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ABSTRACT 

The relationship between brain invaded by tumor and consequent word retrieval 

deficits was investigated. Performance scores from 10 individuals who underwent 

craniotomy for mmor resection were obtained using contexts of constrained naming, 

verbal fluency, and picture description during pre- and post-craniotomy This study 

described qualitative and quantitative differences of impairment to elucidate the nature 

and extent of naming impairment in individuals with cerebral hemisphere tumors. 

For all tasks, independent of group, performance decrements were reported pre-

operatively in relation to normative data, with subsequent post-operative decline. This was 

particularly true for the Left Hemisphere Group who exhibited poorer performance than 

the Right Hemisphere Group. It was expected that the Frontal Group would have greater 

difficulty on tasks requiring intact frontal lobe function (i.e. Verbal Fluency), but the Non-

Frontal Group performed more poorly. Surprisingly, the Frontal Lobe Group showed the 

smallest decrement, and the Non-Frontal and Left Hemisphere Groups showed the worst 

performance overall. Pre- and post-operatively, all subjects exhibited greater word 

retrieval deficits than normal controls during verbal fluency tasks. The overall disruption 

of word retrieval across tasks was predictable for time of examination, but not for site of 

lesion. 

The results of this study suggest that the word retrieval deficits of brain tumor 

patients may differ from traditional aphasia profiles. This knowledge may contribute to a 

better understanding of language processing and production in tumor-related aphasia. 
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CHAPTER I 

INTRODUCTION 

Continued understanding of naming in acquired neurogenic disorders may help to 

clarify of the actual disruption of tumor-related aphasic symptoms such as word retrieval 

and its neuro-anatomical correlates. Interest in the relationship between site of lesion and 

naming performance is not new to neurolinguistic inquiry. Anomia, or the impairment of 

the process of retrieving words from storage in the mental lexicon, seems to be ubiquitous 

in individuals with acquired neurogenic language disorders (Linebaugh, 1977; Miceli, 

Giustolisi, and Caramazza, 1991; Rosenbek, LaPointe. and Wertz, 1989). Although 

researchers have debated whether variability in naming is due to neuroanatomic 

distinctions, no general consensus has been reached concerning a specific brain region 

uniquely responsible for lexical access and retrieval. Although an array of high technology 

techniques has been applied to real-time observation of brain activation during naming 

tasks, there are conflicting data with respect to neuroanatomical correlates (Steinmetz & 

Seitz. 1991). The debate also continues with regard to clinical aspects of naming 

performance such as severity of dysfunction and individual variability of qualitative 

characteristics for performance across neuropathologies (Geschwind, 1978; Ojemann, 

1979; Small et al., 1995; Steinmetz & Seitz, 1991). Consequently, translating individual 

anatomic variability and performance variability into systematic, quantitative data across 

neurogenic communicative disorders is problematic. 
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Brain tumor patients have been an important data source for neuropsychological 

studies of brain-behavior relationships. However, the poor prognosis of many brain tumor 

patients has often led healthcare providers to bypass relevant issues to those patients 

whose survival is prolonged (Passik & Massey, 1996). Moreover, some brain tumor 

patients have cognitive-perceptual rehabilitation needs that are distinctly different from 

other brain-related diagnostic groups (Boake & Myers, 1993). Yablon, Boake, and Thoi 

(1993) note that few studies have addressed rehabilitation issues specific to brain tumor 

populations. Because medical and surgical treatment regimens in individuals with brain 

tumors seem to have increased survival (Fadul, et al. 1988; Karim, 1991; Yablon et al, 

1993). it is clinically and theoretically important to understand the neurobehavioral profiles 

of such patients. 

Service delivery is also becoming more focused on cost effectiveness and 

functional outcomes that are based on objective clinical data generated by knowledgeable 

clinicians. For that reason, improved caregiver understanding of behavioral complications 

of brain tumor patients may directly improve medical care delivery. Improved knowledge 

may also result in more effective rehabilitative strategies, family/caregiver education, and 

more effective ways to help patients and family members to adjust to functional outcomes. 

Finally, information may assist in optimizing quality of life for what might be a limited life 

span. 

An improved understanding of the word retrieval skills of adult patients diagnosed 

with primary and secondary brain tumors is important on several accounts. Brain tumors 
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are not fully understood structurally or medically, and even less is known about their 

relation to language function. Because central nervous system tumors frequently affect 

language function, studying patients who have them may expand what is known about 

language disorders. For example, understanding the nature and extent of word finding 

abilities may help to identify the source of variability in performance as it correlates with 

neuroanatomical substrates. Consequently, this may help to profile the effects of brain 

tumors on language more accurately. Specifically, the nature of word retrieval deficits and 

the extent of impairment may be elucidated. 

This investigation was designed to examine word retrieval abilities in adults with 

primary and secondary brain tumors of the right and left cerebral hemispheres under 

contexts of constrained naming, verbal fluency, and picture description during pre- and 

post-craniotomy conditions. This study describes qualitative and quantitative aspects of 

impairment. Following an introduction to the general cognitive deficits in adults with 

brain tumors, the review begins with neuroanatomical correlates of naming, the nature of 

the naming process, influences in word retrieval, and traditional methods of word retrieval 

assessment, followed by a literature review of existing studies of adults with tumor-related 

naming impairment. 
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CHAPTER O 

REVHEW OF THE LITERATURE 

GENERAL COGNITIVE DEHCITS EN ADULTS WITH BRAIN TUMORS 

Brain tumors almost always result in cognitive dysfunction (Meyers et al.. 1996). 

The type of cognitive impairment may be influenced by a number of factors. These factors 

include lesion location and tumor pathology. 

Location 

The location of a tumor appears to have more significant neuropsychological 

impact than its volume on the degree of impairment (Rogers & Mendoza. 1997, 

Turkheimer et al, 1990). For example, individuals with prefrontal brain tumors may be 

less severely affected than one might anticipate in intellectual motor, sensory, and 

perceptual abilities given the size of the tumor (Haaland & Delaney, 1981; Stuss et al.. 

1983). Nonetheless, deficits occur in individuals with prefi-ontal tumors for divergent 

reasoning, mental flexibility, planning and organization (Cicerone et al.. 1983; Janowsky 

et al.. 1989; Milner & Petrides. 1984; Petrides & Milner. 1982; Shallice & Evans. 1978; 

Stuss & Benson, 1986, Wang, 1987). Deficits have been reported specifically in 

individuals with left prefi-ontal lesions during tests of verbal or nonverbal tasks such as 

Controlled Oral Word Association Test, Stroop Test. Trail Making Test, and the 

Wisconsin Card Sort (Bentoa, 1968; Drewe, 1974; Golden, 1990; McFie, 1975; Milner, 

1964; Perret. 1974; Reitan, 1959; Shallice, 1982). 
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Other neurobehavioral sequelae of brain tumors from a variety of brain regions 

involve memory loss and marked personality changes (Meyers. Berman. Scheibel. and 

Hayman, 1992). Severe disturbance of attention, lack of control over premotor and 

executive function, distractibility, and concrete attitudes have been documented in like 

fashion (Lilja et al., 1992a). Disturbances of memory can be widespread whether tumor 

location is in the right or the left cerebral hemispheres. Similarly, attentional deficits 

normally associated with frontal lobe ftinction, have also been observed in subjects with 

nonfrontal tumors (Lilja, 1992a). 

Tumor Pathology 

Malignant brain tumors (i.e. generally rapid growth rates) are associated with more 

severe and widespread deficits of cognitive function than slower growing brain tumors 

(Meyers et al., 1992). Meyers and colleagues reported that extremely slow-growing brain 

tumors may not result in cognitive impairment because of compensatory function of other 

brain regions. Brookshire, Meyers, and Privett (1989) observed glioblastoma multiforme 

(i.e. the most malignant of all gliomas) patients tend to have cognitive impairments 

associated with adjacent and contralateral brain regions in addition to those related to the 

site of lesion. This was also found on neuropsychological assessment by Hom and Reitan 

(1984). 

Hom and Reitan (1984) demonstrated severity of cognitive function, to be 

correlated with rate of tumor growth and length of survival. Ninety-two subjects with 

unilateral intracranial tumors were divided into slow growing and fast growing tumor 



groups. The subjects with the fastest growing (i.e. highly malignant ) tumors performed 

the worst on Wechsier Intelligence Test and the Halstead-Reitan Neuropsychological 

Battery. The greatest differences between subjects occurred on subtests of the Halstead-

Reitan. The authors concluded that higher malignancy related to greater disruption of 

integrative brain flinction. It should be noted that Horn and Reitan failed to address age 

differences that may have biased comparisons between high and low malignancy groups. 

IVEUROANATOMIC CORRELATES OF NAMING 

The complexity of naming suggests it is a behavior of multi-dimensionality. That a 

single brain region can be implicated in the naming process is dubious, and it is highly 

probable that discrete brain regions contribute differentially to naming ability (Rosenbek et 

al.. 1989). This further emphasizes the need to draw upon all neuropathologies to enhance 

our current understanding of acquired neurogenic naming impairments. The ensuing 

discussion of studies involving site of lesion, cortical stimulation mapping, neuroimaging 

techniques such as positron emission tomography (PET) and regional cerebral blood flow 

(rCBF) will lend supporting evidence that naming is not focally represented in a single 

neuroanatomical structure or brain region. 

Lesion Studies 

Most investigations of naming deficits have involved syndromes of vascular 

etiology. Fewer studies have been conducted with brain tumor populations, and most of 
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them have only parenthetically addressed naming in the context of aphasic syndromes. For 

the past century, reports of tumor-related aphasia have existed in the literature, but 

definition of the nature and extent of naming dysfunction has gone unaddressed. 

Furthermore, many reports of aphasic naming disturbance in brain tumor patients 

antedated high technology methodologies, such as neuroradiologic imaging techniques, 

and tumor identifiers such as histology, site of lesion, and extent of disease process could 

not be verified until postmortem examination. Therefore, case reports were more 

prevalent than experimental analyses (Goldstein, 1911; Head. 1926; Kanzer. 1942; 

Keschner, Bender, and Strauss. 1936; Kubitschek, 1928; McKissock &. Paine, 1958; 

Pitres, 1898; Smythe&Stem. 1938; Strauss and Keschner, 1935; Wechsler, 1924; 

Weinstein & Kahn, 1952; Weisenburg and McBride, 1935). 

The seminal work of Kanzer (1942) contributed to the foundations of tumor-

related aphasia. Kanzer observed individuals with brain tumors and reported the most 

prominent early symptom was impaired word retrieval. This behavior appeared to be 

independent of tumor location, leading Kanzer to pose the yet unanswered question. "Why 

do tumors which affect different parts of the brain produce the same type of language 

difficulty?" (p. 107) To date, the number of responses to Kanzer's insightful question 

have been limited. 

Weinstein and Kahn (1952) described misnaming of objects in 30 individuals. 19 of 

whom had brain tumors (i.e. 5 metastatic tumors, 4 tumors in the region of the third 

ventricle, 4 bifi"ontal, 4 right temporal, 2 acoustic neuromas). Observations consisted of 
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naming substitutions in most instances, where the word was related to the object in terms 

of structure or function (e.g. "slipper" for "wallet" because the patient related you put 

money in it). Other naming errors had no logical relationship to the object, but were 

judged to have a structural or perceptual relationship (e.g. "ruler" for "tongue blade"). 

The authors reported that misnaming appeared consistently in tandem with other 

behavioral disturbances. For example. 30 patients were disoriented, 27 subjects were 

anosognosic, and six patients were aphasic with verbal production characterized by 

phonemic telescopage (e.g. "bombigator" for "bombardier" and "navigator") and 

neologisms. 

Arseni & Botez, (1961) reported the case of a 34 year old woman with a 

meningioma of the falx cerebri. The tumor compressed bilaterally the posterior third of 

the superior frontal convolution. Pre-operatively, the patient reported that she knew what 

she wanted to say but was unable to do so. Subsequent to surgery, the patient was mute 

for all tasks. 

Haas, Vogt, Schiemann, and Patzhold (1982) described tumor-related aphasia in 

forty-three individuals with benign and malignant brain tumors. Localization of the tumor 

in the right and left cerebral hemispheres was determined by computed tomography. 

Subjects were classified into groups of right sided tumors without aphasia (Group 1), left 

sided tumors without aphasia (Group 2), and left sided tumors with aphasia (Group 3). 

Subjects were tested using a language battery consisting of the Aachen Aphasia 

Test (AAT), which provided qualitative and quantitative descriptions of aphasic 



syndromes by examination of naming, repetition, \VTitten language, and auditory 

comprehension. 

The authors described the main features of tumor-related aphasia to be semantic 

and syntactic disturbances. Word retrieval was characterized by circumlocutions, breaking 

of sentences, and repetitions. There was an absence of paraphasic errors, and articulation 

and word repetition were only mildly involved. According to Haas et ai.. tumor-related 

aphasia was an anomic aphasia independent of the localization of the tumor within the 

dominant hemisphere. The aphasia syndrome related to brain tumors was described as 

typically mild and markedly different from vascular aphasic patients. Specifically, the 

authors attributed these differences to pathological-anatomical features of the disease 

process. That is. brain tumors grow by infiltration and displacement, and typically only 

damage neurons and their connections late in the disease process. In terms of the 

variability of growth rate in the progression of the disease, tumor-related aphasia evolves, 

whereas aphasia in cerebrovascular events is of sudden onset. 

Function in Brain Invaded by Tumor 

Other investigators have studied language disturbance in brain tumor populations 

from varying perspectives. Recht, McCarthy, O'Donnell, Cohen, and Drachman (1989) 

sought to correlate age to clinical, radiographic, and pathologic factors in patients with 

tumor-related aphasia. The authors compared language dysfianction of brain tumor 

patients to individuals with ischemic stroke of the dominant hemisphere. Language 

fiinction in ischemic stroke correlated most closely with location and size of the infarct. 



Conversely, size of tumor and its location were not correlated to aphasic behaviors. 

Rather, age and tumor grade were prediaive of language impairment. Young patients 

were found to have no aphasia, and older patients were globally aphasic. Word retrieval 

was not the focus of this study, but served as one of several language behaviors assessed 

during neurological examinations. Tumors were evaluated by pre-treatment computed 

tomography, and examined by volumetric analysis for total tumor/edema areas. 

Anderson, Damasio, and Tranel (1990) compared focal neuropsychological 

impairment on the basis of lesion laterality in brain tumor groups (n=17; 15 non-defined 

gliomas and 2 meningiomas) matched to individuals with stroke on the basis of lesion size 

and location. The pattern and severity of language impairment differed between tumor 

and stroke groups. For example, no relationship was found between left hemisphere lesion 

site and language impairment. Five subjects had tiimors involving Wernicke's area, but 

three of the subjects exhibited preserved auditory comprehension. Conversely, all of the 

stroke patients with lesions in the same area were impaired on tasks of auditory 

comprehension. Tumor associated impairments were milder, more variable, and were less 

likely to exhibit classical aphasic behaviors based on site of lesion. 

Ojemarm, Miller, and Silbergeld (1996) attempted to look at cortex essential to 

language, motor, and somatosensory functions. The authors sought to determine whether 

surgical resection of essential areas can be executed safely. Results indicated that 

abnormal tissue did not necessarily ensure an absence of function, and gross invasion of 

cortex by tumor limited safe resection. Tumors extend microscopically beyond grossly 
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abnormal regions. However, the grossly abnormal tissue can coexist with functioning 

essential cortex. The invasive nature of tumor cells into the normal cortical structure, 

rather than abutting it, precludes a clear boundary between the two cell structures. 

Despite infiltration of abnormal cells into brain tissue, brain function can be retained in 

what appears to be tumor. 

Cortical Stimulation Mapping 

Intra-operative cortical mapping procedures have been used for many decades in 

an effort to minimize neurological sequelae after brain surgery. Tumor resections in the 

dominant temporal lobe are especially difficult because of variability in language 

localization (Black & Ronner. 1987; Ojemann & Creutzfeldt. 1987; Ojemanru Ojemann, 

Lettich, and Berger. 1989). Haglund, Berger. Shamseldin, Lettich. and Ojemann (1994) 

used cortical stimulation mapping technique for the identification of essential language 

sites in 44 patients with gliomas (i.e.astrocytomas. oligodendrogliomas, and mixed 

oligoastrocytomas) of the dominant hemisphere temporal lobe in an effort to maximize 

tumor resection and minimize language impairment. 

The procedure involved wide craniotomy to expose the tumor and surrounding 

brain tissue, and to provide for adequate language mapping. The tumor was localized and 

cortical stimulation was applied using bipolar electrodes. Patients were presented slides of 

common objects to be named every four seconds. Baseline error rates were assessed with 

no stimulation applied. One or two slides without stimulation separated each stimulation 

or slide identification, and one or two slides intervened between each naming error. 



Pre-operative and post-operative language assessment included object naming, 

counting, fluency, comprehension, reading, and writing. Post-operatively, daily language 

examinations occurred the first week, then at 2 weeks, 1 month, 3 months. 6 months, and 

1 year. Anomia was diagnosed when object naming was found to be the only area of low 

performance. Aphasia syndromes were labeled expressive, receptive, or both, and graded 

as mild for occasional errors, and moderate to severe for overt errors. Contributing 

factors to language deficit were reported as age, gender, high tumor grade, and 

involvement of two or more quadrants in the temporal lobe. Findings indicated that the 

superior temporal gyrus contained significantly more language sites than the middle 

temporal gyrus. Patients with normal pre-operative language fiinction in whom language 

sites were identified more than 1 centimeter away fi"om the tumor resection margin, had a 

high likelihood that they would not have permanent post-operative language deficits. 

Positron Emission Tomography (PET) 

Radioimaging techniques have aided in determining neuropathological processes of 

various neurological disorders. Specifically, PET has been usefiil for measuring the 

changes in blood flow, metabolism, and neurotransmitter activity in neurological 

processes. The use of PET is helpfijl in the management of brain tumors, as it provides 

anatomical information and allows for tumor grading, determination of prognosis, and 

differentiation of recurrent tumor versus radiation necrosis (Newberg & Alavi, 1996). 

Additionally, real-time information can be obtained with regard to language fiinction and 

its neuroanatomic correlates. 
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Damasio, Grabowski. Tranel. Hichwa, and Damasio (1996) implemented PET 

technology to conduct two parallel studies of lexical retrieval. The first study involved 

127 adults with unspecified focal brain lesions of right and left hemispheres, and the 

second study tested nine normal adults. Both studies attempted to relate retrieval of 

concrete words to specific neural regions. The authors tested predictions that disruption 

of word retrieval for picture naming of famous people, animals, and tools would be 

dependent upon separate regions within the left hemisphere but not the right hemisphere. 

Additionally, the disruption of word retrieval for each of the three categories would 

consistently correlate with separable neural sites within left temporal poles and 

inferotemporal sectors. Ninety-seven (47 = left, 50 = right) subjects performed normally, 

30 did not. All but one subject of these 30 had left hemisphere damage. Abnormal 

performance was correlated to damage at the left temporal pole. Abnormal performance 

in naming animals was correlated with damage in left inferotemporal (IT), and abnormal 

performance for naming tools correlated with damage in posterolateral IT along with the 

junction of lateral temporo-occipito-parietal cortices. None of the subjects who 

performed normally had damage in these sites. 

The authors concluded that reduced activation of classic language areas and 

higher-order association cortices occurred during word retrieval tasks of concrete words 

in brain damaged individuals. Findings of PET studies in normal subjects implicated 

similar brain regions (Mazoyer, et al., 1993; Ojemann, 1991; Petersen, Fox, and Posner, 

Mintun, and Raichle, 1988). Other studies have indicated normal retrieval abilities for 



concrete nouns with impaired retrieval of abstract words such as action words (Damasio 

& Tranel, 1993; Daniel, Giustolisi, Silveri, Colosimo, and Gainotti, 1994; Hillis & 

Caramazza, 1991). 

Regional Cerebral Blood Flow (rCBF) 

Nishio (1994) highlighted the contribution of rCBF studies to the role of frontal 

lobe function in speech and language. Localizing information regarding parasaggital 

tumors was reported as insufficient for differentiation between disturbances affecting the 

sensory motor area (SMA) and those affecting other areas (Arseni & Botez, 1961; 

Carrieri, 1963; Chusid, et al. 1954; Damasio & Kessel, 1978; Elsberg, 1931; Jackson, 

1882; Petit-Dutailles, et al., 1954). Using rCBF, Nishio showed that the activation of 

SMA involved Brodmann's areas 6 and 8. The evidence suggested that there are two 

areas in the prefrontal and premotor cortex performing different functions. Nishio showed 

that the SMA is activated and integral to language processing, and it may also play a 

dynamic bilateral motor control function important in speech initiation. Predictions for 

verbal output were based on studies of normal subjects for tasks of fluent speech (Lassen 

& Larsen, 1980), automatic speech such as counting from one to twenty or recitation of 

the days of the week (Larsen et al., 1977, 1978; Lassen et al., 1978; Lassen & Larsen, 

1980; Orgogozo & Larsen, 1979a), word category naming (Lassen & Larsen, 1980), 

reading aloud, and visual naming (Larsen, et al.,1979). 

Blood flow studies have also suggested that more than one frontal area is involved 

in language processing. Brodmaim areas # 8 and #9 show greater activation for category 
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naming (Lassen & Larsen. 1980). while visual naming involves Brodmann areas #6 and ^^8 

(Larsen. et al., 1979). Due to complex afferent and efferent projections of Brodmann's 

areas #6, #8. and #9 it was suggested that SMA is functional in any language task 

involving motor planning and sequencing. According to Nishio, other language areas of 

the superior frontal gyrus appear to play a role in language in addition to the SMA. 

Discrete tumors affecting the SMA have been shown to result in verbal repetition 

or speech arrest (Arseni & Botez. 1961: Botez & Wertheim. 1959; Caplan &. Zervas, 

1978; Erickson & Woolsey, 1951; Jonas, 1981) with effects on speech initiation. 

Information on laterality is scarce, but one patient who underwent resection of a right 

hemisphere glioma showed altered prosody and impairment playing music (Botez & 

Wertheim, 1959). In contrast, patients with tumors affecting the SMA and more anterior 

regions exhibited telegraphic speech and anomia (Arseni & Botez, 1961; Gushing & 

Eisenhardt. 1938). The rCBF studies showed that both left and right hemisphere SMA s 

are active during language and motor tasks. 

THE NATURE OF THE NAMING PROCESS 

Of the symptoms associated with aphasia, none is more pervasive than word 

retrieval difficulties. Goodglass & Wuigfield (1997) define word retrieval as the inability 

to retrieve the names for concepts that were previously available to the speaker (also 

referred to as 'naming', 'word finding', and 'lexical retrieval"). Clinico-pathological 

studies have established that naming dysfunction can occur from damage in a variety of 
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brain regions invoiving focal and diffuse disease processes. Word retrieval investigations 

of confrontation naming and verbal fluency have been described for central nervous system 

disorders such as stroke (Basso, et al.. 1996; Best, 1995, 1996: Breen & Warrington, 

1994; DeLoche et al., 1996; Goodglass et al., 1986; Goodglass, 1980a, 1980b; Marshall. 

