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ABSTRACT 
 

Background: Anomia is often demonstrated by individuals who sustain damage to the left inferior 

temporal lobe.  The nature of the anomia in individuals with damage to anterior regions of the left 

temporal lobe (BA 38, 21, 20) has been associated with degradation to semantic knowledge 

(semantic anomia), while damage to regions farther posterior (BA 37) has been associated with 

disconnection between preserved semantic knowledge and access to phonological word forms 

(pure anomia).  However, evidence of semantic anomia often comes from individuals with cortical 

damage that extends beyond left temporal regions, so that it remains unclear whether unilateral 

damage to this area will result in semantic degradation.   

Aims: The aim of this study was to examine naming performance in individuals with focal damage 

to anterior versus posterior regions of the left inferior temporal lobe to determine whether there is 

a difference in the nature of the observed anomia. 

Methods: Eight individuals who underwent left anterior temporal lobectomy (L ATL) and eight 

individuals who sustained left posterior cerebral artery infarcts (L PCA) completed a battery of 

language measures that assessed lexical retrieval and semantic processing.  Sixteen age-and-

education matched controls also completed this battery.  High resolution structural brain scans 

were collected for each individual who sustained brain damage.  Performance on behavioral 

measures was examined relative to lesion size and location using statistical analyses. 

Results: Naming performance ranged from severely impaired to unimpaired in both groups of 

brain damaged individuals.  Both the L ATL and L PCA groups demonstrated well preserved 

semantic knowledge during lexical retrieval tasks and assessments of semantic knowledge.  

Naming performance was correlated with lesion volume.  Furthermore, a relationship between 

percent damage to inferior temporal regions (BAs 20 and 21) and naming performance was 

observed.     

Conclusion: The behavioral and neuroanatomical evidence indicated that individuals with 

unilateral damage to left inferior temporal cortex, regardless of anterior versus posterior lesion 

location, do not demonstrate semantic anomia.  These findings suggest that, even in the 
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presence of severe naming impairment, unilateral damage to left inferior temporal cortex is not 

sufficient to significantly degrade semantic knowledge. 
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INTRODUCTION 

  There is growing evidence that extrasylvian regions of the left temporal lobe play 

an important role in semantically guided lexical retrieval processes. Functional neuroimaging 

studies of neurologically intact participants demonstrate activation in the left posterior inferior 

temporal cortex (BA 37) during a variety of lexical retrieval tasks including verbal fluency and 

picture naming (Moore & Price, 1999; Mummery, Patterson, Hodges & Wise, 1996; Price, Moore, 

Humphreys, Frackowiak & Friston, 1996; Freidman, Kenny, Wise, Wu, Stuve, Miller, Jesberger, & 

Lewin, 1998; Murtha, Chertkow, Beauregard & Evans, 1999).  Activation in this region is most 

often attributed to processes important for accessing phonological (and orthographic) word forms 

and for mediating between semantic knowledge and word form knowledge (Damasio, Grabowski, 

Tranel, Hichwa, & Damasio 1996; Binder, Frost, Hemmeke, Cox, Rao, & Prieto, 1997; Price, 

1998).  In contrast, activation in regions anterior and medial to BA 37, typically within BA 20, has 

been implicated in semantic concept processing (Martin, Haxby, Lalonde, Wiggs, & Ungerleider, 

1995; D’Esposito, Detre, Auguirre, Stallcup, Alsop, Tippet, & Farah, 1997; Vandenberghe, Price, 

Wise, Josephs, Frackowiak, 1996; Moore & Price, 1999; Binder & Price, 2001).   

Neuropsychological lesion studies support the notion that the left inferior temporal lobe is 

critical for semantically guided lexical retrieval, and further suggest that there is some variability in 

the nature of the lexical retrieval impairment (i.e., anomia) caused by damage within this region 

(Benson, 1979; Damasio, et al, 1996; De Renzi, Zambolin, & Crisi, 1987), which echoes the 

functional, regional differences documented in the neuroimaging studies.  Detailed case studies 

documenting lesions to left posterior inferior temporal cortex (BA 37) provide evidence of anomia 

with preserved semantic knowledge (Damasio, et al, 1996; Foundas, Daniels, & Vasterling, 1998; 

Raymer, Foundas, Maher, Greenwald, Morris, Rothi, & Roeltgen 1997).  Typically, naming errors 

produced by these individuals are semantically appropriate circumlocutions, demonstrating 

relatively intact conceptual knowledge and preserved phonological abilities.  This type of lexical 

retrieval impairment, known as “pure anomia”, has been characterized as reflecting a 

disconnection between intact semantic knowledge and access to phonological word forms 
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(Benson, 1979, 1988; Damasio et al, 1996; Foundas et al, 1998; Raymer, et al, 1997; 

Whatmough & Chertkow, 2002).  Lexical retrieval impairments also have been documented 

following damage to more anterior temporal regions (BA 20, 21, 38) from a variety of lesion 

etiologies including temporal lobectomy (Hermann, Perrine, Chelune, Barr, Loring, Strauss, 

Trenerry & Westerveld, 1999; Bell, Hermann, Woodard, Jones, Rutecki, Sheth, Dow, & 

Seidenberg, 2001; Glosser & D’Onofrio, 2001; Bell, Davies, Hermann, & Walters, 2000; 

Biederman, Gerhardstein, Cooper, & Nelson, 1997), herpes encephalitis (Warrington & Shallice, 

1984; Pietrini, Nertempi, Vaglia, Revello, & Pinna, 1988, Schmolck, Kensinger, Corkin & Squire, 

2002) and semantic dementia (Hodges, Patterson, Oxbury & Funnell, 1992, Lambon Ralph, 

McClelland, Patterson, Galton & Hodges, 2001; Mummery, Patterson, Price, Ashburner, 

Frackowiak, & Hodges, 2000).  The naming impairment in many of these cases was described as 

occurring in the context of general semantic deficits, suggesting that anomia following anterior 

temporal lobe damage may reflect a different underlying mechanism than the lexical retrieval 

deficits documented in patients with more posterior lesions.  In contrast to pure anomia, the 

genesis of semantic anomia is degradation to semantic knowledge, which manifests, among 

other ways, in semantic naming errors (e.g., apple: orange) and concomitant deficits of single 

word comprehension. 

Evidence of direct association between left anterior temporal lobe damage and semantic 

deficits must be interpreted with caution.  Much of the neuropsychological case evidence cited 

above for attributing semantic anomia to damage to this region was gleaned from patient 

populations that have damage to both extrasylvian and perisylvian left temporal regions (i.e., BA 

22), damage that extends into the frontal lobe, or bilateral temporal lobe damage.  In a recent 

review of the literature reporting category-specific semantic deficits, of the 79 cases examined, 

fewer than 20% reported focal lesions to the left temporal lobe (Capitani, Laiacona, Mahon, & 

Caramazza, 2003).  While the evidence from such case reports indicates that these regions 

contribute to semantic knowledge, they are not adequate to sustain the precept that unilateral left 

temporal lobe damage is sufficient to cause semantic impairment.  In fact, preliminary data 
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gathered in our own lab suggests that, regardless of the degree of anterior extension, unilateral 

damage to the left temporal lobe may not be sufficient to result in semantic deficits (Antonucci, 

Beeson & Rapcsak, 2004).  We examined the naming performance of 8 individuals with left 

inferior temporal lobe damage in the territory of the left PCA.  Seven of eight participants had 

damage to BA 37 and all eight had damage to BA 20.  The area of greatest lesion overlap for all 8 

participants was in the left fusiform gyrus at the border between BA 37 and 20.  Extension into 

medial temporal lobe regions (BA 36, 28) was also observed in 6/8 participants. The furthest 

anterior lesion extent was noted in a participant who sustained damage from a hematoma that 

extended toward the left temporal pole affecting BAs 21 and 38.  While all participants sustained 

damage to BA 20, damage to which has been associated with degraded semantic knowledge, 

analysis of performance suggested that the cognitive mechanism of anomia in the 7/8 participants 

who demonstrated naming impairment was disrupted access to phonological word forms rather 

than loss of semantic knowledge. Only two of the eight participants demonstrated mild semantic 

impairment on a test of nonverbal semantic knowledge (Pyramids & Palm Trees) (Howard & 

Patterson, 1992), and none of the participants demonstrated impaired auditory word 

comprehension on the Western Aphasia Battery (WAB; Kertesz, 1982).  Furthermore, 

performance on the semantic measure was not correlated with performance on the Boston 

Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 1983), r= 10.15, p= 0.378, (Antonucci, et al, 

2004, 550).  All participants were able to provide semantic information in an attempt to self-cue 

word retrieval during confrontation naming tasks and during conversation. Analysis of naming 

errors on the BNT provided additional evidence of well-preserved semantic knowledge, as 

participants were consistently able to provide appropriate semantic information for items they 

could not name and, in the few instances when semantic errors were produced, participants often 

indicated awareness that their responses were inaccurate.   

 We considered several possible explanations for the seemingly disparate outcome that 

participants in our study demonstrated preserved semantic knowledge regardless of anterior 

lesion extent. Our patients had only partial damage to anterior temporal lobe structures and it is 
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possible that more substantial compromise of the broad semantic network is required for 

semantic anomia to occur (Mummery, Patterson, Hodges, & Price, 1998; Bookheimer, 2002; 

Devlin, Russell, Davies, Price, Moss, Fadili, & Tyler, 2002; Noppeney & Price, 2003).   Consistent 

with this hypothesis, some patients with semantic dementia initially show anomia without 

significant semantic impairment, with single-word comprehension deficits and semantic naming 

errors appearing later in the course of the illness concomitant with the relentless progression (and 

bilateral spread) of the cortical degenerative process (Graham, Patterson, & Hodges, 1995; 

Mummery, Patterson, Wise, Vandenberghe, Price, & Hodges, 1999; Lambon Ralph, et al, 2001).  

It should be noted also that some of the temporal lobe regions that are frequently affected in 

semantic dementia and in patients with semantic anomia due to temporal lobe epilepsy (i.e., 

temporal pole, anterolateral temporal cortex) (Mummery et al, 2000; Glosser & D’Onofrio, 2001; 

Bell, et al, 2001) were largely spared in our patients whose lesions primarily involved 

ventromedial temporal cortex.   Finally, although anterior lesion extension did not seem to be 

associated with significant semantic impairment in our patients, it was acknowledged that our test 

battery did not include rigorous assessment of semantic knowledge and it is possible that more 

subtle semantic impairments went undetected.   

 While regions within anterior temporal cortex may function to support conceptual 

representations within a larger semantic network, our data suggested that circumscribed 

unilateral damage to these cortical areas does not significantly degrade semantic knowledge, but 

rather results in anomia caused by disconnection between semantic knowledge and regions 

important for accessing phonological word forms. The current study was designed to address 

some of the concerns raised in our preliminary study, in order to elucidate further the specific role 

of left extrasylvian temporal lobe regions in lexical retrieval.   

 The first critical element addressed was the inclusion of participant populations that 

represent the range of possible focal damage to extrasylvian areas of the left temporal lobe, 

without damage to perisylvian temporal, parietal or frontal regions.  As noted above, the regions 

susceptible to damage following L PCA infarct, regardless of anterior extent, tend to be ventral 
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and medial to regions often cited in association with amodal semantic processing.  In the present 

study, the two neurological patient populations most likely to represent focal damage to 

extrasylvian left temporal regions were included: patients who had experienced L PCA infarcts 

and patients who had undergone left anterior temporal lobectomy (L ATL) as a remedy for 

intractable left temporal lobe seizures.  The inclusion of both of these populations allowed for 

examination of the relationship between semantic knowledge and lexical retrieval ability, relative 

to focal left temporal lobe damage that encompasses the entire extrasylvian region. 

 The second critical piece of this research was to design an assessment battery that 

adequately probed semantic knowledge and naming ability as supported by conceptual 

knowledge.  Theories of the organization of semantic knowledge and naming are abundant and 

often contradictory.  Debates about semantic organization center on three basic questions.  First, 

is semantic knowledge amodal (i.e., not specific to any one input or output modality) or is it 

modality specific (e.g., separate visual vs. verbal semantic systems)?  Second, is semantic 

knowledge organized into separate stores of categorically specific information (e.g., animate vs. 

inanimate concepts)?  And finally, are disparities among categories of knowledge actually based 

on disparities in the way that semantic attributes (e.g., perceptual vs. function or action 

information) are distributed and processed? 

 The theory of a unitary, amodal semantic system is most readily supported by cases in 

the literature in which patients have demonstrated semantic deficits to comprehension and 

production of words across all input and output modalities, including, auditory/verbal, 

reading/spelling and drawing (Caramazza, Hillis, Rapp, & Romani, 1990; Hillis, Rapp, Romani, & 

Caramazza, 1990; Rapp, Hillis, & Caramazza, 1993; Caramazza & Shelton, 1998).  Seemingly 

modality specific impairments (e.g., errors produced during picture naming, but not during naming 

to definition tasks or errors in spoken naming but not in written naming) are often attributed to 

damage to specific input or output lexicons or to peripheral processes (Raymer & Rothi, 2001).  

The alternative view, that there are separable semantic systems organized on a modality specific 

basis has also been proposed based on case studies in which individuals demonstrated selective 
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impairment in either the visual or verbal domains (Shallice, 1988; Saffran, 1994, 1997).  In fact, it 

would seem as though there are as many theories of modality specific semantic organization as 

there are single case studies of idiosyncratic impairment (Caramazza, et al, 1990; Funnell, 2002).  

However, as none of these theories is able to account for those individuals who display cross-

modal semantic impairment, theories that support the notion of a unitary semantic system are 

more commonly accepted (Raymer & Rothi, 2001).   

 Discussion regarding the organization of the semantic system also continues in the 

literature.  Neuropsychological evidence has often been used to support theories of semantic 

organization around the concept of category specificity.  That is, semantic representations consist 

of stores of separate categories of information, the most often cited disparities being semantic 

domain distinctions between animate and inanimate objects and the subordinate categories 

therein (e.g., animals and plants vs. tools and vehicles) and word class distinctions (object names 

vs. action names).  The distinction between animate and inanimate objects is perhaps the most 

often cited (Gainotti, 2000; Raymer & Rothi, 2001; Chialant, Costa & Caramazza, 2002; Capitani, 

Laicona, Mahon & Caramazza, 2003).  Theories that support discrete organization of these 

categories (i.e., “Domain-Specific Theories of Category Specific Deficits”, Chialant, et al, 2002) 

have proposed an evolutionary basis for the development of the neural representations (Gelman, 

1990; Caramazza & Shelton, 1998, Chialant, et al, 2002).  Furthermore, the majority of cases of 

category-specific deficits distinguished by animacy report selective deficits to naming animate 

items, with relative preservation of naming for inanimate objects and/or verbs (Capitani, et al, 

2003), with a smaller percentage demonstrating the reverse profile (Berndt, Mitchum, Haendiges, 

& Sandson, 1997; Silveri, Gainotti, Perani, Cappelletti, Carbone, & Fazio, 1997; Bird, Howard, & 

Franklin, 2000; Hillis, Tuffiash, & Caramazza, 2002; Capitani, et al, 2003).  In addition to 

neuropsychological case reports of adult brain injury, selective deficit for knowledge of living 

things has also been reported as a consequence of brain injury sustained in very early infancy 

(Farah & Rabinowitz, 2003).  Furthermore, better naming of living things, as opposed to non-living 

things, has been reported in studies of normal adults (Laws, 2000).  Taken together, these 
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reports have been posited to further support the evolutionary theory of category specific 

(animacy) semantic organization.  Debate continues as to the neuroanatomical and cognitive 

bases for these distinctions.  Modest convergence of neuropsychological lesion data and 

functional neuroimaging data suggests that critical regions for object name retrieval are centered 

in the left temporal lobe (Miceli, Silveri, Villa, & Caramazza, 1984; Tranel, Adolphs, Damasio, & 

Damasio, 2001; Zingeser & Berndt, 1988, 1990; Hillis, et al, 2002), with some evidence that 

names for animate items and inanimate items are processed along an anterior-posterior 

continuum (persons →  temporal pole, animals  → lateral inferotemporal, inanimate [typically 

tools] →  posterolateral temporal) (e.g., Damasio, et al, 1996).  Inferior-posterior frontal regions 

have been implicated in the processing of action names (e.g., Tranel, et al, 2001; Hillis, et al, 

2002).   However, critics of these findings suggest that the neuroanatomical distinction between 

representation of object names and action names may be only a superficial accounting of what is 

actually a broad, diffusely represented semantic network (Tyler, Russell, Fadili, & Moss, 2001). 

