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Praxis, or the ability to perform skilled movements, is essential to independent 

living.  Most skilled movements require the use of both hands and the inability to perform 

skilled movements effectively can significantly impact quality of life.  Despite the 

importance of being able to perform skilled movements effectively and efficiently, little 

is known about how the brain processes praxis movement information.  What is known 

about this type of processing has been learned from an ablation model.  However, this 

model impairs the motor function of the contralesional limb and does not allow the study 

of bimanual praxis mechanisms.  The purpose of this study was to investigate how praxis 

information processing is represented in the brain by examining the interhemispheric 

transfer of different types of praxis information.  This was accomplished by examining 

bimanual praxis mechanisms in individuals with Alzheimer’s disease because individuals 

in this population can perform praxis tasks with both hands and demonstrate both limb 

apraxia and neural degeneration.  This model allowed us to study how praxis information 
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is transferred between the two brain hemispheres and differentiate what type of praxis 

information is being transferred across the corpus callosum.  

In order to accomplish the goals of this study, it was necessary to confirm the 

presence of limb apraxia in individuals with Alzheimer’s disease.  This study also 

attempted to determine whether the limb apraxia that is present in this population is due 

to the degradation of left hemisphere movement representations or the interruption of 

interhemispheric transfer of praxis information.  Another purpose of this study was to 

differentiate whether the interhemispheric disconnection of praxis information was due to 

the inability to transfer verbal or motor information across the corpus callosum.  Findings 

indicated that individuals with Alzheimer’s disease have ideomotor and conceptual 

apraxia in the nondominant hand and that information from praxis movement 

representations in the left hemisphere are not transferred across the corpus callosum 

adequately in individuals with Alzheimer’s disease.   
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CHAPTER 1 
INTRODUCTION 

Humans use skilled movement in nearly every aspect of independent functioning 

from preparing food to getting dressed to using hands and arms to gesture in combination 

with verbal communication.  When the ability to perform skilled movements is disrupted 

functional independence can be severely compromised.  Skilled movement is extremely 

important to everyday life and movement precision in both hands is necessary for 

effective and efficient completion of actions.  Despite the importance of skilled 

movement, little is known about how the praxis system that governs skilled movement 

execution is organized in the brain.  To perform skilled movements, motor cortex in each 

hemisphere must access praxis movement representations that are thought to be localized 

in the left hemisphere.  To perform skilled movements with the left hand, information 

from left hemisphere praxis movement representations must be transferred across the 

corpus callosum to right hemisphere motor cortex.  To perform skilled movements with 

the right hand, information does not need to cross the corpus callosum but rather must be 

transferred to left hemisphere motor cortex by intrahemispheric connection fibers.  

Previous studies have typically relied on an ablation model to study the mechanisms of 

the praxis system.  However, unilateral stroke patients commonly demonstrate 

contralesional hemiplegia, which may mask the presence of apraxia in the weak hand.  

Therefore, stroke does not provide an ideal model for studying bimanual praxis 

mechanisms, which rely on the transfer of motoric and conceptual praxis information 

across brain hemispheres.  Because we use both hands to perform skilled movements, it is 
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necessary to study praxis mechanism using a model that allows us to study bimanual 

performance.  The purpose of this study is to investigate how praxis information 

processing is represented in the brain by examining the interhemispheric transfer of 

different types of praxis information.  This chapter defines limb apraxia and provides a 

rationale for studying praxis mechanisms using Alzheimer’s disease (AD) as a 

pathological model. 

What is Limb Apraxia? 

Limb apraxia is an acquired disorder of skilled, learned, purposive movements 

resulting from neurologic disease or injury that cannot be explained by language deficits 

or primary sensorimotor disturbance (Maher & Ochipa, 1997; Rothi & Heilman, 1997).  

In order to perform movements, sensory input (auditory, tactile, visual) must interact with 

stored movement representations that are translated into patterns of innervation.  Both 

disconnection (Geschwind, 1965; Liepmann, 1980) and representational (Rothi, Ochipa, 

& Heilman, 1991) models of apraxia have been proposed.   