1976; Wingfield, 1990; Zingeser & Bemdt, 1990). The ability to retrieve words has been 

a long-standing topic of debate for aphasiologists. The question whether word retrieval 

represents a unitary phenomenon correlated to a diverse number of brain locations, or 

whether it is many syndromes with the common denominator of verbal production errors 

remains unanswered. Furthermore, word retrieval is not always due to the effects of 

neuropathology. Diminished word retrieval has been documented as a result of normal 

aging, indulgence in alcoholic beverages, and an effect of lack of sleep (Burke, MacKay, 

Worthley, & Wade, 1991). Word retrieval impairments have been extensively 

documented in diffuse brain disease such as occurs in Alzheimer's dementia (Astell & 

Harley. 1996; Bandera, et al., 1991; Bayles et al., 1989, 1990; Bayles & Tomoeda, 1983a, 

1983b; Bayles & Trosset, 1992; Chenery, Murdoch, and Ingram. 1996; Funnell & 

Hodges, 1996; Goldstein et al., 1992; Henderson, et al., 1990; LaBarge et al., 1992; 

Maure et al., 1994; Troster, et al., 1989). 

Aphasiologists have attempted to establish classifications for naming disorders. 

Although there is some disagreement on the specific nature of naming impairment, and 

descriptive terminology varies, most investigators would agree that naming is not a unitary 

disorder, but is rather dynamic like other mental processes (Goodglass & Wingfield, 
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1997). It involves difficulty retrieving words under different conditions such as 

constrained and spontaneous speech, and the nature of words that pose the most difficulty' 

varies from person to person. 

Lexical retrieval errors subsequent to vascular involvement has been extensively 

studied for the effects of semantic/phonological categorization and organization of 

language in the left cerebral hemisphere. Similarly, research has frequently targeted 

individual lexical retrieval deficits associated with a variety of lesion locations (Geschwind, 

1967). Regardless of lesion site, all aphasia syndromes appear to be characterized by a 

general reduction in vocabulary with a common presence of word retrieval impairment 

(Goodglass & Geschwind, 1976). 

INFLUENCES ON WORD RETRIEVAL 

Many factors that influence lexical retrieval behaviors have been addressed in the 

aphasia literature. Operational factors, including task demands involved in word retrieval, 

address the organization of the mental dictionary or lexicon. Task demand refers to the 

maimer in which a contextual variable contributes to the production of a name. These 

include situational context (single-word, word-list generation, connected speech), stimulus 

context (e.g. word length, difficulty, complexity, and concreteness), the nature of the 

target word (e.g. semantic categories), linguistic categories (e.g. nouns versus verbs), and 

modality of stimulus presentation (e.g. auditory and visual) (Benbenhisty, 1990). 

Situational Context 
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Situational context refers to constraints placed on the naming task. Examples 

include confrontation naming, in which an individual is called upon to identify an object, a 

picture, or action by name; generating single words in verbal fluency tasks (e.g. animal 

naming), and retrieving words during a task such as describing a picture or engaging in 

discourse and conversation (German, 1990). Qualitative analysis of naming responses can 

reveal varying response patterns that have diagnostic and remedial value. Diagnostically. 

response patterns may aid in the differentiation of types of word-finding impairments, and 

remedially may provide information to the development of guidelines for intervention. 

The aphasia literature has stressed the need to analyze both single word responses 

and connected speech (Lesser, 1989a). Williams and Canter (1982) noted that individuals 

with Broca's aphasia performed better on confrontation naming tasks, while Wernicke's 

subjects did better on picture description. Zingeser and Bemdt (1988) reported a 

dissociation between aphasic individuals' production of single word targets and the same 

targets in connected speech. In a later study, the authors suggested naming of action 

pictures (i.e. verbs) to be more difficult for individuals with anterior lesions, while object 

naming (i.e. nouns) is more difficult for individuals with posterior lesions (Bemdt et al., 

1997a). Chapey (1977,1986) emphasized the need to include both divergent tasks and 

convergent tasks in assessment and management of aphasic individual's word retrieval and 

discourse. Chapey et al. (1977) suggest that divergent semantic tasks stimulate language 

on all cognitive levels (i.e. judgment, problem solving, abstraction, generalization). 



Verbal fluency, a technique used to generate word lists, has proven to be a 

sensitive indicator of brain dysfunction. Frontal lesions tend to depress performance 

scores, with left frontal lesions resulting in lower word generation than right frontal lesions 

(Benton. 1968; Crosson, 1992; Hacaen and Ruel. I981;Perret. 1974; Ramierand 

Hacaen, 1970; Stuss and Benson, 1986). Tests of verbal fluency typically measure the 

quantity of words produced within a set time limit (e.g. name as many animals as you can 

in one minute). Patterns of organization and delay, perseveration, and presence of 

paraphasias may be observed. Correia, et al. (1990) reported that aphasic subjects have a 

tendency to name elements in a picture rather than relating a story about the picture. 

Stimulus Context 

Stimulus context refers to the nature of the naming task used to assess word 

retrieval in tasks of constrained naming (German. 1990). Several difficulty hierarchies 

have been developed in aphasia treatment for impaired naming (Barton et al., 1969; 

Goodglass & Stuss, 1979). In sentence completion, for example, the examiner says a 

prompt sentence that is missing the final word(s), and the patient fills in the word(s). 

Barton, Maruszewski, and Urrea (1969) suggested that context of sentence completion is 

the most effective in eliciting appropriate word retrieval whereas naming to pictures and 

naming to description are less effective. Sentence completion is almost always easier for 

aphasic speakers than confrontation naming (Barton et al., 1969; Wyke & Holgate, 1973; 

Podraza and Darley, 1977), and naming to both these contexts is easier than naming to 

definition (Barton et al., 1969; Goodglass & Stuss, 1979). 



Timing Influences 

A number of investigators have demonstrated difficulty hierarchies in their 

assessment of word retrieval skills. Wiegel-Crump and Dermis (1986) investigated word 

retrieval in contexts of semantic description, rhyming, and picture naming. The authors 

reported a difficuhy hierarchy with rhyming being the most difficult, followed by naming 

to description. Naming to pictures was the most difficult. 

Brookshire (1971) placed aphasic subjects in a confrontation naming task using 

picture stimuli and measured the effects of exposure time. In the first experiment, stimuli 

were exposed for 3, 5, 10, and 30 seconds, as well as under a self-regulated number of 

seconds. Intertrial intervals were held constant. Correct word retrieval increased with the 

amount of exposure time, but the greatest increase was between 3 and 5 second intervals. 

Self-paced trials were the most efficient. In a second experiment, stimuli were exposed 

for 3 seconds, but intertrial intervals were either 0, 3, 5, 10, or 30 seconds. Improvement 

did not occur consistently at 30 seconds or beyond. Brookshire concluded that exposure 

time was more powerful than intertrial intervals. Brookshire also confirmed that stressed 

conditions for quick response also result in performance deterioration. 

Free association tasks such as verbal fluency, are also used to assess word retrieval 

under timed condition. In comparison to constrained word retrieval, verbal fluency 

evaluates spontaneous production of words that represent a specific category (e.g. animal 

naming). Individuals with frontal lobe injury or word retrieval impairment have been 

observed to manifest reduced number of words on such tasks. The results of these 
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investigations indicate that stimulus contexts can influence naming abilities. Word retrieval 

is variable among aphasic individuals; in addition some patients have diflficulty naming 

objects, but others may be unable to name body parts or colors. Additionally, naming 

performance may be influenced by the type of task, where some individuals are able to 

name objects with less effort than tasks of free recall (e.g. "Name all the vegetables that 

come to mind"). Consequently, multiple contexts should be used when assessing naming 

abilities, because no single naming test can clearly indicate variable patterns of naming 

deficit (Goodglass and Kaplan, 1983: Helm-Estabrooks & Albert, 1991). 

THE NATURE OF THE TARGET WORD 

Many descriptions of word retrieval impairments have focused on the nature of the 

words that adult aphasic individuals cannot retrieve. For example, the inability to name 

some categories of words (e.g. nouns versus verbs), emphasizes the need to consider the 

target word used. Because the provision of nouns in different stimulus contexts (e.g. 

picture naming versus sentence completion naming) in addition to action naming (i.e. 

naming verbs) more broadly represents assessment of word retrieval abilities, several 

investigations have examined the impact of nouns versus verbs. 

Grammatical Word Class 

One characteristic of aphasia that has encouraged research investigations of word 

retrieval is the selective impairment of words from various grammatical word classes. 

Evidence for selective impairment has been reported frequently for nouns and verbs. For 

example, Miceli, Silveri, Villa, and Caramazza (1984) showed verb retrieval deficits of 



agrammatic patients that is characteristic in spontaneous speech and also apparent in tests 

of single-word retrieval using pictures of nouns and verbs. Aphasic individuals with 

anterior lesions exhibit impairment naming verbs, but preserved naming of nouns, while 

aphasic individuals with posterior lesions demonstrate greater difficulty naming objects 

(i.e. nouns) than naming actions (i.e. verbs) (Benson, 1979; Goodglass, Klein, Carey and 

Jones, 1966; Kohn, 1989; Marin. Saffran, and Schwartz, 1976; Miceli, Mazzuchi, Menn. 

and Goodglass, 1983; Myerson & Goodglass, 1972). McCarthy and Warrington (1985) 

examined selective impairment in agrammatic patients whose difficulty was in naming 

verbs. The authors interpreted this dysfunction as degradation of the semantic 

representation of the action names category. Descriptions have also included cases of 

impairment in oral and written modalities (Caramazza & Hillis, 1991; Zingeser and 

Bemdt, 1988). Caramazza & Hillis (1991) suggested that nouns and verbs are organized in 

different lexicons that may be impaired separately. Gainotti (1990) regarded the double 

dissociation of disruption of verbs in anterior aphasic individuals and object names in 

posterior aphasic individuals as a general brain principle that plays an important role in the 

process of gaining semantic representations of actions and objects. Bemdt, et al. (1997a; 

1997b) provided further evidence that word class differences occur in aphasic individuals 

for single word production, but production of nouns and verbs was not correlated with 

clinical classifications of aphasia (i.e. Broca's aphasia versus Wernicke's aphasia) during 

sentence production. 

Modality Eflects 
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Influence of modality (i.e. visual versus auditory stimulation) also affects the ease 

and accuracy with which individuals with aphasia are able to retrieve words (Zingeser and 

Bemdt, 1990). Several investigations have studied the effects of stimulus presentation 

that employ modalities such as vision and audition (e.g. Benton et al.. 1972: Bisiach. 

1966; Corlew and Nation, 1975; FaberandAtea 1979; (jardiner and Brookshire, 1972; 

Helm-Estabrooks. 1981; LaPointe. 1985; Williams and Canter, 1982). Gardiner and 

Brookshire (1972) utilized high frequency nouns to determine influence on naming of 

visual, auditory, and combined visuai/auditorv' stimuli. In the auditory condition, subjects 

repeated words stated by the examiner. In the visual condition, picture naming involved 

common objects, or graphic representations of words flashed on a screen. Next, subjects 

received auditory and visual input as they heard/saw a word simultaneously. The 

performance under visual conditions was worse than combined and auditory conditions, 

followed by auditory condition as next hardest, and the combined condition was the 

easiest. 

Goodglass, Barton, and Kaplan (1968) contributed evidence in support of the role 

of sensory modality in naming. No difference findings were reported by these authors for 

abilities to name objects presented in multiple modalities (i.e. visual, auditory, tactile, or 

olfactory). Theses findings suggest that an intermediary process occurs, regardless of 

modality, between perception and name activation. 

THE ANALYSIS OF NAMING 



Traditional methods of aphasia evaluation and assessment have used convergent 

semantic tasks such as confrontation naming fChapey. 1977). Individuals are frequently 

diagnosed for their ability to recognize and reproduce previously learned semantic material 

and to converge upon a specific semantic response. For example, an aphasic patient is 

handed a cup and asked, "What is this?". The expected response converges on a single 

obvious answer, "Cup". In contrast to convergent semantic tasks, divergent semantic 

tasks, or tasks that require variety, quantity, and relevance of output are utilized sparingly 

in aphasia assessment and therapy (Chapey, 1986). Since successfiil use of spontaneous 

language for aphasic patients consists of both convergent semantic behaviors and 

divergent semantic behaviors both should be used in assessment and treatment of language 

disorders. 

Cropley (1967) defined convergent semantic behavior as that which involves the 

generation of an individual's highly organized, systematically stored semantic knowledge. 

Recognition and retrieval of learned and stored information is the basis of this behavior in 

a process of fitting old semantic responses to new situations in an automatic or mechanical 

fashion. A single automatic response ensues (e.g. "Soup is hot, ice cream is "). 

Chapey (1986) fiirther suggested that convergent thinking is the generation of logical 

conclusions from given information, where emphasis is on achieving commonplace 

responses. Recall and reproduction of previously learned, knowledge-based information is 

required for convergent semantic responses. 



Stimuli administered for convergent semantic tasks define and mandate the 

specifics of the expected response. That is, if the question is posed. "What does two plus 

two equal ?", there is only one correct response. Typically, this response would be given 

automatically, if the information is in the subject's knowledge base. The same is true for 

recitation of the days of the week or counting from 1 to 10. A "narrow" search through 

long term memory results in automatic response. 

In contrast to convergent semantic behavior, divergent semantic behavior involves 

the generation of logical alternatives fi'om given information where emphasis is on variety, 

quantity, and relevance of output fi'om the same source (Chapey et al., 1977). Tasks deal 

with the generation of a number of logical responses, with the mental flexibility to change 

the direction of one's flow of thought in the proliferation of ideas to that end. This 

requires a "broad" search through memory store (Chapey, 1986). New and previously 

uncontemplated responses result fi'om divergent tasks. Conscious awareness of the 

answer is unknown until the thought process is triggered to solve the question. For 

example, "What can you do with a brick? Tell everything that comes to your mind." can 

be contrasted with a convergent task requiring the labeling of a brick. 

Divergent semantic tasks do not result in a single correct or incorrect response. 

Response for meanings of a word may be grouped in a variety of ways. Guilford (1967) 

used originality or unusualness of response and elaboration or ability to specify many 

details in planning or execution of an idea to measure divergent abilities. Chapey grouped 

responses by number of ideas (fluency) and variety of ideas (flexibility). Other measures 



include problem solving (i.e. listing problem inherent in common situations), 

compare/contrast for similarity versus difference, product improvement where the 

individual must state ways to improve a given object, and categorization or listing of 

names that belong to a particular class as in types of fruit. 

Confrontation Naming 

Confrontation naming is among the most commonly used measures of aphasic 

word retrieval difficulties. Naming can be explored by using common objects or pictures. 

Selection of stimuli should evoke one response or be restricted to a small number of 

possible responses. During the testing session, the administrator may observe quantity of 

normal or abnormal responses. Semantic and phonological abilities in aphasic verbal 

production can be examined by the type of errors observed: for example, semantic 

paraphasias (substitution of one word for another in a similar class e.g. "wife" for 

"mother"), phonemic paraphasias (substitutions of one sound for another e.g. "hike, no 

pike" for "pipe"), or neologisms (a word in which less than half of the sounds are from the 

target and which carry no meaning; e.g. "splurbis" for "spoon"). Additionally, markedly 

prolonged response latencies may be evident, and possible exposure of visuo-perceptual 

impairments (e.g. "snake" for "rope") could arise. Confrontation naming may also be 

examined through the presentation of objects in different modalities, that is, naming by 

touch, sight, and hearing. 
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Verbs can also be tested using pictures and drawings of action verbs (e.g. 

walking, crying, writing, jumping). In these examples, the test administrator can 

additionally observe for truncation (i.e. "walk" for "walking"), or transposition to the 

infinitive form (i.e. to walk). 

Although most confi-ontation naming tasks involve nouns, naming to verbs and 

prepositions allows a more accurate delineation of the nature of the naming deficit Line 

drawings of verbs were judged to be easier for normal adults than naming objects 

(Nicholas, Obler, Albert, and Goodglass, 1985). Tasks of confrontation naming may also 

be extended to letters, numbers, colors, body parts, and other categories of words. A 

range of high and low frequency items should be represented (Helm-Estabrooks & Martin, 

1991). 

The revised Boston Naming Test (BNT; Kaplan, Goodglass, and Weintraub. 

1998) is the only commercially available test designed to assess confrontation naming 

abilities of brain-damaged adults. This test provides sixty line drawings ranging from 

simple, high-fi-equency vocabulary words (e.g. tree) to low-frequency words (e.g. abacus). 

Each word is presented one at a time on cards. Two prompting cues are given if the 

examinee does not spontaneously produce the word. 

Verbal Fluency 

Verbal fluency, or word generation, is an example of a divergent task. Tasks of 

verbal fluency have also been widely used for assessment of naming behavior in brain 

damaged samples (Benson, 1979: Crockett, Bilsker, Hurwitz et al., 1986; Miller, 1984). 
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For example, the Controlled Oral Word Association (COWA: Spreen and Strauss, 1998) 

evaluates the spontaneous production of words beginning with a specific letter (i.e. 

F. A.S.)- Tests of verbal fluency are typically measured by the quantity of words produced 

within a set time limit, known as verbal association fluency (Spreen and Strauss, 1998) 

In addition to lexical retrieval, fluency performance provides a means to elicit an 

individual's organizational abilities. For example, given an initial letter, strategies may be 

employed to guide the search for words. A person asked to produce names beginning 

with the letter "L", for example, may be observed to "semantically cluster" by using 

consonant-vowel constructions such as Larry, Leroy, Linda, Lonnie. Lucy (Laine. 1988). 

Laine also proposed the concept of "phonological clustering". Strategies of this type may 

be observed in category generation such as animal naming; for example, the subject may 

respond by naming domestic animals, then farm animals, wild animals in Africa, and so 

forth. 

Verbal fluency tasks may generate error patterns including rule violations such as 

production of non-words, repetitions, and perseverations. Repetitions do not occur 

successively, but are evidence of an impaired ability to simultaneously generate words and 

keep track of earlier responses (Lezak, 1995). On the other hand, perseverative errors 

occur in succession. 

Picture Description 

In contrast to investigations in single-word naming, picture description is often 

used to elicit connected speech from uidividuals with aphasia. Self-generation of words 
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across a wide variety of potential categories results in idiosyncratic speech patterns 

Descriptions of pictures can demonstrate how verbal production deficits interfere with 

eflFeaive communication. 

The use of pictures as stimuli during tasks of story telling is effective in eliciting 

usual speech patterns fLezaJc, 1995). Analysis of connected speech may be evaluated on 

the eflSciency of a message by measuring the quantity of informational content fNicholas 

& Brookshire, 1993). Responses provide information about how effeaive the individual 

perceives and integrates picture elements, in addition to the aspects of verbal production 

(e.g. word choice, content complexity). Nicholas & Brookshire advocate the use of 

correct information units (CIU's) to quantify differences in informativeness in the analysis 

of picture description because this measure is sensitive to differences between non-brain

damaged and aphasic speakers, and to changes in connected speech as an aphasic 

individual recovers. CIU's are words that are intelligible, accurate, and relevant to and 

informative about the picture, conveying main concepts. Other performance measures 

may include enumerative information units (EIU's) that measure the tendency to name or 

describe picture elements (Correia et al., 1990), quantity of words spoken, rate of speech 

per minute, mean length of utterance, as well as qualitative descriptions of word finding 

behaviors (e.g. substitutions, reformulations, insertions, repetitions, empty words, time 

fillers, delays). 

Three commonly used test batteries for aphasia assessment use picture description: 

The Boston Diagnostic Aphasia Examination (BDAE; Goodglass & Kaplan, 1983), the 



Western Aphasia Battery (WAB; Kertesz, 1982). and The Minnesota Test for Differential 

Diagnosis of Aphasia (MTDD.\: Schuell, 1972). Differences among pictures elicit 

speech samples that are not equivalent (Correia et al.. 1990). For example, theW.ABand 

MTDDA pictures are likely to elicit many nouns and adjeaives, but may not result in the 

production of action words. In contrast, the BDAE picture produces descriptions with a 

greater balance between the production of objects (i.e. nouns) and actions (i.e. verbs). 

Similarly, subjects describing the WAB produce words at a slower rate than when they 

describe the other two pictures. 

NA>nNG nv ADULTS WIFH BRAIN TUMORS 

Brain tumors are a frequent cause of aphasia (Arseni & Botez, 1961; Botez, 1962, 

1974; McKissock & Paine. 1958; Smith. 1966; Smythe&Stem, 1938). A tumor's 

destructive invasion of the cerebral tissue can result in focal or diflfiise neurological 

manifestations. Focal manifestations depend on the site of the tumor, whereas other 

manifestations may result due to effects of the total mass (e.g. edema or intracranial 

hypertension) which do not exhibit localizing signs. Aphasia is typically a focal 

manifestation. 

Frontal Lobe Tumors and Namine 

Frontal lobe symptomatology has been studied in various neuropathological 

conditions. Clinical symptomatology often has localizing value that permits the 

differentiation of brain-behavior relations. For example, aphasia is most commonly 

observed in precentral areas. Prefrontal lesions are more prone to induce failures of 
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initiation or impoverished speech, and may become more pronounced as the disease 

progresses. Prefrontal lesions may also involve intellectual deficits, attention, and memory 

disturbances. In contrast, if local compression or direct involvement of the lower part of 

the third frontal convolution is evidenced in the dominant hemisphere, then aphasia is 

characterized by impairment of verbal expression (Botez, 1974). 

Penfield and colleagues' (Penfield & Jasper, 1954; Penfield & Rasmussen, 1950; 

Penfield & Roberts, 1959) mapping of the frontal lobes resulted in the description of the 

sensory motor area (SMA). Electrical stimulation of the speech areas produced 

vocalization, speech arrest, and transient anomia (Penfield & Roberts, 1959). Other 

reports of naming disturbances occurred prior to Penfield's investigations. Baruk (1926a) 

described an individual with a paracentral tumor who exhibited preserved comprehension 

and repetition, but impaired naming of people and things. Additionally. Elsberg (1931) 

reported naming deficits in a patient with dominant hemisphere parasagittal meningioma. 

Tumors of the SMA are believed to cause paroxysmal, transient, and permanent 

disturbances of verbal output. Paroxysmal disturbances and speech arrest may be 

independent symptoms, or may be associated with generalized epileptic episodes. 

Transient speech arrest may involve periods of 30 seconds to 1 minute where the 

individual is unable to speak. Some cases may exhibit an accompanying involuntary 

uttering of unmeaningflil sounds and/or neologisms. In permanent impairment, anomia for 

words and names is accompanied by generalized expressive deficits. Verbal output is 

characterized by impoverished speech, circumlocutions, and anomia (Arseni & Botez, 
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1961; Gushing & Eisenhardt, 1938). Botez (1974) indicated a striking difference between 

the speed with which objects are recognized and the difficulty patients have in naming 

them. Botez' observations were consistent with Penfield and Jasper (1954), who 

produced transient anomia by electrical stimulation of the posterior SMA. 

Botez (1962) categorized two types of naming impairment for aphasic patients 

with brain tumors of the middle and posterior part of the convex surface of the frontal 

lobes: anomia and amnestic aphasia. Anomia was defined as the inability to find the right 

word, and was correlated with tumors localized or pressing on the anterior and superior 

areas. Amnestic aphasia was characterized by circumlocutions, press of speech and an 

unawareness of deficit upon developing comprehension impairment. Botez correlated 

amnestic aphasia with tumors localizing or pressing on posterior speech zones (i.e. 

temporo-parietal). 

