP 

 
Participant MM 
 
 Z-Scores were calculated for the total number of correct items produced in each 

task condition in both languages. Results are presented in Figure 4. 

MM demonstrated an impaired level of performance (z-score < -1.33) in Spanish 

foods, Spanish letter S and Spanish anger. She demonstrated below average performance 

in English letter S and English joy. MM had an education level of 19 years, which is 

slightly above the group mean of the control group (M=17.5, SD=1.51). 
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Figure 4: Verbal fluency z-scores for participant MM 

 
 
Her language profile of English dominance is consistent with the trend of the control 

group. However, she was in a significantly older age group than the control group age 

range. Her z-scores were considered to be a valid representation of her abilities with the 

exception that performance on category fluency tasks may have been affected by age.  

Participant DN 

 Z-Scores were calculated for the total number of correct items produced in each 

task condition in both languages. Results are presented in Figure 5. 

 DN demonstrated an impaired level of performance (z-score < -1.33) in English 

animals, Spanish animals, English foods, Spanish foods, English letter S, Spanish letter 

S, English letter F,  English joy and English anger. He demonstrated below average 

performance in all other conditions. His score for Spanish anger was just above the cutoff 

for impairment. DN had 14 years of education, which is slightly below the group mean of 

the control group (M=17.5, SD=1.51), but just on the lower end of the range. Pre-morbid 
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English and Spanish proficiency ratings were both at the native proficiency level, which 

is similar to several members of the control group. His z-scores were considered to be a 

valid representation of his abilities.  

Figure 5: Verbal fluency z-scores for Participant DN 

 

Participant AO 
 

Z-Scores were calculated for the total number of correct items produced in each 

task condition in both languages. Results are presented in Figure 6. 

AO demonstrated an impaired level of performance (z-score < -1.33) in Spanish animals, 

English foods, Spanish joy and English anger. He demonstrated below average 

performance in Spanish letter S and English letter F. The z-score for letter F was just 

above the cutoff for impairment. Samples were not collected for English animals, 

Spanish foods, English letter S, Spanish letter F, English joy or Spanish anger. AO had 
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group (M=17.5, SD=1.51). His language profile of English dominance was consistent 

with the trend of the control group, but the difference in education level decreases the 

validity of the z-scores as a representation of his abilities. However, because he 

demonstrated very low z-scores (below -2 SDs for Spanish animals, English foods and 

Spanish joy), his z-scores are considered to indicate impairment. 

Figure 6: Verbal fluency z-scores for participant AO 
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 The percentage of the overall number of items produced that were errors were 

calculated for each individual task and compared to average error percentages for the 

control group. Results are presented in Table 22. 

Table 22: Percentage of error productions of TBI participants and control group 
 Control Participants TBI Participants 

 Mean  Range SD GP MM DN AO

E Animals 0.7 0-4.7 1.52 17.65* 0 0 - 

E Foods 1.91 0-6.7 3.71 30* 0 50* 0 

S Animales 2.49 0-25.6 5.82 14.2 0 11.11 0 

S Comidas 2.82 0-14.3 4.18 0 14.29* 20* - 

E Letter S 2.82 0-20.0 5.89 27.27* 7.69 0 - 

E Letter F 6.57 0-40.0 10.4 0 0 0 0 

S Letra S 6.54 0-25.0 8.5 6.67 10 20 0 

S Letra F 4.1 0-50 11.13 8.33 8.33 12.5 - 

E Joy 2.16 0-12.5 3.77 0 0 0 0 

E Anger 3.56 0-33.3 8.07 0 0 50* - 

S Alegria 3.32 0-21.4 6.11 33.33* 0 0 0 

S Ira 4.29 0-20.0 6.16 0 0 33.33* - 

* Error rate is outside of the range of the control group (or matches the upper limit) 

 GP demonstrated error percentages that were above the upper limit of the control 

group's range for English animals, English foods, English letter S, and Spanish alegría. 

DN demonstrated error rates that were above the upper limit of the control group's range 

for English foods, Spanish comidas, English anger, and Spanish ira. MM demonstrated 

an error rate that matched the upper limit of the control group's range for Spanish 

comidas. AO did not demonstrate any errors. GP and DN demonstrated a pattern of error 

rates that were consistently higher than the rates of the control group. Analysis of the 

types of errors made by GP and DN revealed that GP's errors were characterized 
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primarily by language choice errors (57.89%) and DN's errors were characterized 

primarily by repetition errors (66.67%). 

Group trends and summary 

 All four participants demonstrated lower z-scores in their demonstrated post-

morbid non-dominant language. GP and DN reported balanced bilingualism with pre-

morbid and post-morbid dominance scores of 0 but demonstrated better ability in Spanish 

through the BNT and SCWT. GP and DN also were both informally observed to produce 

more native-like speech and language in Spanish as compared to English. GP and DN 

both experienced greater impairment in English fluency tasks. MM and AO both reported 

post-morbid dominance ratings that indicated English dominance. MM demonstrated 

English dominance through superior performance on the English BNT and SCWT. MM 

and AO both experienced greater impairment in Spanish language fluency tasks. 

Three out of four participants obtained at least one z-score in the impaired range 

for each different type of verbal fluency (i.e. category, letter and emotional). A summary 

of impaired tasks for each participant is presented in Table 23.  