Liepmann (1980) (as described by Rothi, Ochipa, and Heilman, 1997a) proposed 

that in right handed individuals, the left hemisphere guides skilled movements of both the 

left and right hands and that the acquisition of skilled limb movements required the 

acquisition of “movement formulae,” “innervatory patterns,” and “kinetic memories” for 

learned movements. Liepmann proposed that “movement formulae” contain spatial and 

temporal patterns for the production of movement sequences.  “Innervatory patterns” are 

acquired through practice and provide a method for transforming movement formulae 

into muscle innervation patterns for correct limb positioning.  “Kinetic memories” are 

associations between innervatory patterns for action, which are highly practiced and can 

be performed without spatial or visual feedback. 
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Geschwind (1965a, 1965b) also proposed that skilled movements of both hands 

were mediated by the left hemisphere in right handed individuals.  He suggested that 

pantomime to command requires processing by left hemisphere language mechanisms.  

For right handed movements, information is transferred from left hemisphere language 

areas to left motor association cortex for programming of movements and left primary 

motor cortex for motor innervation of the right hand.  For left handed movements, 

information is transferred from left hemisphere language areas to right hemisphere motor 

cortex via the corpus callosum for motor innervation of the left hand.  Disconnections can 

occur which interfere with transfer of information from left hemisphere language areas to 

left motor cortex for control of the right hand (left hemisphere lesions) or right motor 

cortex for control of the left hand (corpus callosum lesions). 

According to a representational model of limb apraxia developed by Rothi et al. 

(1991) (Figure 1-1), the praxis system can be divided into conceptual and production 

subsystems.  This model can account for dissociations in praxis performance including 

separate systems for receptive and expressive praxis, selective dissociation of sensory 

input modalities from praxis movement representations, a direct route for praxis 

imitation, and the notion that there is a separate system for action semantics (Rothi et al., 

1991). 

The production system can be divided into a store of learned spatial-temporal 

movement representations or praxicons and a mechanism for translating these 

representations into motor programs or innervatory patterns. state that: 

In order to perform a skilled learned act, one must place particular body parts in 
certain spatial positions in a specific order at specific times.  The spatial positions 
assumed by the relevant body parts depend not only on the nature of the act but 
also on the position and size of an external object with which the body parts must 
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interact.  Skilled acts also require orderly changes in the spatial positions of the 
body parts over time.  These movement formulas command the motor systems to 
adopt the appropriate spatial positions of the relevant body parts over time. 
(Heilman & Rothi, 1993, p. 146).   

A disruption of the production system, or ideomotor apraxia, is characterized 

predominantly by spatiotemporal errors during pantomime to command and imitation of 

gestures (Poizner, Mack, Verfaille, Rothi, & Heilman, 1990; Rothi, Mack, Verfaellie, 

Brown, & Heilman, 1988).  Performance in ideomotor apraxia may improve with 

manipulation of the actual tool as a result of increased tactile and visual cuing as well as 

contextual information.  However, there is some evidence that actual tool use remains 

defective (Poizner, Soechting, Bracewell, Rothi, & Heilman, 1989).  Spatial errors are the 

most characteristic errors of ideomotor apraxia and there are three forms of spatial errors 

(Poizner et al., 1990; Rothi et al., 1988).  Postural errors reflect an abnormality of the 

required finger or hand posture and its relationship to the target tool (Rothi et al., 1997b).  

Spatial orientation errors occur when the hand movement that is produced does not 

appear to direct the tool toward an imagined object (Heilman & Rothi, 1993).  Spatial 

movement errors are disturbances of the characteristic joint movements necessary to 

produce the correct action (Heilman & Rothi, 1993).  Temporal errors in ideomotor 

apraxia may occur in the form of a delay in the initiation of movement, occasional pauses 

during the movement, or a failure to coordinate the speed of the movement with the 

spatial components of the movement (Heilman & Rothi, 1993).  Thus, ideomotor apraxia 

may result from deficits of action implementation or degradation of praxis movement 

representations (Heilman, Rothi, & Valenstein, 1982; Rothi, Heilman, & Watson, 1985).  

In the first case, the patient is able to recognize gestures but gesture production is 

impaired.  This is thought to result from an impaired ability to execute skilled movements 
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despite intact movement representations. In the second case, the patient is not able to 

recognize gestures and gesture production is impaired.  This is thought to result from a 

degradation of the movement representations (Cimino-Knight, Hollingsworth, Maher, 

Raymer, Foundas, Heilman, & Rothi, 2002).   