Patients with precentral tumors, or the region of the third frontal gyrus (i.e. 

Broca's area) often exhibit aphasia characterized by verbal production impairment. 

Paroxysmal disturbance may also occur. Botez (1961. 1970) reported that mild forms of 

aphasia worsened when the aphasic individual's pace was fast, and deficits improved or 

disappeared when words were spoken slowly. 

Perseveration and the susceptibility to proactive interference have been related to 

frontal lobe function (Luria, 1976; Moscovitch, 1982; Perret, 1974; Stuss et al., 1982). 

Vilkki (1989) sought to study the occurrence of perseveration during word retrieval. The 

author used verbal fluency tasks to examine the abilities of individuals with focal left 
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frontal lobe lesions after surgical resection. Sixty-two patients (Gliomas, Grade I and II = 

26; Grade III = 8, Grade IV =9; Metastatic tumor = 2: Meningioma = 12; Penetrating 

Injury = 1; AVM = 3; Abscess = 1) participated in the investigation. Patients were 

grouped as left anterior (LA; prerolandic), left posterior (T-P: retrorolandic including 

anterior temporal), right anterior (RA) and right posterior (RP). Lesion location was 

determined by computed tomography. In patients with meningioma there was 

confinement of lesions to cortical structures. All other subjects presented with cortical 

and subcortical damage. 

Examination of perseveration was achieved under alternating tasks of learning. 

Subjects were first instructed to read, remember, and recall five bisyllabic concrete nouns 

beginning with the letter "K". The second task involved generation of words beginning 

with "K", and the subject was instructed not to say any of the words previously used. 

Upon completion of the second generation task, the subject was instructed to recall as 

many words from the two presentations of five bisyllabic word lists as possible. Vilkki 

expected that shifting from word list generation to recall would result in a stuck-in-set 

perseveration, i.e., "the tendency to stick to the generation of new words when the recall 

of previous words was requested, with the intrusion of words from previous lists into the 

subsequent generation performance being the indicator of recurrent perseveration" 

(p.544). Results supported stuck-in-set perseveration is related to left hemisphere 

fijnction for both anterior and posterior lesions. Subjects with left posterior lesions usually 

failed to suppress previously generated words. In contrast, left anterior lesions stated the 
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greatest amount of new incorrect words in the recall of previously learned words. This 

also suggested stuck-in-set perseverative behavior. 

Butler, Rorsman, Hill, and Tuma (1993) proposed that frontal lobe injury affected 

performance on tasks of verbal fluency. Seventeen subjects with frontal lobe tumors 

(glioma = 14, colloid cyst = 1, meningioma = 1, metastatic tumor = 1) were compared to 

seventeen normal control subjects. Both verbal and non-verbal fluency was assessed using 

simple and complex tasks under timed conditions. Simple verbal tasks included the 

generation of words begirming with the letters F.A.S., and non-verbal tasks involved 

drawing distinct non-namable designs. Complex verbal fluency tasks involved picture 

naming of occupations and elicitation of uses for common objects. Complex fluency tasks 

appeared to be more sensitive to tumor presence than simple tasks, but they were not 

more sensitive to extent and severity of the disease process. In contrast, simple verbal 

fluency tasks were more sensitive to tumor volume. Four error patterns were produced 

during complex fluency tasks: a) responses that were compliant but were too broad, b) 

perseverative responses, c) synonyms or borderline perseverations, and d) failure to 

comply with task demands. The results supported the hypothesis that frontal lobes may be 

involved in the coordination of associational memory search. This conclusion was based 

on the premise that a broader memory search is required than for complex tasks. 

Vilkki and Hoist (1994) investigated speed and flexibility of response in the verbal 

fluency performance of sixty post-surgical patients who underwent frontal lobe tumor 

reseaion (N= 18, glioma grades I and II, N=19, glioma grades III and IV, N= 7, 
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metastatic tumor. N= 9, meningioma, and N= 7. arteriovenous malformation. Patients 

were divided into left anterior (LA), left posterior fLP), right anterior CRA) and right 

posterior (RP) groups. Subjects were instructed to name twenty different animals, ten 

different words beginning with the letter "S", and then to alternate ten each of animal and 

"S" words (e.g. dog, sun, cat, soft, cow, safe, etc.). The anterior group was slower in 

response for category alternation and committed more category errors than the posterior 

group. The left hemisphere damaged subjects had poorer means across tasks than the 

right hemisphere damaged subjects on speed of animal naming and flexibility of category 

alternation, in addition to higher number of category errors. Overall, category alternation 

resulted in subjects with anterior lesions exhibiting a higher number of perseverative errors 

and a lower number of recurrent perseverations than their posterior counterparts. Viliki 

and Hoist interpreted the lack of significant interactions to mean that the effects of 

anterior and posterior lesions were independent of laterality. 

Wang, et al. (1994) performed a direct comparison of verbal fluency and reading 

fluency abilities in individuals with fi-ontal and non-ft^ontal brain tumors (N= 105 

male/female Chinese adults) to 30 normal control subjects. Differences in performance 

were proposed based on gross location of tumor in the left or right cerebral hemisphere, 

and specific location in fi-ontal, temporal, and parieto-occipital lobes. Simple tasks elicited 

category names of food, common objects, or cities, while complex tasks involved things 

not in a category (e.g. animals not found in water). Findings indicated that the frontal 

lobe group was inferior to the temporal lobe group for production of words during the 
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category verbal fluency test. Frontal lobe subjects took longer to read words than 

temporal and parietal-occipital groups, and there was a higher error rate in reading words 

in the fi-ontal group than the parietal-occipital group or normal controls. Reading color 

words printed in black ink and naming colors was lower in the left hemisphere group than 

the right hemisphere group. The authors concluded that fi^ontal tumors affected word 

memory, selective attention, and category naming abilities. 

Temporal Lobe Tumors and Naming 

Aphasia is the third most common symptom of temporal lobe tumor after headache 

and mental change (Strobos. 1974). In many tumor patients, aphasia begins as difficulty 

finding nouns, but later paraphasias predominate, and ultimately Wernicke's aphasia with 

jargonistic speech and word deafiiess may arise (Biemond, 1946; Kolodny. 1928; Pia, 

1953; Strobos. 1953). Lesions of the temporal lobe have been reported to disrupt fluent 

speech and produce anomia ( Knopman et al.. 1984; Kremin. 1988). 

Coughlan and Warrington C1978) examined the nature of word-comprehension and 

word-retrieval deficits in patients with localized cerebral lesions to consider relationships 

between site of lesion and functiorial deficits with regard to semantic memory. Fifty-seven 

patients with left hemisphere (LH) damage from mixed etiologies (52 tumors. 3 evacuated 

hematomas, I abscess, I gunshot wound) and 43 patients with right hemisphere (flH) 

lesions from mixed etiologies (37 ttmiors, 3 evacuated hematomas, 1 abscess, 1 gunshot 

wound) were compared to 52 neurologically involved controls with extracerebral lesions. 

Subgroups were classified into fi-ontal, temporal, parietal, and occipital subgroups for 
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localization. Thirty-four of the 57 LH subjects were identified as aphasic. whereas 1 RH 

subject was aphasic. All subjects ranged ft'om 21-70 years of age. 

Significant RH deficits were found on tasks of auditory comprehension with trends 

toward significant deficits on Description Naming. The authors concluded that RH 

performance reflected difficulty in undefined response strategies or higher level cognitive 

impairment rather than linguistic involvement. In contrast, LH results revealed significant 

impairment compared with RH and control groups for complex language tasks of 

reception and expression. For example, object naming was the most sensitive test of LH 

damage and significant LH impairments were found for description naming. Classification 

of naming errors was based on ten categories including; delayed correct, no response, 

semantic, descriptive, random word, articulatory, literal paraphasic, neologistic. random 

verbalization, and perseverative. LH subjects also showed significant findings for impaired 

auditory comprehension. The authors concluded that recognition errors were associated 

with temporal lesions. 

Miozzo, Soardi and Cappa (1994) investigated a case of selective naming 

impairment after surgical ablation of a left temporal lobe angioma. The patient was a 33 

year old, right-handed woman with 8 years of education, who had a non-contributory 

medical history. The patient exhibited selective disorder of naming in the absence of any 

other linguistic impairment. Misnaming was consistent in oral and written output, and was 

significantly more impaired for nouns than verbs. N/Dozzo et al. hypothesized a lexicon 
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output disorder, that would demonstrate a lexical-semantic system that is organized 

according to semantic and grammatical categories. 

The patient was tested for modality effects, semantic category effects, grammatical 

class effects and error analysis of naming to picture stimuli, verbal definition, and abstract 

concepts. The subject's performance was severely impaired. Action naming was 

consistently better than object naming. Responses represented a preponderance of detailed 

circumlocutions, with descriptions included for physical and functional attributes of the 

target word. Overall word produaion was judged to be superior to single-word 

production, and phonological processing was unimpaired. Findings suggested a correlation 

between temporal lobe lesions outside of Wernicke's area and output lexicon disorders. 

In summary, discussion of word retrieval has included its definition, factors 

influencing word retrieval performance, in addition to general cognitive sequelae in 

individuals with brain tumors. Word retrieval is variable among aphasic individuals, where 

some individuals are able to name objects with less effort than tasks of free recall, and 

other are better able to describe pictures than produce a single word response. Therefore, 

no single naming test can clearly indicate variable patterns of response, and more than one 

type of assessment method is suggested. 

Disruption of language processing by pathological mechanisms leads to the 

assumption that brain tumors also may disrupt the mechanisms of word retrieval in similar 

fashion. Tumors disrupt cerebral homeostasis in a number of ways: tissue infiltration by 

tumor, displacement of neural tissue, seizures, increased intracranial pressure, disruption 
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of blood flow and metabolic alteration, and vascular interruption with vasogenic edema 

(Adams. Victor, & Roppel, 1997). Furthermore, surgical resection of the mass may only 

result in partial relief of these effects (Ojemann et al.. 1996). Accordingly, any 

pathological effects associated with tumor may potentially impact word retrieval abilities. 

SUMMARY AND PURPOSE OF THE INVESTIGATION 

The literature shows that brain tumor patients exhibit word retrieval deficits. This 

emphasizes the need to draw upon the study of brain tumor patients to enhance our 

current understanding of acquired neurogenic naming impairments. Nonetheless, the 

nature of the word retrieval disturbance in brain tumor populations has not been clearly 

defined. 

Previous studies have addressed naming abilities in brain tumor patients, but either 

in pre-operative or post-operative conditions. In the majority of studies, word retrieval 

was one of a variety of neurobehavioral concerns regarding generalized cognitive function. 

The nature and extent of naming ability was not adequately commented on. Additionally, 

qualitative differences that emerged between different individuals with brain tumors was 

not determined. Several studies used mixed groups in which tumor patients were 

combined with cases involving a variety of focal brain diseases including arteriovenous 

malformations, cerebral abscess, and stroke. The research objective was examination of 

cognitive deficits associated with focal damage to a specific brain region. Differences 

attributable to etiology were not examined. 
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To date, no investigations have examined word retrieval across specific tasks such 

as constrained naming, verbal fluency, and picture description. Understanding is lacking 

with regard to the quantity and quality of differences that emerge among different tumor 

populations. Consequently, available data do not provide researchers with a basis for 

defining the nature and extent of naming abilities in adults with brain tumors of right or 

left hemispheres. 

The purpose of this exploratory investigation was to compare the pre- and post-

tumor resection naming abilities of patients with right and left hemisphere brain tumors. 

Specifically, word retrieval in such patients was examined under a variety of conditions 

chosen from the many parameters of naming previously described. Performance on these 

tasks formed the basis for profiling the nature and extent of deficit patterns and how they 

were affected by both the tumor and its subsequent removal. In addition, by studying 

patients with left and right hemisphere tumors, it was possible to provide data indicative of 

whether quantitative and or qualitative patterns of deficit were present. 

Experimental Questions 

Using a protocol which examined naming under a variety of conditions previously 

described in this document (i.e. confrontation naming of nouns and verbs, sentence 

completion, naming to description, category naming, verbal fluency, and picture 

description), individuals with right and left hemisphere tumors were examined before and 

subsequent to surgical excision of their respective tumors. The following experimental 

questions were asked: 
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1) Did subjects demonstrate different naming behaviors before and following surgery'^ 

2) Is there a characteristic pattern of performance demonstrated by these individuals'^ 

a) If so, what is the nature of the pattern? 

b) Is this pattern of performance different for site of lesion (i.e. right versus left 

hemisphere and frontal versus non-frontal)? 

3) Are there effects for; 

a) modality (auditory versus visual stimulus presentation) or 

b) grammatical form class (nouns versus verbs)'' 

c) If so, is there a difference for site of lesion? 



CHAPTER III 

METHOD 

Subjects 

Ten subjects participated in this study. Ages ranged from 36 and 72 years: 

educational levels ranged from high school diploma through the Ph.D. level. Seven males 

and three females were studied. Subject characteristics are displayed in Table 1. All 

subjects selected for this study underwent craniotomy for tumor resection at the 

University Medical Center of the University of Arizona, Tucson Medical Center, or 

Veterans Affairs Hospital between 1997 and 1998. Localization of lesion site was based 

on magnetic resonance imaging (MR!) or computer tomography (CT) scans interpreted by 

a neurosurgeon who was unaware of the subjects' performance on language measures. 

Only subjects with brain tumors localized to a single lobe (i.e. frontal, temporal, or 

parietal lobes) in one cerebral hemisphere were studied. Patients with multicentric tumors, 

recurrent tumors, or occipital lobe tumors were excluded from participation. Subjects 

with pre-existing neurological conditions not related to the brain tumor, such as traumatic 

brain injury, chronic epilepsy, history of substance abuse (i.e. alcohol or drugs), pre

existing memory impairment, or psychiatric conditions such as bipolar disorder or chronic 

depressive illness were also excluded. All subjects demonstrated English competency, 

operationally defined as working in an English speaking environment and being schooled 

in English. All subjects had adequate visual and auditory acuity with normal or corrected 
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vision/hearing being acceptable. Visual field impairments resulting in an inabilitv' to view 

pictures resulted in project exclusion (e.g. visuo-perceptual deficits or agnosia). 

Table 1. Subject Characteristics 
Left Hemisphere: 
Subject Age Gender Tumor Pathology Site of Lesion Education (Years) 

2 61 male Glioblastoma Multiforme Parietal B.A. (16) 
4 40 male Meningioma Temporal H.S.-2(14) 
5 63 male Glioblastoma Multiforme Temporal H.S.+ 2(14) 
6 50 female Meningioma Frontal B.A.(16) 
8 60 male Metastatic, Unknown Primary Parietal H.S.(12) 
9 72 female Glioblastoma Multiforme Frontal H.S.(12) 

Age Range: 40-72 
Mean Age: 56.67 
Mean Education; 14.0 years 

Right Hemisphere: 
Subject Age Gender Tumor Pathology Site of Lesion Education (Years) 

1 36 male Oligodendroglioma Frontal Ph.D. (22) 
3 46 male Anaplastic astrocytoma Temporal M.S. (18) 
7 59 male Hemangiopericytoma Frontal H.S. (12) 

10 63 female Glioblastoma multiforme Parietal H.S. (12) 

Age Range: 36-63 
Mean Age: 51,00 
Mean Education: 16.00 

.All subjects were ambulatory, alert, and able to maintain an adequate level of 

motivation, auditory comprehension, and visual/auditory acuity to complete the initial 

evaluation. Subjects were required to pass screenings for speech discrimination, picture 

recognition, visual perception and auditory comprehension prior to data collection. For 

speech discrimination, the Arizona Battery for Communication Disorders of Dementia 

(ABCD; Bayles & Tomoeda, 1991) subtest was used, with a minimum score of 90% 

required to pass. For picture recognition, subjects were given four Snodgrass and 
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identical pictures that were horizontally aligned on the table in front of them. In addition, 

a visual scanning activity was tested to rule out visuo-perceptual deficits or the presence 

of neglect. The letter cancellation subtest from the ABCD. was used to accomplish this; 

subjects were required to attain a score of 90% on this task in each visual quadrant. 

Auditory comprehension was screened using the Western Aphasia Battery fWAB) "yes/no 

comprehension" subtest (Kertesz, 1982). 

Procedures 

Overview Following successfiJ completion of screening, each subject was tested 

twice, before and after undergoing craniotomy for the excision of cerebral tumors 

described earlier. This testing schedule permitted the use of a repeated measures design 

for quantitative examination related to questions one to three. Three naming tasks 

comprise the experimental stimuli. All three tasks were completed at the same session. 

Testing took place in a well-lighted room (residence or hospital) that was free of 

visual, auditory, or other distractions that could influence performance or interfere with 

recording the session. Subject and examiner sat across from each other with adequate 

space to allow test materials to be placed facing the subject. On average, the TAWF took 

30-40 minutes to complete, verbal fluency required I minute each for a total of 3 minutes 

to complete, and the TWFD picture description required 3 minutes for each picture. All 

testing was accomplished in one session pre-operatively and one session post-operatively. 

Breaks were given as needed. Testing occurred between 1 and 10 days pre-operatively. 
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Post-operatively, patients were tested at least two days but no more than 10 days after 

surgery. All patients were medically stable at the time of post testing. Task 

administration was randomly ordered for each session. All test sessions were videotaped 

and transcribed for purposes of inter-rater reliability of transcription and scoring. 

Task I (Convergent Naming) represents a tightly constrained, convergent measure 

of naming ability, and uses the Test of Adult Word Finding (TAWF; German, 1990) as the 

experimental measure. The TAWF was chosen as the primary test instrument because of 

its comprehensiveness, and because of the extent of its standardization. 

Task 2 (Divergent Naming) looks at naming behavior using less constrained, 

divergent measures. Three verbal fluency measures are used. These tasks are designed to 

generate single words including common nouns, proper nouns, and verbs. 

Task 3 (Word retrieval in connected speech) looks at word retrieval and naming in 

a more naturalistic context, in this case spontaneous description of pictures. Two pictures 

from the Test of Word Finding in Discourse (TWFD; German. 1991) are used. These 

pictures were chosen because of the extent of their standardization for use in elicitation of 

nouns and verbs. These tasks will be described in greater detail below. 

Equipment and Procedures for Recording. All sessions were recorded using a Video Hi8 

camcorder (Sony CCD-TRV 72). A 70-10.000 Hz Optimus Omnidirectional Tie-Clip 

Microphone (33-3013) was attached to provide high frequency response and to give 

accurate sound pickup, while allowing the subject the freedom to move. Upon completion 
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of both sessions, Hi8 cassette tapes were transferred to VHS cassettes to accommodate 

inter-rater reviews using any standard VCR equipment. 

TASKS 

Task I: Convergent Naming: The Test of Adult Word Finding (TAWF: German, 1990). 

The TAWF has 107 items, grouped into 5 subtests described in Table 2. 

Table 2. Task 1: Test of Adult Word Finding (German. 1990) 
Elicitation 
Subtest Task Modality (nouns/verbs) Number of Items 

Picture 
Naming-
Nouns 

Picture 
Naming-
Verbs 

Visual 

Visual 

nouns 

verbs 

Sentence Auditory 
Completion 

Description Auditory 
Naming 

Category 
Naming 

Auditory 

nouns 

nouns 

nouns 

37 

21 

16 

12 

21 

Total Items: 107 

It can be noted on this Table that all subtests involve single word responses, to a variety of 

visual and auditory stimuli. Two picture naming subtests (confrontation naming, subtests 

1 and 2) permit comparison of noun and verb naming, relevant to question 3b. The three 

other tasks are presented auditorily, and all require nouns as responses. Subtest 3 is a 

naming to definition task; Subtest 4 presents a variety of attributes of a single noun and 
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seeks the name of the targeted item: Subtest 5 assesses superordinate naming ability. .\n 

example of each is provided in the instructions below. 

Instructions. Standardized instructions were used across subtests as follows: 

Subtest 1: Picture Naming-Nouns 

I will show you two types of pictures. Some pictures will have one part colored in and 

other pictures will be all colored. If the picture has only one part colored in. I want you 

to tell me the name of the colored part of the picture. If the whole picture is colored, 

then name the whole picture. There is only one word for each answer, so remember to 

give me only one word in your answer. After example items are administered, subjects 

were re-instructed. Remember to give only one word in your answer and name the part 

of the picture that is colored when I say "now 

Subtest 2: Picture Naming-Verbs 

/ will show you some pictures attd I want you to tell me one word that describes 

what the person in the picture is doing. Remember, say only one word for each picture. 

After the presentation of example items, the subjects were reinstructed. Remember to give 

only one word in your answer. 

Subtest 3: Sentence Completion 

/ will read a sentence to you. The last word of the sentence will be left out. 1 

want you to tell me the word that best fits in that place. There is only one wordfor each 

answer, so remember to give me only one word in your answer. After presentation of 
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example items, subjects were re-instructed. Remember to give only one word in your 

answer, (e.g. A bird lays eggs in a . [nest]). 

Subtest 4. Description Naming 

/ will read a sentence to you. The sentence will describe something, and I want 

you to tell me the name of what it is describing. There is only one word for each 

sentence, so remember to give me only one word in your answer. After presentation of 

example items, subjects were reinstructed. Remember to give only one word in your 

answer, (e.g. What is used for a bird's home, is made of small pieces of grass, and is found 

in a tree'' [nest]). 

Subtest 5: Category Naming 

/ will read three words and / want you to tell me one word that names the three words 

that I read you. Do not repeat the words that 15av', but tell me a new word that names all 

three of the words that I say. After presentation of example items, subjects were 

reinstructed. Remember to give only one word in your answer, (e.g. five, six. eight- These 

are all [numbers]). 

For all subtests, stimulus repetition was allowed one time if requested by the 

subject, or if the examiner felt the subject was inattentive. Stimuli were not repeated if a 

subject made an error. 
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Response Scoring: Quantitative Measures 

Total correct responses for each subtest were tallied and cumulated for an overall 

score. Also counted were number of delayed responses, defined by German as four 

seconds or greater. 