 In keeping with the concept of a semantic network, some investigators propose that the 

cognitive organization of semantic knowledge is not based on domain specificity, but rather 

search for patterns that may underlie category-specific deficits.  An early proposal, put forth 

originally by Warrington and Shallice (1984), has come to be known as the Sensory Functional 

Hypothesis (SFH).  This model, which harkens back to theories of separate semantic 

subsystems, suggests that there are both visual/perceptual and functional/associative 

subsystems that store different types of information.  For example, the visual/perceptual 

subsystem would include information relative to an item’s color, size and properties, whereas the 

functional/associative subsystem would contain information about the function of an object, the 

action(s) of which an animal is capable, and encyclopedic or general world knowledge (e.g., lions 

are known as “the king of beasts”).  It was further proposed that these two subsystems had 

different saliency or weighting for the domains of animate and inanimate objects, such that 

perceptual properties were more salient to living things, while functional properties were more 

salient to objects.  Category specific deficits would arise because one or the other of these 
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subsystems had been damaged, which would result in a relatively greater disruption to one or the 

other domain.  As Caramazza and colleagues pointed out (Caramazza, 1998; Chialant, Costa, & 

Caramazza, 2002), there are several problems with this account.  The SFH predicts that damage 

to one subsystem would necessarily impair naming and/or comprehension for all items for which 

it was more salient (e.g., damage to the perceptual subsystem would necessarily impair not only 

animals, but also flowers, fruits, vegetables, etc.).  Neuropsychological case reports suggest 

impairment to only one subset within a domain often occurs (e.g., impairment to naming of 

animals with preserved naming of plants) (Caramazza, 1998).  Furthermore, studies that 

attempted to look at both perceptual and functional knowledge within the context of naming for 

both animate and inanimate items have produced disparate results.  One of the first of these case 

studies was completed by Marshall, Pring, Chiat and Robson (1995/1996) with RG, a patient with 

“semantic jargon aphasia”.  RG demonstrated a general impairment to visual perceptual 

knowledge and it was hypothesized that this deficit would impair his ability to name, define and 

comprehend “non-functional” items (e.g., animals, shapes, natural phenomena) more so than 

“functional” items (e.g., tools and other objects).  In this case, in accordance with the SFH, RG 

was better at naming, defining, and comprehending the “functional” items.  However, as Hillis and 

colleagues (1990) noted, the use of different items in the functional and nonfunctional sets 

creates the opportunity for selection bias and renders it more difficult to control for relevant 

psycholinguistic variables, such as frequency and familiarity, leaving interpretation of direct 

comparisons open to a variety of alternative conclusions.  Both Gainotti and Silveri (1996) and 

Lambon Ralph and colleagues (1998) addressed this issue by assessing naming to definition 

ability for perceptual and functional definitions across the same animate and inanimate items 

(e.g., SPIDER: An insect with eight legs; An insect that spins a web).  Using this method, both 

studies demonstrated behavioral profiles that are not predicted by the SFH.  Gainotti and Silveri 

(1996) found that their patient, LG, was impaired in her ability to use perceptual information to 

identify animals, while her ability to identify objects was equivalent using both perceptual and 

functional information.  Lambon Ralph and colleagues (1998) reported findings from two patients, 



 20

one with Alzheimer’s disease and one with semantic dementia.  The patient with AD 

demonstrated a category specific deficit for animate items, without an accompanying deficit to 

perceptual knowledge; while the patient with SD demonstrated a general impairment to 

perceptual knowledge, in the presence of a category specific deficit for objects.  Overall, the 

preponderance of evidence indicates that the SFH is not sufficient to explain semantic 

organization and all manifestations of impairment thereto; however its legacy is important.  First, 

in attempting to find evidence for the association between category-specific impairments and 

attribute knowledge, the need to probe each of these distinctions was confirmed as evidence 

exists for the possibility of impairment to each of these elements individually.  Furthermore, the 

concept of semantic features analysis has not been abandoned, but rather has been elaborated 

to explore further the complexity of the semantic network. 

 Theories such as the Organized Unitary Content Hypothesis (OUCH) (Caramazza, et al, 

1990) are based on the proposal that semantic knowledge is organized into a network of 

connected properties, or pieces of information that are not dependent upon input and output 

modalities (for review see Chialant et al, 2002).  Properties may be unique to an individual item or 

may be shared by many items, such that items within a category are much more likely to share 

clusters of neighboring properties with each other, than with items across different categories.  

For example, animals will share more common properties with each other than they do with 

inanimate objects (e.g., they eat, they reproduce, etc.) and within the category of animals, types 

of birds, breeds of dog, and so on, will share even more common features with each other than 

with other kinds of animals.  Theories such as the Organized Unitary Content Hypothesis can 

account for both broad and more finely grained categorical deficits and suggest that damage to a 

region of the brain in which semantic clusters are represented will result in particular category 

specific deficits.  In fact, paradigms like this, which conceptualize semantic organization as a 

network of interconnected attributes or features, have found support and elaboration in the 

neuroimaging literature (Mummery, Patterson, Hodges, & Price, 1998; Devlin, et al, 2002), and in 

models that combine neuropsychological evidence with connectionist modeling (McClelland & 
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Rogers, 2003; Rogers, Lambon Ralph, Garrard, Bozeat, McClelland, Hodges, & Patterson, 2004).  

Taken together, these studies suggest that the amodal semantic system is not a static set of 

conceptual representations, but rather the dynamic inter-working of connections between attribute 

representations, semantic search processes and input and output modalities, and that the 

integrity of the system as a whole depends upon the stability of the individual connections.  As 

Rogers and colleagues (2004) suggest, it is the relative weighting of connections among different 

types of features (e.g., visual/perceptual vs. action) for different types of items (e.g., animate vs. 

inanimate) that produces distinct profiles of impairment depending upon which connections have 

been damaged; which, in the amodal system, affects all input and output modalities.  In fact, 

harkening back to the SFH, they suggest that for animate items perceptual features may have 

more weighting within the network (i.e., have more shared perceptual features), while for 

inanimate objects, it may be action characteristics that are more salient (i.e., they may have more 

in common in terms of function than relative to perceptual attributes).  This hypothesis is 

supported by Bird and colleagues (2000), who demonstrated that retrieval of inanimate object 

names and of action names (i.e., verbs) is associated with functional attributes.  Rogers, et al, 

(2004) further postulate that, as observed in patients with semantic dementia, degradation to the 

semantic system will lead to increasing difficulty differentiating among unique and shared features 

in the network, which leads to a predictable pattern of responses.  In object naming tasks, this 

decline manifested as a tendency in the system to move toward more robustly represented 

general attractors (e.g., prevalence of superordinate errors, rose → flower) or, less frequently, 

toward within category coordinate distractors (e.g., semantic errors, rose → tulip).  Omission 

errors (i.e., no response, I don’t know) were also common when a degraded semantic system 

could not settle on one unique representation; however, cross category errors were rare as the 

lack of shared features reduced the opportunity for activation of distal labels (e.g., peach: 

cigarette).  In a sense, Rogers and his colleagues (2004) suggest that there are elements of truth 

to many of the disparate theories generated to explain category specific deficits and the 

organization of the semantic system, such that there is some degree of divergence within the 
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system relative to animacy and attribute organization that is reflected across modalities of input 

and output.    

 In reviewing theories that attempt to explain semantic organization, it became evident 

that it was necessary to take each into account when designing a battery meant to assess 

semantically guided lexical retrieval and to probe for possibly subtle damage to the semantic 

system.  It was crucial to incorporate multimodal assessment of items that represent both broad 

and more finely grained category distinctions, as well as to sample both perceptual and functional 

knowledge of these items.  In doing so, the ability to address the question of whether focal 

damage to the left inferior temporal lobe would result in semantic anomia or pure anomia was 

greatly enhanced.  The purpose of the current study was to investigate further the role of the left 

extrasylvian temporal lobe in semantically guided lexical retrieval, in an attempt to determine how 

naming ability and semantic knowledge are affected by damage to this region.  Based on our 

previous findings, it was hypothesized that there would be no difference in the nature of the 

impairment demonstrated by patients with focal anterior versus focal posterior left inferior 

temporal lobe damage.  Furthermore, both the L ATL and the L PCA groups were expected to 

demonstrate anomia in the presence of well-preserved semantic knowledge.  That is, that neither 

patient group, regardless of anterior versus posterior lesion location, would demonstrate semantic 

anomia.  The behavioral profile that would support this hypothesis is characterized by preserved 

auditory comprehension, frequent production of appropriate semantic circumlocutions during 

word retrieval difficulty, infrequent occurrence of semantic naming errors, and relatively well-

preserved nonverbal semantic knowledge. 
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METHODS 

Participants 

Sixteen participants with lesions to the left temporal lobe were recruited, eight individuals 

with damage due to infarct or hematoma within the left posterior cerebral artery (L PCA) territory 

and eight who underwent surgical resection of the left anterior temporal lobe (L ATL) as a 

treatment for temporal lobe epilepsy.  An additional 16 age (within 5 years) and education 

matched individuals without a history of neurological impairment were recruited as controls for 

performance on behavioral measures.  Finally, to provide a qualitative contrast to the 

performance of the individuals with focal lesions, one individual with semantic dementia was also 

included.  All participants were right-handed, native English speakers.    

 

Left Anterior Temporal Lobectomy 

Patients in this group each underwent left anterior temporal lobectomy as a surgical 

remedy for intractable seizure disorder.  Age of onset of seizures in these patients ranged from 

early childhood (1.5 years) to early adulthood (mid 20’s).  Several patients reported that the likely 

etiology of seizure onset was head injury, though the majority of patients were unable to pinpoint 

a specific incident or etiology.   

Inclusion criteria for these participants included demonstration of general cognitive and 

memory performance within the normal range, which was determined based upon the results of 

the pre-surgical neuropsychological evaluation.  Functional Standard IQ scores (Wechsler Adult 

Intelligence Scales) for 6/8 L ATL participants in the study were within the normal range.  

Participant L ATL 6 received a slightly lower FSIQ score (69), however this was likely due to 

reduced performance in the Verbal (Verbal IQ = 66) portion, as his Performance IQ, 78, was 

within the normal range.  Neuropsychological data were not available for L ATL 8, however, her 

presurgical level of education (Ph.D.) suggested that her cognitive and memory skills were at 

least within the normal range.  Furthermore, as shown in Table 1, both L ATL 6 and L ATL 8 
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performed within the normal range for their ages on the test of nonverbal cognition that was 

administered for this study, the Raven’s Coloured Progressive Matrices (Raven, 1938, 1960).  

Pre-surgical MRI scans performed on 5/8 L ATL participants were “normal”, and only mild left 

hippocampal sclerosis was noted for the remaining 3 participants.  All L ATL participants 

demonstrated left language dominance during pre-surgical WADA testing and no L ATL 

participants had neurological disease other than the seizure disorder that precipitated their 

surgery.   

The L ATL group included 5 males and 3 females.  The mean age of this group was 42 

(range of 20-57), while the mean education of this group was 13 years (range: 12-20) (Table 1).  

As shown in Table 1, the time post surgery in the L ATL group ranged from 12 to 81 months.  The 

mean age of the control group was 42 (range: 20-53), with a mean level of education of 14 years 

(range: 12-18).  There was no statistically significant difference between the groups for either 

age, t(7)= -.221, p= 0.831, or education, t(7)= 0.964, p= 0.367.  This control group consisted of 3 

males and 5 females.  

 

 

 

 Age 
(years) 

Education 
(years) 

Time Post 
Surgery 
(months) 

Western 
Aphasia 

Battery AQ 

Raven’s Coloured 
Progressive 

Matrices 
(36/36) 

L ATL 1 47 12 80 99.2 35 

L ATL 2 40 12 81 93.1* 33 

L ATL 3 48 14 72 95.0 34 

L ATL 4 57 12 12 97.2 26† 

L ATL 5 34 12 39 99.9 33 

L ATL 6 45 12 68 97.8 35 

L ATL 7 20 12 47 100.0 34 

L ATL 8 46 20 76 99.9 32 

 

 

 

Table 1: Left Anterior Temporal Lobectomy Participants: 
Demographic Information and Performance on Western 

Aphasia Battery & Raven’s Coloured Progressive Matrices 

* indicates impairment – classification of anomic aphasia  
† indicates below normal performance based on age-education-gender specific normative data reported in Measso, G., Zappalà, G., 
Cavarzeran, F., Crook, T.H., Romani, L., Pirozzolo, F.J., Grigoletto, F., Amaducci, L.A., Massari, D., & Lebowitz, B.D. (1993).  Raven’s 
colored progressive matrices: a normative study of a random sample of healthy adults.  Acta Neurologica Scandinavica, (88), 70-74. 
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Left Posterior Cerebral Artery Stroke 

Neurological criteria for left posterior cerebral artery stroke (L PCA) group were that there 

was no history of progressive neurological disorder and that lesions were restricted to the territory 

of the L PCA.  All 8 of the participants in the L PCA group were males.  The mean age of the L 

PCA group was 71 (range: 51-86), and the mean level of education in this group was 14 years 

(range: 11-18) (Table 2).  Time post onset in this group ranged from 1 – 171 months (Table 2).  It 

should be noted that L PCA 5 experienced 2 strokes over the span of approximately 2 ½ months.  

Damage resulting from the first L PCA stroke (11/21/04) was restricted to the left occipital lobe; it 

was damage from the subsequent stroke (2/13/05) that included the left posterior - inferior 

temporal lobe.  The mean age of the controls for the L PCA group, which was comprised of 4 

males and 4 females, was 69 (range: 52-81), with a mean level of education of 14 years (range: 

12-18).  There was no statistically significant difference between these groups for age, t(7)= -

1.396, p= 0.205, or education, t(7)= 1.973, p= 0.963. 

 

 

 

 

 

 

 

 Age 
(years) 

Education 
(Years) 

Time Post 
Onset 

(months) 

Western 
Aphasia 

Battery AQ 

Raven’s Coloured 
Progressive 

Matrices 
(36/36) 

L PCA 1 77 18 39 94.2 31 

L PCA 2 62 12 25 100.0 34 

L PCA 3 82 16 40 93.4* 33 

L PCA 4 73 12.5 69 97.4 33 

L PCA 5 86 14.5 1 84.7* 27 

L PCA 6 51 18 35 100.0 34 

L PCA 7 70 12 115 95.0 24† 

L PCA 8 66 11.0 171 98.6 25† 

Table 2: Left Posterior Cerebral Artery Participants: 
Demographic Information and Performance on Western 

Aphasia Battery & Raven’s Coloured Progressive Matrices 

* indicates impairment – classification of anomic aphasia  
† indicates below normal performance based on age-education-gender specific normative data reported in Measso, G., Zappalà, G., 
Cavarzeran, F., Crook, T.H., Romani, L., Pirozzolo, F.J., Grigoletto, F., Amaducci, L.A., Massari, D., & Lebowitz, B.D. (1993).  Raven’s 
colored progressive matrices: a normative study of a random sample of healthy adults.  Acta Neurologica Scandinavica, (88), 70-74. 
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Semantic Dementia 

 One participant with a diagnosis of semantic dementia was also recruited.  This 

individual, identified in this study as SD 1 (previously described as “MB” in Henry, M., 2004, 

colloquium in the Department of Speech, Language and Hearing Sciences, University of Arizona), 

was a 70 year old, right handed male, with 16 years of education.  SD 1 was employed as a 

computer programmer prior to retirement. His initial complaint was that he was experiencing 

difficulty remembering the names of co-workers and friends.  He was approximately 11 years post 

onset of progressive language impairment at the time of testing and he also demonstrated a 

moderately severe tremor.  Structural MRI of SD 1’s brain revealed significant bilateral atrophy of 

the temporal poles and medial temporal structures, including both the left and right hippocampi.  

For this study, SD 1 was administered the four lexical retrieval tasks that employ common stimuli 

(described below) for descriptive comparison with behavioral performance of the patients with 

unilateral temporal damage.  While statistical comparisons could not be performed with a sample 

of one, the utility of this information is in assisting to clarify the similarities or difference in the 

nature of the naming impairment resulting from different types of temporal lobe damage. 

 

Assessments 

A battery of assessments was administered to all participants.  This battery was designed 

to provide information regarding overall language and cognitive function, as well as to assist in 

the assessment of naming ability and semantic knowledge.  The battery included published tests 

for which normative data were available, as well as a set of tasks developed to probe naming 

ability via several input and output modalities using common stimuli.  The tasks that utilized the 

common stimuli were also designed to probe the semantic category and attribute distinctions that 

were previously described.  A complete outline of the tasks administered is provided below.  This 

outline is followed by a description of each individual assessment.  Administration of the entire 

assessment battery was divided into 2-3 sessions so that tasks that utilized the same stimulus 
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items(s) would not be administered during the same session.    Order of administration was 

counterbalanced within group (patients and controls).   Constraints on variations to the order of 

administration included the need to always administer screening tasks during the first session, 

and to maintain the order of administration of tasks using common stimuli to avoid priming effects 

for subsequent tasks using the same stimuli. 