The conceptual subsystem involves three types of knowledge: knowledge of tool 

and object functions, knowledge of actions independent of tools, and knowledge about 

the organization of single actions into goal oriented sequences (i.e., action semantics) 

(Rothi et al., 1991; Roy & Square, 1985).  A tool is used to provide a mechanical 

advantage in an action and an object is the recipient of an action (Rothi et al., 1997a).  

Knowledge of the functions of objects and tools may have internalized linguistic referents 

and externalized function knowledge (Roy & Square, 1985).  The internalized linguistic 

referents contain semantic descriptions of objects and actions.  The externalized function 

knowledge provides information about the perceptual attributes of the object and action 

and the environmental context in which tools are used.  It has been proposed that the 

semantic system has specialized subsystems for all modalities and modes of processing 

which contain specific conceptual representations (i.e., action semantics, verbal 

semantics, visual semantics, auditory semantics).  These multiple semantic systems are 

thought to communicate with each other such that visual or verbal input can result in 

action output (Rothi et al, 1997a; Raymer & Ochipa, 1997).Conceptual apraxia is a 

disruption of the conceptual system that interferes with the knowledge of tool and object 

functions and their associated actions (Ochipa, Rothi, & Heilman, 1992).  Patients with 

conceptual apraxia cannot recall the type of actions associated with specific tools or 

objects and thus exhibit content errors (DeRenzi & Lucchelli, 1988; Ochipa, Rothi, & 
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Heilman, 1989; Ochipa et al, 1992).  Other types of errors that are possible in patients 

with conceptual apraxia include the inability to recall which tool is associated with an 

object, lack of awareness of the mechanical advantage of particular tools, or the inability 

to create novel tools to solve mechanical problems (Heilman & Rothi, 1993).  It is 

hypothesized that the basic deficit underlying conceptual apraxia is a degradation of 

action semantics (Schwartz, Adair, Raymer, Williamson, Crosson, Rothi, Nadeau, & 

Heilman, 2000). 

Ideational apraxia is a disruption of the conceptual system that interferes with 

knowledge about the organization of single actions into sequences.  Patients with 

ideational apraxia demonstrate an inability to carry out a series of actions and have 

difficulty sequencing actions in the proper order (Heilman & Rothi, 1993). Essentially, 

ideational apraxia is a loss of ability to conceptualize, plan, and execute a complex 

sequence of motor actions involving the use of tools or objects (LeClerc & Wells, 1998). 

Lesions that disconnect various forms of sensory input from praxis movement 

representations have also been described in the literature (DeRenzi, Faglioni, & Sorgato, 

1982; Gazzaniga, Bogen, & Sperry, 1967; Geschwind & Kaplan, 1962; Heilman, 1973).  

Gazzaniga et al. (1967), Geschwind and Kaplan (1962), Geschwind (1965a, 1965b) and 

Heilman (1973) described individuals who demonstrated a disconnection between 

language areas necessary for comprehension of commands and movement representations 

necessary for selecting and programming the appropriate actions (Heilman & Rothi, 

1993). 

Furthermore, DeRenzi et al. (1982) described modality-specific apraxias that result 

from a disconnection of praxis movement representations and specific sensory input 
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(visual, verbal, or tactile).  These types of dissociation apraxia are known as verbal-

motor, visuo-motor, and tactile-motor dissociation apraxias (Heilman & Rothi, 1993).    

Callosal apraxia refers to apraxia that is more severe in the left hand than in the 

right hand due to a lesion of the corpus callosum (in some patients apraxia may be absent 

in the right hand) (Geschwind, 1965; Geschwind & Kaplan, 1962; Graff-Radford, Welsh, 

& Godersky, 1987; Watson & Heilman, 1983).  This type of lesion disconnects the 

movement representations and action semantics in the left hemisphere (selection of 

appropriate actions from a store of learned movement patterns) from right hemisphere 

motor association areas and primary motor cortex (programming of innervatory patterns 

for movements of the left hand).  This can be explained by an interaction between left 

hemisphere localization of praxis movement representations and control of the left hand 

and arm by contralateral primary motor cortex.  Because the left hand is controlled by 

right primary motor cortex, lesions of the corpus callosum disconnect the left hand from 

left hemisphere movement and semantic representations.  Therefore, if there is damage to 

or degeneration of the corpus callosum, right primary motor cortex may not be able to 

access left hemisphere praxis movement representations and action semantics.   