Response Scoring: Qualitative Measures 

A qualitative system for nouns and one for verbs was developed for use in all 

qualitative analyses regardless of stimulus context. Response categories included correct, 

visual error, semantic error, phonemic error, non-response, and other. For nouns, 

response system categories followed the guidelines of the Mitchum et al. (1990) study, 

and subtypes included a combination of suggestions from Mitchum et al. and German's 

Test of Adult Word Finding (1990). For verbs, subtypes were used from German's 

scoring guidelines under The Test of Adult Word Finding (1990). These coding systems 

are shown in Tables 3 and 4, 
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Table 3. Naming Response Coding System: Nouns 

Response Type: Category: Code: Example: 
Correct 

Visual Error 
Semantic 
Error 

Phonemic 
Error 

Non-
Response 

Other 

Accurate Target Response 
Substitution + Self Correct 
Visual Misperception 
Superordinate 
Coordinate 
Subordinate 

Association 
Circumlocution: context 
Circumlocution: function 
PartAVhoIe 
Semantic Rejection 
Definition ("tip-of-the-tongue) 
Derivational Error 

Locative Attribute 
Functional Attribute 
Compositional Attribute 
Innovative Noun 
Neologism 

Unrelated/Unclassifiable 
Phonemic Paraphasia 

(at least 50% of the phonemes 
incorrect from the target) 

Phonemic Attribute 
hiitial Sound/Syllable 
Lexical Part/Whole 
Repetition (of test item words) 
No Response 
Insertions; metalinguistic 
Insertions: metacognitive 
Empty Comment 
Perseveration 

Omission 
Other 

ACC "dustpan" for "dustpan" 
SC "periscope, no microscope" 
VP "pencils" for "chopsticks" 
SUP "fish" for "starfish" 
CO "cane" for "crutch" 
SUB "tire jack" for "jack" 
A "oil" for "funnel" 
Cc "I have one at home" 
Cf "You put the dish in it" for "nucroscope" 

PW "dots" for "dice" 
SR "it's not a verdict" for "jury" 
Def "It's a game" for "hopscotch" 
D "dancing" for "dances" 
LA "kitchen" for "appliances" 
FA "measuring thing" for "ruler" 
CA "leather" for "leash" 
IN "ashery" for "ash" 
NEO "dispated" for "lava" 
UU "noxema" for "siren" 
PP "la'lula" for "spatula" 

PA "backsack" for "backpack" 
IS "wh-wh-whistle" for "whistle'' 
LPW "scope" for "microscope" 
R "fire trucks" for "siren" 
NR (15 seconds or greater) 
la "It starts with a 'b'" 
lb "I don't know; I can't think" 
EC "I've got one of those" 
PER repeated use of previous 

response, previous stimulus 
item, or recurrent theme not 
previously mentioned 

OM 
O 

Unintelligible 
Gesture 

unique substitution not included 
above (e.g. 'if it's a horse it's a 
mane" for "bangs") 

U 
G 



Table 4. Response Scoring System: Verbs 

64 

Response Type: Category: Code: Example: 

Correct Accurate Target Response ATRV "licking" for "licking" 
Substitution + Self Correction SC "drop, no dnp" 

Visual Error Visual Substitution VSV "scrubbing" for "grating" 
Visual Misperception VPV "giving" for "beggmg" 
PartAVhole-V erb PWV "waving" for "directing" 

Semantic Superordinate Verb SUPV "walking" for "marching" 
Error Coordinate Verb COV "blinking" for "winking" 

Subordinate Verb SUBV "scratching" for "grating" 
Pro-Verbal Action PVA "making" for "knittmg" 
Related Noun RN "holes" for "drilling" 
Associated Verb AV "flying" for "parachuting" 
Associated Non-Verb ANV "guard measurement" for "directing' 
Picture Labeling PL "needle" for "threading" 
Circumlocution CIR "flying in the air" for "parachuting' 
Innovative Verb IV "screwdriving" for "drilling" 
Semantic Rejection-Verb SRV "not weighing" for "measuring" 
Unrelated/Unclassifiable UUV "planning" for "developing" 

Phonemic Phonemic Paraphasia PPV "sip" for "drip" 
Error 

Non-Response 

Other 

(at least 50% of the phonemes incorrect 
from the target) 

Phonemic Attribute-Verb 
Initial Sound Verb 
Root-Word Verb 
No Response 

Insertions: metalinguistic 
Insertions: metacognitive Ibv 

PAV 
ISV 
RWV 
NRV 
lav 

Empty Comment 
Perseveration 

Omission 
Other 

Unintelligible 
Gesture 

ECv 

weighting" for "weighing" 
'br-br-braiding" for "braiding" 

"dance" for "dancing" 
(15 seconds or greater) 
"It starts with a 'b'" 

"I don't know; I can't think" 
"I've done that" 
PERV repeated use of previous 

response, previous stimulus 
item, or recurrent theme not 
previously mentioned 

Omv 
Ov 

Uv 
Gv 

unique substitution not 
included above 
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Task II: (Divergent Naming) Measures of word fluency. Three word fluency measures 

comprised the experimental stimuli for Task II. Animal naming, a commonly used measure, 

was assessed primarily because normative data are available based on age (range 16-95) and 

education (Spreen and Strauss. 1997). Two additional measures were used. One required 

subjects to name actions, and thus be in parallel to the convergent non-verb naming tasks 

described above. The other new task was to name foreign cities. This was considered to be a 

difficult measure, and the only one in the battery involving proper nouns. It is based on the 

work of Wang et al. (1994). Because no normative data exit for either of these latter measures. 

75 adults with no history of brain injury were tested on these measures. Results of this local 

norming procedure will be included in the results section. 

Instruction. Using a stopwatch, the patient was asked if he/she was comfortable before 

giving the following instruaions: 

Animal Naming: / want to see haw many different words you can call to mind and name 

in one minute while I write them down. You will continue to name as many animals as 

you can until you hear the timer beep (stopwatch timer was then demonstrated). Let's 

begin now with animals. Remember to contimie to try to name as mafiy animals as you 

can until you hear the timer. 

Cities Not in the United States: Now, 1 want to see how many cities not in the United 

States you can call to mind and fume in one minute while I write them down. Remember, 

continue to try to name as many cities 'not' in the United States as yott can until you hear 

the timer. 
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Action Naming; / want to see how many action words you can bring to mind and name in 

one minute while I write them down. Again, contitme to try to ttame as many action 

words as you can until you hear the timer. 

Clarification was given for the term "action word" meaning verbs, as needed. If patients 

discontinued effort before the end of the minute, neutral encouragement was given (e.g. 

keep trying). If a silent period of 15 seconds or greater occurred at the outset of each 

task, a repetition of the basic instruction was allowed. 

Response Scoring: Quantitative Measures. Quantitative measures included total number 

of correct responses. 

Response Scoring: Qualitative Measures. All qualitative aspects will use the noun/verb 

coding systems discussed under Tables 3 and 4 as appropriate. 

Task III (Word Retrieval in Connected Speech) Picture Description. Two pictures from 

the Test of Word Finding in Discourse (German, 1991) were used as stimuli. The 

Recreation Scene and the Store Sale Scene were chosen for their potential to elicit verb 

and noun production respectively. 

Instructions. Standardized instructions were used for the Recreation Scene, and presented 

as follows: / am going to show you a picture and I want you to tell me a story about the 

picture. Tell me what everyone in the picture is doing. Instructions for the Store Sale 

Scene were adapted for use with adult subjects as follows: Now I want you to tell me an 

even better story about this picture. Tell me what they would be buying if they were 

shopping or preparing for a birthday party. Each subject was given three minutes per 
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picture. If a subject was silent for fifteen seconds or longer, neutral probes were presented 

(e.g. "Tell me more"). 

Response Scoring: Quantitative Measures. Quantitative measures of picture description 

related to facets of production include number of total words produced, rate of speech 

(i.e. words per minute), mean length of utterance (i.e. number of words per utterance/total 

number of utterances), percentage of informational content measures of Correct 

Information Units (CIU's), and percentage of picture labeling measures of Enumerative 

Information Units (EIU's). In addition, a count of word retrieval behaviors by category 

include: substitutions (e.g. "football" for "helmet"), word reformulations (e.g. "He is..they 

are going."), insertions (e.g. "They are at a. ..oh, I forgot what it's called "), repetitions 

(e.g. "He, he has a ticket), empty words (e.g. "Oh, you know), time fillers (e.g. Tag, um, 

ah, tackle him"), and delays (e.g. He is playing...[6 sec] tennis). 

Response Scoring: Qualitative Measures. All qualitative aspects of the noun/verb coding 

systems addressed in Tables 3 and 4 will be used as appropriate. 

Reliability. To assess intrajudge reliability, transcripts were rescored twice by the author 

prior to inteijudge reliability assessment. Initially, transcripts were rescored within 3 days 

of the initial transcription. Finally, the author rescored the transcripts of the same 

randomly selected subjects scored for the inteijudge reliability assessment. Intrajudge 

reliability exceeded 85% for each of the subjects (M = 90%). 

To assess inteijudge reliability, 20% of all tasks were randomly selected for 

independent review by a second certified speech-language pathologist. The independent 
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reviewer was given written scoring rules, scoring examples, and several practice 

transcripts to score. After discussion of her scored practice transcripts, minimal 

clarification was provided to the scorer as she scored. Discrepant data were evaluated by 

the investigator and independent reviewer, and differences in transcription and scoring 

were discussed until they were resolved. 

Seven verbal fluency subtests were randomly selected to represent each of the 

three task conditions. Inteijudge reliability was 100% for transcription and scoring. 

Twelve subtests of the Test of Adult Word Finding were randomly selected. Inteijudge 

reliability for each subtest exceeded 90% (M = 98.88%). Point-to-point reliability also 

was calculated on the picture description transcripts of 5 randomly selected subjects. 

Reliability exceeded 90% for all subjects (M = 98.28%). 
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CHAPTER IV 

RESULTS 

Examination of results for performances on The Test of Adult Word Finding 

(German, 1990; single word response), tasks of verbal fluency (single word, free 

association), and picture description (connected speech) will be presented in order. First, 

analyses are presented for The Test of Adult Word Finding including sections on accuracy, 

effects of stimulus modality presentation, and grammatical word class effects. Next, verbal 

fluency is presented in two parts. First, local normative data are presented for naming of 

actions and city naming to determine differences between subjects and a normal sample. 

Next, analyses are presented for accuracy and grammatical word class effeas. Finally, 

picture description examines language profiles including measures of word production, 

rate of speech, mean length of utterance, and informational content. A qualitative 

analysis of response patterns for all tasks follows. All conditions will include discussion of 

between-group comparisons based on site of lesion (i.e. right hemisphere (RH) and left 

hemisphere (LH)). It is important to note that this research is exploratory. A relatively 

small subject sample was used (i.e. n= 10) frequently yielding large standard 

deviations(SD). Large SD's increase amount of error, making a significant finding more 

difficuh to obtain. Therefore, trends toward significance will be addressed. Finally, this 

study secondarily analyzes the same subjects' performances from the perspective of 

frontal (Fr) versus non-frontal (NFr) tumors. 
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Performances of Right and Left Hemisphere Subjects: 
The Test of Adult Word Finding (German, 1990) 

A. Accuracy 

Means for the overall accuracy of naming are presented in Figure 1. The mean 

percent correct between groups by subtest (i.e. picture naming-nouns, picture naming-

verbs. sentence completion, descriptive naming, and category naming) are presented in 

Figures 2, 3, 4, 5, and 6 (See Appendix E for individual percent correct and Appendix F 

for means, standard deviations, and ranges). 

87,23 

Left Hemispliere Right Hemi sphere 

Figure 1. Mean Percent Correct for Total Performance on The Test of Adult Word 
Finding (German, 1990) by Right and Left Hemisphere Groups 
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LeR Hemisphere Right Hemispliefe 

• Pre-op 
• Post-op 

Figure 2. Mean Percent Correct on the Picture Naming-Nouns Subtest of The Test of 
Adult Word Finding (German, 1990) by Right and Left Hemisphere Groups 
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8e.M 

T 1 r 
Left Hemisphere Right 

Hemisphere 

• Pre-op 

• Post-op 

Figure 3. Mean Percent Correct on the Picture Naming-Verbs Subtest of The Test of 
Adult Word Finding (German, 1990) by Right and Left Hemisphere Groups 



1 " " I 
Left Hemisphere 

r 
Right 

Hemisphere 

• Pre-op 
• Post-op 

Figure 4. Mean Percent Correct on the Sentence Completion Subtest of The Test of 
Adult Word Finding (German. 1990) by Right and Left Hemisphere Groups 
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100 

• Pre-op 
• Post-op 

Left Right 
Hemisphere Hemisphere 

Figure 5. Mean Percent Correct on the Descriptive Naming Subtest of The Test of Adult 
Word Finding (German, 1990) by Right and Left Hemisphere Groups 



Mean 
Percent 50 
Correct 

Right Hemisptiere 

Figure 6. Mean Percent Correct on the Category Naming Subtest of The Test of Adult 
Word Finding (German, 1990) by Right and Left Hemisphere Groups 
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To determine differences between hemisphere, subtest, and effects of surgical 

status, a 5 X 2 X 2 mixed model analysis of variance (ANOVA) was performed, wdth task 

as the first factor (i.e. picture naming-nouns, picture naming-verbs, sentence completion, 

descriptive naming, category naming), time of examination (i.e. pre/post-craniotomy) as 

the second factor, and site of lesion (i.e. RH versus LH) as the third factor. Results of this 

analysis are presented in Table 5. 

Table 5. Analysis of Variance: Accuracy on the Test of Adult Word Finding bv 
Individuals with Right and Left Hemisphere Tumors 

Source df F V 

Hemisphere 1 2.19 .1767 
Subtest 4 .39 .8109 
Subtest X Hemisphere 4 1.79 .1556 
Pre/Post 1 8.86 .0177* 
Pre/Post X Hemisphere 1 3.57 .0955+ 
Pre/Post X Subtest 4 2.01 .1165 
Subtest X Pre/Post x Hemisohere 4 .65 .6308 

* Significant at p < .05 
+Trend toward significance at the . 10 level 

Only one effect was significant, with worse overall performance post-craniotomy 

(Mean = 61.1%), as compared to pre-craniotomy (Mean = 84.2%). The interaction 

between Pre/Post and hemisphere also approached significance. It appears that most of 

the Pre/Post difference is driven by LH subjects (preMean = 82.2%; postMean = 47.03%) 

with RH subjects showing relatively little decrement after surgery (preMean =87.23%; 

postMean = 82.08%). All other effects were not significant. 



Test scx)res were represented, in part, by age and educational levels in a 

standardized sample of 553 adults, equally distributed across age groups of 20-39 years. 

40-59 years, and 60-80 years; and three educational levels based on number of school 

years completed: 0-12 years (high school or less), 13 to 15 years (3 years of less of 

college or technical training beyond high school), and 16 or more years (college graduate 

or more). It is important to note that mean accuracy raw scores for normal individuals 

who participated in the national standardization of the Test of Adult Word Finding were 

consistently higher than experimental subjects, with the exception of Subjects 3 and 8 who 

scored above age and educational levels in pre- and post-operative conditions. As an 

example. Subject 9's (age = 72; education = high school) raw accuracy score for total 

performance pre-operatively was 67/107 (62.62%) and post-operatively was 22/107 

(20.56%). By comparison, the mean raw accuracy score for normal individuals in the 

standardized sample between the ages of 60 to 80 was 90.6/107 (84.67%; SD = 9.6), and 

for a similar educational level was 89.8/107 (83.93%; SD = 10.1). 

B. Modality Effects: Auditory versus Visual 

To test the difference between the conditions of auditory versus visual modes of 

stimulus presentation, a 2 x 2 x 2 mixed model ANOVA was performed, with modality as 

the first factor, time of examination (i.e. pre/post craniotomy) as the second factor, and 

site of lesion (i.e. RH versus LH). Data are presented in Table 6. 



78 

Table 6. Analysis of Variance: Auditory and Visual Modalities Stimulus Presentation on 
the Test of Adult Word Finding by Individuals with Right and Left Hemisphere Tumors 

Source df F D 

Hemisphere 1 2.23 .1734 
Modality 1 .92 .3659 
Modality x Hemisphere 1 2.04 .1911 
Pre/Post I 6.87 .0306* 
Pre/Post X Hemisphere 1 2.79 .1331 
Modality x Pre/Post 1 4.64 .0634+ 
Modality x Pre/Post x Hemisphere 1 .36 .5643 

•Significant at p < .05 
+Trend toward significance at the . 10 level 

A significant main effect was shown for Pre/Post (p<.05), and a trend toward 

significance for modality x Pre/Post (p = 0.0634). These data suggest that there was 

homogeneity between LH and RH groups' performances for mode of stimulus 

presentation. The trend toward significance for Modality x Pre/Post suggests that the RH 

Group was superior levels on auditory tasks, as opposed to visual tasks, with minimal 

decline post-operatively. The LH Group declined after surgery independent of modality. 

Mean performances, standard deviations, and ranges are presented in Table 7. 

Table 7. Means. Standard Deviations, and Ranges: Auditory and Visual Subtests bv Right 
and Left Hemisphere Groups 

Left Hemisphere Right Hemisohere 
Auditory Visual Auditory Visual 

Pre-
Mean 81.94 82.59 89.51 83.82 
SD 14.01 10.00 17.54 17.44 
Range 58-95 65-93 63-100 58-98 

Post-
Mean 42.71 53.51 81.55 82.88 
SD 39.32 35.68 18.36 15.33 
Range 6-94 5-94 59-98 63-98 



79 

C. Grammatical Word Class Effects: Nouns versus Verbs 

To determine grammatical word class differences between individuals with left 

versus right hemisphere tumors, confrontation naming, and effects of surgical status, a 

2x2x2 mixed model ANOVA was performed, with grammatical word class as the first 

factor (i.e. nouns versus verbs), time of examination as the second factor (i.e. pre/post 

craniotomy), and site of lesion (RH versus LH) as the third factor. No significant main 

effects were found. However, a trend toward significance is shown for Pre/Post (p = 

0.0587) that may suggest differences in patterns of performance. Mean performances 

indicate a considerable decline in nouns and verbs post-operatively by the LH Group. The 

RH Group performed at similar levels before and after surgery. Mean performance levels, 

standard deviations, and ranges are presented in Table 8. 

Table 8. Means. Standard Deviations (SD). and Ranges: Nouns and Verbs bv Right and 
Left Hemisphere Groups 

Left Hemisohere Right Hemisohere 
Nouns Verbs Nouns Verbs 

Pre-
Mean 84.23 80.95 83.11 84.53 
SD 10.17 15.65 17.00 18.39 
Range 73-97 57-100 59-100 57-95 

Post-
Mean 52.25 54.76 82.43 83.33 
SD 40.73 31.84 15.37 15.79 
Range 0-97 10-90 65-100 62-95 
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Performances of Right and Left Hemisphere Subjects: 
Verbal Fluency 

A. Local Norms: City and Action Naming 

Because there were no normative data for naming actions or city naming, 75 adults 

with no history of brain injury were tested. Thirty-three male and 42 females panicipated, 

ranging in age from 20 to 70, and representing educational levels from high school 

through doctoral degrees. Breakdown of scores by age, education, and gender are 

presented in Figures 7 and 8 for action naming, and 9 and 10 for city naming. (See 

Appendixes L J. K, and L for means, standard deviations, and ranges. See Appendix M 

for Age by Education). 
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Mean 19.5 
Ninnber 

of 
Words 19 

20-30 31-40 61-70 

Figure 7. Local Norms; Mean Number of Words Produced for Action Naming by Age 
Group 



Mean 
Number 

of 
Words 

Total High School Bachelors Masters 

Figures. Local Norms: Mean Number of Words Produced for Aaion Naming by 
Education 
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Mean 
Number 

of 
Words 

20-30 31-40 41-60 61-«0 81-70 Total 

Figure 9. Local Norms: Mean Number of Words Produced for City Naming by Age 
Group 



Mean 
Number 

of 10 
Words 

Total High School 

Figure 10. Local Norms: Mean Number of Words Produced City Naming by Education 
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B. Comparison to a Normal Sample 

Data from the tumor subjects were compared to the locally generated normal 

sample for action and city naming, and to published norms for animal naming (S preen & 

Strauss, 1998). Animal naming data were not collected from the local norming group: 

rather norms from the literature were used to compare performance means of the normal 

sample to brain tumor subjects using an adjusted residual t-test. This test is implemented 

when only one group is available (i.e. subject data), and is compared to a reference mean 

(i.e. existing norms) rather than comparison of 2 group means as is the case with normal t-

testing. By subtracting the reference mean from each person's score, the reference point 

becomes M = 0 for the null hypothesis. If the subject mean does not differ significantly 

from the reference mean, then one wouldn't expect the reference mean to be significantly 

different than 0. Results are reported in Table 9. Data are presented in Figure 11. 

Table 9. Residual t-Test for Performance on Animal Naming bv Brain Tumor Subjects 

Pre-op 
n df T p 

Post-op 
n df T P 

Subjects 10 9 1.0904 .3039 10 9 3.4715 .0070* 

Significant at p < .05 

This comparison was significant for the post-operative condition, with the normal 

sample performing better than subjects afler their surgery. Significant findings were not 

shown for the pre-operative condition. 
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Mean 10 
Number 

of 
Words 8 

Normal Subjects 
Sample 

• Pre-op 
• Post-op 

Figure 11. Comparison of Subjects and a Normal Sample on Animal Naming 
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A t-test was performed to compare performance means of a normal sample to 

brain tumor subjects for city naming. Results are reported in Table 10. Data are 

presented in Figure 12. 

Table 10. t-Test for Performance on Citv Naming bv a Normal Sample and Brain Tumor 
Subjects 

Pre-op Post-op 
T-value df g T-value df g 

-1.9664 83.0 0.0526+ -2.8678 83.0 0.0052* 

*Significant at p < .05 
+Trend toward significance at the .10 level 

Pre-operatively, a trend toward significance was shown for city naming (p = 

0.0526) for the normal sample when compared to brain tumor subjects; also, significance 

(p < .05) was shown for comparison to post-operative subjects, indicating the normal 

sample performed at a superior level in both conditions. 



Mean 
Number 

of 
Words 

Normal Subjects 
Sample 

Figure 12. Comparison of Subjects and a Normal Sample on City Naming. 
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A t-test was used to compare performance means of a normal sample to brain 

tumor subjects for action naming. The results are reported in Table 11. Data are shown in 

Figure 13. 

Table 11. t-Test for Performance on Action Naming bv a Normal Sample and Brain 
Tumor Subjects 

Pre-OD Post-OD 
T-value df D T-value df D 

-4.0069 83.0 0.0001* -5.9315 83.0 0.0000* 

* Significant at p < .05 

Significant effects were reported for action naming, indicating greater number of 

action words produced by normal controls in pre- and post-operative conditions 

(p < .05). Of note is that Subjects 2, 7, and 9 had particular diflRculty with this task, both 

pre- and post-operatively. While Subject 7's performance remained unchanged post

operatively, Subject 2 was unable to name any action words, and Subject 9 named only 

one. In addition. Subject 5 was no longer able to name action words post-surgically. 



19.88 

Words 

Normal Subjects 
Sample 

• Pre-op 

• Post-op 

Figure 13. Comparison of Subjects and a Normal Sample for Action Naming 
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C. Productivity 

The mean number words produced, as well as standard deviations and ranges for 

verbal fluency tasks for RH and LH Groups is given in Table 12. The data are presented 

in Figures 14, 15, and 16. 

Table 12. Means (M). Standard Deviations (SD). and Ranges (R): Number of Words 
Produced on Verbal Fluency Tasks by Hemisphere 

Pre-op Post-op 

Task Group M SD R M SD R 
Animals 

Right Hemisphere 17.50 7.85 9-28 14.25 9.84 6-27 
Left Hemisphere 12.67 5.65 6-19 3.33 3,33 0-7 

Cities Not in the U.S. 
Right Hemisphere 
Left Hemisphere 

16.75 
5.33 

8.10 
4.63 

9-26 
1-14 

16.50 
2.00 

6.76 
2.28 

9-24 
0-6 

Actions 
Right Hemisphere 15.75 9.14 7-28 14.25 9.84 6-27 
Left Hemisphere 9.33 4.46 3-16 3.33 3.33 0-7 
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Figure 14. Mean Number Words Produced for Verbal Fluency Task-Animal Naming by 
Individuals with Right and Left Hemisphere Tumors 
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Figure 15. Mean Number Words Produced for Verbal Fluency Task: City Naming by 
Individuals with Right and Left Hemisphere Tumors 
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of 
Words 

• Pre-op 
• Post-op 

Figure 16. Mean Number Words Produced for Verbal Fluency Task-Action Naming by 
Individuals with Right and Left Hemisphere Tumors 
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To determine differences between fluency tasks, the effects of surgical status, and 

site of lesion, a 3 x 2 x 2 mixed model ANOVA was performed, with task as the first 

factor, time of examination (i.e. pre/post-craniotomy) as the second factor, and site of 

lesion (i.e. RH versus LH) as the third factor. The data are presented in Table 13. 