� General Assessments 

� Western Aphasia Battery (WAB) 

� Raven’s Coloured Progressive Matrices (RCPM) 

� Mini-Mental State Examination (control participants only) 

� Boston Naming Test (patient participants only) 

� Lexical Assessments: Common Stimuli 

� Confrontation Naming (Verbal and Written) 

� Verbal Naming to Definition 

� Verbal Description 

� Verbal Fluency 

� Semantic Knowledge Assessments 

� Pyramids & Palm Trees Test (P&PTT) 

� Arizona Semantic Test (AST)  

� PALPA 49  - “Auditory Synonym Judgment” 

� Additional Assessments: Subset of the Test of Writing and Reading (TOWAR) 

� Writing to Dictation 

� Single Word Reading 
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General Assessments 

The Western Aphasia Battery (WAB) was administered to patient participants to provide 

a measure of receptive and expressive language function using indices of language fluency, 

auditory comprehension, repetition and naming ability.  As Tables 1 and 2 show, all patient 

participants were classified as either anomic or non-aphasic based on WAB Aphasia Quotients 

(AQ).  This indicates that all participants were fluent speakers with good auditory comprehension, 

both for single word recognition and for lengthier questions and instructions. 

The only portion of the WAB that was administered to the control participants was the 

sentence repetition subtest, which was used to screen auditory perception of sentence level 

stimuli.  Six of eight controls for the L ATL group and 6/8 controls for the L PCA group received 

perfect scores.  A score of 98% (one word omitted) was received by one participant in each of the 

control groups, while one participant in the L ATL group and one participant in the L PCA group 

received scores of 96% (2 words omitted) and 94% (3 words omitted) respectively.  These 

omissions always occurred in the final, longest sentence of the test (“Pack my box with five dozen 

jugs of liquid veneer.”). 

The Raven’s Coloured Progressive Matrices (RCPM), a test that requires participants to 

complete a series of patterns by choosing from an array of 6 “cut-out” pieces, was administered 

as a measure of visual processing and nonverbal cognitive function in all participants.  This test 

was also used to screen out potential participants who had visual processing impairment.  All 

participants whose data are included in the study completed accurately the first two items of each 

section to continue participation in the study.  As Table 1 and Table 2 demonstrate, one L ATL 

participant and two L PCA participants performed below the normal range on the RCPM, while all 

other patient participants and all normal control participants performed within the normal range 

(Measso and colleagues, 1993; manual for the RCPM Table CPM X: Percentiles for Normally 

Healthy Old People).  As a group, there was no statistical difference between the performance of 

the L ATL group (mean = 32.75) and that of their matched control group (mean = 33.75), t(14)= -

0.737, p=0.47.  Likewise, there was no statistical difference between the performance of the L 
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PCA group (mean = 30.13) and that of their matched control group (mean = 33), t(14)= -1.656, p= 

0.12.  

 The Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) was 

administered, as a screening tool, to all control participants as evidence of adequate memory and 

cognitive functioning.  All controls performed within the normal range per the criterion (> 27/30) 

suggested by Kukall and colleagues (2001).  

The Boston Naming Test (BNT) was included in the protocol to serve as a measure of 

visual confrontation naming for the patient participants.  This test is a more rigorous test of 

confrontation naming than is the one that is part of the battery of tasks that employ the common 

stimuli as it includes many less common items (e.g., protractor, palette, abacus).  These data 

were used to assist in quantifying the severity of anomia in the patient groups.  Furthermore, as 

this test elicited many more error responses from the patients than did the common stimuli 

confrontation naming task, it was responses from this task that were explored for error type 

analysis.  Error codes were the same as those used for the naming to definition task, with the 

addition of a visual/semantic error code category (e.g., acorn: coconut).  Z-scores of raw BNT 

performance were calculated using age and education appropriate means and standard 

deviations reported by Tombaugh and Hubley (1995).   

 

Lexical Assessments 

 

Table 3: Measures of lexical retrieval utilizing common stimuli 

Task Input → Output modalities 

Verbal Confrontation Naming Visual input → Phonological output 

Written Confrontation Naming Visual input → Orthographic output 

Naming to Definition Phonological input  → Phonological output 
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Verbal Description Phonological input  → Phonological output 

Verbal Fluency Phonological input → Phonological output  

 

The lexical assessment portion of the battery was designed to assess semantically 

guided lexical retrieval, utilizing tasks that Raymer and Rothi (2001) have outlined as “key lexical 

assessments” (See Table 3).  These tasks all utilize common stimuli to test naming ability via 

multiple input and output modalities, and these tasks probe semantic knowledge relative to 

category specific knowledge and semantic feature or attribute knowledge.  Items were chosen to 

probe for both category specific deficits (i.e., animate [animals and plants] versus inanimate 

[vehicles, tools, naturally occurring objects]) and deficits to particular types of semantic 

knowledge (i.e., perceptual vs. functional/associative).  As in previous studies that investigate the 

animacy distinction, items in the category “animate” were living or organic items, while those in 

the “inanimate” category were nonliving or inorganic (Marshall, et al, 1995/1996; Gainotti & 

Silveri, 1996; Lambon-Ralph, et al, 1998).  Perceptual information was considered to be any 

information pertaining to visually perceived attributes such as color, shape, size, part/whole 

description, or component property.  Functional/Associative information included function, action, 

contextual information (e.g., where the item originates) or “encyclopedic” information (e.g., lion = 

known as the “king of beasts”).  Common animate and inanimate objects were chosen that could 

be fairly equally well described based on either perceptual or functional information 

independently.  In other words, each item should be adequately described by functional 

information without requiring additional perceptual information and vice versa.  This design was a 

modification of that which was first outlined by Gainotti and Silveri (1996) and later used by 

Lambon-Ralph, Howard, Nightingale and Ellis (1998) to investigate the relationship between 

category specific deficits and impairment to perceptual or associative knowledge.  The goal of this 

portion of the assessment was to probe each of the hypothesized components of semantic 
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knowledge to garner a comprehensive picture of the naming performance and semantic 

knowledge demonstrated by individuals with left temporal lobe lesions. 

 

Pilot Data 

 The tasks utilizing common stimuli were administered to 3 pilot participants to determine 

the adequacy of the definitions developed for the naming to definition task, to determine that the 

picture stimuli would elicit the target responses, to refine the process of administering and 

recording the verbal description subtest and to obtain rough time estimates for administration of 

each of the subtests.  Pilot participant performance on each of the subtests (confrontation 

naming, naming to definition, verbal description, and verbal fluency) that utilize the common 

stimuli is described below as it was useful in developing the administration protocol. 

 

Confrontation Naming (Verbal and Written) 

 Confrontation naming for all 36 items was performed.  31/36 (86%) of the picture stimuli 

were taken from a version of the Snodgrass and Vanderwart picture set.  This set, revised by 

Rossion and Pourtois (2004), contains the additions of surface detail and color.  These authors 

reported that the addition of surface detail and color facilitated object recognition in their group of 

non-brain damaged participants.   The remaining 5 items chosen were not part of this set (palm 

tree, pine tree, dandelion, rose and bee), so clipart pictures that best matched the style of the 

Snodgrass and Vanderwart pictures and best represented the target item were downloaded from 

the Microsoft internet website (http://dgl.microsoft.com).   

 Administration of all 36 items in this part of the battery was completed on the same day, 

which was the final day of testing for each participant to avoid priming effects due to recall of the 

picture stimuli during the naming to definition tasks.  Participants were shown each picture and 

asked to verbally name it.  Responses and response latencies were recorded online and a 

phonemic cue was provided following a latency of twenty seconds.  Once participants had 
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verbally named the item, they were then asked to write the name (See Appendix C: Confrontation 

Naming Score Form).    

 

Naming to Definition and Verbal Description 

The inclusion of the auditory naming tasks was important for several reasons.  Auditory 

naming (as opposed to visual confrontation naming) has been shown to be a more robust 

indicator of naming impairment in L ATL patients (Bell, Seidenberg, Hermann, & Douville, 2003).  

In contrast, Goodglass and Stuss (1979) found that in “posterior” patients who were classified as 

having anomic aphasia, naming performance in verbal and visual naming tasks was relatively 

equivalent.  These clinical findings are supported by neural stimulation studies of the associated 

sites of temporal lobe lesion for each of these patient groups.  Hamberger, Goodman, Perrine 

and Tamny (2001) reported that electrical stimulation of the posterior temporal cortex disrupted 

visual and auditory naming equally, while stimulation of the anterior temporal cortex disrupted 

only auditory naming.  Therefore, it might have been the case that the L ATL patients, having 

damage restricted to the anterior temporal region (e.g., BA 38),  would demonstrate a 

characteristically different naming profile than the L PCA patients, who were likely to have 

damage that encompassed temporal regions farther posterior (e.g., BA 20/21, 37, 19). 

As previously described, two definitions were created for each of the items in the set, one 

containing only perceptual information, the other containing functional/associative information 

(e.g., Spider: An insect with eight legs; An insect that spins a web).  These definitions were 

revised several times based on pilot data and feedback in an attempt to make them concise, yet 

descriptive enough to elicit the targeted response.  The perceptual and functional/associative 

definitions for each item were balanced for level of superordinate information provided, length, 

and number of information units.  The two definitions for each item were balanced to ensure that 

any differences in response accuracy were due to differences in the semantic content of the 

definition and not to differences in linguistic complexity or amount of information provided.  

Overall, the balance between length and number of information units represented in the 
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definitions developed for the naming to definition task was maintained at approximately 3 units of 

information for each perceptual and functional definition.   Based on pilot data from the original 3 

pilot participants, as well as from an additional 10 participants who were assessed only on the 

naming to definition stimuli, 36 of the original 40 items that were pilot tested were included in the 

current study. 

The entire corpus was divided into two lists (A and B) such that each contain a balanced 

number of animate (animals and plants) and inanimate items (tools, vehicles and 1 naturally 

occurring object [sun or moon]).  These lists were also balanced for age of acquisition as this 

psycholinguistic variable has been demonstrated to be the strongest and most consistent 

predictor of naming performance in patients with aphasia (Nickels & Howard, 1995), patients with 

temporal lobe epilepsy (Bell, Davies, Hermann, & Walters, 2000) and in non-brain damaged 

controls (Hodgson & Ellis, 1998; Ellis & Morrison, 1998).  Frequency data, obtained from Kucera 

and Francis (1967), were also used when balancing lists A and B. Objective age of acquisition 

data were taken from Morrison, Chappell, & Ellis (1997).  Age of acquisition data were not 

available for five of the items chosen (i.e., pine tree, palm tree, rose, dandelion, traffic light).  The 

division between lists was necessary to ensure that participants were not asked to describe 

words (during the verbal description task) for which they had previously heard definitions (during 

the naming to definition task) and were not asked to name to definition a word they had already 

described. The administration of each sublist, both for verbal description and naming to definition, 

was counterbalanced within each participant group to avoid order effects (see Appendix D: 

Stimulus Administration Tracking Form).  The naming to definition lists were further subdivided 

(A1/A2 and B1/B2) so that participants did not hear both the perceptual and functional definitions 

for the same item on the same day (see Appendix A for each of the four naming to definition 

administration lists).  These two subdivisions were balanced so that there were an equal number 

of perceptual or functional items presented during each of the two administrations. 
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 Naming to Definition 

For the naming to definition task, the researcher provided a definition that included both 

functional and perceptual information for an animate and inanimate object and elicited a 

response.  Corrective feedback or positive reinforcement was then provided.  Four items (one 

plant, one animal and two inanimate objects) that were included in the original set of 40 were 

removed as they elicited error responses from at least 30% of the pilot participants.  These items 

were used as practice items for the naming to definition and verbal description tasks.  The 

protocol for practice items was similar to that outlined in Hodges, Patterson, Graham, & Dawson 

(1996).   

During the naming to definition tasks, responses and response latencies were recorded.   

Error responses were coded as semantic circumlocution, empty circumlocution / no response, 

phonemic paraphasia, coordinate semantic error, superordinate semantic error, and general 

semantic error (e.g., a misinterpretation of the definition stimulus presented or incorrect 

knowledge regarding the information presented.  Differentiation between empty circumlocutions 

and semantically meaningful circumlocutions was based on a judgment of the communicative 

effectiveness of the response, specifically whether the response contained semantically relevant 

and appropriate information.  Table 4 provides examples of participants’ responses for each of 

the error types described.  Responses that were appropriate to the definition, even if they were 

not the target response, were labeled as correct (e.g., A utensil with a shallow bowl at the end: 

ladle).  Responses not provided within 25 seconds of administration of the stimulus were scored 

as incorrect, whether or not the ultimate response was accurate. 
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 Verbal Description 

As with the naming to definition task, practice items were provided for the verbal 

description task.  In this case, an item was named and a description was elicited.  Feedback was 

then provided relative to the nature of the response and examples of additional types of 

information that could have been provided were offered.  Again this was demonstrated using both 

an animate and an inanimate item.  The purpose of the practice items was to ensure that 

participants understood the task and to facilitate optimal performance on test items.  During the 

assessment portion of  the verbal description task, the name of each item was presented verbally 

and participants were asked first to repeat the name to confirm that they had heard the stimulus 

correctly, and then to provide a verbal description of the item.  The instruction was a general 

prompt (i.e., “Tell me about a(n) ________”) so as to avoid prompting any particular type of 

Stimulus Definition Target 
Response 

Error Response Error Type 

A tropical tree used to 
produce coconuts and 

cooking oil 

palm tree “… there are a lot of ‘em around 
here, tall, usually leaves are 
way up high, and coconuts 

come down off of ‘em” 

semantic circumlocution 

A weed topped by a 
yellow flower that turns 

into a ball of fluff 

dandelion “I know what it is, I think, but I 
can’t tell you the name of it.” 

empty circumlocution / no 
response 

A mammal kept on a farm 
whose fleece is used to 

make wool 

sheep “wool, weep…its fleece was 
white as snow… /swi/” 

phonemic paraphasia 

A root vegetable with a 
pointed tip 

carrot “An asp, no, that’s not orange… 
squash?” 

coordinate semantic error 

An electronic device used 
to control vehicles at 

intersections 

traffic lights lights superordinate semantic error 

A tool made of two, 
hinged blades and a 

handle for fingers and a 
thumb 

scissors “finger nail clipper” general semantic error 

 
 
Table 4: Naming to Definition Error Codes and Example Responses 
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information in the description once the examples had been reviewed.  The inclusion of the verbal 

description task was important because it provided an opportunity to examine the productive 

semantic knowledge of the participants, without the requirement to generate the label for the item.  

The 18 items in the verbal description task were separated so that 9 were completed during one 

session and the remaining 9 were completed in another.  This was done to avoid fatigue effects in 

the participants, as this task may become tedious over time.  Scoring of correct or incorrect 

responses for the description task was based upon the judgment whether an uninformed listener 

would be able to identify the correct item based solely on the description. Once participants had 

completed their description, they were cued for additional information if one or the other type of 

semantic information was not provided (i.e., What did they spontaneously produce?  Could they 

be prompted to provide the other type of information, either perceptual or functional?).  Only the 

spontaneous portion of the description was used to score items as correct or incorrect. 

Responses were audio-recorded for later transcription and responses were coded online for 

provision of the following types of information, which were the most frequently provided during 

pilot testing:  superordinate, subordinate, associate, perceptual, functional/associative, and non-

descriptive opinion or personal referent (See Appendix B: Verbal Description Score Form).  

 

Verbal Fluency 

Participants completed verbal fluency tasks for four semantic categories: animals, plants, 

vehicles and tools.  They also completed the FAS letter fluency task in which they were asked to 

state words that began with the letters F, A, and S respectively.  Participants were given one 

minute to name as many items from each category as they were able.  Pilot data indicated that 

the category of animals was most likely to elicit the greatest number of responses, regardless of 

the order of presentation.  This category was always administered first, to allow participants to 

acclimate to the task.  Presentation of the remaining three semantic categories, plants, vehicles 

and tools, and the FAS test was counterbalanced across participants in an attempt to avoid order 

effects.  The set of category fluency tasks was always administered as the first of the item 
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specific tasks as it is the least likely to prime responses in the other tasks that use the same 

items.  

 

Semantic Knowledge 

Several assessments of semantic knowledge were administered that required little or no 

verbal output, in an effort to distinguish central semantic impairment from difficulty with word 

retrieval and/or language production.   Two nonverbal tests of semantic knowledge were utilized.  