Table 23: Task conditions with impaired z-scores for each participant 
Subject GP MM DN AO 
Language E S E S E S E S 
Category animals 

foods 
- - foods animals 

foods 
animals 

foods 
foods animals 

Letter letter S - - letter S letter S 
letter F 

letter S - - 

Emotional joy 
anger 

- - anger joy 
anger 

- anger joy 
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GP obtained two impaired z-scores in category fluency, one in letter fluency and 

two in emotional fluency. DN obtained four impaired scores in category fluency, three in 

letter fluency and two in emotional fluency. MM obtained one impaired score in category 

fluency, one in letter fluency and one in emotional fluency. AO obtained two impaired 

scores in category fluency and two in emotional fluency. One of his scores in letter 

fluency was just above the cutoff for impairment (-1.31). Unfortunately, since AO did not 

complete a full experimental protocol, it is uncertain whether he would have experienced 

some impairment in letter fluency had he completed all tasks.  

All participants obtained at least one impaired z-score in the emotional verbal 

fluency tasks. GP was impaired in both English emotional fluency tasks. DN was 

impaired in both English emotional verbal fluency tasks. MM was impaired in the 

Spanish anger task. AO was impaired in the English anger and Spanish alegría tasks, 

which are the only two emotional fluency tasks he completed.  
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DISCUSSION 

 The purpose of these studies was to examine the performance of Spanish-English 

bilingual adults with and without TBI on three different types of verbal fluency tasks. 

Performance of the groups on the emotional verbal fluency task was examined to 

consider this task as a possible neuropsychological assessment for individuals with TBI.  

Healthy participants 

The healthy group generated the greatest number of items in the category fluency 

tasks. The group generated the least number of items in the emotional fluency tasks. 

ANOVA results revealed significant differences between the mean number of items 

generated for category fluency versus letter fluency and category fluency versus 

emotional fluency, but not for letter fluency versus emotional fluency. This pattern 

remained the same in a comparison of the three task types in Spanish, but a comparison 

of the three task types in English revealed a significant difference between letter fluency 

and emotional fluency. Most of the participants reported formal education in English and 

lower Spanish proficiency levels. It is hypothesized that performance in letter fluency is 

related to level of literacy, so lack of formal education in Spanish may have contributed 

to lower letter fluency scores, which led to comparable performance between letter and 

emotional fluency in Spanish.  

These results do not support results from Sass et al. (2013) who found that 

performance on category fluency tasks was comparable to performance on emotional 

fluency tasks. One explanation for this discrepancy may be the different designs of the 

emotional verbal fluency tasks. Participants in Sass et al. (2013) were not asked to answer 
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with single words and thus generated short phrases and sentences to explain situations 

that they associated with certain emotions. The examiners adjusted verbal fluency scores 

by dividing the total raw number of correct items generated by all participants for a 

category by the mean number of syllables for that category. The adjustments made to 

account for the difference in number of syllables between task types may have artificially 

inflated emotional verbal fluency scores relative to category fluency scores. Participants 

in the present study were asked to answer using single words. Thus, scores did not 

require adjustments and performance was compared directly for each task type.  

Performance on emotional verbal fluency tasks depends upon utilization of 

lexical-conceptual connections and integrity of semantic networks as well as emotional 

association networks. Thus, when generating a list of words that are related to an 

emotion, cognitive processing load is increased relative to a neutral category fluency task. 

This increased cognitive processing load is one possible explanation for decreased output 

in emotional verbal fluency tasks. Furthermore, results suggested that emotional verbal 

fluency is less dependent upon language proficiency than category fluency or letter 

fluency. The calculation of Pearson correlation coefficients between language proficiency 

scores (English proficiency score – Spanish proficiency score) and production difference 

scores (Items produced in English – Items produced in Spanish for each task type) 

revealed that language proficiency difference was significantly correlated with 

production difference for category fluency (0.69), letter fluency (0.68) and overall 

production (0.77), but not for emotional fluency (0.38).  Emotional fluency also displayed 

the weakest correlation coefficient between language dominance ratings and production 
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differences. The significantly weaker relationship of emotional verbal fluency to 

language proficiencies as compared to category fluency and letter fluency suggests that 

task performance is strongly affected by a domain other than language ability, most likely 

emotional processing. If emotional verbal fluency is more indicative of emotional 

processing ability than language ability, it may be a useful tool for assessing the 

emotional processing deficits observed in TBI and right hemisphere disorders.  

Differences between numbers of items generated for joy versus anger were 

compared to examine whether participants demonstrated a positivity bias within the task. 

Significantly more items were produced in English joy as compared to English anger, and 

significantly more items were produced in Spanish alegría as compared to Spanish ira. 

These results support findings from Sass et al. (2013) who found that participants 

produced the greatest number of items for the emotional category of joy. Furthermore, 

these results support a greater body of literature that suggests a positivity bias in language 

processing (Kuchinke et al., 2005). Sass et al. (2012) found that priming participants with 

positively associated words increased the speed with which participants were able to then 

identify another positively associated word (as compared to unrelated word pairs). 

Conversely, priming participants with negatively associated words did not increase the 

speed with which participants were able to identify another negatively associated word.  