Three Types of Disconnection Apraxia: Literature Review 

Thus far an overview of what is known about the types and mechanisms of limb 

apraxia has been presented.  The majority of studies of limb apraxia to date have used 

unilateral stroke patients to investigate intrahemispheric transfer of praxis information.  

These studies have examined praxis performance in the ipsilesional (left) hand only due 

to the presence of contralesional hemiplegia.  This population does not provide an 

adequate model for studying interhemispheric transfer of praxis information.  Following 

is a discussion of what is known about the transfer of praxis information across the 
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corpus callosum from individuals with callosal lesions.  According to the literature, at 

least three types of apraxia are possible as a result of callosal disconnection: ideomotor 

apraxia, conceptual apraxia, and verbal-motor dissociation apraxia (Degos, Gray, Louarn, 

Ansquer, Poirier, & Barbizet, 1987; Gazzaniga et al., 1967; Geschwind, 1965; 

Geschwind & Kaplan, 1962; Goldenberg, Wimmer, Holzner, & Wessely, 1985; Graff-

Radford et al., 1987; Kazui & Sawada, 1993; Tanaka, Iwasa, & Obayashi, 1990; Watson 

& Heilman, 1983). 

Heilman (1973) described three individuals with left hemisphere lesions who could 

not perform actions to command with either hand but could imitate gestures and use 

objects flawlessly with both hands.  When asked to pantomime to command the 

participants “appeared as if they did not understand the command” (p.862) but the spared 

ability to imitate gestures and use objects suggests that “the engrams for motor sequences 

are intact” (p.863).  Heilman (1973) explained the deficit in these individuals as a deficit 

in the transfer of information between language comprehension and motor encoding. 

Similarly, Geschwind and Kaplan (1962) and Gazzaniga et al. (1967) reported 

individuals with callosal lesions who could not perform actions to verbal command with 

the left hand but could imitate gestures and use objects.  Based on the patient described 

by Geschwind and Kaplan (1962), Geschwind (1965a, 1965b) hypothesized that a lesion 

of the corpus callosum would result in the disconnection of right hemisphere motor 

cortex from left hemisphere language processing areas.  This would result in the inability 

to perform pantomime to command actions with the left hand, while gesture imitation and 

actual object use are relatively preserved.  This has been interpreted as a disconnection 

between language areas necessary for comprehension of commands and movement 
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representations necessary for selecting and programming the appropriate actions 

(Heilman & Rothi, 1993).   

The patient described by Graff-Radford et al. (1987) was similar to those described 

by Geschwind and Kaplan (1962) and Gazzaniga et al. (1967) in that she demonstrated 

impaired pantomime to command but relatively spared gesture imitation with the left 

hand.  Praxis performance in this individual, however, was worst when she held the 

object in her hand and attempted to perform the action.  The authors explained the 

deficits in this individual as resulting from a verbal-motor disconnection. 

The patient described by Watson and Heilman (1982) experienced a lesion of the 

corpus callosum that was vascular in nature.  The anterior extent of the lesion was at the 

junction between the genu and body while the posterior one-fourth to one-fifth of the 

body and splenium as well as the supplementary and cingulate cortex remained intact.  In 

the course of recovery from the lesion, this patient demonstrated conceptual, ideomotor, 

and verbal-motor dissociation apraxia.  Initially, the patient was unable to pantomime to 

command, imitate gestures or use objects with the left hand and could not demonstrate 

the intent of actions.  Because she was unable to demonstrate that she understood the 

intent of the required action, this was considered evidence of conceptual apraxia.  During 

the course of recovery, the ability to imitate gestures and use objects improved (although 

spatiotemporal movement errors were present), but pantomime to command with the left 

hand remained impaired.  Because the patient was able to imitate gestures and use 

objects, this was considered evidence of a verbal-motor dissociation apraxia.  Finally, 

praxis testing showed that pantomime to command, gesture imitation and object use 

improved with the left hand and the patient demonstrated the correct intent of actions but 
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continued to make spatiotemporal movement errors.  Because praxis performance 

remained impaired for all tasks with the left hand, this was considered evidence of 

persistent ideomotor apraxia. 