The Pyramids and Palm Trees Test (P&PTT) requires participants to recognize the semantic 

association between a stimulus picture and one of two other pictures.  This is the most frequently 

administered and cited normative assessment of semantic association.  Also administered was 

the Arizona Semantic Test (AST), which requires participants to recognize the semantic 

association between two pictured items in the presence of three distractor items.   The inclusion 

of this test was useful in that, with the presence of a larger number of response options, correct 

responses are less likely to be due to chance.  Furthermore, many of the picture stimuli used in 

this test are represented in the naming battery that utilizes the same stimuli, and as such, it 

provides further evidence of participants’ semantic knowledge for these specific items. 

The final semantic knowledge task administered was the PALPA 49 – Auditory Synonym 

Judgment (Kay, Lesser, & Coltheart, 1992).  This test requires participants to judge whether pairs 

of spoken words are close in meaning or are unrelated in meaning.  Responses may be either 

gestural (e.g., head nod/shake) or verbal yes/no.  This task served as a relatively demanding 

measure of participants’ verbal semantic knowledge without requiring verbal output or the need to 

retrieve specific word form labels.  Furthermore, as the items on both of the semantic association 

tests and those used in the naming tasks are necessarily concrete/imageable, the use of this 

additional measure allowed for comparative sampling of single word comprehension and 

semantic knowledge of both concrete or “highly imageable” items (e.g., shovel-spade) and 

abstract or “low imageability” items (e.g., idea-notion).   
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Writing to Dictation and Single Word Reading 

As an adjunct to the lexical-semantic battery, a subset of the Test of Writing and Reading 

(TOWAR), which has been balanced for spelling regularity, length and frequency of occurrence, 

was administered as writing to dictation and single word reading tasks to probe for the presence 

specific forms of agraphia or alexia.  The literature indicates that, in addition to the possibility of 

anomia and semantic impairment, individuals with damage to the left inferior temporal lobe may 

demonstrate a spelling impairment known as lexical or surface agraphia, in which access to 

orthographic word forms is impaired, requiring individuals to use sublexical, sound to letter 

conversion strategies for spelling words (Beauvois & Dérouesné, 1981; Rapcsak & Beeson, 

2004).  This profile results in a characteristic pattern such that regular words (e.g., cat, mint) are 

spelled correctly more often than irregular words (e.g., circuit), the spelling of which is often 

phonologically plausible (e.g., sircut).  Words that have a higher frequency of occurrence in the 

English language are also typically spelled correctly more often by individuals with lexical 

agraphia than are lower frequency words.  These individuals may or may not show a concomitant 

impairment to reading, known as surface alexia (e.g., Behrmann & Bub, 1992).  Responses in this 

portion of the assessment were analyzed for regularity (regular versus irregular) effects to 

determine whether patient participants demonstrated specific profiles of alexia or agraphia. 

 

 

Lesion Analysis 

 High resolution, T1 anatomical brain scans were collected, which consisted of a set of 

120 contiguous sagittal slices using a 3-dimensional fast spoiled gradient echo sequence.  

Imaging parameters are outlined in Table 5. 
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Repetition Time (TR) 8ms 

Echo Time (TE) 3.1ms (min full) 

Field of View (FOV) 26 

Flip angle 12 

Phase 256 

Frequency 256 

Number of excitations (NEX) 2 

Acquisition time (TA) 8 minutes 

Voxel dimensions 1 x 1 x 1.5 (sagittal) 

 

Structural images were analyzed to determine location and extent of temporal lobe damage.  

Patient scans were imported into the software package MRIcro (Rorden and Brett, 2000) and 

lesions were outlined directly onto the radiological image using the region of interest (ROI) 

drawing tool.  This procedure has been utilized in previous studies in which similar lesion 

mapping and analysis was performed (Karnath, et al, 2001; Mort, et al, 2003) and while visual 

examination must still be performed by the user, the possibility of error is greatly reduced in 

comparison to mapping lesions viewed from clinical scans directly onto normalized templates.    

Each participant’s lesion was mapped onto their 3d volume by the primary investigator; two 

additional raters each reviewed one L PCA lesion mapping and one L ATL lesion mapping and 

their feedback was utilized during final lesion revision. To allow for comparison across patients, 

spatial normalization was performed for each 3d volume and each 3d lesion ROI using the 

smoothed T1 template in SPM2 (Statistical Parametric Mapping; Wellcome Department of 

Cognitive Neurology, http://www.fil.ion.ucl.ac.uk/spm).  The 3d lesion ROI was used to mask the 

lesion during normalization so as to minimize the influence of abnormal tissue on the alignment 

process (Brett, et al, 2001).  This procedure was altered for 2 of the 16 patient participants.  L 

PCA 2 reported severe claustrophobia and, as such, did not receive an MRI scan.  His lesion was 

directly mapped onto the normal T1 template.  Another patient, L PCA 8, reported that he had 

gotten metal fragments in his eye a number of years prior to this study.  Because of the metal 

Table 5: Parameters for high resolution scans 
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history, MRI was contraindicated, so a CT scan was performed.  Subsequent ROI mapping 

utilizing the CT scan was also done directly on the T1 template.  Once all lesion maps were able 

to be viewed on the normal T1 template, it was possible to utilize the MRIcro ROI comparison 

functions to determine regions of overlap and regions of unique damage.  These functions were 

utilized for within participant comparisons of lesion information with behavioral performance and 

to make comparisons between the two groups of patient participants relative to both behavioral 

and lesion profiles.   
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RESULTS 

Lesion Characterization 

Lesion analysis confirmed that all patient participants had damage to the left inferior temporal 

lobe.  Resection in the L ATL participants was localized to the anterior temporal lobe. All L ATL 

participants demonstrated resection of portions of the temporal pole (Brodmann Area 38), with 

posterior extension including BA 21 laterally and BA 36 medially.  All participants also 

demonstrated varying degrees of damage to BA 20.  Only one participant, L ATL 2, evidenced 

resection that extended as far posterior as BA 37.  Inferior-superior extent of lesions in the L ATL 

group ranged from z= -42 through z= -6, with lesion volumes in this group ranging from 9 cc – 

34.5 cc.  Table 6 provides lesion volumes for all L ATL participants as well as percentage of 

damage to select left temporal lobe Brodmann Areas.  Figure 1 shows selected axial slices in 

which lesion overlap in all L ATL participants is demonstrated.  

 

 

Participant Normalized Lesion 
Volume (cc) 

BA 
38 

BA 
21 

BA 
20 

BA 
37 

L ATL 1 37.2 28.50 16.00 38.30 .00 

L ATL 2 27.6 10.80 14.20 37.20 .48 

L ATL 3 13.6 3.00 3.60 18.50 .00 

L ATL 4 8.9 6.20 .90 9.00 .00 

L ATL 5 13.7 5.40 4.90 16.20 .00 

L ATL 6 18.5 9.20 6.20 20.60 .00 

L ATL 7 24.2 20.80 12.00 26.10 .00 

L ATL 8 31.7 26.20 13.80 35.60 .00 

 

  

 

Lesions in the L PCA group were concentrated in the left ventral temporal and occipital lobes, 

including BAs 21, 20, 37, 19, 18, and 17.  All but one participant, L PCA 2, demonstrated damage 

to the parahippocampal gyrus (BA 37).  In 6 of these 8 participants, damage in BA 37 was 

localized medially, while damage to more lateral portions of BA 37 was evidenced in participant L 

Table 6: Normalized lesion volumes and 
 % damage

†
 to select Brodmann Areas for L ATL participants 

† % damage calculated within MRIcro software.  Volumes of Brodmann Areas were 

calculated by creating ROIs of each BA.  The intersection tool was then used to 
calculate the degree of overlap between select BAs and patients’ lesions.  % 
damage = volume of lesion/BA intersection (cc) / total BA volume (cc) 
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PCA 5.  Furthermore, L PCA 5 was the only L PCA participant who did not demonstrate damage 

to BA 20.  Several L PCA participants demonstrated damage to medial temporal regions including 

BAs 36 and 30.  Only L PCA 1 demonstrated brain damage that extended as far forward as BA 

38.  Lesion volumes tended to be larger in the L PCA group than in the L ATL group, with a range 

of 8 cc – 65.2 cc.  Brain damage in this group also extended farther superior (z= -39 through z= 

28), with the most dorsal damage being restricted to the occipital lobe.  Table 7 provides lesion 

volumes for each L PCA participant as well as demarcating affected Brodmann Areas.  Figure 2 

shows selected axial slices in which lesion overlap in the L PCA participants is demonstrated. 

 

 

Participant Normalized Lesion 
Volume (cc) 

BA 
38 

BA 
21 

BA 
20 

BA 
37 

L PCA 1 39.7 1.50 12.40 56.40 12.20 

L PCA 2 8 .00 .00 1.80 .00 

L PCA 3 62.3 .00 6.20 41.30 35.50 

L PCA 4 58.2 .00 .44 9.70 30.30 

L PCA 5 22.3 .00 .40 .00 9.80 

L PCA 6 16.4 .00 .00 2.10 12.20 

L PCA 7 65.2 .00 .00 12.70 33.30 

L PCA 8 19.2 .00 .00 36.46 45.83 

 

 

 

 Looking at all patient participants together, it is evident that damage to a large extent of 

the left inferior temporal lobe is represented in these patients, including the range of the anterior – 

posterior extent, both laterally and medially.  With the exception of L PCA 5, BA 20 represents a 

region of damage common to all patient participants. 

Table 7: Normalized lesion volumes and 
 % damage

†
 to select Brodmann Areas for L PCA participants 

† % damage calculated within MRIcro software.  Volumes of Brodmann Areas were 
calculated by creating ROIs of each BA.  The intersection tool was then used to 
calculate the degree of overlap between select BAs and patients’ lesions.  % 
damage = volume of lesion/BA intersection (cc) / total BA volume (cc) 
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Figure 1: Regions of overlap for all L ATL participants 
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1a: Regions of 
lesion overlap with 
color bar 
designating 
number of patients 
with lesion to each 
region (red = all 8 
L ATL participants.  
Axial slices (z 
plane) are 
numbered using 
Talairach and 
Tournoux 
coordinate system, 
at x, y= 0. 

1b: Sagittal view (x= -30, y, z = 0 demonstrating inferior- superior 
extent of lesions.   
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Figure 2: Regions of overlap for all L PCA participants 

2a: Regions of lesion 
overlap with color bar 
designating number of 
patients with lesion to 
each region.  Axial 
slices (z plane) are 
numbered using 
Talairach and 
Tournoux coordinate 
system, at x, y= 0. 

2b: Sagittal view (x= -41, y, z = 0 demonstrating inferior- superior 
extent of lesions.   
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Finally, figure 3 demonstrates overlapping areas of brain damage between the two patient 

groups.  Light yellow areas demarcate regions of damage unique to the L ATL group, while light 

blue areas demarcate regions of damage unique to the L PCA group.  Overlapping areas of 

damage between the two patient groups is shown in purple. 

 

 

 

Figure 3: Regions of damage between L ATL and L PCA groups 
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Lexical Retrieval 

Confrontation Naming: Boston Naming Test 

 Performance on the BNT, shown in Figure 4, was used to characterize the severity of the 

naming impairment within and between each patient group.  Z-scores for each of the patients 

were calculated based on age appropriate norms reported by Tombaugh and Hubley (1995); 

participants were considered impaired if their individual z-score was > 2 standard deviations 

below the normative mean.  As demonstrated in Figure 4, performance in both patient groups 

ranged from severely impaired to unimpaired.  An independent t-test revealed that there was no 

statistical difference between the patient groups (mean BNT z score L ATL group = - 2.24, mean 

BNT z score for L PCA group = - 1.99), t(14) = -0.233, p= 0.819. 
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Figure 4:  Patient BNT performance ordered from severely impaired to unimpaired 

* indicates impairment based on z-score ((patient raw BNT score – normative mean) / normative standard deviation), 

norms reported in Table 1 of  Tombaugh, T.N & Hubley, A.M. (1997).  The 60-item Boston Naming Test: Norms for 
cognitively intact adults aged 25 to 88 years.  Journal of Clinical and Experimental Neuropsychology, 19(6), 922-932. 
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As shown in figure 5, analysis of BNT error responses revealed that, in both patient groups, the 

largest proportion (> 75%) of errors were semantic circumlocutions.  In the infrequent instances 

that semantic errors were made, patients typically were aware that they had made an error (e.g., 

L PCA 4 octopus: “squid, which is, there’s a better name for it…”; L ATL 2 globe: “I want to call it 

an atlas, but it’s not”). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exploratory analyses of both L ATL and L PCA participants as one patient group were performed, 

using no more than 3 predictors at a time in any one regression.  These analyses did not indicate 

significant correlation between BNT performance and any of the demographic variables (i.e., 

group membership, age, age at onset (for L CPA group = age at time of stroke; for L ATL group = 

age at time of surgery), for L ATL age at onset of seizures, time post onset or education) which 

seemed likely to influence performance.  No clear pattern relative to demographic variables 

emerged to suggest why some members of both patient groups were unimpaired on this task.  

Figure 5: BNT error responses of patient groups 
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However, exploratory analyses of BNT z scores with selected lesion characteristics did yield 

some interesting findings.  BNT performance was independently correlated with lesion volume, r= 

-0.466, p= 0.034.  There was also a trend toward significance in the correlation between BNT z-

scores and percent of damage to BA 20, r= -0.402, p= 0.061 and percent damage to BA 21, r= -

0.413, p= 0.056.  However, when these variables were included in an exploratory regression with 

percent damage to BAs 38 and 37 also included as predictors, none of these lesion locations 

emerged as significant predictors of R
2
 change in the model. 

 

Tasks that utilized common stimuli 

 A number of statistical analyses were performed for the tasks that utilized the common stimuli.  

For the confrontation naming, naming to definition and verbal description tasks, the results are 

presented in the same sequence.  First, comparisons between each patient group and their 

matched control group are reported.  These data are followed by a comparison of the two patient 

groups (L ATL vs. L PCA).  Finally, the two patient groups were combined into a “temporal lobe 

damaged” group and performance of this single, larger group was compared to that of the 

combined controls.  It should also be noted that for each of the comparisons, Mauchly’s test of 

sphericity was performed.  In cases where sphericity was violated, the reported alpha levels were 

corrected based on the Greenhouse-Geisser adjustment.  
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Confrontation Naming: Common Stimuli 

Performance of the four participant groups on the “common stimuli” verbal confrontation naming 

task is shown in figure 6. 

 

 

 

 

 

A 2 (group) x 2 (animacy) within-subject repeated measure analysis of variance (ANOVA) was 

used to compare performance of each patient group and their matched control group. This design 

was used to take advantage of the age-education matching of individual patients with members of 

their respective control groups.  There was no significant difference between the L ATL group and 

their matched control group for either stimulus type (animate or inanimate), F(1,7) = 3.723; p= 

0.095. In contrast, a main effect of group was demonstrated between the L PCA group and their 

matched controls, F(1,7) = 9.315; p= 0.019, with no main effect for animacy and no interaction 

between group and animacy.   A 2 (group) x 2 (animacy) between-subjects repeated measures 

ANOVA demonstrated that there was no main effect between the two patient groups, F(1,14)= 

Figure 6: Verbal confrontation naming performance with the 
 36 common stimuli 
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2.575; p= 0.131, but that there was a main effect for animacy, F(1,14) = 7.522; p= 0.016, with 

animate items being more difficult than inanimate items.  However, it should be noted that the two 

animate items that generated the most frequent errors were palm tree and dandelion.  These two 

items are likely disparate from the majority of the other items, both animate and inanimate, 

relative to the psycholinguistic variables of age of acquisition and frequency.  In fact, they are so 

infrequent, they were not present in either the Morrison and colleagues (1997) or the Kucera and 

Francis (1967) databases.  Finally, when considering the L ATL and L PCA patients as a single 

“left temporal lobe damaged” group, a 2 (all patients versus all controls) x 2 (animacy) within 

subjects ANOVA revealed main effects for both group, F(1,15)= 11.796; p= 0.004, and animacy, 

F(1,15) = 7.941; p= 0.013, with an interaction between group x animacy, F(1,15)= 7.941; p= 

0.013.  Post hoc analyses using a corrected alpha = 0.025, demonstrated that animate items, 

t(15)= -4.982), p= 0.000, were more difficult for patients than controls. 

  All errors made on the written portion of this confrontation naming task were errors of 

spelling for the name that was provided verbally.  Most frequent were spelling errors for items that 

were correctly named verbally.  When patient participants were unable to retrieve the appropriate 

spoken name of an item, they either wrote the word they were able to retrieve or, if no verbal 

response was provided, they also did not provide a written response. 