The study concluded that positively associated words appear to be easily processed while 

negatively associated words may be suppressed or inhibited (Sass et al., 2012). Verbal 

fluency tasks recruit cognitive processes in addition to language ability. Valence of 

emotional content also has been demonstrated to affect cognitive processing. Positive 
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affect may increase dopamine levels in the brain, which in turn may improve executive 

functioning skills such as problem solving (Ashby, Isen & Turken, 1999). Thus, 

increased performance on positive emotional fluency tasks as compared to negative 

emotional fluency tasks may be influenced by the beneficial effects of positive 

associations on semantic processing and cognitive processing. 

 Group means from Study 1 indicated that significantly more items were generated 

in English as compared to Spanish, which is consistent with self-reports of English 

dominance. Group participants reported English dominance (n=15) or balanced 

bilingualism (n=6). No participants reported Spanish dominance. Calculation of Pearson 

correlation coefficients between language proficiency ratings and number of items 

generated for each task type in each language did not reveal strong correlations. Only the 

relationships of Spanish proficiency with Spanish category fluency and Spanish 

proficiency with overall Spanish productions reached significance. English proficiency 

levels may have been too homogenous (majority near 100) to provide a meaningful scale 

for correlations. 

A clear pattern emerged in correlations between the differences in language 

proficiency ratings and the differences between productions in each language. The 

difference between language proficiency ratings was significantly correlated with the 

production difference in category fluency, letter fluency and overall performance. This 

measure was not correlated with production difference in emotional fluency. This pattern 

suggests that for category and letter fluency, obtained self-ratings of proficiency in each 

language may be a reliable way to interpret observed differences between performance in 
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each language. Dominance ratings correlated significantly with production differences in 

letter fluency and overall, but not with category fluency or emotional fluency. Thus, 

calculation of a language proficiency difference score may be a more accurate way to 

identify differences between languages than a rating for language dominance. 

TBI participants 

The TBI participants experienced impaired z-scores in all types of verbal fluency, 

consistent with expectations. GP, DN and MM obtained at least one z-score in the 

impaired range for each task type. These results are consistent with the word retrieval 

difficulties, slowed processing speeds and impaired cognitive skills of individuals with 

TBI. 

Interestingly, GP, DN, and AO demonstrated greater impairment in category 

fluency relative to letter fluency.  For example, AO demonstrated significant impairment 

in both completed category fluency tasks but neither of the two completed letter fluency 

tasks. This finding is consistent with other studies which have found that bilingual 

individuals perform better on letter fluency tasks as compared to category fluency tasks 

(Luo, Luk & Bialystok, 2010), but not consistent with studies that have found that letter 

fluency is particularly impaired in individuals with TBI (Henry & Crawford, 2004b). 

The observed resistance to impairment in letter fluency is especially impressive 

considering that GP, DN and AO all had a lower level of education relative to the control 

group mean. Previous studies have shown that letter fluency in particular is sensitive to 

deficits in TBI, since this task relies more on executive functioning than category fluency 

(Henry & Crawford, 2004b). The results of the present study suggest that the interaction 
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of bilingualism with TBI results in a decrease in the sensitivity of letter fluency tasks to 

TBI deficits and an increase in the sensitivity of category fluency tasks. One possible 

explanation for the decrease in sensitivity of letter fluency may be the different cognitive 

profiles of monolingual and bilingual individuals. Healthy bilingual individuals have 

demonstrated lower output in category fluency relative to monolingual individuals but 

equal or higher output in letter fluency (Luo, Luk & Bialystok, 2010). The decreased 

output in category fluency tasks has been attributed to smaller relative vocabulary sizes 

(Portocarrero et al., 2007), weaker connections between semantic and phonetic 

representations in the bilingual lexical system (Gollan, Montoya & Werner, 2002), or 

increased recruitment of EF processes to inhibit the retrieval of words in the nontarget 

language (Gollan, Montoya & Werner, 2002). The fact that performance by bilingual 

individuals on letter fluency tasks is either comparable or superior to performance of 

monolingual individuals has been interpreted as a sign of enhanced EF abilities (Luo, Luk 

& Bialystok, 2010). In this interpretation, enhanced EF abilities allow bilingual 

individuals to overcome disadvantages from lower vocabulary sizes or other language 

inhibition to perform comparably with monolingual individuals. This explanation is 

consistent with other studies which have demonstrated significantly enhanced EF abilities 

of bilingual individuals in tasks other than verbal fluency (Bialystok et al., 2008; Costa et 

al., 2008).  

Because bilingualism results in enhanced EF abilities in healthy bilingual 

individuals, it may provide some protection of these abilities after TBI. The TBI 

participants all experienced some level of impairment in executive functioning, so if 
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bilingual individuals with TBI do experience some protection of EF abilities, this 

protection is certainly not strong enough to eliminate impairment. However, the 

protection may be significant enough to alter which aspects of EF are most prominently 

impaired following TBI and which assessments are most sensitive to those deficits. For 

example, participant DN demonstrated low average to average performance on the 

WCST and above average performance on TOL despite his estimated severity of 

moderate-severe and his impaired performance on lower-level tasks such as the TMT and 

SCWT. Participant MM demonstrated several markers of TBI including disorganized 

discourse, impulsive behavior, pragmatically inappropriate topic switching and and 

excessive verbosity, but she demonstrated relatively mild impairments in tests of EF. 

These patterns suggest that some of the tests may not have been sensitive enough to 

detect deficits in DN and MM, though the extent to which these patterns indicate 

protective effects of bilingualism is unknown. 