Table 13. Analysis of Variance: Performance on Verbal Fluency (VF') Task bv Individuals 
with Right and Left Hemisphere Tumors 

Source df F D 

Hemisphere I 8.09 .0217* 
Pre/Post 1 36.17 0003* 
Pre/Post X Hemisphere 1 9.31 0158* 
Task 2 1.67 .2200 
Task X Hemisphere 2 2.24 .1387 
Pre/Post X Task 2 2.96 .0804+ 
Pre/Post X Task x Hemisohere 2 .28 .7619 

* Significant at p < .05 
-Trend toward significance at the .01 level 

Significant main effects were shown for hemisphere (p < .05) and Pre/Post 

(p < .05), with significant interaction for Pre/Post x Hemisphere (p < .05). There was 

poorer post-craniotomy performance (Mean = 7.70) when as compared to pre-craniotomy 

( Mean = 13.25). A trend toward significance was shown for interaction (Pre/Post x Task; 

p = .0804) suggesting performance of the RH was superior to the LH Groups in all tasks, 

with a negligible decline in RH performance after surgery whereas the post-operative 

decline by the LH was marked. In the pre- and post-operative conditions, both groups 

produced the greatest number of words during animal naming. Post-operatively, the LH 

Group's performance dropped so substantially that no difference between tasks was noted. 
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The RH Group performance was equivalent pre- and post-operatively for city and aaion 

naming. 

To determine differences between condition and site of lesion, a 2 x 2 mixed model 

ANOVA was performed, with time of examination (i.e. pre-/post craniotomy) as the first 

factor, and site of lesion (i.e. RH versus LH) as the second factor. The data are presented 

in Table 14. 

Table 14. Analysis of Variance: Performance on City Naming bv Individuals with Right 
and Left Hemisphere Tumors 

Source df F D 

Hemisphere 1 15.80 .0041» 
Pre/Post 1 2.99 .1222 
Pre/Post X Hemisphere I 1.55 .2490 

•Significant at p < .05 

A main effect was found for Hemisphere (p <.05), with the RH Group showing 

superior performance as compared to the LH Group (See Table 17). The RH Group 

showed almost no change in behavior post-operatively, whereas the LH Group declined 

more than fifty percent. All other comparisons failed to reach statistical significance. 

D. Grammaticai Word Class Effects: Nouns versus Verbs 

To determine differences between task, condition, and site of lesion, a 2 x 2 x 2 

mixed model ANOVA was performed, with grammatical word class as the first factor (i.e. 

nouns versus verbs), time of examination (pre/post craniotomy) as the second factor, and 

site of lesion (i.e. RH versus LH) as the third factor. Data are presented in Table 15. 
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Table 15. Analysis of Variance: Performance on Verbal Fluency for Grammatical Class 
(GC) by Individuals with Right and Left Hemisphere Tumors 

Source df F D 
Hemisphere 1 4.53 .0659+ 
Pre/Post 1 25.66 .0010* 
Pre/Post X Hemisphere 1 5.60 .0455* 
GC 1 2.23 .1741 
GC X Hemisphere 1 .18 .6796 
Pre/Post X GC 1 2.23 .1741 
Pre/Post X GC x Hemisohere 1 .18 .6796 

* Significant at p < .05 
+Trend toward significance at the. 10 level 

A significant main effect was shown for Pre/Post (p < .05), with significant 

interaction for Pre/Post x Hemisphere (p <.05). There was a trend toward significance 

shown for Hemisphere (p = 0.0659). Examination of mean group performances revealed 

that the LH Group performed more poorly than the RH Group on both animal and action 

naming tasks, with post-operative declines. Overall, worse performance occurred post-

craniotomy (7.70) as compared to pre-craniotomy (13.25). Other main effects as well as 

interactions (Pre-Post x Grammatical Class x Hemisphere) were not statistically 

significant. 

Performances of Right and Left Hemisphere Subjects: 
Picture Description 

The picture description task employed two stimulus pictures, one designed to elicit 

nouns, and the other verbs. The first issue at hand was to determine whether these two 

stimulus pictures differed in their ability to elicit these classes of words. A 2 x 2 repeated 
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measures ANOVA was performed with picture (i.e. Recreation Scene versus Sale Scene) 

as the first factor, and grammatical word class (i.e. noun versus verb) as the second factor. 

Results are reported in Table 16. 

Table 16. Analysis of Variance: Picture Stimuli bv NounA^erb Elicitation 

Source df F D 

NounA'erb 1 2.33 .1616 
Picture 1 .38 .5539 
NounA'^erb x Picture 1 1.09 .3238 

No significant main effects or interactions were shown at the p < .05 level, nor 

were there trends toward significance. Therefore, subsequent analyses were based on 

word scores fi'om both pictures. 

A. Word Production 

The mean number of words produced and standard deviations by individuals with 

RH and LH tumors are presented in Table 17. 

Table 17. Means. Standard Deviations (SD). and Ranges: Number of Words Produced 
for Picture Description Tasks bv Right and Left Hemisphere Groups 

Group Pre-op Post-op 

Right Mean 267.63 272.63 
Hemisphere SD 92.05 132.60 

Range 188-401 105-421 
Left Mean 241.83 101.00 
Hemisphere SD 100.81 73.29 

Range 114-380 4-183 
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To determine differences between word production by surgical status and site of 

lesion, a 2 x 2 mixed model ANOVA was performed, with site of lesion (i.e. RH versus 

LH) and time of examination (pre/post-craniotomy) as the second factor. No comparisons 

reached statistical significance. However, a trend toward significance for Hemisphere (p = 

.0879), Pre/Post (p = .0600), and Pre/Post x Hemisphere (.0945), again with worse 

performance by the LH Group. 

B. Words Per Minute 

Rate of speech was measured using the number of words produced, including 

functor words (e.g. the, and, but), divided by the picture description time criterion of three 

minutes. The mean number of words produced per minute by RH and LH Groups is 

reported in Table 18. 

Table 18. Means. Standard Deviations (SD), and Ranges: Total Number of Words 
Produced per Minute for Picture Description Tasks bv Right and Left Hemisphere Groups 

Group Pre-on Post-op 
Right Mean 89.13 91.00 
Hemisphere SD 30.75 44.29 

Ranee 63-134 35-140 
Left Mean 80.58 33.67 
Hemisphere SD 33.70 24.43 

Range 38-127 1-61 

To determine differences in rate of speech for effects of surgical status and site of 

lesion, a 2 x 2 mixed model ANOVA was performed, with site of lesion (i.e. RH versus 
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LH) as the first factor, and time of examination (i.e. pre/post-craniotomy) as the second 

factor. All comparisons failed to reach statistical significance. However, a trend toward 

significance was shown for Hemisphere (p = .0886), Pre/Post (p = .0605), and Pre/Post x 

Hemisphere ( p = .0932). It appears that most of the Pre/Post difference is again driven 

by the LH Group. Pre- and post-operatively, the RH Group produced more words per 

minute than the LH Group. Again, the LH Group exhibits major decline in performance, 

whereas the RH Group slightly improves. 

C. Mean Length of Utterance 

Group mean length of utterance (MLU), standard deviations, and ranges are 

presented in Table 19. 

Table 19. Means. Standard Deviations (SD). and Ranges: Mean Length of Utterance by 
Hemisphere 

GrouD Pre-OD Post-OD 

Right Mean 10.13 9.25 
Hemisphere SD 2.10 1.66 

Range 8.06-12.64 7.81-11.07 
Left Mean 8.50 6.17 
Hemisphere SD 1.30 3.11 

Range 6.96-10.60 .80-10.08 

To determine differences for mean length of utterance (MLU) for condition and 

site of lesion, a 2 x 2 mixed model ANOVA was performed, with site of lesion (i.e. RH 
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versus LH) as the first factor, and time of examination (i.e. pre/post-craniotomy) as the 

second factor. Results are reported in Table 20. 

Table 20. Analysis of Variance: Mean Length of Utterance bv Individuals with Right and 
Left Hemisphere Tumors 

Source df F D 

Hemisphere 1 6.40 .0353 
Pre/Post 1 2.72 .1376 
Pre/Post X Hemisohere 1 .45 .5196 

*Significant at p < .05 

A significant main effect was shown for Hemisphere (p < .05). The RH Group's 

MLU was longer in both pre- and post-operative conditions, supporting the notion of 

milder word retrieval problems and fluent verbal output. The LH Group's MLU was 

shorter in both conditions, however verbal output characteristics were similar. 

D. Communicative Efficiency: Percentage of Correct Information Units (CIU) 

The efficiency of connected speech was measured by the quantity of intelligible, 

accurate, and relevant units of information about the picture (i.e. CIUs; Nicholas & 

Brookshire, 1993). The means, standard deviations, and ranges for CIU are presented in 

Table 21. 
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Table 21. Means. Standard Deviations (SD). and Ranees: Percentage of Correct 
Information Units by Individuals with Right and Left Hemisphere Tumors 

Group Pre-op Post-op 
Right Mean 17.5 18.75 
Hemisphere SD 4.60 8.42 

Range 11.1-21.0 10.7-26.9 
Left Mean 17.92 22.17 
Hemisphere SD 3.12 18.08 

Ranee 12.1-21.1 11.2-55.6 

To determine differences between the effects of surgical status and site of lesion, a 

2x2 mixed model ANOVA was performed, with site of lesion (i.e. RH versus LH) as the 

first factor, and time of examination (i.e. pre/post-craniotomy) as the second factor. No 

significant effects were shown for hemisphere or Pre/Post, suggesting no differences in 

level of efficiency of communicative performance between RH and LH Groups. 

E. Percentage of Enumerative Information Units (ElU) 

The tendency to name or describe picture elements (i.e. EIUs; Correia et al., 

1990) was another performance measure of communicative efficiency. The means, 

standard deviations, and ranges for EIU are presented in Table 22. 

Table 22. Means. Standard Deviations (SD). and Ranees: Percentage of EIUs by 
Individuals with Right and Left Hemisphere Tumors 

Group Pre-op Post-op Pre-op Post-op 

Right M 21.25 20.00 Left M 21.0 11.25 
Hemisphere SD 5.04 6.36 Hemisphere SD 9.75 8.44 

Range 16.0-26.4 16-29.4 R 8.2-31.5 0-25.3 
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To determine differences in picture labeling behaviors for effects of surgical status 

and site of lesion, a 2 x 2 mixed model ANOVA was performed, with site of lesion (i.e. 

RH versus LH) as the first factor, and time of examination (i.e. pre/post craniotomy) as 

the second factor. No significant differences were found. 

Qualitative Analyses for Individuals mth Right and Left Hemisphere Tumors 

A. Test of Adult Word Finding Response Patterns 

The number of errors by category (i.e. visual, semantic, phonemic, no response, 

and other such as perseveration) demonstrated on the Test of Aduh Word Finding 

(German, 1990) is presented in Figures 17 and 18 (See Appendixes G and H for Individual 

Performances and Frequency of Errors). 
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Figure 17. Total Number of Errors by Category Produced by the Left Hemisphere Group 
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Figure 18. Total Number of Errors by Category Produced by the Right Hemisphere 
Group. 

As can be seen from these Figures, greater numbers of errors occur in the post

operative condition, but the relative frequency of errors by category remains unchanged. 
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Figure 19 shows the total number of semantic errors, grouped by descriptive 

category 

Number of 
Errors 

• Pre-op 
• Post-op 

Unreiated Coordinate Association Superordinate 

Figure 19. Total Number of Error Types by Descriptive Category 

Semantic Errors The most frequent errors across groups occurred in the semantic 

category in pre- and post-operative conditions. Regardless of the subtest analyzed, most 

errors bore some semantic relationship to the target word. Pre-operatively, the majority 

of errors occurred on Picture Naming-Nouns, followed by Picture Naming-Verbs, 

Sentence Completion, Category Naming, and Descriptive Naming respectively. Post

operatively the pattern was the same with the exception of a reversal between Category 

and Descriptive Naming subtests. The three most frequent error types were (I) 

Coordinate, 2) Association, and (3) Superordinate. Most coordinate errors occurred on 

Picture Naming-Nouns and Sentence Completion. AssociationaJ errors were equally 
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distributed among subtests. With a few exceptions, superordinate errors occurred on 

Picture Naming -Nouns and Category Naming. Post-operatively, unreiated/unclassifiable 

errors were most frequent, with the distribution of errors mostly on Picture Naming-

Nouns. Coordinate and Association errors followed in frequency. All remaining error 

types were observed too infrequently to warrant further discussion. 

Non-Response Errors The second most frequently observed error type across conditions 

was metacognitive insertions. No response, or prolonged pausing, followed in frequency 

Figure 20 shows the total number of errors grouped by non-response. Metalinguistic 

insertions (i.e. "It starts with a 'b'") and Empty Comments (i.e. "I have one of those") 

were rarely demonstrated. 
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Figure 20. Total Number of Error Types by Non-Response Category 
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Phonemic Errors Phonemic errors were the third most frequent across groups in 

the pre-operative condition. This was not true post-operativeiy. A decrement in 

performance was observed for the RH Group whose phonemic errors increased post

operatively. (See Appendix G). The most frequent pre-operative errors were 

misarticulation of the initial sound/syllable and repetitions. Post-operatively, repetition of 

the stimulus outnumbered all other phonemic errors. Figure 21 shows the number of 

errors by subtype. 
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Other Errors In this category, LH errors were essentially driven by the 

performance of Subject 5's perseverative errors across tasks pre- and post-operatively. 

More equally distributed were unique substitutions not included in previous error 

categories. No unintelligible or gestural responses were observed. 

Delays The actual time between the presentation of each stimulus and the 

subject's first effort to name the target word was considered a measure of word retrieval 

difficulty. Delay was defined by German as pauses of 4 seconds or greater. Delays were 

computed by the clock device on the Sony video-camcorder. Data are shown in Figures 

22 and 23. 
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Both groups exhibited response delays. The LH Group exhibited the greatest 

number of delays increasing 40.8% post-operatively, whereas and the RH Group increased 

6%. The pattern of increased latencies in both groups is consistent with word retrieval 

disorders in brain damaged populations as reported in the literature. 

Visual Errors Overall, visual errors were observed infrequently across tasks and 

conditions. Generally, groups were similar in performance, although the LH Group 

demonstrated more visual errors pre-operatively. After surgery, both groups exhibited 

fewer errors than in any other category. 

B. Verbal Fluency Response Patterns 

Upon review of the fluency tasks, it was interesting to note that two types of error 

response were made: superordinate and perseverative errors. These speech errors were 

equivalent pre- and post-operatively for naming animals, cities, and actions, although post

operative action naming errors increased minimally. Most errors observed before and 

after craniotomy were perseverative. The next most frequent errors were superordinate 

errors (e.g."France" for "Paris"). Other repeated errors were superordinate in nature such 

that an American state was produced rather than the typical error of naming a country 

(e.g. "Texas"). 

The LH Group produced 3 times as many errors as did the EIH Group prior to 

surgery. This gap was narrowed considerably post-operatively when the RH Group's 

error rate nearly doubled. Although the LH Group performance declined minimally post-

craniotomy, the quantity of errors remained at a higher level than the RH Group. 
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C. Word Finding Behaviors in Picture Description 

The number of substitutions, reformulations, insertions, repetitions, empty words, 

time fillers, and delays produced means, standard deviations, and ranges for picture 

description tasks are summarized in Table 23. 

Table 23. Means, Standard Deviations (SD), and Ranees: Total Number of Word 
Finding Behaviors (WFBs) bv Type for Picture Description bv Individuals with Right and 
Left Hemisphere Tumors 

Tvpe Group Pre-op Post-op 
Number of WFBs Number of WFBs 
Mean SD Range Mean SD Range 

Substitutions Right Hemisphere 1.50 1.68 0-4 1.00 1.41 0-2 
Left Hemisphere 3.33 2.98 0-8 2.92 3.72 0-9.5 

Reformulations Right Hemisphere 3.50 1.78 1.5-5 3.63 3.33 .5-6.5 
Left Hemisphere 4.00 1.52 1.5-6 2.75 2.81 0-6.5 

Insertions Right Hemisphere 1.75 2.22 0-2.5 3.13 5.01 0-10.5 
Left Hemisphere 1.00 1.30 0-3.5 2.08 2.56 0-6.5 

Repetitions Right Hemisphere 3.75 2.33 .5-6 5.50 5.85 1-14 
Left Hemisphere 7.75 8.88 .5-21 7.33 9.90 .5-25.5 

Empty Words Right Hemisphere 5.75 4.63 2-12 4.63 4.09 1-9.5 
Left Hemisphere 3.17 2.34 .5-7 3.92 7,72 0-19.5 

Time Fillers Right Hemisphere 16.50 13.02 5-32 16.13 16.16 .5-37.5 
Left Hemisphere 19.17 15.58 0-43.5 13.67 12.28 1-28.5 

Delavs Right Hemisphere 2.25 2.33 0-4.5 6.25 7.26 0-13.5 
Left Hemisphere 8.08 5.68 .5-15.5 12.92 5.01 4.5-19 

Overall, time fillers (e.g. "um", "er", "ah") were the most fi^equent inessential 

response in both picture description tasks and conditions (i.e. pre/post craniotomy) 

regardless of group, suggesting word retrieval difficulty. Time fillers were more prevalent 
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in the LH than the RH Group in all tasks. Interestingly, time fillers decreased in all tasks 

post operatively. 

Delays were the second most common inessential behavior for all picture 

description tasks pre- and post-operatively (e.g. He is....6 sees. ..playing tennis.), with one 

exception. Pre-operatively, more delays occurred than repetitions in Picture 1 Picture 2 

appeared to occasion more repetitions than delays. Prolonged pausing was observed 

when subjects appeared to be having difficulty formulating and producing appropriate 

responses. Additionally, delay was noted when subjects either intentionally hesitated in an 

effort to retrieve the correct word, as in tip-of-the-tongue phenomena, or in an attempt to 

avoid producing an inappropriate response. Many subjects commented on tip-of-the 

tongue phenomenon. Subject 5 noted, "I can't find my words. You know what it is, but 

you just don't know.". However, some subjects simply could not retrieve a word. For 

example. Subject 2 noted, "I don't know, it just won't connect." and Subject 6 said, "I'm 

just blank. It's gone, totally gone". 

Delays were common among the LH Group pre- and post-surgically in all tasks 

(Pre = 97; Post = 115). The LH Group appeared to demonstrate greater difficulty than 

the RH Group (Pre = 18; Post = 50). Both groups showed an increase in delays post 

surgically, although the RH Group produced more incrementally. 

The third most common inessential word finding behavior was repetitions, which 

included sounds (e.g. There's a b-b-bat), syllables (e.g. The ba-, ba-, ba bathroom is big.), 

single words (e.g. "'He, he broke it"), phrases (e.g. She was in the park, in the park), and 
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sentences (e.g. They are playing football. They are playing football.). Subjects 5 and 9 

produced disproportionately the most repetitions across tasks pre-operativeiy, while 

Subjects, 2, 3, and 9 produced more repetitions post-operatively across tasks Subject 5 

exhibited a severe verbal impairment post-operatively, charaaerized by a marked 

reduction in verbal output. The combination of time fillers, delays, and repetitions resulted 

in a stuttering-like behavior pattern in these individuals. 

The LH Group showed 3 times the fi-equency of repetitions pre-operatively than 

the RH Group ( LH = 93; RH = 30). Post-operatively, the LH Group demonstrated 

improved performance (LH = 88), whereas the RH Group declined (RH = 44) After 

surgery, the frequency of repetitions by the LH Group was twice that of the RH Group 

The fourth most frequent word finding behavior was word reformulations in all 

tasks pre- and post-operatively, with the exception of Picture 2 post-operatively. These 

behaviors represent changes or modifications to one or more previous words (e.g. He is 

hitting the, throwing the ball ). This bdiavior typically indicated awareness of verbal 

errors with a consequent self correction. 

Reformulations were variable. Pre-operatively, the LH Group exhibited the most 

reformulations (LH = 48; RH = 28). Post-operatively, the LH Group showed fewer 

reformulation behaviors than pre-operatively, and differences between groups were 

minimal (LH = 33; RH = 29). 

Other inessential responses included empty words, substitutions, and insertions. 

The RH Group produced empty words (e.g. "well", "yeah", "thing-a-ma-jig") more 
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frequently than the LH Group pre-operatively (LH = 38; RH = 51). Post-operatively. the 

LH Group produced empty words more frequently than the RH Group (LH = 47; RH = 

37). Substitutions (e.g. "chipmunk" for "squirrel") and Insertions (e.g. "you know ", "'let's 

see") were manifested the least frequently in all subjects. The LH Group continued to 

demonstrate the most errors pre- and post-operatively. with one exception. Post

operatively, both groups produced the same number of insertions. 

Performances of Frontal and Non-Frontal Subjects 

It was of interest to investigate whether there were distinctive patterns of word 

finding strengths and weaknesses in individuals with frontal lobe tumors (hereafter referred 

to as Fr subjects) and those with tumors in posterior brain regions (hereafter referred to as 

NFr subjects; 3 individuals had temporal lobe timiors and 3 individuals had parietal lobe 

tumors). Therefore, a series of secondary statistical analyses were performed in which 

subjects were compared as to whether their pathophysiology involved anterior or posterior 

lesions, independent of hemisphere. 

A series of mixed model analyses of variance were used to study the effects of Fr 

versus NFr tumors on the previously defined variables: accuracy of naming performance 

on the Test of Adult Word Finding test and its various subtests (nouns versus verbs, 

auditory versus visual modalities); the three measures of word fluency, and measures of 

word use, rate and eflBciency of communication in picture description. 
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These comparisons revealed a consistent finding, summarized in Table 24 

Independent of the variable under study, all statistically significant effects related to 

comparisons of pre- and post-surgical performance. That is to say, that where differences 

were demonstrated, they did not show distinctions between subjects with anterior versus 

posterior tumors; rather both groups displayed largely similar patterns of performance. 

This post-operative drop was shown in accuracy of overall Test of Adult Word Finding 

performance, although the greatest percentage decrement was noted for the NFr Group. 

A drop was also observed in fluency scores for all three measures, and the overall number 

of words produced in picture description. No significant interactions were found. All 

changes are significant at the .05 level. Only one trend seemed noteworthy. That is, the 

city naming task appeared to show a substantially greater decrement than the other fluency 

tasks. No statistically significant effects were noted for modality of stimulus presentation, 

grammatical class of words produced, number of words produced in discourse, rate of 

speech, MLU, CIU, and EIU, even in pre- and post surgical comparisons. 