 

Naming to Definition: Common Stimuli 

 Participant performance on the naming to definition task that utilized the common stimuli 

is shown in Figure 7. 
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To compare each patient group to their matched control group, 2 (group) x 2 (animacy) x 2 

(definition type) within-subject repeated measures ANOVAs were used.  For the L ATL group and 

their matched controls, there was a main effect for group, F(1,7) = 9.333; p= 0.018, a main effect 

for definition type, F(1,7) = 13.444; p= 0.008 and an interaction between group x definition type, 

F(1,7) = 11.667; p= 0.011.  Follow-up contrasts were conducted for this interaction, with the alpha 

level adjusted using the Bonferroni procedure (alpha < 0.0125).  These analyses indicated that L 

ATL patients performed significantly better on functional items than they did on perceptual items, 

t(7) = 5.464, p= 0.001.  Furthermore, perceptual items were named significantly better by controls 

than by the L ATL patients, t(7) = 4.436, p= 0.003.  The effect of definition type for the L ATL 

patients was further supported by computing “functional effects” (average # functional items 

correct - average # perceptual items correct) for each participant, which demonstrated that the 

effect of definition type on performance was significantly greater for L ATL patients than for their 

matched controls, t(7) = 3.42, p= 0.01, such that functional definitions were significantly easier for 

L ATL participants than were perceptual definitions.  There were no effects of animacy for either 

of these groups and there was no interaction between animacy and group.   

Figure 7: Group Performance on Naming to Definition Task 
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 When comparing the L PCA patients to their matched controls, main effects were found 

for group, F(1,7) = 18.778; p= 0.003, animacy, F(1,7) = 11.667; p= 0.011, and definition type, 

F(1,7) = 18; p= 0.004, with interactions between group x animacy, F(1,7) = 12.064; p= 0.01, and 

group x definition type, F(1,7) = 7.986; p= 0.026.  Follow-up contrasts, using an experiment-wise 

alpha level = 0.008, indicated that L PCA patients performed significantly worse on animate items 

than on inanimate items, t(7) = -3.666, p=0.008, and that, for these animate items, controls 

performed significantly better than did the L PCA patients, t(7) = 4.243, p= 0.004.  Pair-wise 

contrasts of the effects of definition type were not significant at the adjusted alpha level either 

within or between groups.  However, the use of the experiment-wise corrected alpha is a quite 

conservative approach and it should be noted that there was a trend within the post hoc tests for 

patient performance such that L PCA patients performed particularly poorly relative to their 

matched controls on perceptual items, t(7) = 3.454, p= 0.011, and, within the L PCA group 

performance on functional items was better than that for perceptual items, t(7)= 3.295, p= 0.013.  

Furthermore, when “functional effect” was calculated for each participant (average # correct 

functional items – average # correct perceptual items) an effect was demonstrated that was 

significantly greater for the L PCA patients than for their matched controls, t(7) = 3.15, p= 0.02. 

 A 2 (group) x 2 (animacy) x 2 (definition type) between-subjects repeated measures 

ANOVA was used to compare naming to definition performance of the two patient groups.  There 

was no between subject effect, however, there were main effects for both animacy, F(1,14) = 

12.296; p= 0.003, and definition type, F(1,14) = 28.606; p= 0.000, with an interaction between 

animacy x definition type, F(1,14) = 5.573; p= 0.033.  Follow-up contrasts (alpha < 0.025) 

indicated that, for animate items only, perceptual definitions were more difficult than functional 

definitions, t(14) = -5.311, p= 0.000.  As was also performed for the confrontation naming task, 

analyses were also conducted considering patients as one group (n=16) and controls as another 

(n=16).  The results of this 2 (group) x 2 (animacy) x 2 (definition type) within subject ANOVA are 
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shown in table 8.  As shown in table 8, main effects were present for group, animacy and 

definition type, with interactions between group x animacy, group x definition type, and animacy x 

definition type. 

 

 

Effect or Interaction F (degrees freedom) p 

Main effect (group) 26.781 (1,15) 0.000 

Main effect (animacy) 15.135 (1,15) 0.001 

Main effect (definition type) 33.201 (1,15) 0.000 

group x animacy 7.105 (1,15) 0.018 

group x definition type 15.638 (1,15) 0.001 

animacy x definition type 8.721 (1,15) 0.010 

 

Follow-up tests confirmed findings demonstrated when analyzing each patient group separately.  

Patients had greater difficulty than controls on animate items, t(15) = -3.669, p=0.002, and on 

perceptual items t(15)= -4.942, p= 0.000.  In addition, follow-up comparisons of animacy by 

definition type revealed that, for both patients and controls, perceptual definitions were 

particularly difficult when they referred to animate items, t(15)= -4.878, p= 0.000. 

 Overall, several trends emerge from the naming to definition data.  Both patient groups 

had difficulty on this task relative to their matched controls.  The degree of difficulty appears to be 

similar for both patient groups, and it appears that stimulus type significantly influenced patient 

performance.  Overall, both patient groups demonstrated a significantly larger functional definition 

effect than their matched control groups, such that functional definitions were easier for patients 

than were perceptual definitions.  However, it also appeared that, although not statistically 

Table 8: Naming to Definition - Main effects and interactions  
for comparison between “temporal lobe” group and matched controls 
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significant in comparison with performance of patients, there seemed to be a pattern present in 

controls’ responses that also demonstrated a greater facility for definitions that contained 

functional information.  An exploratory 2 (group) x 2 (animacy) x 2 (definition type) ANOVA 

performed comparing the two control groups, found no difference between groups overall, with a 

main effect for stimulus type, F(1,14) = 7.56, p= 0.016, such that functional items were named 

more accurately than perceptual items.    

 

Verbal Description: Common Stimuli 

 The results of the verbal description task that utilized the common stimuli are presented 

in Figure 8.  Only the spontaneous portion of each response was used for coding each as correct 

or incorrect.  Due to the relatively subjective nature of the scoring rubric, inter-rater reliability data 

were collected.  The data from 8 participants (25% of total sample) were selected and transcripts 

of their verbal responses were scored by 4 additional individuals, as such, for each of these 8 

data sets, there were a total of 5 independent sets of scores.  The participants were 2 L ATL 

patients, 2 LPCA patients and 2 participants from each of the matched control groups.  Scorers 

saw only the spontaneous portion of each participants’ response, and all instances in which the 

stimulus item was said were deleted from the transcripts.  Scorers were given the instruction to 

read each description and write down what item they thought was being described.  If they were 

not able to discern, they were asked to write what they thought the possibilities might be or, if 

they had no idea, to write “I don’t know”.  Accurate identifications were scored as correct, 

inaccurate or uncertain identifications were scored as incorrect.  All of this information was 

tabulated and then % agreement with the principal scorer was calculated for each item.  The total 

inter-rater reliability was calculated at 92.21%, with inter-rater reliability for patients at 90% and 

inter-rater reliability for controls at 96.67%. 
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 For the verbal description task, 2 (group) x 2 (animacy) within-subjects repeated 

measures ANOVAs were used to compare performance of each patient group to their matched 

control group.  Main effects for group were found both between the L ATL participants and their 

control group, F(1,7) = 7.609; p= 0.028, and the L PCA participants and their matched controls, 

F(1,7) = 10.938, p= 0.013.  There were no main effects for animacy.  Furthermore, while both 

patient groups demonstrated poorer performance than their matched controls, a 2 (group) x 2 

(animacy) between-subjects repeated measures ANOVA indicated that the two patient groups did 

not perform significantly differently from each other.  Finally, when considering all patients as one 

group, a 2 (patients versus controls) x 2 (animacy) within subjects repeated measures ANOVA 

demonstrated a main effect for group, F(1,15)= 16.96; p= 0.001, such that controls performed 

better than patients.   There was no main effect for animacy and no interaction between group x 

animacy. 

Figure 8: Participant correct, spontaneous performance on 
verbal description task
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 The type of information provided within each description was also examined.  Figure 9 

shows a measure of the percentage of correct functional and perceptual information provided in 

correct verbal description responses, for animate and inanimate items.   

 

 

 

To examine the type of information provided in the verbal descriptions, 2 (group) x 2 (animacy) x 

2 (information type) within-subject repeated measures ANOVAs were calculated between each 

patient group and their matched controls.  A main effect for group, F(1,7) = 13.224; p= .008, was 

indicated between the L ATL group and their matched controls, with no other significant main 

effects or interactions.  This suggests that even for correct responses, L ATL participants 

provided less information overall than their matched controls, but that there were no differences in 

the proportion of functional and perceptual information provided for either animate or inanimate 

items.  Relative to the L PCA participants and their matched controls, there was no main effect for 

group or animacy, but there was a significant main effect for information type, F(1,7) = 6.360, p= 

0.04, with more functional information provided in comparison to perceptual information.  The 

Figure 9: Type of information provided in correct verbal description 
responses 



 59

animacy x group interaction approached significance, F(1,7) = 5.191; p= 0.057, however, follow-

up contrasts indicated no significant effects at the adjusted alpha level = 0.017.  This suggests 

that there was no difference in the amount or type of information provided by the L PCA patients 

and their matched controls, but that both groups provided more functional information than 

perceptual information for both animate and inanimate items. 

 For the comparison between the two patient groups, 2 (group) x 2 (animacy) x 2 

(information type) between-subjects repeated measures ANOVA indicated that there was no 

between groups effect for the L ATL and L PCA patient groups.  However, a main effect for 

information type was obtained, F(1,7) = 6.583; p= 0.022, such that both groups were providing 

more functional information than perceptual information, regardless of the animacy of the item 

they were describing.   

 The overall quality of patients’ responses was also examined; Table 9 provides several 

examples of patient responses.  Regardless of whether the response was ultimately coded as 

correct or incorrect, the descriptions of the L PCA patients tended to be longer, containing more 

references to personal history and experience, and tended to contain more overt examples of 

word-finding difficulty.  No particular pattern relative to item type (animate vs. inanimate) or 

information type (functional vs. perceptual) was revealed in the nature of the incorrect responses 

to the verbal description task.  For both patient groups, responses that were scored as incorrect 

typically contained correct information, but not enough specific detail to discern adequately which 

item was being described.  Both patient groups were able typically to produce additional, correct 

detail when prompted for either functional or perceptual information.  These prompts were 

sometimes, but not always, successful in eliciting sufficient information to clarify which item was 

being described.



60 

    
 

Participant  Spontaneous Description Score Prompt Prompted Response Item  

L PCA 1 
 

Well a * is… before we had 
electricity most people used *.  
Some way to get light.  So they’re 
usually uh [latency, 6 seconds], 
have a material that [latency, 7 
seconds] melts as it receives heat.  
Somehow they’ll have that material 
in a jar or you know just a solid 
base.  Something in the center to 
light up.  As that lights, it melts the 
material and it burns.  Um. I just 
can’t think of anything more about 
it. 

+ NA NA candle 

L PCA 2 A * can be very tall, can be shorter. 
It, a * has very small, I can't even 
think what you call those things. 
[latency, 10 seconds] Very small, I 
can't think of what they are called 
uh oh well. There's hundreds of 
thousands on a tree, they are 
normally green, they're not leaves.  
I can't think of what they are, uh 
they are very sturdy, they're very 
messy. Uh, I wish I could think of 
what that thing is. oh well... 

- Can you tell me 
more about the 
things you are 
trying to 
remember the 
name of? 

Uh the thing can be very small or 
fairly large depending on the size 
of the tree. It comes to a point, it's 
flat, normally green.  When it 
dries up its brown.  Uh, this tree 
puts out what we call sap, very 
sticky, uh, touch it and it's very 
difficult to get off your hands or 
clothing….about it. 
 

pine 
tree 

Table 9: Examples of patient participants’ responses to the verbal description task 
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Participant  Spontaneous Description Score Prompt Prompted Response Item  

ATL 4 A * is four legged, tail, two eyes, 
nose, horns.  Get them out at various 
colors. The one they show you uh 
particularly is Elsie the *, she's white 
with black spots. And almost 
invariably they are going to be uh 
short fur, cloven hooves....I can see 
the * in my mind.  

+ Can you tell 
me anything 
else about 
what they are 
for, or what 
they do? 

Ok most uh, well you can get *, dairy 
farm, ranchers, ones on ranches are uh 
grown for meat. One's on the dairy 
farms are for milk and cream. Some 
people have them as pets, but they just 
require so much room that you can't 
really keep them in your house. They're 
not house pets. 

cow 

ATL 2 A * the size can vary on a *. They use 
it, the usual size from what I've seen 
is about 5 feet. And they are very, 
some of them are very deadly.  Some 
of ‘em are not poisonous at all but 
very protective over themselves. Um, 
they, some of ‘em are, some of ‘em 
are all different colors and blend in. 
They're just ones you don’t want to 
mess with.  

- Can you tell 
me a little bit 
more about 
what they 
look like? 

Yeah some of em, depending on the *, 
some can have real long fangs.  And 
others won't just barely have any fangs 
at all, depending on what they eat. And 
they are different colors, some are 
brown, green, like an orange-brown 
color. And uh they are just ones that live 
out in the desert and hibernate in the 
winter, come out in the summer. That's 
it. 
 

snake 

Table 9: Examples of patient participants’ responses to the verbal description task cont. 
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 Finally, it is relevant to note at this point, based on a review of responses across each of 

the three tasks that utilized common stimuli, confrontation naming, naming to definition and verbal 

description, patients did not tend to make cross-modal naming errors on the same items.  For 

example, L PCA 3 was not able to retrieve the correct name for the picture of a ‘sun’ during the 

confrontation naming task (“moon or star, I guess moon”), however he did correctly identify the 

item upon hearing both functional and perceptual definitions.  In another instance, L ATL 3 did not 

provide a detailed enough verbal description to receive a score of correct on the item “cigarette”, 

but he did name the picture accurately during the confrontation naming task.  The only instances 

in which infrequent cross-modal naming errors occurred were times when participants clearly 

indicated that they knew what the item was, but could not think of the name.  For example, L PCA 

6 was unable to identify the name for dandelion during the naming to definition task for the 

functional definition (“I know what you’re speaking of, it’s fluffy and round, I don’t know the name 

of it.  We used to blow those around when I was a kid”) or the perceptual definition (“I don’t know, 

daffodil?  It’s the same object from last week, I didn’t know it then either”) and he was still not able 

to retrieve the name during the confrontation naming task, even though he had previously 

correctly named it subsequent to phonemic cues provided during the naming to definition task  

(“That’s that same puffy thing  you’re always asking me about”). 

 

Verbal Fluency 

Participants’ performance on the verbal fluency task is shown in Figure 10.  Each of the four 

semantic category fluency tasks are displayed for each participant group, along with performance 

on a phonemic fluency task, FAS/3 minutes.  Verbal fluency performance was included as a more 

rigorous test of lexical retrieval. 
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No main effect for group was revealed in the 2 (group) x 5 (stimulus type) within-subjects 

repeated measures ANOVA performed for the L ATL patients and their matched control group.  A 

main effect for stimulus type, F(4,28) = 8.955; p= 0.000, was obtained.  Follow-up contrasts, with 

adjusted alpha level < 0.01, indicated that animate categories elicited more responses than 

inanimate categories, t(28) = 4.698, p= 0.000, and FAS/3 minutes, t(28) = 3.181, p= 0.004, and 

that, within animate categories, animals elicited more responses than plants, t(28) = 3.342, p= 

0.002.  As there was no difference between the L ATL participants and their matched controls at 

the group level, z-scores were calculated for each L ATL participant using the mean score and 

standard deviation of their control group.  Impairment was defined as > 2 standard deviations 

below the mean.  Individual performance of each L ATL participant is shown in Figure 11.  Based 

on their z-scores, the following 4/8 L ATL patients demonstrated impaired verbal fluency: L ATL 2 

(animals & plants), L ATL 5 (vehicles & tools), L ATL 6 (animals & vehicles), L ATL 7 (animals).   

No clear pattern of impaired or spared semantic fluency emerged from these data, although no L 

ATL patients were impaired relative to their matched controls on letter fluency.   

 

 

Figure 10: Participant performance on verbal fluency task 
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 In comparing performance of the L PCA patients and their matched control group, a 2 

(group) x 5 (stimulus type) within-subject repeated measures ANOVA indicated main effects for 

group, F(1,7) = 18.504; p= 0.004, and stimulus type, F(2.05, 14.33) = 10.016; p= 0.002, (reported 

p-value was adjusted using the Greenhouse-Geisser adjustment), and an interaction between 

group x stimulus type, F(4,28) = 5.027; p= 0.004.  Follow-up contrasts (adjusted alpha < 0.0055) 

indicated both within and between group differences.  For controls, the combined animate 

categories elicited a greater number of responses than the combined inanimate categories, t(28) 

= 7.672, p= 0.000, and FAS / 3 minutes, t(28) = 4.541, p= 0.000.  There were no differences 

across stimulus types within the L PCA group.  Relative to between group differences, controls 

named significantly more items than L PCA patients for animate categories combined, t(28) = 

11.576, p=0.000, inanimate categories combined, t(28) = 5.48, p= 0.000, and FAS / 3 minutes, 

t(28) = 5.987, p= 0.000.  