Henry & Crawford (2004b) found letter fluency tasks to be more sensitive to TBI 

deficits than the WCST and category fluency tasks; however, results from the present 

study suggest that letter fluency tasks may not be as sensitive in bilingual individuals. 

This information is important in the evaluation of bilingual individuals with TBI so that 

abilities and impairments may be accurately assessed. The present study’s small sample 

size prohibits definitive conclusions about whether the TBI participants experienced 

enhanced EF as compared to monolingual individuals with TBI, but the patterns observed 

emphasize the need for further research into valid assessment tools for the bilingual TBI 

population. 
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All participants obtained at least one impaired z-score in the emotional verbal 

fluency tasks. For MM, whose performance was variable across task types and 

conditions, level of performance in emotional fluency was comparable to her level of 

performance in both letter fluency and category fluency. For GP and AO, emotional 

fluency impairment was comparable with category fluency impairment. However, for 

DN, emotional fluency was the least impaired of the three category types. DN was the 

only participant to experience frank impairment of language. Significantly greater levels 

of impairment in category fluency and letter fluency relative to emotional fluency further 

supports results from Study 1 which suggest that emotional fluency is less dependent on 

language ability than the other two task types, perhaps because it relies more on the 

ability to utilize emotional association networks and emotional memory than language 

ability. This pattern supports use of emotional verbal fluency tasks as assessments of 

deficits specific to emotional processing in TBI, though future research should relate this 

task to other measures of emotional processing. GP, DN and AO all demonstrated 

comparable impairment in emotional fluency while MM demonstrated lesser impairment. 

These results are consistent with their respective neuropsychological profiles, which 

suggested that GP, DN and AO experienced significant cognitive deficits associated with 

TBI while MM primarily experienced mild deficits in attention and organization. 

The TBI participants did not demonstrate consistently increased performance on 

the positive emotional task versus the negative emotional task, which is inconsistent with 

previous studies that have shown that individuals with TBI or right hemisphere damage 

are better able to process positive emotions (Adolphs et al., 1996; Marquardt et al., 2001). 
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One explanation may be that the sample size of the present study may be too small to 

detect these differences. Another explanation may be that some of the participants in the 

current study may have been experiencing symptoms of depression at the time of the 

study. DN reported experiencing depression as a direct result of the consequences of his 

injury. MM reported a history of depression. AO did not report a history of depression, 

but exhibited symptoms of emotional instability while receiving care in the residential 

rehabilitation center where he was tested. Individuals with depression have been 

documented to experience a bias for negatively affected information (Atchley et al., 

2003; Weisbrod et al., 1999). One possibility is that the symptoms of depression 

experienced by the TBI participants caused them to perform comparatively on negative 

emotional tasks and positive emotional tasks. This possibility suggests another potential 

application for the emotional verbal fluency task, which is to monitor the development 

and progression of depression symptoms in TBI patients. Many individuals with brain 

injuries experience depression as a result of the consequences of their injuries, and this 

information is important in any neuropsychological assessment. Klumpp (2010) 

suggested that an emotional verbal fluency task be included in the neuropsychological 

assessment of all individuals at risk for depression. Future research in this area is needed. 

 The emotional verbal fluency task may be helpful in assessing emotional 

processing not only by analyzing the number of items produced, but also by qualitatively 

assessing performance. For example, AO demonstrated difficulty with understanding 

emotions through comments made during administration. He completed the example 

items and verbalized understanding of the task, but when given specific emotions, he 
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expressed unfamiliarity with the concepts and difficulty with initiating responses. 

Immediately prior to beginning the task for Spanish alegría, he said, “I understand, but I 

don’t know if I can say it.” During the task he made comments such as, “I still can’t. 

Nothing’s coming to my mind.” During administration of English anger, he said, “I guess 

I don’t get angry that often,” when he struggled to think of words to generate. These 

comments provided a window into the difficulties that he experienced with processing the 

emotional task. 

Error rates for TBI participants and healthy participants also were compared to 

examine the qualitative differences in output between groups. Two of the four 

participants with TBI exhibited higher rates of error than the control group. GP exhibited 

rates of error beyond the upper limit of the control group’s range for English animals, 

English foods, English letter S, and Spanish alegría. A majority of GP’s errors were 

language choice errors. He often produced Spanish words during English conditions. This 

pattern is consistent with the hypothesis that TBI participants would exhibit difficulties 

with language control. Ratiu (2015) demonstrated that bilingual individuals with TBI 

experienced more difficulties with language control than did healthy bilingual 

individuals, probably due to deficits in inhibition that are associated with TBI. Participant 

GP’s language choice errors are consistent with scores in the significantly impaired range 

on all tests of EF. He exhibited the most significant EF impairment and the highest 

number of language choice errors. DN exhibited rates of error beyond the upper limit of 

the control group’s range for English foods, Spanish comidas, English anger, and Spanish 

ira. DN’s errors were primarily repetition errors. This type of error indicates difficulty 
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with working memory and self-monitoring. DN demonstrated a variable ability to self-

monitor during the assessment battery. He made two errors that he did not self-correct on 

Trail B of the TMT, but he was able to self-correct 100% of his errors on the SCWT. GP 

also exhibited several repetition errors, consistent with his performance on the SCWT 

and the TOL. On the SCWT he often did not self-correct errors. On the TOL, he often 

made rule violations and required reminders to make sure he adhered to the rules of the 

task. These results support previous studies, which found repetition errors to be 

characteristic of performance of individuals with TBI on verbal fluency tasks (Raskin & 

Rearick, 1996). 