Furthermore, DeRenzi et al. (1982) also described individuals who demonstrated 

modality-specific apraxias.  These individuals performed better with certain input 

modalities (visual, verbal, or tactile).  For example, six participants performed better with 

tactile and visual input than with verbal input and six patients performed better with 

verbal and tactile input than with visual input (this could not be attributed to receptive 

aphasia or visual agnosia).  Two participants who performed more poorly with tactile 

input than verbal or visual input were also reported.  To explain this disconnection 

between modality-specific input pathways and the center where movements are 

programmed, it has been stated that  

in the majority of patients the lesion will result in apraxia appearing in every 
modality, either because it destroys the programming center or because it interrupts 
all the pathways connecting it with other sensory or motor areas; however, a 
discrete injury may well isolate the programming center from one type of 
information and render the patient unable to execute the gesture when it is elicited 
by a given sensory center but capable of performing it under the guidance of other 
modalities. (DeRenzi et al., 1982, p. 310).    

As evidenced by patients described by Gazzaniga et al. (1967), Geschwind and 

Kaplan (1962), and Graff-Radford et al. (1987), disruption of the transfer of information 

from left hemisphere language processing centers and praxis movement representations 

from right hemisphere motor areas that control the left hand results in verbal-motor 

dissociation apraxia.  Furthermore, the patient described by Watson and Heilman (1983) 

demonstrated that conceptual and ideomotor forms of apraxia are possible from a lesion 

of the corpus callosum.  Finally, DeRenzi et al. (1982) provided evidence that apraxia can 

be modality-specific.   
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The literature from individuals with callosal lesions has provided evidence that 

several different types of praxis information are transferred across the corpus callosum 

for skilled movements of the left hand.  Movement representations that are translated into 

innervatory patterns and action semantics information that guides the selection of the 

appropriate action must be transferred from left hemisphere praxis areas to right 

hemisphere motor areas across the corpus callosum.  In addition, the input modality (such 

as verbal input), must interact with both praxis movement representations and action 

semantics for the production of skilled movement. 

As mentioned previously, unilateral stroke does not provide a favorable model for 

studying bimanual praxis mechanisms due to the presence of hemiplegia.  The literature 

described above has utilized individuals with callosal lesions to investigate 

interhemispheric transfer of praxis information at the single case level of evidence.  

Because callosal lesions are rare and heterogeneous, this population also does not provide 

the best model for studying the mechanisms of praxis information transfer at the clinical 

trial level of evidence.  This study proposes to use individuals with AD to study 

interhemispheric transfer of praxis information because this population can perform 

praxis tasks with both hands (unlike individuals with unilateral strokes), this disease is 

prevalent among the elderly population (unlike specific callosal lesions), and there is 

evidence of callosal atrophy in the areas of the corpus callosum that are suspected to 

carry praxis information (similar to individuals with callosal lesions).  Following is an 

overview of the symptoms, diagnosis, and pathology of AD, a summary of what is known 

about limb apraxia in AD and a review of the literature regarding callosal atrophy in AD.  
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This will lead to a rationale for studying interhemispheric transfer of praxis information 

using praxis asymmetries in individuals with AD as a pathological model. 

What is Alzheimer’s Disease? 

Alzheimer’s disease (AD) is a degenerative disease of the central nervous system 

(Boller & Duyckaerts, 1997).  It is characterized clinically by progressive dementia and 

cognitive decline and histologically by senile placques and neurofibrillary tangles.  There 

are many factors that are thought to contribute to the development of AD; advanced age, 

genetic predisposition, the presence of the apolipoprotein E4 allele, gender (female/male 

ratio, 2:1), low education level and previous head trauma have been implicated (Barclay, 

Zemcov, Blass, & Sanson, 1985; Rocca, Bonaiuto, Lippi, Luciani, Turtu, Cavarzeran, & 

Amaducci, 1990). 