 Verbal fluency performance of individual L PCA patients was also converted to z-scores 

using the mean and standard deviation derived from their matched control group.  Individual L 

PCA patient performance is shown in Figure 12. 

 

Figure 11: Performance of each L ATL participant on verbal 
fluency tasks 
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L PCA 2, L PCA 6, L PCA 7 and L PCA 8 did not exceed the cut-off for impairment on any verbal 

fluency tasks.  L PCA participants 1, 3, 4 and 5 were impaired on animate categories, with L PCA 

5 demonstrating impairment on inanimate categories as well.  None of the L PCA participants 

were impaired for letter fluency at the criterion of > 2 standard deviations below the mean. 

 A 2 (group) x 5 (stimulus type) between-subject repeated measures ANOVA was used to 

compare verbal fluency performance between the two patient groups.  A between subjects effects 

was indicated, F(1,14) = 10.305; p= 0.006, such that overall the L ATL patients named more 

items than the L PCA patients.  A main effect for stimulus type also was obtained, F(2.12, 30.6) = 

7.79;  p= 0.001 (p-value adjusted using Greenhouse-Geisser correction).  Follow-up contrasts 

(adjusted alpha < 0.016) indicated that overall, more animate than inanimate items were named, 

t(30)= 3.228, p= 0.003.  An additional 2 (group) x 5 (stimulus type) within-subject repeated 

measures ANOVA was performed combining the patient and controls groups into two larger 

groups.  This analysis revealed a main effect for group, F(1,15)= 15.559; p= 0.001, such that 

controls named significantly more items than “temporal lobe damaged” patients.  A main effect for 

stimulus type was also obtained, F(4,60)= 17.848; p= 0.000.  Follow-up tests using a corrected 

Figure 12: Performance of each L PCA participant on verbal 
fluency tasks 
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alpha = 0.016 demonstrated that the combined animate categories generated more names than 

either the combined inanimate categories, t(60)= 4.989, p=0.000, or FAS, t(60)= 3.445, p= 0.001.  

There was no interaction between group x stimulus type. Finally, using the verbal fluency z-

scores for each patient, another 2 (group) x 5 (stimulus type) between-subjects repeated 

measures ANOVA was performed.  No difference in severity of verbal fluency impairment was 

found between the two patient groups, nor was there a main effect for stimulus type. 

 To qualify further the pattern of performance in these patient groups, correlations were 

performed using obtained z-scores to examine the relationship between performance on the BNT 

and verbal fluency performance.  Taking all patients together, BNT performance was correlated 

with total semantic category performance (average of animals, plants, vehicles and tools), r= 

0.506, p= 0.045.  Further analysis revealed that performance on the semantic category “animals” 

was the only individual category for which a significant correlation with BNT performance was 

obtained, r= 0.639, p= 0.008. There was no correlation between FAS performance and BNT 

scores.  As we have seen, “animals” appears to the category that generates the greatest number 

of items, both for controls and for patients.  It may be that this category is a good predictor of 

impairment precisely because it should elicit a large number of items, so when very few items are 

elicited, that is a strong sign of impairment.  Conversely, inanimate categories, as they appear to 

elicit relatively fewer items even from controls, may not be as strong indicators of impairment.  It 

is important to keep in mind, however, that the animate categories used in this study were very 

broad, which may have facilitated elicitation of large numbers of items.  Other studies (e.g., 

Rapcsak, Beeson, Gutmann, & Henry, unpublished data), which have used more narrow animate 

categories (e.g., breeds of dogs, names of sea animals) have found the opposite effect, such that 

animate categories elicited fewer responses.  Furthermore, conversion of verbal fluency totals to 

z-scores confirms that, relative to controls, none of the left temporal lobe patients were 

significantly impaired for letter fluency, and, as such, this is not a strong indicator of naming 

impairment in patients with left temporal lobe damage.   
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Semantic Tests 

 Group performance of the L ATL participants and their matched controls on the 3 

measures of semantic knowledge is presented in Table 10. 

 

 

 Pyramids & 
Palm Trees Test 

(52/52) 

Arizona Semantic Test 
(40/40) 

PALPA 49: Auditory Synonym 
Judgment 

(60/60) 

Left Anterior 
Temporal 
Lobectomy 

48.8 (1.39) 39.8 (0.46) 55.1 (2.80) 

Younger 
Control 

51.0 (1.07) 39.9 (0.35) 57.8 (2.43) 

 

Paired t-tests between L ATL patients and their matched controls indicated a significant 

difference in performance between the patient and control groups on the Pyramids & Palm Trees 

Test (P&PTT), t(7) = 3.813, p= 0.007, and on the PALPA 49: Auditory Synonym Judgment, t(7) = 

2.384, p= 0.049.  However, it should be noted that no L ATL participant performed below the 90% 

(46.8/52) cutoff on the P&PTT and only two L ATL participants, as well as one younger control, 

performed below a 90% (54/60) cutoff on the PALPA 49.   Furthermore, during testing, anecdotal 

evidence suggested that participants were responding incorrectly because they did not know the 

meaning of some of the stimulus items. An exploratory regression of L ATL participants’ PALPA 

49 performance with demographic variables as predictors suggested that age of onset of seizures 

was significantly correlated with PALPA 49 performance, R= .809, R
2 
change= .654, p= 0.01.  

While education did not affect a significant R
2
 change in the regression model, there was a 

correlation between education and PALPA 49 performance, r= 0.702, p= 0.026.   Finally, there 

was a weak trend toward correlation between education and age of seizure onset.  Taken 

together, this evidence provides modest support for the thought that performance on this task 

was slightly reduced in the L ATL group not because of semantic deficit, but due to a lack 

Table 10: Semantic test performance for L ATL patients and their control group 
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educational experience with vocabulary.  Finally, there was no difference between the L ATL 

patients and their matched controls on the Arizona Semantic Test.   

 Group performance of the L PCA participants and their matched controls on the semantic 

tests is shown in Table 11. 

 

 

 Pyramids & 
Palm Trees 

Test 
(52/52) 

Arizona Semantic Test 
(40/40) 

PALPA 49: Auditory Synonym 
Judgment 

(60/60) 

Left Posterior 
Cerebral Artery 
Stroke 

50.3 (1.58) 38.8 (1.49) 58.0 (0.93) 

Elder Control 51.5 (0.76) 39.3 (1.39) 59.1 (0.64) 

 

Paired t-tests indicated that there was no difference between the L PCA patients and their 

matched controls on either the P&PTT or the Arizona Semantic Test.  There was a significant 

difference between the two groups on the PALPA 49, t(7) =2.553, p= 0.038, though no L PCA 

participants performed below the 90% cutoff.   

 Independent t-tests indicated that the only significant difference between the two patient 

groups was on the PALPA 49, t(8.513) = 2.757, p= 0.023.  In addition, the relationship between 

naming performance and semantic test performance was also analyzed with L ATL and L PCA 

participants considered as a single patient group.  In this case, the only significant correlation was 

between naming performance, as measured through BNT z-scores, and performance on the 

P&PTT , r= 0.594, p= 0.015. 

 Finally, performance on semantic measures was examined in relation to lesion 

characteristics for the patient participants.  Lesion volume and lesion location, expressed as 

percent damage to select BAs (38, 21, 20, 37), was examined in exploratory regressions with the 

two semantic tests on which patients’ performance differed significantly from controls, the P&PTT 

and the PALPA 49.  In these regressions, all patients with temporal lobe damage were 

Table 11: Semantic test performance for L PCA patients and their control group 
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considered as a single group.  Relative to the P&PTT, percent damage to BA 20, r= -0.524, p= 

0.019, and BA 21, r= -0.601, p= 0.007, were independently correlated with performance such that 

greater percentage of damage was related to reduced performance.  However, in the regression 

model, neither variable was a significant predictor or R
2
 change.  Relative to the PALPA 49, there 

were no significant correlations with lesion volume or percent damage to BAs 38, 21, 20 or 37.   

 

Reading and Spelling Performance 

Participants’ reading and spelling performance on regular, irregular and phonologically plausible 

non-words may be found in figures 13 and 14 respectively. 

 

 

 

 

 

 

 

 

 

 

Figure 13: Group single word reading performance 
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Within-subject 2 (group) x 3 (stimulus type) repeated measures ANOVAs were used to compare 

performance of the patient groups to their matched controls.  These analyses indicated that there 

was no significant difference between the L ATL patients and their control group for either single 

word reading or spelling.  Furthermore, neither the L ATL group, nor their control group, 

demonstrated significant effects of stimulus type.  However, visual inspection of the performance 

of the L ATL group suggests that they did have some difficulty with spelling. In fact, the great deal 

of variability in the performance of individuals within this group on both irregular words (mean= 

81.25, SD= 16.54) and non-words (mean= 88.66, SD= 20.76) may have contributed to the lack of  

significant effect.  In addition, regularity effects (% correct regular words - % correct irregular 

words) were calculated for each participant.  A paired sample t-test demonstrated that the 

regularity effect was significantly greater in the L ATL group than for their matched control group, 

t(7)= 2.662, p= 0.032.  This pattern suggests that additional testing with a larger corpus of words 

is warranted to qualify the extent and nature of impairment in this population. 

 Main effects for reading were obtained in the comparison of the L PCA patients and their 

matched controls for both group, F(1,7) = 8.936, p= 0.02, and stimulus type, F(2,14) = 11.865; p= 

0.001.  There was also an interaction between group x stimulus type, F(2,14) = 5.707; p= 0.015. 

Follow-up contrasts were performed at a corrected alpha < 0.01.  These contrasts indicated that 
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Figure 14: Group writing to dictation performance 
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controls were able to read both irregular words, t(14) = 3.492, p= 0.004, and non-words, t(14)= 

5.927, p= 0.000, significantly better than did the L PCA patients. Within the L PCA group, both 

regular words, t(14) = 5.927, p= 0.000, and irregular words, t(14) = 3.583, p= 0.003, were read 

better than non-words. However, when lexicality effects were calculated for each participant ((% 

regular words correct + % irregular words correct) - % non-words correct), the difference between 

the L PCA group and their matched controls was not significant, t(7)= 2.006, p= 0.085.  

Furthermore, while there was no significant difference between regular and irregular word reading 

within the L PCA group, this group did demonstrate a significant regularity effect relative to their 

matched controls, t(7)= 2.994, p= 0.02. It should also be noted that several of the participants 

demonstrated overt use of a letter-by-letter reading strategy in which oral spelling of words 

facilitated single word reading.   

 Main effects for spelling were obtained for both group, F(1,7) = 19.306; p= 0.003, and 

stimulus type, F(2,14) = 6.523; p= 0.010, when comparing the L PCA patients to their matched 

controls.  In addition, an interaction between group x stimulus type was indicated, F(2,14) = 

5.462; p= 0.018.  Follow-up contrasts at adjusted alpha < 0.008 indicated that controls performed 

significantly better on irregular words than did L PCA patients, t(14) = 6.763, p= 0.000, and that 

within group, the L PCA participants spelled both regular words, t(14) = 3.999, p= 0.001, and non-

words, t(14)= 4.333, p= 0.001, significantly better than they spelled irregular words.  Improved 

performance for regular words was confirmed through the calculation of regularity effects for each 

participant.  The spelling regularity effect for the L PCA patients was significantly greater than that 

in their matched control group, t(7)= 3.872, p= 0.006.  This performance indicates a profile of 

spelling impairment that is commensurate with surface (or lexical) agraphia. 

 As similar trends were noted in each of the two patient groups, reading and spelling 

performance was also examined considering all patients as a single group.  Relative to reading 

performance, a 2 (patient versus control) x 3 (stimulus type) within-subject repeated measures 

ANOVA revealed main effects for group, F(1,15)= 10.828; p= 0.005, and stimulus type, 

F(1.2,18.662)= 9.611; p= 0.004 (p-value adjusted using Greenhouse-Geisser correction).  There 
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was also a trend toward significant interaction between group x stimulus type, F(1.3,19.43)= 

3.792; p= 0.057 (p-value adjusted using Greenhouse-Geisser correction).  Follow-up analyses, at 

a corrected alpha level = 0.006, indicated that patients with left temporal lobe damage read non-

words, t(19)= -3.766, p= 0.001, with significantly less accuracy than did controls, with a trend 

toward decreased patient performance also demonstrated for irregular word reading, t(7)= -2.777, 

p= 0.012.  Analysis of regularity and lexicality effects indicated that patients demonstrated a 

significant reading regularity effect, t(7)= 3.317, p=0.005, compared to controls, however the 

difference between reading lexicality effects for patients and controls was not significant.  For 

spelling performance, main effects for group, F(1,15)= 17.744; p= 0.001, and stimulus type, 

F(1.4,20.86)= 8.598; p= 0.004 (p-value adjusted using Greenhouse-Geisser correction), were 

obtained.  There was also an interaction between group x stimulus type, F(1.4,21.18)= 5.91; p= 

0.016 (p-value adjusted using Greenhouse-Geisser correction).  Follow-up contrasts at corrected 

alpha = 0.008, indicated that patients spelled irregular words less accurately than did controls, 

t(21)= -5.52, p=0.000.  Within group, patients had more difficulty spelling irregular words than 

either regular words, t(21)= -4.205, p= 0.000, or non-words, t(21)= -3.305, p=0.003.  Furthermore, 

the spelling regularity effect present in the patient group was significantly greater than that for 

matched controls, t(15)= 4.665, p= 0.000. 

 Finally, several studies have suggested that there is a relationship between impaired 

reading and spelling performance and decrement to semantic knowledge (Patterson, 1986; 

Patterson & Hodges, 1992; Graham, Hodges, & Patterson, 1994; Graham, Patterson, & Hodges, 

2000), in particular in patients with semantic dementia.  In our patients with unilateral left temporal 

lobe damage, there were no significant correlations between reading or spelling performance and 

performance on semantic tests.  The preponderance of data suggests that damage within the left 

temporal lobe will affect reading and spelling ability, with a particular difficulty noted for spelling of 

irregular words.  This impairment is likely due to a disruption to the orthographic output lexicon 

rather than degradation to semantic knowledge.  This may be the result of direct lesion to BA 37 

(in the L PCA patients), or may be due to hypometabolism in this region, resulting from structural 
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damage farther anterior (in the L ATL patients).  While no conclusions may be drawn from the 

current data set with so few items, these results suggest that further testing is warranted.
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Performance of Patient with Semantic Dementia 

 
Confrontation Naming 

For qualitative comparison with the performance of the two unilateral temporal lobe lesion groups, 

the 36-item common stimuli verbal confrontation naming task was also administered to the patient 

with a diagnosis of semantic dementia.  As demonstrated in Figure 15, SD 1 was severely 

impaired in his verbal naming of animate items relative to inanimate items, X
2
 = 12.04; p=0.000. 

 

 

 

 

 

 

 

 

Naming to Definition 

SD’s naming to definition performance, as shown in Figure 16, indicated severe impairment for 

animate items, regardless of whether the definition was functional or perceptual, with impairment 

for inanimate items being particularly pronounced when definitions were perceptual. 

 

 

 

 

 

 

Figure 15: Verbal confrontation naming performance of SD 1 
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Verbal Description 

The performance of the patient with semantic dementia on the verbal description task was 

severely impaired, as shown in Figure 17.  As with the other participants, scoring was based on 

spontaneous, unprompted responses. 
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Figure 16: Naming to Definition performance of SD 1 

Figure 17: Verbal Description performance for SD 1 
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Participant SD1 had a great deal of difficulty with this task. While he did not produce any overtly 

incorrect information in the majority of his responses, 16/18, were lacking in sufficient detail to be 

scored as correct.  SD 1’s most frequent strategy for describing both animate and inanimate 

items was to rely on references to his personal history and experience.  For five out of these 16 

items, prompting for functional or perceptual information elicited what was considered to be 

adequate detail.  The following exchange demonstrates an example in which SD 1 was able to 

provide some appropriate information following cues, the word “glasses” has been removed from 

transcription of his spoken responses: 

 
 
SD 1: Description of Eyeglasses 
 
SD 1: * is something that I’ve had to use most of my uh, life with IBM, so I can’t tell you much 
more than look at what I got [laughs] 
 
Clinician prompts: (Can you tell me what they are used for?) 
 