Finally, differences between performances on each task in each language by the 

TBI participants were analyzed to determine whether one language experienced greater 

impairment relative to the other. It was hypothesized that the language that had been non-

dominant pre-injury would exhibit decreased output as compared to the pre-morbid 

dominant language and that balanced bilingual individuals would exhibit comparable 

impairment in both languages.  

MM and AO experienced greater impairment in Spanish, consistent with post-

morbid self-reports of English dominance. AO reported that English had become more 

dominant post-injury. MM reported that her bilingualism was balanced pre-injury but that 

she had become English dominant post-injury; however, she reported that her English 

proficiency was higher than her Spanish proficiency before and after the injury. 

Additionally, she reported that she did not use Spanish regularly at the time of the 

accident. Based on this information, MM most likely demonstrated English dominance 
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prior to her injury. The impairment patterns of MM and AO are consistent with the 

hypothesis that participants would experience greater impairment in the pre-morbid non-

dominant language.  

GP and DN experienced greater impairment in English, despite self-reports of pre-

morbid and post-morbid balanced bilingualism. However, GP reported that his Spanish 

proficiency was higher than his English proficiency before and after his injury. 

Additionally, he reported that prior to his injury he used Spanish in 100% of interactions. 

Thus, GP was most likely Spanish dominant before and during testing. His greater 

impairment in English is consistent with his pre- and post-morbid Spanish dominance. 

DN does not appear to fit the pattern exhibited by the other three participants. He 

reported balanced bilingualism and equal proficiencies in both languages before and after 

his injury but demonstrated greater impairment in English. One possible explanation for 

this discrepancy is that his deficits prohibited him from making accurate assessments of 

his language abilities. Thus, even if he experienced Spanish dominance at the time of 

testing, a deficit in self-awareness compromised his ability to accurately self-assess this 

dominance. However, his pre-morbid proficiency rating may be reliable. DN had lived 

for over 20 years in the United States using primarily English in the workplace and both 

languages with his family. His languages could have been more balanced prior to injury, 

which would account for why his ratings indicated balanced bilingualism. TBI causes 

impairments in executive functioning, cognitive processing speed and memory. Using a 

second language requires additional cognitive effort, even after a reasonable level of 

proficiency has been achieved (Piolat et al., 2008). Because brain injuries affect cognitive 
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processing, the ability to use second languages or languages that have not been used 

regularly since childhood may be indirectly affected by the injury, which may cause one 

language to experience more impairment than the other. This pattern of impairment 

would also explain why MM and AO both reported lower proficiencies in the 

nondominant language post-injury.  

The interaction of the participants’ language use and proficiency patterns with 

their level of impairment in the experimental tasks indicates the need for assessments and 

treatment plans that take into account pre- and post-morbid cognitive-linguistic profiles. 

Information about language proficiency and use should be gathered from multiple 

sources if possible, including self-reports and family reports. Family reports are 

especially important in TBI since awareness of ability or level of performance is often 

impaired. Understanding pre-morbid patterns can assist interpretation of post-morbid 

ability in each language. Muñoz & Marquardt (2003) concluded that in bilingual aphasia, 

differential post-morbid ability in each language did not necessarily entail differential 

impairment. Instead, clinicians were recommended to carefully consider all aspects of an 

individual’s linguistic profile. Based on the results of the present study, the same careful 

consideration should be given to bilingual individuals with TBI. 
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LIMITATIONS 

 The present studies experienced several limitations. First, the healthy bilingual 

group consisted of a limited sample size (n=21) and exhibited a high level of 

homogeneity in regards to language dominance and education levels. The examiner relied 

solely on self-reports that participants did not have a history of psychiatric illnesses, 

neurological disorders, learning disorders, attention disorders, alcoholism, drug addiction, 

stroke or brain injury. Also, the examiner relied on self-report to determine language 

proficiencies and dominance since objective measures of language proficiency were not 

administered. 

 Analysis of the TBI group was limited by the validity of z-score comparisons 

because of differences between the TBI participants and control group in age, education 

levels and language dominance profiles. Additionally, statistical analyses of the TBI 

group were not possible because of the extremely small sample size (n=4). Participant 

AO was unexpectedly discharged from the rehabilitation facility before his final testing 

session and could not be contacted to complete testing. Medical records for AO were not 

available for review because of his unexpected discharge. Medical records for MM were 

not available because of the length of time that had passed between the date of injury and 

the date of testing (37 years). 
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CONCLUSIONS 

 
 In summary, the results from the present studies provided preliminary data on 

generative naming in Spanish-English bilingual individuals with TBI and demonstrated 

the utility of the emotional verbal fluency task as a component of neuropsychological 

assessment, especially in individuals with TBI. The healthy bilingual group generated the 

greatest number of items in category fluency tasks. The number of items generated for 

letter fluency tasks and emotional fluency tasks were not significantly different. The 

group produced significantly more items in English than in Spanish, reflecting self-

ratings of English dominance. Language proficiency difference scores were significantly 

correlated with the differences in productions between languages, which highlights the 

usefulness of self-ratings in the estimation of expected performance in both languages. 