Table 24. Summary Table: ANOVA's Significant at p < .05 f*) and Trends Toward 
Significance at the Level of. 10 (+) 

Variable & Measure Source df F p 
TAWF: 
Accuracy Pre/Post 1 6.54 .0338* 
Modality Pre/Post 1 5.46 .0476* 

Modalitv x Pre/Post 1 5.15 .0530+ 
Verbal Fluencv: 
Productivity Pre/Post 1 16.73 .0035» 

Task X Pre/Post 2 3.37 .0562+ 
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These pre- and post-operative data are presented in Figures 24 and 25. 

Total Performance on the Test of Adult Word Finding 

89.02 

7?.«t 

Mean 50. 
Percent 
Correct  ̂

Non-Frontal Frontal 

• Pre-op 
• Post-op 

Figure 24. Mean Percent Correct for Total Performance on the Test of Adult Word 
Finding by Individuals with Frontal and Non-Frontal Tumors 
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Figure 25. Mean Number Words Produced for Verbal Fluency Tasks by Individuals with 
Frontal and Non-Frontal Tumors 
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CHAPTER V 

DISCUSSION 

This study lends support to prior findings of word retrieval deficits in individuals 

with brain tumors (Anderson, Damasio & Tranel, 1990; Haas, Vogt. Schiemann. and 

Patzhold. 1982; Kanzer, 1942;). This study contributes to the current literature by 

elucidating the nature and extent of naming impairment based on performance of word 

retrieval across contexts of constrained naming (i.e. convergent response), verbal fluency 

(i.e. divergent response), and connected speech (i.e. picture description) under pre-and 

post-craniotomy conditions. The present study documents word retrieval deficits in this 

population as the point of research focus. Following a discussion of the experimental 

questions, results are examined with respect to the effects of task and site of lesion. 

Finally, the implications of this research on the relation between language dysfunction in 

brain tumor patients and traditional aphasia classifications are addressed. 

Test of Adult Word Finding: Response to Experimental Questions 

The determination of difference between individuals with right and left hemisphere 

tumors leads to the research question. "Did subjects demonstrate different naming 

behaviors before cmdfollowing surgery? " Individuals were compared to available 

standardized norms based on age and educational levels. Pre-operatively. only three 

subjects (Subjects 1, 4, 9) scored below standardized norms for age level. However, six 

subjects were below normative levels for education (1. 2. 4. 6, 7, 9), suggesting cognitive 

effects in general. As expected, post-operative performances declined, and were 
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statistically significant in botli right and left hemisphere subjects. Seven subjects scored 

below age levels (Subjects 1, 2. 4, 5, 6, 7, 9), and 8 scored below educational levels 

(Subjects 1, 2, 4, 5, 6, 7, 9, 10). Subjects 3 and 8 scored above normative levels pre- and 

post-operatively for both measures. Performance decrements also occurred in individuals 

with anterior and posterior tumors regardless of hemisphere. Fr Subjects 6 and 7 were at 

or above normative levels pre-operatively for age, but below age and educational levels 

post-operatively. Subjects 1 and 9 performed below normative standards pre-and post

operatively. This finding occurred in all tasks, suggesting that surgical intervention 

negatively affects language function regardless of lesion location. Haas. Vogt, Schiemann, 

and Patzhold found patterns of aphasia among tumor patients to be independent of 

location in the dominant hemisphere. This study extends that finding to include the right 

hemisphere, although clearly, RH subjects' impairment as observed here is not as severe. 

Pre-operatively, RH subjects mean accuracy ranged from 82.81% to 94.05%. In contrast, 

LH subjects ranged from 77.78% to 84.72%. Post-operatively, the RH Group ranged 

from 75% to 87.5%, whereas the LH Group ranged from 38.89% to 54.76%. Two 

subjects, representing RH and LH respectively (Subjects 1 and 8), showed slight overall 

improvement (i.e. 1 point raw score difference) post-operatively. All other subjects 

declined in performance after surgery. The performance levels of Subjects 2. 4, 5, and 9 

of the LH Group ranged from a low of 4.67% to a high of 56%. By comparison the 

individuals of the RH Group showed minimal decrements, ranging from 62.61% to 

98.13%. 



120 

In terms of the pathophysiology of tumors, the prevailing belief is that the effects 

of tumor on language function do not show up until late in the disease process (Ojemann, 

Miller, and Silbergeld, 1996). The present study, in which all ten subjects studied were in 

early stages of their disease, fails to support that claim. The present study supports a 

more complex interaction of tumor type, chronicity of symptoms, age, education, and 

gender of the patient. In this study, it appears that tumor grade and duration of symptoms 

directly affect word retrieval abilities. Subject 4, a 40 year old male with a high school 

education, had a left temporal meningioma. He exhibited more severe naming impairment 

than most subjects regardless of tumor location pre- and post-operatively. The presence 

of an untreated benign tumor, with a 2 year symptomatic history supports the contention 

that patients with a longer history of brain timfior appear to have greater lexical processing 

inefficiency than those patients who are more recently diagnosed. In contrast. Subjects 2, 

a previously healthy 61 year old male with a bachelors degree, was evaluated for sudden 

onset of confusion, disorientation, and word retrieval impairment. A parietal lobe 

glioblastoma multiforme resuhed in rapid surgical intervention (i.e. 8 days from diagnosis). 

Word retrieval abilities in Subject 2 were below educational levels pre-operatively, and 

below age and educational levels post-operatively. 

The second research question asked, "Was a characteristic pattern of 

performcmce demonstrated by these individuals? If so, what was the nature of the 

pattern? Was this pattern ofperformance different for right versus left hemisphere? " A 

characteristic pattern of errors was demonstrated by subjects in both groups studied here. 
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The most frequent errors were semantic in nature for all subtests pre- and post

operatively. Both LH and RH Groups demonstrated this pattern in agreement with the 

findings of Haas, Vogt, Schiemann, and Patzhold (1981). This group of adults with brain 

tumors exhibited similar patterns of word retrieval, but had more difficulty accessing 

concrete words presented visually than more abstract concepts presented auditorily (e.g. 

noun picture naming versus descriptive naming). This unique finding of preserved abstract 

lexical processing has been previously reported (Warrington, 1975; Warrington & 

Shallice, 1984). Limitations in the ability to access the target word may relate to 

organizational or conceptual deficits. Output errors were typically circumlocutory rather 

than paraphasic in nature, supporting many of the earlier case studies (Goldstein, 1911; 

Head, 1926; Kanzer, 1942; Keschner, Bender and Strauss, 1936; Kubitschek, 1928; 

McKissock & Paine, 1958; Pitres, 1898; Smythe & Stem, 1938; Strauss & Keschner. 

1935; Weschsler. 1924; Weinstein & Kahn, 1952; Weisenberg & McBride. 1935). For 

example, subjects were likely to define a word (e.g. "It's a game") or name its functional 

attribute (e.g. "It's made out of leather") when attempting to retrieve the target. 

Occasional semantic paraphasias were observed (e.g. "wrench" for "pliers"), however 

such errors were scarce and were self-corrected. Prolonged pauses, considered one type 

of non-responsiveness, were next most frequent in five of eight conditions. This behavior 

is suggestive of the tip-of-the-tongue phenomenon, resuhing in longer response latencies. 

It is important to note that standardized test procedures mandated a cut-ofF of 15 seconds, 

thereafter labeling the subject as non-responsive. These constraints were not imposed. 
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A 40 second time limit was imposed by the experimenter for practical reasons. In some 

cases, the target word was produced within the time, but others required 15 to 40 

seconds. For example. Subject 6 exhibited 14 delays (15 to 26 seconds) pre-operatively, 

successfully retrieving the target word 9 times (64.29%). Post-operatively 11 of 15 delays 

(15 to 34 seconds) resulted in successful retrieval ('73.33%). In subjects with high grade 

tumors (e.g. Subjects 2, 5, 9) or tumors with long duration of symptoms (i.e. Subject 4), 

success rates were between 20% and 50% pre-operatively. and less than 5% post

operatively. 

Consistently in this study, the LH subjects had more difficulty than the RH subjects 

in all tasks for pre- and post-operative conditions. In fact, in two cases (auditory versus 

visual task, nouns and verbs task) the RH Group was unaffected by surgery, and 

improved performance for nouns versus verbs. Similarly, the NFr Group performed better 

than the Fr Group in all tasks before and following surgery. Declines in performance were 

more extreme than the Fr Group post-surgically, but overjdl test scores remained higher. 

Another issue addressed, refers to the research question involving influences on 

word retrieval. That is to say, "Were there effects for modality or grammatical word 

class? If so, was there a difference for site of lesion? " Effects for modality were 

variable. The LH Group did not respond differentially to auditory versus visual modalities 

for either mode of stimulus presentation, either pre-or post-operatively. However, the RH 

Group performed better on auditory than visual tasks pre-operatively. and showed minimal 
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decline in performance after surgery. Similarly, Fr and NFr Groups showed patterns of 

comparable performance pre-operatively, with considerable decline post-operatively. 

leaving the visual modality in a stronger position than auditory modality for both groups. 

Grammatical word class effects for differences between nouns and verbs did not 

reach statistical significance. However, response patterns suggested differences between 

convergent (i.e. TAWF) and divergent (i.e. verbal fluency) responses. The RH Group 

performed at similar levels on the TAWF before surgery, whereas post-surgically the LH 

Group demonstrated considerable decline for both word classes, but the RH Group's 

performance remained comparable. Similarly, the NFr Group exhibited steeper decline for 

nouns and verbs post-operatively than the Fr Group. In contrast, verbal fluency 

performances for the LH Group were notably inferior to the RH Group. The RH Group 

demonstrated small decrements post-operatively in all tasks. The LH Group showed 

profound decline post-operatively, generating 2 to 3 words in all tasks. Overall, NFr 

Group performance was poorer than Fr Group, with the exception of pre-operative animal 

naming (i.e. nouns). Action words yielded the fewest generated words for all groups in 

pre- and post-operative conditions. Although the performance was poorer, decline in 

performance after surgery was smaller for naming verbs than nouns for all groups. 

Verbal Fluency: Response to Experimental Questions 

The determination of difference between individuals with right and left hemisphere 

tumors leads to the research question, "D/^/ subjects demonstrate different naming 
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behaviors before andfollcwing surgery? " In relation to normative data (Spreen & 

Strauss. 1998), six of ten subjects demonstrated word retrieval deficits prior to surgery for 

animal naming, 8 of ten for city naming, and 9 of ten for action naming. As expected, 

performances declined post-surgically for 8 of ten subjects for animal naming, 7 of ten for 

city naming, and 8 of ten for action naming. This finding was validated for all tasks, but 

was most extensive on the complex verbal fluency task involving proper nouns (i.e. 

naming Cities Not in the United States). This finding corroborated the results of Butler, 

Rorsman, Hill, and Tuma (1993) in which complex fluency tasks appeared more sensitive 

to tumor presence than simple tasks. These authors also reported that complex fluency 

tasks were unaffected by the extent and severity of the disease process. This study 

extends the first finding to include post-operative effects, but contradicts the authors' 

latter findings. Subjects in this study who had extensive and highly malignant disease 

processes produced extremely limited word lists pre-operatively (See Appendix N for 

individual number of words produced). Post-operatively these subjects generated either 

very few words or none at all. The dissimilarity in findings may be due, in part, to 

stimulus differences (e.g. verbal versus written fluency), variety of cognitive disturbances 

(e.g. memory versus attentional deficits), patient variables, or unequal sample sizes under 

study. 

The second research question asked, "Was a characteristic pattern of 

performance demonstrated by these individuals? If so, what was the nature of the 

pattern? Was this pattern ofperformance different for right versus left hemisphere? " 



Two error patterns predominated: perseverations (e.g. rabbit, rabbit, dog, rabbit) and 

superordinate namings (i.e. "Austria" for "Vienna"). Perseverative errors appeared to 

result from a failure to suppress previously generated words pre-operatively. Patients 

repeated a word they had forgotten they said 10 or 20 seconds before. Post-operatively. 

perseverative errors were indicative of "stuck-in-set", where attentional deficits result in 

mental inflexibility and inability to shifl to the next concept (Albert, 1989). This 

corroborates, in part, the results of Vilkki (1989) who found that individuals with left 

hemisphere tumors exhibited "stuck-in-set" perseveration during tasks of verbal fluency. 

This study extends those findings to include pre-operative effects, as well as bihemispheric 

eflfects. Differences between the studies are probably attributable to the fact that Vilkki 

invoked complex memory tasks within the word generation task to investigate levels of 

perseverative response. Alternating tasks were used (i.e. to read a word list and then to 

recall words beginning with a specific letter). 

Although perseverative errors are often correlated with attentional deficits (Alben, 

1989), superordinate errors may be related to memory deficits. The superordinate error 

pattern is qualitatively diflferent than attentional deficits where repeated repeating of the 

same word occurs. Superordinate errors suggest that subjects fail to perform a mental 

task and keep track of what they are doing at the same time (i.e. suppress the production 

of the semantic category- states). In other cases, subjects partially processed the 

instruction with the understanding that the United States was an incorrect answer. Short 

term memory may be implicated; the subject may recall the general information but 
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rapidly forgets the details of the entire instruction. Thus, attempting to make the best of 

remembered information, the subject responds inaccurately. This behavior is characteristic 

of impaired frontallobe function (Benton, 1968; Crosson, 1992; Stuss and Benson. 

1986). The unexpected finding is that superordinate errors were observed least fi-equently 

in the Fr Group (Subject 6 did not produce any), and the RH subjects did not commit this 

type of error before surgery. LH and NFr Groups exhibited the most errors pre-

operatively. Post-operatively, superordinate errors were observed in all groups. The most 

superordinate errors were produced by the NFr Group, followed by the RH Group. LH 

and Fr Groups made the fewest superordinate errors. This pattern of reduced verbal 

productivity does not conform to the behavior patterns associated with frontal lobe 

dysfunction, particularly the left fi-ontal lobe (Lezak, 1995). 

Other errors included related nouns for actions (e.g. 'motions' for 'move'), and 

unrelated, unclassifiable errors (e.g. 'equestrian' for city category). However, these errors 

were infrequent. Interestingly, there was an overt absence of semantic and phonemic 

paraphasic errors across groups and conditions. 

There were three notable error patterns. First, with the exception of Subjects 1 

(right frontal) and 3 (right temporal), the most prevalent response was prolonged pauses 

for all subjects. Pauses have been examined by psycholinguists as an indication of 

cognitive processing at levels such as planning and word retrieval (Lesser & Milroy, 

1993). The actual meaning of pauses varies dependent on task context. In word 
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generation, pausing appears to be difficulty finding the appropriate word, or may be an 

attentional preoccupation with information retrieval. 

In this study, pauses fi'equently lasted between fifteen and forty-five seconds while 

subjects struggled to produce words in a category. Struggle, rather than denial of effort, 

was obvious from subjects' frequent comments such as, "Nope, it's just not 

there,...No...No" and, "Nope...no that's a country...no...I just can't think.". This pattern 

of error awareness was noted under pre- and post-operative conditions across tasks. 

Second, word associations occurred during action naming pre- and post

operatively. Subjects produced a word with grammatical class ambiguity resulting in a 

loss-in-mental-set, and a consequent generation of an associated non-verb word list (e.g. 

"dance"). Subject 10 produced four response errors following her production of "dance" 

(i.e. "tennis, badminton, baseball, basketball"), but she was able to regain set and begin 

naming action words again. Gerunds, or verbs that act as nouns (e.g. "climbing") were 

also noted to have this effect. Pre-operatively, Subject 9 produced "climbing" followed by 

"run upstairs, downstairs, elevator, escalators" before she was able to get back on task. 

Post-operatively, she was never able to successfully regain mental set. After producing 

"growing" Subject 9 continued to make errors of impoverished cohesion (e.g. growing 

under the grass, on the chain, the chain under the tree") until the testing time expired. 

These errors may suggest a lack of integration of many processes including selective 

focusing of thoughts, word retrieval, and organization of ideas. In most cases, this pattern 

occurred in the middle of the one minute allotted for responding (i.e. 15-45 seconds). 
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suggesting the possibility of impaired sustained attention and/or decreased mental 

flexibility. However, in five cases, subjects moved in and out of the appropriate response 

set from task initiation to completion. All subjects showed a preference for progressive 

verbs (i.e. -ing verbs), however Subject 8 produced infinitive forms post-operatively. 

One response pattern was seen in Subject 4 only, but was interesting enough to 

warrant comment. Subject 4 was symptomatic for approximately two years prior to 

obtaining medical intervention. He subvocalized frequently during testing sessions, and 

was markedly aphasic post-operatively. He demonstrated prosodic changes that emulated 

a Rap musician's rhythm. Secondary behaviors, such as knee slapping and head nodding 

would also occur when attempting to generate words. During the post-operative action 

naming task. Subject 4 produced 16 responses, 6 of which were appropriate. His words 

started out as monosyllabic, and hierarchically graduated to bi- and tri-syllabic words. 

Rate of speech increased proportionately to word length. That is, monosyllabic words 

were drawn out and slowly produced, whereas longer words were generated rapidly. For 

example: 

walk [word association to follow] 
motions [knee slapping in rhythm to prosodic changes] 
emotions [head nodding begins in tandem with knee slapping] 
eliminating, extenuating 
emotions 

This cycle was momentarily broken by an inteijeaion such as, "I can't think of nothin'.", 

followed by a recurrence of similar behaviors. Patients who are severely aphasic as a 

result of stroke have been observed to use this "Clang" strategy to retrieve words 
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(LaPointe, personal communication, 1997). It is possible that Subject 4 was attempting to 

utilize an alternative strategy to facilitate the production of action words. His acquired 

behaviors (e.g foot tapping, head nodding) may have been a method to gain momentum 

when attempting to initiate. These behaviors were not observed during other verbal 

fluency tasks. 

"Were there effects for grammatical word class ^ If so, was there a difference for 

site of lesion '^" Examination of differences betAveen individuals with right and left 

hemisphere tumors indicated that the LH Group was more affected than the Rfi Group in 

all tasks, both pre- and post-surgery. However, no significant findings occurred for 

grammatical word class. For animal naming, the RH Group performed at normal levels. 

Post-operatively a small decline was observed, however scores remained high. In 

contrast, the LH Group demonstrated the worst performance before and following 

surgery, with the poorest performance post-operatively. For action naming, the IIH 

Group demonstrated smaller decrements than the LH group in pre- and post-operative 

conditions. Both groups performed at higher levels for animal naming than aaion naming 

pre-operatively, but declined to equivalent levels after surgery. City naming was 

unaffected for the RH group in pre- and post-operative conditions. This task was 

particularly difficult for the LH subjects, who exhibited limited performance, with few 

words generated regardless of surgical status. The diflferences between city naming and 

animal/action naming suggests the possibility that access and retrieval of proper nouns 
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may involve a different process than for nouns and verbs fLeveit. 1989; Lucchelli & 

DeRenzi, 1992). 

Picture Description: Response to Experimental Questions 

The determination of difference between individuals with right and left hemisphere 

tumors leads to the research question, '"Did subjects demonstrcae different naming 

behaviors before and following surgery"^" All subjects demonstrated word retrieval 

deficits on this task prior to surgery, with decline in performance post-surgically The RH 

Group produced more words overall, and the LH Group exhibited worse overall 

performance, particularly post-surgically. The Fr Group produced fewer words than the 

NFr Group across conditions, and both groups showed declines after surgery. 

Differences in rate of speech were noted for RH and LH Groups pre- and post-

surgically. The most decline in performance was observed in the LH Group. Pre- and 

post-operatively. the RH Groups produced more words per minute. Ail groups produced 

speech at a rate lower than normal individuals regardless of surgical status. That is to say. 

normal speech is produced at a rate of 100-200 words per minute (Caplan, 1992). Given 

the allotted 3 minutes for picture description, 300 to 600 words produced would have 

been within normal range. However, group mean words produced failed to exceed 300 

words for a three minute period. Subjects 3 and 5 produced connected speech in excess 

of 350 words pre-operatively. Only Subject 3 maintained normal total words after 
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surgery. It should be noted however, that LH Subjects 5 and 9 were extremely aphasic 

post-operatively. 

The distinguishing factor on a connected speech sample was in mean length of 

utterance (MLU). Differences were shown for MLU pre- and post-operatively. The RH 

Group demonstrated a longer MLU than the LH Group, although both groups 

demonstrated phrase lengths between 6 and 10 words, characterizing one aspect of fluent 

verbal production. 

Contrary to expectations, there were no differences between groups in terms of 

communication efficiency as defined by the percent correct information units. Response 

patterns indicated somewhat stronger performances by the LH Group than the RH Group. 

Both groups improved in communicative efficiency by a small margin post-surgically. The 

Fr and NFr Groups improved after surgery as well. This improvement may be due to a 

number of factors. First, tumor resection may have yielded immediate relief to function of 

suppressed, but yet undamaged brain tissue. It is also possible that subjects were less 

anxious following surgery. Several individuals shared their feelings of fear, anxiety, and 

disbelief regarding their diagnosis and imminent involvement in craniotomy. The effects of 

this stress and fear cannot be overstated, and must account for some portion of 

distractibility during pre-operative testing. 

As expected, there were no differences of picture labeling between groups. 

Response patterns between groups indicated that the LH Group performed slightly better 

than the RH Group in both conditions. However, the post-operative condition was much 
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better for the LH Group. Most subjects did not feel comfonable telling stories, and openly 

commented on it. Others were notably uncomfortable, but attempted to complete the task 

as instructed. In 8 of the 10 subjects (i.e. 4 EIH and 4 LH), picture labeling occurred 

without describing any relationship among the elements. It is possible that this level of 

discomfort precluded natural speech production. It is also possible that task demand of 

creativity was too difficult. Picture 1 elicited occasional comments about personal 

experiences, and Picture 2 evoked the greatest number of labels. One subject was asked 

upon completion of the second test session, whether he understood the instruction to tell a 

story about the picture. The subject laughed, and related that he was aware, but did not 

know why he had not followed instructions. Informal testing of three normal subjects 

resulted in a similar pattern. One person told a story: two others labeled the picture. This 

pattern of behavior raises the question of whether the nature of the task allowed for 

elicitation of a natural language sample. 

The second research question asked, "fVas a  characterist ic  patteni  of  

performance demonstrated by these individuals '^ If so, what was the nature of the 

pattern? Was this pattern ofperformance different for right versus left hemisphere? " 

Subjects demonstrated a characteristic pattern of performance regardless of group. Most 

subjects exhibited qualities of traditional anomic aphasia. That is, word retrieval was the 

primary deficit, verbal output was fluent, and auditory comprehension was well preserved. 

Subject 5 was an exception. After surgery, his verbal output was non-fluent, although 

auditory comprehension remained relatively intact. It should be noted that subjects 



performed similarly for both the verb and noun loaded picture concepts, suggesting 

homogeneous performance whether the stimulus was intended to elicit nouns or verbs. 

This should be viewed cautiously because (a) clinical observation of response patterns 

indicates more nouns than verbs were produced for 8 of the 10 subjects: and (b) non

significant findings may be due to small sample size and large standard deviations. 