SD 1: Well, if I take these off, my, everything looks fuzzy, and this brightens them for me. 
 
Clinician prompts: (Can you tell me what they look like?) 
 
SD 1: What they look like? [holds up his own glasses, cued for description of “glasses in general”] 
Well, they look like two, two uh, glasses, there’s a, a glass to the left and a glass to the right and 
then ya hold ‘em on your head by hooking ‘em up to your window, your ear on each side of your 
head. 
 
 
Verbal Fluency 

As Figure 18 shows, the patient with semantic dementia was severely impaired on all semantic 

and phonemic fluency tasks. 
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Semantic Tests 

 

Pyramids & 
Palm Trees Test 

(52/52) 

Arizona Semantic Test 
(40/40) 

PALPA 49: Auditory Synonym 
Judgment 

(60/60) 

41 32 37 

 

As shown in Table 12, SD 1 demonstrated approximately equivalent impairment on the two tests 

of nonverbal associative semantic knowledge, (P&PTT = 79% correct, AST = 80% correct).  As 

table 12 demonstrates, he was sometimes able to describe the semantic association between 

items (see stimuli = nail, dress), although this overt self-cueing did not always facilitate a correct 

response (see stimulus = pocketbook).  His self talk also suggested that, at times, he could not 

recall the instruction to match the stimulus to one of the response choices, instead he attempted 

to decide which of the four response choices was different from the others (see stimulus = 

butterfly).  This occurred even though the clinician pointed to each stimulus item and reiterated, 

“Which goes with this one?”.  

 

Figure 18: Performance of patient with semantic dementia on 
verbal fluency tasks 

Table 12: Participant SD 1: Performance on Semantic Tests 
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Stimulus Response Choices Correct 
Response 

SD 1’s 
Response 

SD’1’s 
Comment 

nail hammer, pliers, nut, chain hammer hammer “… the tool it 
needs” 

dress necklace, tie, hat, crown necklace necklace “… something 
for the lady” 

pocketbook suitcase, envelope, sweater, boot suitcase envelope “…to hold 
things” 

butterfly caterpillar, beetle, ant, leaf caterpillar leaf “… the only 
one that’s not 

a bug”. 

 

His performance on the more rigorous test of auditory synonym judgment indicated greater 

impairment (PALPA 49 = 62% correct).  SD 1 did perform better on highly imageable stimulus 

pairs than he did on low imageability pairs (see Figure 19).  In addition, regardless of stimulus 

type, he most frequently responded “yes”, that items did “mean nearly the same thing”.  This 

suggests that a number of his correct “yes” responses may have occurred by chance.  As Table 

13 demonstrates, his ability to describe the relationship between items, even when his yes/no 

response was correct, was severely impaired. 

 

Table 13: Examples of SD 1 responses on the AST 

Figure 19: SD 1’s correct responses to PALPA 49 stimuli 
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 Finally, it is noteworthy that comparison of the performance of the L ATL and L PCA 

groups respectively with SD 1’s performance demonstrated significant differences between 

performance of SD 1 and each of the other patient groups  for all three semantic tests, P&PTT, t= 

5.26, p<0.01; t=5.52, p<0.01, the AST, t= 15.78, p<0.001; t= 2.48, p<0.01, and the PALPA 49, t= 

6.01, p<0.01; t= 21.39, p<0.001. 

Stimulus Pair Correct 
Response to 

“Do they mean 
nearly the same 

thing?” 

SD 1 response SD 1 comment 

agreement – threat No Could not decide 
 (no response) 

“They are part of the same 
thing, it’s decision making, 
they don’t mean the same 

thing, but the thing that they 
are is the same” 

battle-money No Yes “In a way, they are similar” 

reality-truth Yes Yes “I can say yes on that one 
because it’s a matter of 
relating to your family” 

Table 14: Examples of SD 1’s responses on the PALPA 49: Auditory Synonym Judgment 
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DISCUSSION 

 

 The purpose of this study was to examine the role of the left inferior temporal lobe in 

naming and semantic knowledge.  To that end, 8 patients who had undergone surgical resection 

of the left anterior temporal lobe and 8 patients who had sustained infarctions to the left posterior 

cerebral artery were examined on a number of naming tests and measures of semantic 

knowledge, as well as on screening tests of single word reading and spelling ability.  All patients 

demonstrated damage to left Brodmann Area 20, with all of the L ATL patients and one of the L 

PCA patients demonstrating anterior lesion extension into the temporal pole.  The majority of L 

PCA patients and one L ATL patient also demonstrated posterior lesion extent into BA 37.  

Anterior medial temporal lobe damage was also observed in all of the L ATL participants and in 

two of the L PCA participants as well.  Damage in occipital regions (i.e., BAs 19, 18, 17) was 

restricted to participants in the L PCA group. Behavioral data were also collected from controls 

that were age-matched to each of the patient participants.  Finally, behavioral data were collected 

on assessments of naming and semantic knowledge from one individual with a diagnosis of 

semantic dementia, who demonstrated bilateral atrophy to left anterior temporal cortex. 

 

Characterization of Naming Impairment and Semantic Knowledge 

 As predicted, the performance of the L ATL and the L PCA groups on the lexical retrieval 

tasks was quite similar.  While only the L PCA group demonstrated a significant difference from 

matched controls on the confrontation naming task that utilized common stimuli, there was no 

difference between the two patient groups on this task.  The performance profiles of the two 

patient groups were similar in that both groups had more difficulty naming animate than inanimate 

items.  However, this should not be taken as strong evidence of an animacy effect.  The two 

animate items that generated the greatest number of error responses were items that are likely 

both later acquired and less frequent as compared to the majority of other items, both animate 

and inanimate, that were used, and both of these variables have been shown to have a strong 
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effect on naming performance (Nickels & Howard, 1995; Bell, Davies, Hermann, & Walters, 2000; 

Hodgson & Ellis, 1998; Ellis & Morrison, 1998).  This suggests that the animacy effect observed 

in the patient groups on the confrontation naming task may be due to the influence of these more 

difficult items, rather than to a general deficit in their ability to name animate items.  Finally, there 

was no difference in the severity of naming impairment on the more rigorous BNT, as both groups 

demonstrated performance that ranged from severely impaired to unimpaired.  For both groups, 

the majority of error responses on the BNT were semantically appropriate circumlocutions.   

 Both patient groups demonstrated significant differences on the naming to definition task 

and on the verbal description task relative to their matched controls, while they were not 

statistically different from each other.  In observing the pattern of performance in the naming to 

definition task, it appears that naming from definitions that contained perceptual information was 

particularly difficult for both L ATL and L PCA patients and that this difficulty was particularly 

pronounced for animate items.  For the verbal description task, patients were more likely to 

provide functional information than perceptual information regardless of the animacy of the item.  

Similar findings relative to naming to definition and verbal description tasks have been previously 

reported in some (Lambon Ralph et al, 1998 (IW); Lambon Ralph, et al, 1999; Marshall, et al, 

1995/1996, Lambon Ralph, et al, 2003 (MA, AT, SL, KH)), but not all (Lambon Ralph, et al, 1998 

(DB); Gainotti & Silveri, 1996, Lambon Ralph, et al, 2003 (AN, CS)), of the cases in which this 

dichotomy has been investigated.   

 One possible explanation for the difficulty in processing perceptual information observed 

in the current patient groups may relate to lesion location.  In a PET study of non-brain damaged 

individuals, Bookheimer and colleagues (1998) found that auditory descriptions of objects 

produced activation in visual areas (e.g., bilateral BA 17) and areas that have been implicated in 

object recognition (e.g., left fusiform gyrus), which suggests that one strategy people employ to 

perform these tasks is object visualization.  For patients in the current study, who had damage to 

this region, this object visualization strategy may be hampered, reducing the ability to utilize 

visual/perceptual information more than the ability to utilize functional/associative information.  
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However, two caveats are apparent relative to this point.  First, there was no evidence in any of 

our patients of visual agnosia, which is typically associated with bilateral damage to inferior 

occipitotemporal regions (Kertesz, 1987).  Pre-semantic visual processing ability was confirmed 

through performance on the RCPM and none of the subjects benefited from tactile cues during 

the auditory word recognition portion of the WAB.   Furthermore, it must be acknowledged that 

functional imaging studies that have attempted to find a link between activation in regions 

damaged in our patients, including the left fusiform, and explicit processing of perceptual features 

have produced inconsistent results (Noppeney and Price, 2003).    

 Another possible reason for the difficulty patients had processing perceptual information 

may relate to characteristics of the stimuli.  A trend toward superior performance when utilizing 

functional information was also observed for the control participants, which is particularly 

interesting as previous studies that have utilized controls have found either no difference between 

functional and perceptual information use (Borgo & Shallice, 2003; Farah & Rabinowitz, 2003) or 

have reported the opposite effect (Hodges, et al, 1996; Lambon Ralph et al, 2003).   The current 

findings suggest that processing of perceptual information, both for receptive tasks (listening to a 

definition) and expressive tasks (providing descriptive information) is more difficult.  While this 

distinction does not have a significant impact on overall accuracy of performance for non-brain 

damaged individuals, it may have a non-trivial effect on patients, who are working with an already 

taxed system.  Furthermore, studies have demonstrated that visual / perceptual features may be 

more salient for animate than inanimate items (Beeson, Patel, & Holland, 1997; Vinson, Vigliocco, 

Cappa, & Siri, 2003), so that difficulty processing perceptual information will affect performance 

on animate items more so than inanimate items.  In addition, relative to the naming to definition 

task, a great deal of care was taken in attempting to create definitions that contained sufficient 

and specific perceptual information.  However, this type of information does tend to be less 

specific to individual, unique items than does functional information, which may have a greater 

detrimental impact on animate categories, which tend to have more shared (Tyler et al, 2000) or 
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correlated (Vinson et al, 2003) features relative to visual structure (Humphreys & Riddoch, 2003; 

Rogers, et al, 2004).   

 Several trends are revealed from examination of the verbal fluency data.  It seems that 

both patients and controls named animate items, particularly animals, more easily than any other 

category.  This evidence suggests that the effects of animacy in the verbal fluency task may have 

been stimulus dependent rather than characteristic of the impairment in the patients.  In fact, 

animacy effects dropped out in the between patients comparison that utilized z-scores.  Taken 

together with the findings for the other naming tasks in which greater difficulty with animate items 

was demonstrated (which, as previously discussed, may also have been stimulus dependent) the 

evidence for a category-specific deficit (a.k.a. animacy effect) in these patients is at best, 

underwhelming.   Furthermore, when z-scores were utilized, neither patient group demonstrated 

impaired letter fluency.  This finding converges with functional neuroimaging work, which has 

demonstrated that, while semantic category fluency is mediated by regions of the left extrasylvian 

temporal lobe, letter fluency is mediated within regions of the posterior left frontal lobe (Mummery, 

et al, 1996), which was not damaged in these patients.  Relative to the category fluency task, it 

was surprising that the L ATL participants, as a group, were not impaired in comparison to their 

matched controls, especially in light of previous evidence that has been reported in which patients 

with temporal lobe epilepsy demonstrated reduced verbal fluency (Troster, Warmflash, Osorio, 

Paolo, Alexander, & Barr, 1995).   Certainly, across tasks, the L ATL participants as a group 

demonstrated impaired naming performance, which was roughly comparable to that of the L PCA 

group.    

 Finally, it should be noted that some, but not all, of the patients who were unimpaired on 

the verbal fluency task were also unimpaired on the BNT.  This finding was observed in a 

previous study conducted in our lab (Antonucci, et al, 2004).  We hypothesized that the 

unimpaired performance of MH, who scored perfectly on the BNT despite having sustained a 

sizable lesion to the left extrasylvian temporal lobe, was due to his relative youth compared to the 

other members of the study.  MH was also included in the current study, and he again, along with 
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several other participants both from the L ATL and the L PCA groups, demonstrated unimpaired 

performance on the tests of confrontation naming and verbal fluency.  Review of previous studies 

of groups of L PCA (De Renzi, et al, 1987) and L ATL patients (Blaxton & Bookheimer, 1993; 

Biederman, et al, 1997; Hermann, et al, 1999; Bell, et al, 2003) demonstrated that the current 

evidence of a subgroup of patients without naming deficits is not uncommon. Some authors have 

either not addressed the question as to why some patients might be unimpaired, or have 

speculated that it might be due to individual differences.  In one study of L ATL patients who did 

not experience decline in naming performance following left anterior temporal lobectomy 

(Hermann, et al, 1999), it was hypothesized that stability of naming performance was due to an 

early age of seizure onset, which may have initiated cortical reorganization (Loring, Strauss, 

Hermann, Perrine, Trenerry, Barr, Westerveld, Chelune, Lee, & Meador, 1999;  Seidenberg, 

Hermann, Shoenfeld, Davies, Wyler, & Dohan, 1997; Glosser, Saykin, Deutch, O’Connor, & 

Sperling, 1995).  This reorganization may not take place in adult onset patients, thereby leaving 

them more vulnerable to deficits following resection of portions of the brain thought to be involved 

in semantically guided lexical retrieval.  However, that is not sufficient to explain the performance 

of the current group of L ATL participants.  Although reporting of pre-operative naming ability was 

inconsistent, patients with both early childhood and adult-onset of seizures demonstrated 

relatively equivalent pre and post-operative naming impairment and some patients with adult 

onset of seizures were not impaired on naming tests either before or after surgery.  Considering 

that the spectrum of naming performance was comparable in the two current patient groups, and 

given the considerable lesion overlap of the two groups, follow-up analyses were performed 

including all patients together.  In the current study, no significant demographic or disease onset 

related variables emerged as adequate predictors of naming impairment or lack thereof.  Analysis 

of lesion characteristics suggested a relationship between naming performance and lesion 

volume and, to a lesser degree, percentage of damage to BAs 20 and 21.  These analyses 

suggested that larger lesions, particularly with greater degree of involvement of BAs 20 and 21, 

were correlated with increased severity of naming impairment.  This finding relative to BA 20 and 
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severity of naming impairment was also noted in our previous research (Antonucci, et al, 2004).  

Finally, as was true for overall lexical retrieval performance, the two patient groups were also 

similar relative to their performance on the tests of semantic knowledge.   

 

Nature of the impairment 

 Having ascertained that there was no marked difference in the performance of the two 

patient groups, it is now possible to address our question about the role of the left inferior 

temporal lobe in naming and semantic knowledge: Is the naming impairment in patients with 

damage to this region the result of degraded semantic knowledge, or is it due to a disconnection 

between preserved semantic knowledge and access to word form knowledge?  First and 

foremost, it must be established whether or not a semantic deficit was evident.  It is true that 

there was evidence of slightly reduced performance relative to controls on some of the tests of 

semantic knowledge.  In particular there was evidence that the L ATL participants had mild 

difficulty on the more rigorous test of auditory synonym judgment.  Also, there was evidence that 

these patients had greater difficulty with a particular kind of semantic knowledge, namely, 

utilization of visual/perceptual information.  However, as previously discussed, there may have 

been mitigating factors that influenced both of these findings.  Relative to verbal description 

performance, production of descriptions that contain some correct information, but that lack 

adequate specificity, has been taken as evidence of semantic impairment in previous reports 

(Bell, et al, 2001).  However, in the Bell, et al, study, patient responses could not be further 

characterized by their ability to use cues to produce additional information because such cues 

were not provided.  It is not clear that failure to spontaneously provide certain pieces of 

information necessarily indicates that individuals do not possess such information.  Finally, in the 

current analysis of all individuals with temporal lobe damage as a single group, performance on 

one test of nonverbal semantic knowledge (the P&PTT) was correlated with performance on the 

Boston Naming Test.  These individual pieces of evidence might suggest that the origin of the 

naming impairment in these patients could be semantic in nature.  However, examination of 
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additional evidence suggests otherwise.  When compared to the performance of participant SD 1, 

who demonstrated significantly greater impairment on both nonverbal tests of semantic 

association and on the more complex test of auditory synonym judgment, the performance of the 

L ATL and the L PCA groups suggests fairly well-preserved semantic knowledge, particularly in 

light not only of the accuracy but also of the quality of SD 1’s responses.  Furthermore, unlike SD 

1, all of the L ATL and L PCA participants demonstrated excellent auditory comprehension, even 

of the more abstract instructions for the PALPA 49.  Observed in the context of the patients’ 

overall performance, the preponderance of evidence demonstrates the reserve of a great deal of 

semantic knowledge that was utilized during naming tasks.  All patients were able to provide 

semantic information during naming tasks, in the form of semantically appropriate 

circumlocutions.  Also, in the few instances when semantic errors were made, patients were 

aware of their errors.  This pattern of error responses has been taken in the past as evidence of 

well-preserved semantic knowledge (Lambon Ralph, et al, 2000).  Furthermore, there was no 

evidence for a pattern of item-specific cross modal naming errors to suggest that semantic 

representations were degraded.  Although some authors have argued that inconsistency of 

naming responses across trials can be evidence of impaired conceptual knowledge (e.g., Rapp 

and Caramazza, 1993), item-specific variability in the responses of the current patients appears 

to be additional evidence that semantic representations are relatively intact, but that lack of 

access to word form knowledge resulted in errors over multiple trials.   