 Participants with TBI demonstrated impaired z-scores relative to the control group 

in all task types, consistent with our predictions. Letter fluency tasks appeared to have 

decreased sensitivity to TBI deficits which suggests the need for research that establishes 

appropriate assessment tools for bilingual individuals with TBI. Two of the TBI 

participants exhibited increased rates of errors relative to the control group. One 

participant exhibited a high rate of language choice errors, which may indicate deficits in 

language control as a possible component of bilingual TBI sequelae. Three of the TBI 

participants experienced greater impairment in the pre-morbid non-dominant language, 

consistent with self-reports. The other participant experienced greater impairment in the 
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second language, inconsistent with self-reports of pre-morbid and post-morbid balanced 

bilingualism.  

The emotional verbal fluency tasks appeared to be valid assessments of emotional 

processing. Because the emotional verbal fluency tasks appear to rely less on language 

ability than category fluency or letter fluency, it may be a valid tool for assessing the 

emotional processing deficits experienced by individuals with TBI. Future studies should 

assess performance of individuals with TBI on these tasks in relation to other measures of 

emotional processing.  

 Clinically, this study highlights the importance of adopting emotional verbal 

fluency tasks to assess the interaction of executive functioning skills and emotional 

information in TBI and, potentially, other disorders such as right hemisphere disorder and 

depression. The tasks are brief and easy to administer and may be a reliable measure of 

emotional processing ability. Future studies should examine performance on these tasks 

in larger groups of neurologically healthy individuals and individuals with neurological 

or psychiatric disorders.  

 Verbal fluency in individuals with TBI appeared to be more impaired in the pre-

morbid non-dominant or second language, but the present study’s sample size was too 

small to draw definitive conclusions about language impairment patterns following TBI 

in bilingual individuals. Future studies should examine these patterns to provide 

information that will assist clinicians in the establishment of appropriate treatment goals 

in each language.  
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APPENDICES 

APPENDIX A: LANGUAGE USE QUESTIONNAIRE 

 
This questionnaire is related to the amount of English and your other language (specify) 
________________ you have been exposed in your life.  Please cross the box that best 
describe the percentage of the other language or English you have been exposed in the 
given age range.  If you were exposed only to one language in a specific age range, 
please select the 100% box for that language.   
 
Directions: From the following age ranges please select which language you heard, 
spoke and read the most.  For example, if you indicate you heard English 75% of the 
times between the age range 6-9, it means that you heard the other language the 
remaining 25% of the times.  

 
 
 

L  A  N  G  U  A  G  E    Y  O U    H   E  A  R  D    T H E    M O S T 
Other language 

100% 
25 English/75 

other 
50/50 75 English/25 

other 
English 100% 

Age          

0-3      
3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      
27-30      

30 and up      
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 L  A  N  G  U  A  G  E    Y  O U    S  P  O  K  E    T H E    M O S T 
Other language 

100% 
25 English/75 

other
50/50 75 English/25 

other 
English 100% 

Age          

3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      
27-30      

30 and up      

  

 L  A  N  G  U  A  G  E    Y  O U    R  E  A  D    T H E    M O S T 
Other language 

100% 
25 English/75 

other
50/50 75 English/25 

other 
English 100% 

Age          

3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      

27-30      
30 and up      
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Directions:. From the following age ranges please indicate which language gave you the 
most confidence when speaking, hearing and reading it.  Confidence does not mean the 
language you used the most.  It means the language that gave you the most self-
confidence when speaking, listening or reading.  For example, it might be possible that 
between 9-12 years of age you heard English at school and your other language at home.  
However, you felt more self-confident when hearing your other language than English.  If 
you were exposed to only one language in a specific age, answer for the exposed 
language only. 
 

 C O N F I D E N C E    I N    H E A R I N G 
Not 

confident 
25% 

confident 
50% 

confident 
75% 

confident 
Strong 

confident 

Age Language          

3-6 
English      
Other      

6-9 
English 
Other 

 
 

 
 

 
 

 
 

 
 

9-12 
English 
Other 

 
 

 
 

 
 

 
 

 
 

12-15 
English      
Other      

15-18 
English      
Other      

18-21 
English      
Other      

21-24 
English      
Other      

24-27 
English      
Other      

27-30 
English      
Other      

30 and up 
English      
Other      
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 C O N F I D E N C E    I N    S P E A K I N G 
Not 

confident 
25% 

confident 
50% 

confident 
75% 

confident 
Strong 

confident 

Age Language          

3-6 
English      
Other      

6-9 
English 
Other 

 
 

 
 

 
 

 
 

 
 

9-12 
English 
Other 

 
 

 
 

 
 

 
 

 
 

12-15 
English      
Other      

15-18 
English      
Other      

18-21 
English      
Other      

21-24 
English      
Other      

24-27 
English      
Other      

27-30 
English      
Other      

30 and up 
English      
Other      
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 C O N F I D E N C E    I N    R E A D I N G 

Not 
confident 

25% 
confident 

50% 
confident 

75% 
confident 

Strong 
confident 

Age Language          

6-9 
English      
Other      

9-12 
English 
Other 

 
 

 
 

 
 

 
 

 
 

12-15 
English      
Other      

15-18 
English      
Other      

18-21 
English      
Other      

21-24 
English      
Other      

24-27 
English      
Other      

27-30 
English      
Other      

30 and up 
English      
Other      
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Directions:  For activity, include what you are engaged in (e.g., breakfast, work, etc).  
For partners, include who is interacting with you in the given activity (e.g., mother, 
grandfather, siblings, etc.).  For language(s), use O for Other language, E for English, B 
for both. 