Overall, individual performance variability was noted. There is always the 

possibility that tumor infiltration into adjacent brain regions was undetectable at the 

microscopic level post-surgically. Total resection was attempted, but may not have been 

possible in all cases, leaving the undetected presence of tumor to alter individual 

performances. Similarly, effects of progressive compression fi^om edema cannot be 

excluded. Clinical implications may exist for those patients with pre-surgically identified 

epileptic foci adjacent to tiie tumor (i.e. Subjects 1, 5, and 6). For example. Subject 6 had 

a benign meningioma that was outside of the presumptive language zone, yet she was 

severely anomic. Pre-symptomatic manifestations may also affect the degree to which 

word retrieval is impacted. A slow growing tumor such as meningioma, may go 

undiagnosed for long periods prior to the onset of symptoms. In contrast, the rapid 

mutations of high grade gliomas result in earlier manifestations. Differences may exist 

with respect to response to intervention in either of these cases. Duration of symptoms 

may also be predictive of word retrieval severity. Whether onset is acute (i.e. hours to 

days) or chronic (i.e. months to years) may contribute to the creation of increased 

variability. For example. Subject 4 (left temporal meningioma) exhibited symptoms for 
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over 2 years and demonstrated more profound aphasic symptoms than Subject 6 (left 

frontal meningioma) whose onset was sudden and quite recent. Subject 4's aphasia profile 

was similar to individuals with glioblastoma multiforme, such as Subject 2 (left parietal) 

and Subject 9 (left fi-ontal). None of the subjects had direct language zone involvement. 

Interestingly, the aphasia profile of another individual with left temporal lobe tumor 

(glioblastoma multiforme). Subject 5, exhibited the most severe aphasia of the 4 subjects. 

The contrast between Subjects 4 and 6 to Subjects 4 and 5 suggests two possibilities: (a) 

duration of symptoms and tumor grade impact upon word retrieval in similar fashion 

despite the involvement of different sites of lesion (i.e. lobes), (b) given the same lobar 

involvement, individuals with high grade tumors may exhibit more profound symptoms. 

Site of Lesion and Naming Performance 

Findings of this study do not strongly support the hypothesis that site of lesion 

contributes to naming performance. In general groups showed similar patterns of 

performance. Analysis does uphold the striking difference of the quantity of impairment in 

the LH Group, The RH Group showed the same qualitative characteristics as the LH 

Group, but was quantitatively less impaired across tasks pre- and post-operatively. 

Independent of modality or part of speech, performances declined post-operatively. The 

RH performance declines were not appreciaible. There was an efifect, but it was not 

marked, as was the LH Group. Additionally impressive was the poorer performance of 

the NFr Group than the Fr Group on tasks of verbal fluency. 



Pre-operatively, subjects presented with subtle word retrieval deficits. This 

resulted in the question of why they appeared highly functioning pre-operatively and 

performed poorly post-operatively. This observation, most notable in the LH group, was 

most likely due to hemispheric dominance. Several explanations may account for the 

pre-/post-operative differences. An obvious explanation includes surgical and anesthesia 

aftereffects. This is readily discounted on a number of grounds. First, in several tasks, 

subject performances remained unchanged or improved post-surgically (e.g. Subjects 3 

and 10 on city naming). If the effects of the craniotomy were to influence performance, 

then it is reasonable to expect all subjects to decline in performance after surgerv'. The 

notable variability among subjeas regardless of hemisphere discounts this contention. 

Similarly, drug effects are dubious. The catabolic rate of elements such as propofoL a 

frequently used neurosurgical anesthetic, are rapid. Although antiemetics, paralytics, and 

narcotics are also used, the consequent effects on language due to drug interactions is 

unknown. Future studies may test this hypothesis by the comparison of individuals 

undergoing surgical procedures for the resection of various central nervous system tumors 

such as intracranial neoplasms and intramedullary spinal cord tumors. Next, distance 

effects fi-om tumor compression and diaschisis may be indicted. Pre-surgically, 

compression eflfects resulting fi-om tumor presence or its associated edema, are a viable 

explanation for language deficits. However, once the tumor is debulked, compression is 

alleviated. A more defensible explanation includes neurochemical change and its effect on 

brain function. 
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The present findings may be due to the nature of the disease process. This 

investigation used a homogeneous group, while many prior research studies used 

individuals from mixed etiologies (e.g. vascular malformation, closed head injury, stroke) 

Many of these other processes are characteristically rapid in onset, while brain tumors are 

typically considered to have slow onset. Onset time may contribute to the individuals 

abilities to adapt and develop compensatory strategies, unlike victims of rapidly 

progressing processes. 

Attentional deficits normally associated with frontal lobe dysfiinction have been 

observed in subjects with non-frontal brain tumors as well fLUia, 1992a). Underlying 

attentional processes may be related to poorer naming performance, and may account for 

poorer performance in the NFr Group. Similarly, memory processes may account for 

declines in performance. This is particularly evident in tasks that require complex 

language processing. These phenomena have been observed in comparisons of the 

behavioral effects of damage from rapidly evolving strokes and brain tumors in 

comparable areas. Stroke patients usually have more deficits with more pronounced 

symptoms than tumor patients with similar kinds of involvement (Anderson et al.. 1990), 

This is due to rapid onset conditions that reduce cerebral blood flow, depress metabolism, 

and result in diaschisis. In contrast, slow-growing tumors may not affect physiological 

activity or anatomical structures initially, so observable symptoms do not surface until the 

lesion becomes large enough to exert pressure on surrounding structures. Fast-growing 
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tumors are more likely to be accompanied by behavioral symptoms with more diffuse 

effects than slow-growing tumors. 

Limitations of the Study 

The results of this study have defined the nature and extent of naming impairment 

in brain tumor patients. Because of the complexity involved with brain tumor populations, 

and the relative unavailability of patients in a smaller urban area such as Tucson, findings 

are limited by a number of factors. First, this study involved a majority of high grade 

tumors in a relatively small sample. Therefore, the naming profile may be limited in its 

application to individuals with lower grade or benign tumor types. 

Next, clinicians typically used methods adopted fi-om vascular populations in the 

clinical management of brain txmior patients. This study emphasizes that tumor-related 

aphasia is quantitatively and qualitatively different than aphasia resulting fi"om stroke. 

These individuals are fi"equently higher fimctioning at the acute stage of the disease 

process, with fluent verbal output characterized by circumlocutions and delays regardless 

of hemispheric involvement. Deficits are not always readily detectable by standardized 

methods. Because individuals afflicted with brain tumors are fi-equently younger than 

stroke victims, the presence of word retrieval deficits can negatively impact work re-entry, 

alter social interactions, and result in low self image. Continued understanding of the 

language dysfianction may assist speech-language clinicians in considering influences or: 

quality of life, and supporting continued rehabilitation needs for individuals who appear 

clinically to be minimally affected. 
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Another possibility involves demographic variables such as gender differences. 

Brain tumors are more prevalent in males than females. Thus, the current study had a 

representative sample, given the 3:1 ratio of males to females. However, this imbalance 

may have masked differences. Given a larger sample size, this variable and others such as 

age and education could be considered. 

Another limiting factor in this study is the failure to definitively assess for normal 

cognitive flmaioning. General intellectual functioning as well as subtle differences in 

memory and attention may have contributed to naming impairments across groups. It is 

not clear, however, whether this information would have aided as an outcome measure, or 

whether it could have been used to predict potential word retrieval deficits. 

Finally, a longitudinal study would be of interest, following individuals throughout 

the course of the disease process. Ongoing re-evaluation of word retrieval abilities may 

provide insight into the development of new behavior patterns not discernible at the acute 

phase of the disease. The application of time-series design may also allow for correlation 

of cognitive function and language. 

Clinical Implications 

Currently, many questions exist regarding speech-language interactions in 

treatment approaches for individuals with brain tumors. Because the pathological-

anatomical features of brain tumors are different from those in vascular populations, a 

mild aphasia is typically observed in acute phase of the disease process, evolving over 



time. Even in the limited context of this study, a combination of factors may have 

contributed to word retrieval deficits. Differences in tumor type, growth rate, age, 

gender, education, and cognitive function may all contribute to lexical processing 

impairments. 

Consideration should be given to several studies reported in this paper. In the 

earliest investigations, subtle word retrieval deficits were reported. Kanzer (1942) 

observed early symptoms of aphasia in individuals with brain tumors. These findings are 

corroborated by the current study. In the first half of the centuiy, successfiil remediation 

was infrequent, and life expectancies were short. The immediacy of patients' 

communicative needs were not given high priority. Currently, extended life expectancies 

and social validity of communicative efficiency mandates effective and functional 

treatment outcomes. Functional assessments, such as degree of independenc-v.-, 

management of personal affairs, return to work, and other quality-of-life issues are 

substantially important to patients, families, and caregivers. The ability to evaluate and 

detect subtle changes in cognitive-linguistic function is of value in improving quality of 

life. 

In keeping with evolving perspectives on language deficits in adults with brain 

tumors, several researchers have touched upon cognitive abilities including attention, 

memory, and executive functions (Vilkki, 1989; Vilkki and Hoist, 1994; Wang et al., 

1994). Therapeutic stimulation of mental processing requires understanding the 

components of language. Because functional language requires the use of mental 
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processes, the two (i.e. language and cognition) are interdependent entities The current 

emphasis on functional outcomes mandates therapy goals and procedures that are based 

on a cognitive-linguistic approach. In comparison of individuals with right and left 

hemisphere tumors, the qualitative similarities suggest that all acutely ill brain tumor 

patients would benefit from cognitive-linguistic stimulation with opportunities to practice 

functional activities in hospital environments. 

The present study focused on an early disease stage; further longitudinal 

investigations are warranted to examine language and cognitive changes during the disease 

progression and treatment. Because of the frequent occurrence among young adults, 

emotional and social dimensions should also be considered. When counseling individual 

patients pre-operatively about potential surgical risk factors, it is important to emphasize 

that statistics apply to groups not to individuals. That is to say, each case is unique. 

Nonetheless, left hemisphere patients should be alerted to the fifty percent probability of 

demonstrating word retrieval difficulties post-operatively, whereas a twenty percent 

probability of occurrence is more likely for right hemisphere subjects. 

Conclusion 

Two salient findings resulted from this study. First, surgical intervention had a 

negative impact upon individual performances, as demonstrated by post-operative 

decrements across tasks. Second, naming dysfunction did not qualitatively vary with 

tumor location, either in differences of laterality or intrahemispheric location. The present 
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Study emphasizes the importance of a comprehensive assessment of naming ftinction 

across contexts to determine the presence and severity of word retrieval deficits. 

Individuals' performances often seem relatively intact on standardized aphasia batteries, 

resulting in concealment of subtle naming impairments. As a result of naming dysfunction 

characterized by long response latencies and fluent verbal production, patients may be at 

risk for inappropriate diagnoses such as depression, lack of motivation, or memory 

impairment. The present study offers new information regarding quantity and quality of 

naming impairments by site of lesion. Future studies that incorporate larger sample sizes 

may aid in broadening the exploration of language processing in aduh individuals with 

central nervous system brain tumors. 
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APPENDIX A 

SUBJECT'S CONSENT FORM 

Word Retrieval Deficits in Adults With Brain Tumors 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE TRAT I AM 
INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WILL 
PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL 
REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO 
PARTICIPATION IN THIS RESEARCH STUDY SO THAT I CAN KNOW THE NATURE 
AND THE RISKS OF MY PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR 
NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

PURPOSE 
I am being invited to participate voluntarily in the above-titled research project. The purpose of 
this project is to determine the nature and extent of naming impairments in individuals with 
primary and secondary brain tumors. 

SELECTION CRITERIA 
I am being invited to participate in this study because I have a primary or secondarv- brain tumor 
for which I will undergo surgical excision. I do not have a history of dementia, mental retardation, 
depression, psychiatric condition, substance abuse, any neurologic deficits that are non-tumor 
related, or prior memor\- impairment. I will be one of 40 subjects participating in this project. 

STANDARD TREATMENT(S) 
If I decide to participate in this study, or if I decide not to participate, my standard treatment at the 
University' Medical Center or other institutions will in no way be affected. 

PROCEDURE(S) 
If I agree to participate. I will be asked a varietv' of questions designed to assess aspects of my 
language flmction in the domain of naming. I will also be asked to describe two pictures. On 
average, testing will take 25-30 minutes each session. Should I need additional time, the test will 
not exceed I hour. Instructions for each task will be reviewed with me before each is administered. 
At that time I will be asked to respond with a single word. Instructions will then be given again for 
the description of two pictures. 

RISKS 
It is possible that I will become ^gued or bored during the testing session. If this occurs. I am 
encouraged to notify the investigator so that I may take a break. If at any time I decide that I no 
longer wish to participate, then I am free to withdraw without any ill-will or any consequence for 
my continued access to consultation and treatment at this institution. 
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BENEnTS 
There are no direct benefits to me for my participation in this research. My participation may be 
of benefit to science and potentially to future persons with intracranial tumors. 

CONFIDENTIALITY 
My participation in the project named above will be kept confidential. Only the investigators and 
their research assistants will have access to my performance results. Confidentiality will be 
accomplished by recording my scores with a code and keeping records separate from any material 
bearing my name. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There are no costs/compensation to me for participating in this project. 

AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM. I AGREE THAT THE 
METHODS. INCONVENIENCES. RISKS AND BENEFITS HAVE BEEN EXPLAINED TO 
ME AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY 
ASK QUESTIONS AT ANY TIME AND THAT I AM FREE TO WITHDRAW FROM THE 
PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS OR AFFECTING MY 
MEDICAL CARE. MY PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE 
INVESTIGATOR OR BY THE SPONSOR FOR REASONS THAT WOULD BE EXPLAINED. 
NEW INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY WHICH 
MAY AFFECT MY WILLINGNESS TO CONTINUE IN THIS RESEARCH PROJECT WILL 
BE GIVEN TO ME AS IT BECOMES AVAILABLE. I UNDERSTAND THAT THIS 
CONSENT FORM WILL BE FILED IN AN AREA DESIGNATED BY THE HUMAN 
SUBJECTS COMMITTEE WITH ACCESS RESTRICTED TO THE PRINCIPAL 
INVESTIGATOR. MARSHA G. ZAK. M.S., OR AUTHORIZED REPRESENTATIVE OF 
THE UNIVERSITY MEDICAL CENTER. I UNDERSTAND THAT I DO NOT GIVE UP 
ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. COPY OF THIS SIGNED 
CONSENT FORM WILL BE GIVEN TO ME. 

Subject's Signature Date 

INVESTIGATOR'S AFTIDAVIT 
I have carefully explained to the subject the nature of the above project. I hereby certify' that to the 
best of my knowledge the person who is signing this consent form understands clearly the nature, 
demands, benefits, and risks involved in his/her participation and his/her signature is legally valid. 
A medical problem or language or educational barrier has not precluded this understanding. 

Signature of Investigator Date 
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APPENDIX B 

Subject Profiles 

Education Handed First 
Subject Aee Gender (Years) ness Lanauaae Ethnicitv Occuoation 

1 36 male Ph.D. (22) Right Chinese Asian Engineer 
2 61 male B.A. (16) Ri^t English Caucasian Accountant 
-1 J 46 male M.S. (18) Right English Caucasian Chemist 
4 40 male H.S+2(14) Ri^t English Hispanic Animal Control Off. 
5 63 male H.S+2(14) Right English Caucasian Salesman 
6 50 female B.A. (16) Ri^t English Caucasian Human Resources 
7 59 male H.S. (12) Ri^t English Caucasian Engineering Assist. 
8 60 male H.S. (12) Ri^t English Caucasian Construction 
9 72 female H.S. (12) Ri^t English Flispanic Housewife 

10 63 female H.S. (12) Right English Caucasian Business Owner 

Subject Tumor Size(cm) Seizures 

1 2.5 X 2.5 yes 
2 4 x 4 x 6  no 
J 2.5 no 
4 2.0 no 
5 3 . 0 x 4 . 0  yes 
6 2 . 4 x 3  X  3  yes 
7 6 x 3 . 8  X  2 . 1  no 
8 .6 X .3 X .2 no 
9 3 . 8 x 3 . 4 x 3 . 6  no 

10 3.3 no 

Presence of Time between Diagnosis 
Mass Effect and Intervention 

no 50 days 
no 8 days 
no 21 days 
mild 29 days 
no 34 days 
no 89 days 
significant 8 days 
no 19 days 
no 19 days 
mild 6 days 
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APPENDIX C 

Group Membership 

Group Subject Tumor Pathology Lobe Benign/Malignant (Grade) 

RIGHT HEMISPHERE 
1 Glioma Frontal Malignant (Low Grade) 
3 Glioma Temporal Malignant (High Grade) 
7 Atypical Meningioma Frontal Malignant (High Grade) 

LQ Glioma Parietal Malignant (High Grade) 
Total: 2 Frontal. 1 Temporal. 1 Parietal 4 malignant 0 benign 

LEFT HEMISPHERE 
2 Glioma Parietal Malignant (High Grade) 
4 Meningioma Temporal Benign 
5 Glioma Temporal Malignant (High Grade) 
6 Meningioma Frontal Benign 
8 Metastatic, Unknown Parietal Malignant (High Grade) 
9 Glioma Frontal Malignant (High Grade) 

Total: 2 Frontal. 2 Temporal. 2 Parietal 4 malignant 2 benign 

FRONTAL 
1 Glioma Frontal Malignant (Low Grade) 
6 Meningioma Frontal Benign 
7 Atypical Meningioma Frontal Malignant (High (jrade) 
9 Glioma Frontal Malignant (High Grade) 

Total: 2 Right Hemisphere, 2 Left Hemisphere 
4 Frontal 3 malignant 1 benign 

NON-FRONTAL 
2 Glioma Parietal Malignant (High Grade) 
3 Glioma Temporal Malignant (High Grade) 
4 Meningioma Temporal Benign 
5 Glioma Temporal Malignant (High Grade) 
8 Metastatic Parietal Malignant (High Grade) 

10 Glioma Parietal Malignant (High Grade) 
Total: 2 Right Hemisphere, 4 Left Hemisphere 

3 Parietal. 3 Temporal 5 malignant 1 benign 
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APPENDIX D 
Target Words of The Test of Adult Word Finding (German, 1990) 

STARTER SUBTEST 1 SUBTEST 2 SUBTEST 3 SUBTEST 4 SUBTEST 5 
By Picture Picture Sentence Descriptive Category 

Subtest Nanune-Nouns Nanune-Verbs Completion Naming Naming 
( 1 )  n o s e  ruler dancing saddle siren holidays 

thumb mask licking lava helmet states 
kite antenna pulling badge tattoo time 
whistle statue squeezing microscope escalator presidents 

crutch dripping leash jury oceans 
(2) knocking suspenders rolling shelf robot rivers 

catching calculator drilling paw seed planets 
diving palm measuring diploma costume dances 
packing microphone marching thorn equator religions 

dice braiding seed hamper seasons 
(3) nest chopsticks winking peak bangs silverware 

coach battery plugging globe oar directions 
crust eyebrow filing jockey countries 
web binoculars weighing telescope senses 

dart grating lullaby cities 
(4) nest magnet begging aisle transportation 

sand acorn threading metals 
mouth igloo knitting appliances 
stamp starfish 

film 
parachuting 
directing 

awards 
organs 

(5) birds backpack developing punctuation 
candy unicorn 
days harmonica 
music wishbone 

propeller 
jack 
thimble 
compass 
funnel 
pliers 
dustpan 
hopscotch 
blimp 
thermos 
tambourine 
spatula 
seahorse 
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APPENDIX E 

Individual Percent Correct Performances on Picture Naming-Nouns. Picture Naming-
Verbs. Sentence Completion. Descriptive Naming, and Category Subtests of 

The Test of Adult Word Finding (German. 1990) 

Picture- Picture- Sentence Descriptive Category 
Nouns Verbs Completion Naming Naming 

Group Subi Pre(Post) Pre(Post) PrefPost) PreTPost) PrefPost) 

RIGHT 
HEMISPHERE 

1 59.45 (64.89) 57.14(61.90) 37.50(43.75) 66.67(58.33) 85.71(76.19) 
3 100.0(100.0) 95.24(95.24) 100.0(100.0) 100.0(100.0) 100.0(95.24) 
7 86.49(89.19) 95.24(95.24) 93.75(62.50) 100,0(91.67) 95.24(66.67) 

10 86.49(75.68) 90.48 (80.95) 100.0(93.75) 100.0(100.0) 95.25(90.48) 

LEFT 
HEMISPHERE 

2 97.29(70.29) 
4 78.37(24.32) 
5 75.68 (0) 
6 86.49(94.59) 

71.43(52.38) 
76.19(52.38) 

100 (9.52) 
90.48(90.48) 

93.75(75.00) 
75.00 (0) 
87.50(18.75) 
100.0(87.50) 

83.33(50.00) 
75.00 (0) 
91.67 (0) 
91.67(83.33) 

76.19(23.81) 
71.43(33.33) 
80.95 (0) 
90.48(80.95) 

8 94.59(97.30) 90.48(90.48) 93.75(87,50) 100.0(100.0) 90,48(95.24) 
9 72.97(27,03) 57,14(33.33) 50.00(25.00) 66.67(8.33) 57.14 (0) 

FRONTAL 
I 
6 
7 
9 

59,45(64,89) 
86.49(94.59) 
86.49(89.19) 
72.97(27.03) 

57.14(61.90) 
90.48(90.48) 
95.24(95.24) 
57.14(33.33) 

37.50(43.75) 
100.0(87.50) 
93.75(62.50) 
50.00(25.00) 

66.67(58.33) 85.71(76.19) 
91,67(83.33) 90,48(80,95) 
100.0(91.67) 95.24(66,67) 

66.67(8.33) 57,14 (0) 

NON-
FRONTAL 

2 
3 
4 
5 
8 

10 

97.29(70.29) 
100.0(100.0) 
78.37(24.32) 
75.68 (0) 
94.59(97.30) 

71.43(52.38) 
95.24(95.24) 
76.19(52.38) 
100.0 (9.52) 
90.48(90.48) 

93.75(75.00) 
100.0(100.0) 
75.00 (0) 
87.5(18.75) 
93.75(87.5) 

83,33(50.00) 
100.0(100.0) 
75.00 (0) 
91.67 (0) 
100.0(100.0) 

76.19(23.81) 
100.0(95.24) 
71.43(33.33) 
80.95 (0) 
90.48(95.24) 

86.49(75.68) 90.48(80.95) 100.0(93.75) 100.0(100.0) 95.25(90.48) 
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APPENDIX F 

Means (Ml Standard Deviations (SD). and Ranges (R): Percent Correct Performance for 
Picture Naming-Nouns (Pic-Noun). Picture Naming-Verfas (Pic-Verb). Sentence 

Completion (SO. Descriptive Naming (DN^. and Category Naming (CN) Subtests of The 
Test of Adult Word Finding (German. 1990) bv Group 

Pre-op Post-op 
Group Pic- Pic- Pic- Pic-

n Noun Verb SC DN CN Noun Verb SC DN CN 

RIGHT 
HEMISPHERE 

4 M 83.11 84.53 82.81 91.67 94.05 82.43 83.33 75.00 87.50 82.15 
SO 17.00 18.39 30.35 16.67 5.99 15.37 15,79 26.52 19.84 13.11 
R 60-100 57-95 38-100 67-100 86-100 65-100 62-95 44-100 58-100 67-95 

LEFT 
HEMISPHERE 

6 M 84.23 80.95 83.33 84.72 77.78 52.25 54.76 48.96 40.28 38.89 
SD 10.17 15.65 18.40 12.27 12.66 40.73 31.84 38.81 44.23 40.56 
R 73-97 57-100 50-100 67-100 57-90 0-97 10-90 0-88 0-100 0-95 