 Finally, it is important to note at this juncture that while item-specific cross-modal errors 

were not frequently made, there was evidence of difficulty in all of the tasks that utilized the 

common stimuli.  This would suggest that the difficulty experienced by these patients was not the 

result of damage to a single input modality (e.g., visual object recognition), nor was it likely that 

the naming difficulty was the result of damage to the phonological output lexicon.  This is 

supported by the evidence that all patients were fluent, with preserved phonology for 

spontaneous speech and repetition tasks, there were virtually no instances of phonological 
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paraphasias or non-word errors during naming tasks, and verbal confrontation naming errors 

were mirrored in written confrontation naming responses.    

 Thus far, the evidence suggests that the naming impairment sustained by the L ATL and 

L PCA participants in this study is due neither to significant semantic degradation nor to damage 

of peripheral input or specific lexical output processes.   Specific to the original hypotheses, these 

findings indicate that unilateral damage to the left inferior temporal lobe, regardless of lesion 

location or extent, is not sufficient to produce significant semantic impairment.  Supporting this 

assertion is an expanding body of evidence that describes the neuroanatomical correlates of 

semantic degradation found in studies of patients with semantic dementia.   Although studies 

have demonstrated significant correlations between semantic test performance and atrophy in the 

left anterior temporal lobe (Mummery, et al, 2000; Williams, Nestor, & Hodges, 2005), essentially 

all semantic dementia patients present with bilateral anterior temporal atrophy and typically, 

atrophy of the left ventromedial frontal cortex as well.  Furthermore, functional studies of semantic 

dementia patients, as well as of non-brain damaged individuals, (Vandenberghe, et al, 1996; 

Mummery et al, 1999) demonstrate a network of activation during semantic association tasks 

(i.e., the P&PTT) that includes bilateral temporal and frontal lobe activation.  These reports 

provide additional evidence for a cortically well-distributed semantic system, and suggest that, “… 

bilateral anterior temporal atrophy may be necessary to produce substantial semantic 

impairment” (Mummery, et al, 2000, p. 43).   

 We are left then, with two alternatives to describe the nature of the impairment in these 

patients.  One possibility for the cognitive genesis of the naming impairment demonstrated by 

members of these two groups, one posited in our earlier study (Antonucci, et al, 2004), is that 

there is a disconnection between well-preserved semantic knowledge and intact phonological 

skills such that access to phonological word forms is disrupted.  This hypothesis has found 

support in the literature.  A number of authors have reported on patients with unilateral temporal 

lobe damage in which the proposed nature of the naming impairment was disrupted lexical 

retrieval (Stafniak, et al, 1990; Blaxton and Bookheimer, 1993; Tippett, Glosser, & Farah, 1996; 
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Langfitt & Rausch, 1996; Damasio, et al, 1996; Raymer, et al, 1997; Foundas, et al, 1998; 

Humphreys & Riddoch, 2003).  In some of these cases, mildly reduced semantic performance 

was observed, as well as difficulty with specific types of attribute knowledge.  For example, 

relative to two of the participants in their study who had sustained left inferior temporal lobe 

damage, Humphreys and Riddoch stated, “We suggest that DM and SRB have relatively mild 

deficits in their stored visual/perceptual knowledge about objects, these deficits are sufficient to 

disrupt naming, but not sufficient to prevent access to considerable information about the objects 

they attempt to name” (p. 298).  As in the current study, findings in each of these cases were not 

considered sufficient to support a hypothesis of semantic anomia in their patients.  However, an 

alternative hypothesis to the theory of disconnection between semantics and word form 

knowledge has been put forth by Lambon Ralph and his colleagues.  They contend that the 

pattern demonstrated in pure, or what they call “classical” anomia, in which naming impairment 

exists in the presence of well-preserved semantic performance and intact auditory 

comprehension, can still be explained by very mild deficits to semantic knowledge.  In other 

words, they perceive the difference between pure anomia and semantic anomia to be one of 

degrees along a continuum of impairment rather than one of disparate natures of impairment.  

Lambon Ralph and colleagues (2000) proposed a distributed, cascading model of naming based 

on the work of Dell and colleagues (1986, 1992, 1997) in which the semantic system and 

phonological representations interact until they reach the point at which the desired lexical target 

has been activated from among a “cohort” of semantically related competitors.  They propose that 

for appropriate selection to occur, semantic activation must be “strong and precise” (Lambon 

Ralph, et al, 2000).  Although they acknowledge that it is extremely difficult to differentiate 

disruption between semantic and phonological representations from weakening of semantic 

representations themselves (Lambon Ralph, et al, 2000, 2001), they propose that a slight 

weakening of semantic representations, which contribute to activation of phonology, can result in 

anomia without having an observable impact on comprehension (p. 200).  In this view, it may 

simply be more elegant to suppose a single locus of impairment, with varying degrees of severity 
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that can account for the continuum of deficits represented with pure anomia on the one extreme 

and late stage semantic dementia at the other extreme, rather than presuming multiple loci of 

impairment. 

 It is evident that the current behavioral data could be equally well explained either in the 

context of disrupted connection between semantics and phonology or in the context of an 

extremely mild semantic deficit.  Both the L ATL and L PCA groups evidenced anomia, with 

preserved comprehension and preserved ability to utilize semantic information.  Furthermore, 

they demonstrated mildly reduced performance on tests of semantic knowledge and they 

produced verbal descriptions that were sometimes lacking in adequate specific detail.  Evidence 

from lesion analyses was also equivocal on this point.  A relationship was demonstrated between 

percent damage to BA 20 and increased severity of naming impairment and with reduced 

performance on the P&PTT, one of the nonverbal assessments of semantic knowledge.  It 

appears that BA 20 is a critical region in the facilitation of semantically guided lexical retrieval, 

however the exact nature of its role remains unclear.  Perhaps it serves as a link that mediates 

between the semantic network and lexical access, and disruption to this connection impedes the 

semantic system from accessing word form knowledge.  Alternatively, this region could itself be a 

store of semantic information, damage to which weakens the semantic system to an extent that 

results in naming impairment in the absence of profound semantic deficit. It is not possible to 

resolve this question definitively with the current data.  However, recent work from the field of 

connectionist modeling may provide a direction in which to proceed.  Considering the cognitive 

process of semantically guided lexical retrieval from the vantage point elaborated (and previously 

described above) by Rogers and colleagues (2004) goes a long way toward reconciling the two 

seemingly disparate viewpoints.  Rogers and his colleagues (including Lambon Ralph) propose 

that, as opposed to the traditional view that considers the semantic system as a store of 

conceptual information, the semantic system is not a store, but rather is the network through 

which connections are made among representations that are stored at the level of the various 

modality-specific lexicons (e.g., verbal representations vs. visual representations).  These 
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semantic mappings are the result of learning and the “acquired representations do not code 

explicit semantic content, but they are structured in ways that facilitate the system’s ability to 

generate appropriate responses when given perceptual inputs” (Rogers, et al, 2004, p. 206).  

Rather than attempting to discern whether the impairment occurs at the level of the semantic 

store or at the level of connections between semantics and lexical output, in this view, semantic 

knowledge IS the connection. 

 In summary, although the current data do not resolve the ongoing debate relative to the 

cognitive mechanism that underlies semantically guided lexical retrieval, the behavioral and 

neuroanatomical evidence indicated that individuals with unilateral damage to left inferior 

temporal cortex, regardless of anterior versus posterior lesion location, do not demonstrate 

semantic anomia.  These findings suggest that, even in the presence of severe naming 

impairment, unilateral damage to left inferior temporal cortex does not appear to be sufficient to 

significantly degrade semantic knowledge.
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Naming to Definition A1      
"I am going to give you descriptions of several things, tell me the name of each 
one.    
Please listen to the whole description before you answer"      

Name________________________________________  Date________    

Definition A/D Response "+/-" latency Error Code 
A mammal from India and Africa from which ivory is collected AF     
An object that shines at night, may be round or crescent 
shaped IP     
An object with a filter and ashes at the tip IP     

A plant that can store water for a very long time AF     

A large vehicle with wings IP     
A yellow object with a lead point  IP     
A tool used for cutting through wood  IF     
A large vehicle that is often yellow IP     
A mammal with a flat snout, and a short, curly tail AP     
A tropical tree used to produce coconuts and cooking oil AF     
A small, round fruit grown in bunches, may be red or green AP     
A utensil used to eat soup and ice cream IF     
A mammal with hooves that is white and very fluffy AP     
A weed that grows on lawns and may cause sneezing when 
blown apart AF     
A root vegetable that is orange, with a pointed tip AP     
An object people use to call each other IF     
An object people wear on their faces to improve their eyesight IF     
An insect that spins a web AF     
      

      

      

APPENDIX A: NAMING TO DEFINITION SCORE FORM 
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Naming to Definition A2         
"I am going to give you descriptions of several things, tell me the name of each 
one.    
Please listen to the whole description before you answer"      

Name________________________________________  Date___________    

Definition or Description A/D Response "+/-" latency Error Code 
A vehicle used to take children to school IF     
An insect with eight legs AP     
An object with a ringer and a receiver IP     
A root vegetable that is good for eyesight, rabbits like them AF     
A weed topped by a yellow flower that turns into a ball of fluff AP     
An object made of a frame & 2 lenses IP     
A mammal kept on a farm whose fleece is used to make wool AF     
A utensil with a shallow bowl at the end IP     
An object, sold in packs, from which people smoke tobacco IF     
A very large mammal, with tusks and a trunk AP     

An object in the sky at night that astronauts have landed on  IF     
A fruit used to make wine, jelly and juice AF     
A very large tool with a toothed blade  IP     
An object used to write and erase IF     
A vehicle used to fly many people IF     
A plant covered in sharp spines AP     
A tall tree with very large, fan-shaped leaves at the top AP     
A mammal that is kept on a farm to provide pork AF     
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Naming to Definition B1        
"I am going to give you descriptions of several things, tell me the name of each one.    
Please listen to the whole description before you answer"      

Name________________________________________  Date________    

Definition A/D Response "+/-" latency Error Code 
A mammal with hooves and large udders AP     

An object in the home used to tell time IF     
The largest star that appears during the day IP     
A tropical fruit that monkeys eat AF     
A type of tree with needle-like leaves and a pointed top AP     
A vehicle used to travel on water  IF     
A Middle-Eastern desert mammal that needs very little water AF     
An object that gives off a small light, used to decorate birthday cakes IF     
An tool made of two, hinged blades and a handle for fingers and a 
thumb IP     
A reptile with fangs and a forked tongue AP     
An object used to shoot bullets IF     
A red flower with thorns on its stem AP     
A mammal that hunts in prides and is known as the "king of beasts" AF     
A vehicle with two wheels, pedals and handlebars IP     
A flying insect that makes honey and wax AF     
A utensil used to cut food IF     
A very large squash with a hard, orange shell AP     
An electronic device that displays red, yellow and green lights IP     
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Naming to Definition B2       
"I am going to give you descriptions of several things, tell me the name of 
each one.    
Please listen to the whole description before you 
answer"      
Name________________________________________  Date________    

Definition A/D Response 
"+/-

" latency
Error 
Code

A type of tree that is decorated for Christmas, also 
provides wood AF     
A vehicle with a deck and sails IP     
A large mammal with one or two humps on its back AP     
An tool used to cut paper and hair IF     
A reptile that eats rodents and sheds its skin AF     
An electronic device used to control vehicles at 
intersections IF     
An object with "hands" that point to a circle of numbers IP     
A squash used to make jack-o-lanterns and in pies AF     
An object that has a barrel and a trigger IP     
An insect with pollen suckers and a yellow & black body AP     
A vehicle for one person, ridden by children & adults IF     
A curved, yellow fruit AP     
A mammal with a mane and very sharp fangs AP     
A utensil with a sharp blade IP     
A flower that is given by the dozen on Valentine's Day AF     
A mammal kept on a farm to produce milk and beef AF     
An object made of wax topped by a small flame  IP     
The star that planets revolve around, it can burn 
people's skin IF     
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Verbal Description A: "Please tell me about each item I name, pretend I don't anything about them." 
Name 
________________________ Date_____________    

Item Superordinate Subordinate Func'l/Assoc Perceptual Associates Opinion 

cow 
      

rose 
      

clock 
      

knife 
      

lion 
      

pumpkin 
      

snake 

      

bicycle 
      

candle 
      

scissors 
      

APPENDIX B: VERBAL DESCRIPTION SCORE FORM 
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Sun 
      

banana 
      

bee 
      

boat 
      

gun 
      

pine tree 
      

camel 

      

traffic light 

      
 
 



 97

 

Verbal Description B: "Please tell me about each item I name, pretend I don't anything about them."  
Name 
________________________ Date_____________      

Item Superordinate Subordinate Func'l/Assoc Perceptual Associates Opinion 

elephant 
      

telephone 
      

spider 
      

pig 
      

moon 
      

palm tree 
      

pencil 
      

grapes 
      

saw 
      

carrot 
      

cigarette 
      



 98

spoon 
      

airplane 
      

dandelion 

      

sheep 
      

eyeglasses 
      

bus 
      

cactus 
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Confrontation Naming       
"I'm going to show you some pictures, please tell me the name of each"…  "Thank you, now please write the name" 

Name________________________________________ Date________    

Item A/I Response "+/-" latency 
error 
code 

Written 
Response 

error 
code comments 

Cow A         

         

Sun I        

         

Grapes A        

         

Bus I        

         

Scissors I        

         

Elephant A        

         

Pine Tree A        

         

Candle I        

         

Lion A        

         

Pumpkin A        

         

Cactus A        

         

Boat I        

         

Spider A        

         

Cigarette I        

         

Bike I        

APPENDIX C: CONFRONTATION NAMING SCORE FORM 
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Carrot A        

         

Glasses I        

         

Pig A        

         

Spoon I        

         

Rose A        

         

Camel A        

         

Telephone I        

         

Pencil I        

         

Clock I        

         

Snake A        

         

Banana A        

         

Saw I        

         

Palm Tree A        

         

Moon I        

         

Traffic Light I        

         

Knife I        

         

Bee A        

         

Airplane I        
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Gun I        

         

Sheep A        

         

Dandelion A        
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APPENDIX D 
 

STIMULUS ADMINISTRATION TRACKING FORM 
 

L PCA Patients 
 

Naming to 
Definition:  

Day 1 

Naming to 
Definition: Day 

2 

Verbal 
Description 

Category 
Fluency 

Behavioral 
Protocol 

A1 A2 A 2 2 

A2 A1 A 1 1 

B1 B2 B 3 3 

B2 B1 B 2 2 

A1 A2 A 1 1 

A2 A1 A 3 3 

B1 B2 B 2 2 

B2 B1 B 1 1 

 
 
 
 
L Temporal Lobectomy Patients 
 

Naming to 
Definition: 

 Day 1 

Naming to 
Definition: 

 Day 2 

Verbal 
Description 

Category 
Fluency 

Behavioral 
Protocol 

B1 B2 B 3 3 

A1 A2 A 1 1 

B2 B1 B 2 2 

A2 A1 A 3 3 

B1 B2 B 1 1 

A1 A2 A 2 2 

B2 B1 B 3 3 

A2 A1 A 1 1 
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Elder Normals 
 

Naming to 
Definition: 

 Day 1 

Naming to 
Definition:  

Day 2 

Verbal 
Description 

Category 
Fluency 

Behavioral 
Protocol 

A2 A1 A 1 1 

B2 B1 B 2 2 

A1 A2 A 3 3 

B1 B2 B 1 1 

A2 A1 A 2 2 

B2 B1 B 3 3 

A1 A2 A 1 1 

B1 B2 B 2 2 

 
 
 
 
 
Younger Normals 
 

Naming to 
Definition: 

Day 1 

Naming to 
Definition: Day 2 

Verbal Description Category  
Fluency 

Behavioral 
Protocol 

B2 B1 B 2 2 

A1 A2 A 3 3 

B1 B2 B 1 1 

A2 A1 A 2 2 

B2 B1 B 3 3 

A1 A2 A 1 1 

B1 B2 B 2 2 

A2 A1 A 3 3 
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