Home Language Profile/Routine:  During Week 

 

 

 

 

 

 

 

 

 

 

Time Activity Conversation 
Partner(s) 

Language(s) 

  Partner Participant 
7am  O      E    B O      E    B 
8am  O      E    B O      E    B 
9am  O      E    B O      E    B 
10am  O      E    B O      E    B 
11am  O      E    B O      E    B 
12pm  O      E    B O      E    B 
1pm  O      E    B O      E    B 
2pm  O      E    B O      E    B 
3pm  O      E    B O      E    B 
4pm  O      E    B O      E    B 
5pm  O      E    B O      E    B 
6pm  O      E    B O      E    B 
7pm  O      E    B O      E    B 
8pm  O      E    B O      E    B 
9pm  O      E    B O      E    B 
10pm  O      E    B O      E    B 
11pm  O      E    B O      E    B 
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Directions:  For activity, include what you are engaged in (e.g., breakfast, work, etc).  
For partners, include who is interacting with you in the given activity (e.g., mother, 
grandfather, siblings, etc.).  For language(s), use O for Other language, E for English, B 
for both.   

Home Language Profile/Routine:  Weekend 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time Activity Conversation 
Partner(s) 

Language(s) 

  Partner Participant 
7am  O      E    B O      E    B 
8am  O      E    B O      E    B 
9am  O      E    B O      E    B 
10am  O      E    B O      E    B 
11am  O      E    B O      E    B 
12pm  O      E    B O      E    B 
1pm  O      E    B O      E    B 
2pm  O      E    B O      E    B 
3pm  O      E    B O      E    B 
4pm  O      E    B O      E    B 
5pm  O      E    B O      E    B 
6pm  O      E    B O      E    B 
7pm  O      E    B O      E    B 
8pm  O      E    B O      E    B 
9pm  O      E    B O      E    B 
10pm  O      E    B O      E    B 
11pm  O      E    B O      E    B 
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Directions: Write the age intervals (in years) when your parents have lived in the 
countries stated below. If they have lived all their life in one country please indicate 
which country. 
 
 Father Mother
United States 
 

  

Other country (specify the 
country)________________ 
 

  

All their life in (specify the 
country)________________ 
 

  

Not applicable 
 

  

Please rate the ability of the following people in each language. Specify the other 
language____________________________. 
 
 Proficiency rating 

Not 
confident 

25% 
confident 

50% 
confident 

75% 
confident 

Strong 
confident 

 Language          

Mother 
English      
Other      

Father 
English 
Other 

 
 

 
 

 
 

 
 

 
 

Siblings 
English 
Other 
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Educational History: 
 
How many years of education have you had? ___________________ 
 
 
What was the language you used at school during: Other English Both 
Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 
Which language did you prefer to speak at school 
during: 

   

Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 
What language did other students speak at school 
during: 

   

Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 

 
 
Were you taught in any additional languages?  YES  NO 
 
If so, which language(s)? 
 
 
Have your language use patterns changed in the last five years? If yes, How? 
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Language Ability Rating 
 

I would like to understand how comfortable you are using English and Spanish. Each line 
below is a scale of ability ranging from no proficiency (left side) to native-like 
proficiency (right side). Please mark the point on the line that best describes your ability 
in each category. 
 

English 
 

Overall ability  
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 

 
Speaking in casual conversations 

 
|___________________________________________________________| 

     No proficiency                                                                           Native-like proficiency 
 

Listening in casual conversations 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 

 
Speaking in formal situations 

 
|___________________________________________________________| 

     No proficiency                                                                           Native-like proficiency 
 

Listening in formal situations 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 
 

Reading 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 
 

Writing 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 
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Spanish 
 

Overall ability  
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 

 
Speaking in casual conversations 

 
|___________________________________________________________| 

     No proficiency                                                                           Native-like proficiency 
 

Listening in casual conversations 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 

 
Speaking in formal situations 

 
|___________________________________________________________| 

     No proficiency                                                                           Native-like proficiency 
 

Listening in formal situations 
 

|___________________________________________________________| 
     No proficiency                                                                          Native-like proficiency 
 

Reading 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 
 

Writing 
 

|___________________________________________________________| 
     No proficiency                                                                           Native-like proficiency 
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Relationship Between Spanish and English 

Please indicate on the line how comfortable you felt using each language as compared to 
the other. For example, a mark in the middle of the line would indicate that you felt 
equally comfortable using both Spanish and English. A mark on the far left side would 
indicate that you were only comfortable using Spanish. 

 
|___________________________________________________________| 

      Spanish           English  
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APPENDIX B: PRE-INJURY LITERACY HISTORY FOR TBI PARTICIPANTS 

(Adapted from the BAT) 
 

English  
 

1. Before your injury was your English speaking:  
1) Not good          2) Good          3) Very good 
 
2. How old were you when you learned to speak English?  __________ 
 
3. Before your injury did you speak English at home? __________ 
 
4. Before your injury did you speak English at work? __________ 
 
5. Before your injury did you speak English with friends? __________ 
 
6. In your daily life, before your injury, did you speak English:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
 
7. Did you ever learn to read English? __________ (If no, skip to question 11) 
 
8. How old were you when you learned how to read English? __________ 
 
9. Before your injury, was your English reading: 
 1) Not good          2) Good          3) Very good 
 
10. In your daily life before your injury did you read English:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
 
11. Did you ever learn to write English? __________ (If no, no further questions)  
 
12. How old were you when you learned how to write English? __________ 
 
13. Before your injury, was your English writing:  
1) Not good          2) Good          3) Very good 
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14. In your daily life before your injury did you write English:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
 