A clinical diagnosis of AD requires the presence of dementia, cognitive decline and 

functional impairment.  The Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV) and the National Institute of Neurological and Communicative Disorders and 

Stroke (NINCDS) and the Alzheimers Disease and Related Disorders Association 

(ADRDA) (NINCDS/ADRDA) have published criteria for the diagnosis of AD (Table 1-

1) (McKhann, Drachman, Folstein, Katzman, Price, Stadlan, 1984).   The DSM-IV 

defines dementia as “the development of multiple cognitive deficits that include memory 

impairment and at least one of the following: aphasia, apraxia, agnosia or a disturbance in 

executive functioning.”  According to the NINCDS/ADRDA criteria a diagnosis of 

probable AD requires the following criteria: dementia established by neurologic 

examination and documented by objective testing, deficits in two or more cognitive areas, 

progressive worsening of memory and other cognitive functions, no disturbance in 

consciousness, absence of systemic disorders or other brain diseases that could account 
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for the progressive deficits in memory and cognition, and onset between 40 and 90 years 

of age.  The diagnosis of probable AD is supported by progressive deficits in language 

(aphasia), perception (agnosia), and motor skills (apraxia), impaired activities of daily 

living and altered patterns of behavior, family history of similar disorders, and consistent 

laboratory results.  Possible AD is diagnosed when the patient has a variation in the 

typical presentation of dementia or when another potentially dementing disorder is 

present but is not the primary source of the dementia symptoms.  Definite AD is reserved 

for clinically diagnosed patients with histopathological confirmation by cerebral biopsy 

or autopsy. 

Histopathologic evidence of AD as confirmed by cerebral biopsy or postmortem 

autopsy requires the presence of senile placques and neurofibrillary tangles.   Senile 

placques (SP) are extracellular amyloid deposits (extracellular byproducts of neuronal 

degeneration) (Afifi & Bergman, 1998; Guilmette, 1997).  Neurofibrillary tangles (NFT) 

are intracellular aggregates of cytoskeletal filaments (tangles of fine fibers found in cell 

bodies) (Afifi & Bergman, 1998; Guilmette, 1997).  The NFTs represent the 

accumulation of abnormal components of the neuronal cytoskeleton that form paired 

helical filaments (Hof & Morrison, 1999). In individuals with AD, SPs and NFTs are 

morphologically and topographically distinct, have different histological compositions, 

and are present in specific cortical areas and layers. Specifically, pyramidal neurons in 

Layer II and III of the cortex project to other ipsilateral and contralateral cortical areas, 

respectively, via intra- and inter- hemispheric projection fibers including the corpus 

callosum.   In the cortex, SPs and NFTs are found in all cortical areas and are numerous 

in layer III of the cortex.  So the presence of SPs and NFTs in layer III could potentially 
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disrupt interhemispheric transfer of neuronal signals.  Therefore, cognitive functions that 

require interhemispheric transfer of information across the corpus callosum, like praxis, 

could possibly be impaired in this patient population.   

Clinically, patients with AD typically progress through three stages of the disease 

process (Boller & Duyckaerts, 1997).  As the individual with AD progresses through 

these stages, significant cognitive decline occurs resulting in decreased functional 

independence.  The first stage, amnestic, is characterized by semantic and episodic 

memory impairments and the presence of aphasia.  The second stage, dementia, involves 

a progressive decline in intellectual abilities that significantly impacts the ability to live 

independently.  The third stage, vegetative, is characterized by the inability to perform 

activities of daily living as well as an inability to express wants and needs through 

communication.  During the second and third stages, memory and language become more 

impaired, significantly impacting the individual’s ability to communicate and remember.  

The person is not able to understand verbal instructions or communicate basic needs and 

may become disoriented in familiar places and unable to recognize familiar people.  

Additionally, individuals at these stages of AD may demonstrate ideomotor, ideational, 

conceptual and constructional apraxia, which interfere with the ability to manipulate tools 

and objects in the environment.  Individuals with AD experience significant cognitive 

decline, decreased functional independence, and the need for more supervised care, 

which ultimately increase the costs of their care.   