FRONTAL 

4 M 76.35 75.00 70.31 81.25 82.14 68.92 70.24 54.69 60.42 55.95 
SD 12.94 20.71 31.20 17.18 17.11 30.78 28.67 26 70 37.50 37.77 
R 59-86 57-95 38-100 67-100 57-95 27-95 33-95 25-88 8-92 0-81 

NON-
FRONTAL 

6 M 88.74 87.30 91.66 91.67 85.72 61.26 63.49 62.50 58.33 56.35 
SD 10.17 n.l3 9.41 10.54 11.27 40.51 32.25 42.39 49.16 42.32 
R 76-100 71-100 75-100 75-100 71-100 0-100 10-95 0-100 0-100 0-95 



APPENDIX G 
Test of Adult Word Finding: Frequency of Category Errors bv Group 

Pre-op 
Group 

Post-op 
Error Number of Error Number of 

Errors 

RIGHT 
HEMISPHERE 

Semantic 39 Semantic 58 
No Response 18 Phonemic 16 
Phonemic 13 No Response 7 
Visual 6 Other 7 
Other 2 Visual 

Total: 78 90 

LEFT 
HEMISPHERE 

Semantic 71 Semantic 102 
No Response 31 No Response 98 
Phonemic 25 Other 60 
Other 11 Phonemic 52 
Visual 3 Visual 4 

Total: 141 316 

FRONTAL 
Semantic 67 Semantic 68 
No Response 30 Phonemic 37 
Phonemic 26 No Response 23 
Visual 5 Other 16 
Other 4 Visual 4 

Total: 132 148 

NON-
FRONTAL 

Semantic 43 Other 133 
No Response 18 Semantic 92 
Phonemic 12 No Response 82 
Other 9 Phonemic 31 
Visual 4 Visual 2 
Total: 86 340 
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APPENDIX H 

Individual Performances on The Test of Adult Word Finding 
(German. 1990) by Error Category 

Pre-op (Post-op) 
Group Subiect VISUAL SEMANTIC PHONEMIC NO RESPONSE OTHER 

RIGHT HEMISPHERE 

1 3 (2) 26(34) 11(12) 7 (3) 0 (0) 
3 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 
7 1 (0) 5 (7) 1 (2) 9 (3) 2 (7) 

10 2 (0) 7(15) 1 (2) 2 (1) 0 (0) 
Total: 6 (2) 39(58) 13(16) 18 (7) 2 (7) 

LEFT HEMISPHERE 
2 I (1) 2 (8) I (8) 6(36) 0 (4) 
4 1 (1) 19(60) 7(14) 7(26) 2 (9) 
5 0 (0) 12 (3) 1 (6) 1(18) 5(37) 
6 0 (0) 7 (4) 0 (1) 4 (7) 1 (0) 
S 0 (0) 2 (4) 2 (1) 3 (1) 2 (1) 
9 1 (2) 29(23) 14(22) 10(10) 1 (9) 

Total: 3 (4) 71(102) 25(52) 31(98) 11(60) 

FRONTAL 
1 3 (2) 26(34) 11(12) 7 (3) 0 (0) 
6 0 (0) 7 (4) 0 (1) 4 (7) 1 (0) 
7 1 (0) 5 (7) 1 (2) 9 (3) 2 (7) 
9 I  ( 2 )  29(23) 14(22) 10(10) 1 (9) 

Total: 5  (4) 67(68) 26(37) 30(23) 4(16) 

NON-FRONTAL 

2 1 (1) 2 (8) 1 (8) 6(36) 0 (4) 
3 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 
4 1 (1) 19(60) 7(14) 7(26) 2 (9) 
5 0 (0) 12 (3) 1 (6) 1(18) 5(37) 
8 0 (0) 2 (4) 2 (1) 3 (1) 2 (1) 
10 2 (0) 7(15) 1 (2) 2 (1) 0 (0) 

Total: 4 (2) 43(92) 12(31) 18(82) 9(133) 



APPENDIX I 

Means. Standard Deviations (SD). and Ranges: Local Norms 
for Action Naming by Age Group and Gender 

AgeGroup n Sex 
Mean 
Age SD Range 

Mean 
Words SD Range 

20-30 
11 Male 25.8 3.25 20-29 
7 Female 25.4 2.07 23-29 

18 Total 25.7 2.79 20-29 

19.4 4.13 
19.1 4.95 
19.3 4.32 

13-25 
11-24 
11-25 

31-40 
7 Male 36.1 4.18 32-42 

11 Female 34.6 3.45 31-40 
18 Total 34.8 3.40 31-40 

19.7 5.99 10-25 
20.9 6.22 10-30 
20.3 6.13 10-30 

41-50 
7 Male 45.4 2.07 42-48 

15 Female 46.2 2.96 41-50 
22 Total 46.0 2.68 41-50 

20.7 8.54 9-30 
19.1 5.59 11-34 
20.0 6.50 9-34 

51-60 
5 Male 54.6 2.19 53-57 
7 Female 54,7 3.15 52-59 

12 Total 54.7 2.67 52-59 

21.4 4.93 
20.9 7.43 
21.1 6.24 

13-25 
12-30 
12-30 

61-70 
3 Male 64.0 1.73 62-65 
2 Female 65.5 6.36 61-70 
5 Total 64.6 3.51 61-70 

23.0 2.00 
11.5 2.12 
18.4 6.54 

21-25 
10-13 
10-25 

Total 
33 Male 40.0 13.20 20-65 
42 Female 42.0 11.48 23-70 
75 Total 41.1 12.20 20-70 

20.4 5.50 
19.5 5.99 
19.9 5.76 

9-30 
10-34 
9-34 



APPENDIX J 

Means. Standard Deviations, and Ranees: Local Norms 
for Aaion Naming bv Age and Education 

Education Words 
Levet n Age Produced 
Highschool 

23 Mean 39.78 17.04 
Standard Deviation 13.63 5.23 
Range 20-70 10-27 

Baclieiors 16 Mean 33.94 19.31 
Standard Deviation 9.00 4.92 
Range 23-49 9-25 

Masters 16 Mean 39.50 20.88 
Standard Deviation 10.66 6.15 
Range 25-59 10-30 

Doctorate 20 Mean 49.75 22.80 
Standard Deviation 9.32 5.37 
Ranee 31-65 12-34 

Total 75 Mean 41.13 19.88 
Standard Deviation 12 22 5.76 
Range 20-70 9-34 
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APPENDIX K 

Means. Standard Deviations (SD). and Ranees: Local Norms 
for City Naming bv Age Group and Gender 

AgeGrouo n Sex 
Mean 
Age SD Range 

Mean 
Words SD Range 

20-30 
11 Male 25.8 3.25 20-29 13.9 5.3 9-27 
7 Female 25.4 2.07 23-29 8.6 5.2 3-19 

18 Total 25.7 2.79 20-29 11.8 5.8 3-27 
31-40 

7 Male 36.1 4.18 32-42 15.2 4.0 10-21 
11 Female 34.6 3.45 31-40 11.9 7.9 4-31 
18 Total 34.8 3.40 31-40 13.1 6.8 4-31 

41-50 
7 Male 45.4 2.07 42-48 17.1 2.9 13-21 

15 Female 46.2 2.96 41-50 13.3 6.7 2-29 
22 Total 46.0 2.68 41-50 14.7 5.9 2-29 

51-60 
5 Male 54.6 2.19 53-57 20.6 10.9 5-32 
7 Female 54.7 3.15 52-59 15.6 2.5 12-19 

12 Total 54.7 2.67 52-59 17.7 7.32 5-32 
61-70 

3 Male 64.0 1.73 62-65 22.3 6.4 15-26 
2 Female 65.5 6.36 61-70 14.0 1.4 13-15 
5 Total 64.6 3.51 61-70 19.0 6.4 13-26 

Total 
33 
42 
75 

Male 
Female 
Total 

40.0 
42.0 
41.1 

13.20 20-65 
11.48 23-70 
12.20 20-70 

16.7 6.24 
12.6 6.30 
14.4 6.6 

5-32 
2-31 
2-32 



APPENDEX L 

Means. Standard Deviations, and Ranges: Local Norms 
For City Naming bv Age and Education 

Education Words 
Level n Age Produced 
Highschool 

23 Mean 39.78 11.43 
Standard Deviation 13.63 5.22 
Range 20-70 2-27 

Bachelors 16 Mean 33.94 12.81 
Standard Deviation 9.00 5.14 
Range 23-49 4-21 

Masters 16 Mean 39.50 14.63 
Standard Deviation 10.66 6.50 
Range 25-59 4-31 

Doctorate 20 Mean 49.75 18.85 
Standard Deviation 9.32 6.98 
Range 31-65 5-32 

Total 75 Mean 41.13 14.39 
Standard Deviation 12.22 6.57 
Range 20-70 2c32 
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APPENDIX M 

Local Normative Data for Tasks of Verbal Fluency: Age bv Education 

Mean Number 
Education Level Aee Group n Mean Age Word Ranee Words 
FCgh School 20-30 7 24.00 11-25 17 29 

31-40 6 37.17 10-27 18.67 
41-50 6 47.17 13-22 17.83 
51-60 2 55.00 12-17 14.50 
61-70 2 65.50 10-13 11.50 
Total: 23 39.78 10-27 17.04 

Bachelors 20-30 6 25.50 13-24 21.33 
31-40 5 32.20 15-25 19.40 
41-50 5 45.80 9-23 16.80 
51-60 0 - - -

61-70 0 - - -

Total 16 39.50 9-25 19.31 
Masters 20-30 5 28.20 15-23 19.60 

31-40 3 34.00 21-30 25.00 
41-50 6 45.50 10-30 20.00 
51-60 2 58.00 13-28 20.50 
61-70 0 - - -

Total 16 39.50 10-30 20.88 
Doctorate 20-30 0 - - -

31-40 3 35,00 12-25 20.33 
41-50 6 44.67 17-34 23.83 
51-60 8 53.75 13-30 22.88 
61-70 3 64.00 21-25 23 00 
Total 20 49.75 12-30 22.80 
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APPENDIX N 

Individual Number of Words Produced on Tasks of Verbal Fluencv 

ANIMALS CITIES NOT IN U.S. ACTIONS 
Group Subject Lobe Pre(Post) Pre(Post) Pre(Post) 

RIGHT 
HEMISPHERE 

1 Frontal 9(13) 26(20) 17(17) 
J Temporal 28(21) 21(24) 28(27) 
7 Frontal 17 (7) 11 (9) 7 (7) 
10 Parietal 16(16) 9(13) 11 (6) 

LEFT 
HEMISPHERE 

-) Parietal 6 (3) 5 (2) 3 (0) 
4 Temporal 16 (5) 4 (I) 12 (6) 
5 Temporal 9 (0) 6 (0) 10 (0) 
6 Frontal 18(17) 14 (6) 16 (7) 
8 Parietal 19(10) 2 (3) 8 (6) 
9 Frontal 8 (1) 1 (0) 7 (1) 

L 
1 Frontal 9(13) 26(20) 17(17) 
6 Frontal 18(17) 14 (6) 16 (7) 
7 Frontal 17 (7) 11 (9) 7 (7) 
9 Frontal 8 (1) LIO) 7 (1) 

NON-
FRONTAL 

2 Parietal 6 (3) 5 (2) 3 (0) 
3 Temporal 28(21) 21(24) 28(27) 
4 Temporal 16 (5) 4 (1) 12 (6) 
5 Temporal 9 (0) 6 (0) 10 (0) 
8 Parietal 19(10) 2 (3) 8 (6) 
10 Parietal 16(16) 9(13) 11 (6) 
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APPENDIX O 

Individual Performances on Picture Description-Task 1: Total Words Produced (WP). 
Rate of Production in Words Per Minute rWPM). Mean Length of Utterance (MLUl 
Percent Content Information Units ("/oCILD. Percent Enumerative Information Units 

f%EILD 

Group 
Subject WP 

PICTURE 1; 
Pre-op 

RECREATION SCENE 
(Post-op) 

WPM MLU %CIU %EIU 

RIGHT 
HEMISPHERE 

1 169(233) 
3 365(401) 
7 253(113) 

10 

56.33 (77.67) 8.45(9.32) 
121.67(133.66) 10.74(9.54) 
84.33 (37.67) 8.72(7.53) 

212(321) 70.67(107.00) 6.24(7.83) 

4.85(22.75) 11.90(16.98) 
13.71(11.72) 17.65(17.02) 
25.69(22.12) 21.54(16.00) 
18.87 (9.66) 7.50 (4.05) 

LEFT 
HEMISPHERE 

2 135(185) 45.00(61.67) 5.87(6.61) 
4 266(127) 88.67(42.33) 6.05(9.77) 
5 356 (8) 118.67 (2.67) 11.12(1.60) 
6 276(127) 92.00(42.33) 7.89(7.06) 
8 112 (51) 37.33(17.00) 7.00(5.67) 
9 178 (90) 59.33(30.00) 6.85(6.92) 

24.44 (6.23) 
14.66(16.53) 
18.62(25.00) 
18.84(30.71) 
21.43(39.22) 
19.66 (8.89) 

6.06(32.00) 
15.38 (0) 
24.62(17.02) 
11.54 (5.13) 
20.83 (5.00) 
14.29 (0) 

FRONTAL 
1 169(233) 
6 276(127) 
7 253(113) 
9 178 (90) 

56.33 (77.67) 
92.00 (42.33) 
84.33 (37.67) 
59.33(30.00) 

8.45(9.32) 4.85(22.75) 11.90(16.98) 
7.89(7.06) 18.84(30.71) 11.54 (5.13) 
8.72(7.53) 25.69(22.12) 21.54(16.00) 
6.85(6.92) 19.66 (8.89) 14.29 (0) 

NON-
FRONTAL 

2 
3 
4 
5 
8 

10 

135(185) 
365(401) 
266(127) 
356 (8) 
112 (51) 
212(321) 

45.00 (61.67) 
121.67(133.66) 
88.67 (42.33) 

118.67 (2.67) 
37.33 (17.00) 
70.67(107.00) 

5.87(6.61) 
10.74(9.54) 

6.05(9.77) 
11.12(1.60) 
7.00(5.67) 
6.24(7.83) 

24.44 (6.23) 
13.71(11.72) 
14.66(16.53) 
18.62(25.00) 
21 43(39.22) 
18.87 (9.66) 

6.06(32.00) 
17.65(17.02) 
15.38 (0) 
24.62(17.02) 
20.83 (5.00) 

7.50 (4.05) 
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APPENDIX P 

Individual Performances on Picture Description-Task 2: Total Words Produced (WP). 
Rate of Production in Words Per Minute (WPM). Mean Length of Utterance (MLU). 
Percent Content Information Units (%Cn-n. Percent Enumerative Information Units 

f%En-n 

PICTURE 2: SALE SCENE 
Group Pre-op fPost-op) 

Subject WP WPM MLU %CIU %EIU 

RIGHT 
HEMISPHERE 

1 
3 
7 

10 

207(261) 69.00 (87.00) 7.67 (9.67) 
436(441) 145.33(147.00) 14.53(12.60) 
226 (97) 75.33 (32.33) 9.82 (8.08) 
273(314) 91.00(104.70H3.65 (8.05) 

16.75(31.03) 
8.49 (9.75) 

14.6 (27.84) 
15.75(13.69) 

20.00(16.67) 
35.14(41.86) 
27.27(18.52) 
27.31(27.91) 

LEFT 
HEMISPHERE 

2 209(174) 
4 326(239) 
5 403 (0) 
6 337(109) 
8 115 (25) 
9 189 (77) 

69.66(58.00) 8.04 (7.25) 
108.66(79.67) 8.58(10.39) 
134.33 (0) 10.08 (0) 
112.33(36.33) 11.23(9.08) 

38.33(8.33) 8.85(3.13) 
63.00(25.67) 9.95(6.42) 

17.70(15.52) 
9.51(5.86) 

16.96 (0) 
14.24(30.91) 
17.39(72.00) 
20.63(14.29) 

18.92(18.52) 
19.35(21.43) 
37.31 (0) 
4.75(23.53) 

30.00(11.11) 
48.72(18.18) 

FRONTAL 
1 

6 
7 
9 

207(261) 69.00(87.00) 7.67(9.67) 
337(109) 112.33 (36.33) 11.23 (9.08) 
226 (97) 75.33 (32.33) 9.82 (8.08) 
189 (77) 63.00(25.67) 9.95 (6.42) 

16.75(31.03) 20.00(16.67) 
14.24(30.91) 4.75(23.53) 
14.60(27.84) 27.27(18.52) 
20.63(14.29) 48.72(18.18) 

NON-
FRONTAL 

2 
3 
4 
5 
8 

10 

209(174) 
436(441) 
326(239) 
403 (0) 
115 (25) 
273(314) 

69.66(58.00) 
145.33(147.0) 
108.66(79.67) 
134.33 (0) 
38.33 (8.33) 
91.00(104.70) 

8.04(7.25) 
14.53(12.60) 
8.58(10.39) 

10.08 (0) 
8.85(3.13) 

13.65(8.05) 

17.70(15.52) 
8.49(9.75) 
9.51(5.86) 

16.96 (0) 
17.39(72.00) 
15.75(13.69) 

18.92(18.52) 
35.14(41.86) 
19.35(21.43) 
37.31 (0) 
30.00(11.11) 
27.31(27.91) 



APPENDIX Q 

Individual Performances on Picture Description-Task 1; Word Finding Behaviors-
Substitutions (SUB). Reformulations (REF). Insertions (Insert), Repetitions (REP). 

Empty Words (EW). Time Fillers (TF). and Delays 
Picture 1: Recreation Scene 

Pre-op (Post-op) 

Group Subiect SUB REF INSERT REP EW TF DELAYS 

RIGHT 
HEMISPHERE 1 2(0) 4 (9) 0 (0) I (4) 18 (2) 23 (20) 1 (0) 

3 1 (2) 4 (5) 5 (3) 4(11) 10(11) 28 (42) 0 (0) 
7 0(0) 3 (0) I (0) 3 (2) 2 (2) 8 (0) 2 (14) 

10 0(0) 3 (2) 1 (16) 0 (0) 2(14) 7 (6) 5 (9) 
Total: 3(2) 14(16) 7(19) 8(17) 32 (29) 66 (68) 8 (23) 

LEFT 
HEMISPHERE 2 4 (9) 3 (7) 5 (7) 1 (14) 3 (0) 11 (27) 16 (11) 

4 6 (5) 4 (5) 2 (0) 1 (0) 6 (2) 13 (0) i 11 (16) 
5 5 (0) 3 (1) 0 (0) 17 (2) 1 (1) 34 (6) 0 (9) 
6 0 (2) 4 (3) 2 (5) 1 (2) 4 (4) 43 (16) 4 (20) 
8 0 (0) 2 (0) 0 (0) 1 (1) 0 (0) 0 (1) 1 1 0  (12) 
9 4 (2) 4 (4) 1 (0) 18 (20) 7 (0) 19(25) 8 (14) 

Total: 19(18) 20(20) 10(12) 39 (39) 21 (7) 120 (75) 49 (82) 

FRONTAL 1 2(0) 4 (9) 0(0) 1 (4) 18 (2) 23 (20) I (0) 
6 0(2) 4 (3) 2(5) 1 (2) 4 (4) 43 (16) 4 (20) 
7 0(0) 3 (0) 1(0) 3 (2) 2 (2) 8 (0) 2 (14) 
9 4(2) 4 (4) 1 (0) 18 (20) 7 (0) 19(25) 8 (14) 

Total: 6(4) 15(16) 4(5) 23 (28) 31 (8) 93 (61) 15 (48) 

NON- 2 4(9) 3(7) 5 (7) 1(14) 3 (0) 11(27) 16 (11) 
FRONTAL 3 1(2) 4 (5) 5 (3) 4(11) 10 (11) 28(42) 0 (0) 

4 6(5) 4 (5) 2 (0) 1 (0) 6 (2) 13 (0) 11 (16) 
5 5(0) 3 (1) 0 (0) 17 (2) 1 (1) 34 (6) 0 (9) 
8 0(0) 2 (0) 0 (0) 1 (1) 0 (0) 0 (1) 10 (12) 

10 0(0) 3 (2) 1 (16) 0 (0) 2 (14) 7 (6) 5 (9) 
Total: 12(7) 16(13) 13 (26) 24 (28) 22 (28) 93 (82) 42 (57) 
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APPENDIX R 

Individual Performances on Picture Description-Task 2: Word Finding Behaviors-
Substitutions (SUB). Reformulations (REF), Insertions (Insert). Repetitions (REP), 

Empty Words (EW). Time Fillers (TF). and Delays 
Picture 2; Sale Scene 

Pre-op (Post-op) 

Group Subject SUB REF INSERT REP EW TF DELAYS 

RIGHT 
HEMISPHERE 1 0(0) 6 (4) 0 (0) 7 (5) 6 (1) 22(18) 0 (0) 

3 0(0) 6 (8) 0 (1) 5(17) 3 (2) 36(33) 0 (0) 
7 8(6) 2 (1) 1 (0) 9 (3) 3 (0) 2 (1) 6 (9) 

10 0(0) 3 (0) 1 (5) 0 (2) 2 (5) 7 (9) 5(18) 
Total; 8(6) 17(13) 2 (6) 21 (27) 14(8) 67 (61) 11(27) 

LEFT 
HEMISPHERE 2 12(10) 5 (6) 2 (6) 4(10) 1 (0) 21 (30) 15(20) 

4 3 (5) 8 (7) 0 (4) 7 (1) 8 (37) 3 (8) 12 (6) 
5 4 (0) 5 (0) 0 (0) 25 (0) 2 (0) 26 (0) 1 (0) 
6 1 (0) 3 (0) 0 (2) 2 (6) 4 (2) 44 (28) 3(18) 
8 0 (0) 1 (0) 0 (0) 0 (1) 1 (0) 0 (1) 13(12) 
9 4 (2) 4 (0) 1 (1) 18(31) 7 (1) 19(22) 8(17) 

Total; 24(17) 26(13) 3 1 ri3) 56 (49) 23 (40) 113(89) 52(73) 

FRONTAL 1 0(0) 6(4) 0 (0) 7 (5) 6 (1) 22(18) 0 (0) 
6 1(0) 3(0) 0 (2) 2 (6) 4 (2) 44(28) 3(18) 
7 8(6) 2(1) 1 (0) 9 (3) 3 (0) 2 (1) 6 (9) 
9 4(2) 4(0) I ( I )  18(31) 7 (1) 19(22) 8(17) 

Total; 13 (8) 15(5) 2 (3) 36(45) 20 (4) 87 (69) 17(44) 

NON- 2 12(10) 5 (6) 2 (6) 4(10) 1 (0) 21 (30) 15(20) 
FRONTAL 3 0 (0) 6 (8) 0 (1) 5(17) 3 (2) 36 (33) 0 (0) 

4 3 (5) 8 (7) 0 (4) 1 (1) 8 (37) 3 (8) 12 (6) 
5 4 (0) 5 (0) 0 (0) 25 (0) 2 (0) 26 (0) 1 (0) 
8 0 (0) 1 (0) 0 (0) 0 (1) I (0) 0 (1) 13(12) 

10 0 (0) 3 (0) 1 (5) 0 (2) 2 (5) 7 (9) 1 5(18) 
Total; 19(15) 28(21) 3(16) 41(31) 17(44) 93(81) 46(56) 
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