Spanish  
 
1. Before your injury was your Spanish speaking:  
1) Not good          2) Good          3) Very good 
 
2. How old were you when you learned to speak Spanish?  __________ 
 
3. Before your injury did you speak Spanish at home? __________ 
 
4. Before your injury did you speak Spanish at work? __________ 
 
5. Before your injury did you speak Spanish with friends? __________ 
 
6. In your daily life, before your injury, did you speak Spanish:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
 
7. Did you ever learn to read Spanish? __________ (If no, skip to question 11) 
 
8. How old were you when you learned how to read Spanish? __________ 
 
9. Before your injury, was your Spanish reading:  
1) Not good          2) Good          3) Very good 
 
10. In your daily life before your injury did you read Spanish:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
 
11. Did you ever learn to write Spanish? __________ (If no, no further questions)  
 
12. How old were you when you learned how to write Spanish? __________ 
 
13. Before your injury, was your Spanish writing:  
1) Not good          2) Good          3) Very good 
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14. In your daily life before your injury did you write Spanish:  
1) Every Day          2) Every Week          3) Every Month           
4) Every Year          5) Less than once a year 
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APPENDIX C: EXAMPLE OF EXPERIMENTAL TASK PROCEDURES 

 
Administration 1 

 
I’m going to ask you to think of some words. One task is to name all of the words you 
can think of in a certain category. Another is to name all of the words you can think of 
that relate to a certain emotion. Another is to name all of the words you can think of that 
begin with a certain letter. Let’s go through examples for each task. 
 
 Name all the colors you know. Some examples are “yellow” and “green.” Can 

you tell me some others? (Wait for generation of 2-3 examples) 
 Dígame todas las palabras que sabe que empiezan con la letra 'T.' Unos ejemplos 

son “tarta” y “tambien.” Puede decirme unos otros? (Wait for generation of 2-3 
examples) 

 Tell me all the words you know that are related to the feeling of surprise. Some 
examples are: “shocked,” and “present.” Can you tell me some others? (Wait for 
generation of 2-3 examples) 

 
For the emotional task, you can say any word that you associate with the emotion. These 
words can be other emotions, things that cause you to feel the emotion or even an abstract 
association. 

 
You will have one minute to complete each task. Try to answer with single words and 
avoid repeating the same word twice. If the instructions are in Spanish, please respond 
with items in Spanish. If the instructions are in English, please respond with items in 
English. All your responses will be recorded. 
 
Do you have any questions? (Wait for response.) Now let’s begin. 

Language Task 

English Tell me all the foods you know. 
You have one minute. 
Are you ready? 
Start now. 
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Spanish Dígame todas las palabras que sabe que están relacionadas con el sentimiento 
de alegría. 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

Spanish Dígame todas las animales que sabe. 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

English Tell me all the words you know that are related to the feeling of anger. 
You have one minute. 
Are you ready? 
Start now. 

Spanish Dígame todas las palabras que sabe que comienzan con la letra 'S.' 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

English Tell me all the words you know that begin with the letter 'F'. 
You have one minute. 
Are you ready? 
Start now. 

 
Thank you! That will be all for today.  
 

Administration 2 
 

I’m going to ask you to think of some words, just like in the previous session. One task is 
to name all of the words you can think of in a certain category. Another is to name all of 
the words you can think of that relate to a certain emotion. Another is to name all of the 
words you can think of that begin with a certain letter. Would you like to go through 
examples for each task again? (If no, skip examples and resume instructions with the 
word “remember”) 
 
 Name all the colors you know. Some examples are “yellow” and “green.” Can 

you tell me some others? 
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 Dígame todas las palabras que sabe que empiezan con la letra 'T.' Unos ejemplos 
son “tarta” y  “tambien.” Puede decirme unos otros? 

 Tell me all the words you know that are related to the feeling of surprise. Some 
examples are: “shocked,” and “present.” Can you tell me some others? 

 
Remember: For the emotional task, you can say any word that you associate with the 
emotion. These words can be other emotions, things that cause you to feel the emotion or 
even an abstract association. 
 
You will have one minute to complete each task. Try to answer with single words and 
avoid repeating the same word twice. If the instructions are in Spanish, please respond 
with items in Spanish. If the instructions are in English, please respond with items in 
English. All your responses will be recorded. 
 
Do you have any questions? (Wait for response.) Now let’s begin. 

Language Task 

Spanish Dígame todas las comidas que sabe. 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

English Tell me all the words you know that are related to the feeling of joy. 
You have one minute. 
Are you ready? 
Start now. 

English Tell me all the words you know that begin with the letter 'S'. 
You have one minute. 
Are you ready? 
Start now. 

Spanish Dígame todas las palabras que sabe que están relacionadas con el sentimiento 
de ira. 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

English Tell me all the animals you know. 
You have one minute. 
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Are you ready? 
Start now. 

Spanish Dígame todas las palabras que sabe que empiezan con la letra 'F.' 
Tiene uno minuto. 
Esta listo/a? 
Ahora empiece. 

 
Thank you for participating! We are finished. 
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