Cognitive decline has a significant impact on impairment of functional abilities in 

individuals with AD.  Functional impairment in individuals with AD, evidenced by the 

loss of the ability to perform activities of daily living (ADLs) and instrumental activities 
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of daily living (IADLs), has a major impact on the quality of life of patients and 

caregivers and is an important predictor of institutionalization (Canadian Study of Health 

and Aging, 1994).  The presence of amnesia, aphasia, apraxia, agnosia, and/or 

visuospatial impairments contribute to functional disability and functional disability 

contributes to dependence, which in late stages of AD may result in institutionalization 

(Tekin, Fairbanks, O’Connor, Rosenberg, & Cummings, 2001).  It is beneficial to health 

care providers to understand both the neurobehavioral mechanisms and clinical 

implications of cognitive deficits, like limb apraxia, in order to understand how these 

cognitive deficits, especially limb apraxia, interfere with the ability to function 

independently in individuals with AD. 

What is Known About Limb Apraxia in AD? 

Limb apraxia is prevalent in all stages of the disease process in individuals with 

dementia and the presence of limb apraxia has been demonstrated to have a significant 

impact on functional abilities. In a study by Edwards, Deuel, Baum, and Morris (1991), 

22% of subjects with suspected dementia, 47.1% of patients with mild dementia, 58.6% 

of participants with moderate dementia, and 98.1% of individuals with severe dementia 

demonstrated evidence of limb apraxia. Several studies have shown that limb apraxia has 

a significant impact on the ability to perform activities of daily living (Foundas, 

Macauley, Raymer, Maher, Heilman, & Rothi, 1995; Giaquinto, Buzzelli, DiFrancesco, 

Lottarini, Montenero, Tonin, & Nolfe, 1999; Saeki, Ogata, Okubo, Takahashi, & 

Hoshuyama, 1995). In a study of individuals with AD (Cho, Cho, Cho, Choi, Oh, & Bae, 

2001), 56.6% of participants were dependent for one or more ADLs including bathing 

(54.7%), dressing (47.2%), and feeding (5.7%), and for IADLs patients with AD 

demonstrated dependence in cooking (66.0%), cleaning (64.2%), housework (79.2%), 
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and laundry (71.7%), all of which require skilled movement and the ability to manipulate 

tools and objects (praxis).   

There is also evidence that individuals with AD who develop apraxia may decline 

more rapidly (Yesavage, Brooks, Taylor, Tinklenberg, 1993) and that apraxia may be 

more predictive of early death than aphasia or amnesia (Burns, Lewis, Jacoby, & Levy, 

1991).  Furthermore, studies of limb apraxia in acute stroke have shown that the presence 

of limb apraxia is a significant predictor of failure to return to work (Saeki et al., 1995), 

poor functional recovery following stroke (Giaquinto et al., 1999), and poor performance 

of IADLs (Foundas et al., 1995).   

There is significant evidence that the presence of limb apraxia has an impact on 

functional abilities in individuals with AD (Cho et al., 2001; Foundas et al., 1995; 

Giaquinto et al., 1999; Saeki et al., 1995). Functional impairment has been shown to be a 

predictor of institutionalization and thus increases the costs of care for individuals with 

AD.  A review of investigations of limb apraxia in individuals with AD indicated the 

presence of 3 types of apraxia: ideomotor apraxia, ideational apraxia, and conceptual 

apraxia.     

Ideomotor apraxia has been reported frequently as a cognitive sequela of AD (Della 

Sala, Lucchelli, & Spinnler, 1987; Derouesne, Lagha-Pierucci, Thibault, Baudouin-

Madec, Lacomblez, 2000; Foundas et al., 1999; Giannakopoulos, Duc, Gold, Hof, 

Michel, & Bouras, 1998; Jacobs, Adair, Williamson, Na, Gold, Foundas, Shuren, Cibula, 

& Heilman, 1999; Kato, Meguro, Sato, Shimada, Yamazaki, Saito, Yamaguchi, & 

Yamadori, 2000; Rapcsak, Croswell, & Rubens, 1989; Travniczek-Marterer, Danielczyk, 

Simanyi, & Fischer, 1993; Willis, Behrens, Mack, & Chui, 1998).  According to recent 
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literature, individuals with AD demonstrate impaired performance with the dominant 

(right) hand on both gesture to verbal command and imitation tasks (Travniczek-Marterer 

et al., 1993).  The severity of dementia has an impact on praxis performance in 

individuals with AD (Foundas et al., 1999) and praxis performance degrades with the 

progression of AD (Della Sala et al., 1987).  With regards to error types, individuals with 

AD produce more content (100%) than spatial-temporal (0%) errors with intransitive 

pantomimes and more spatial-temporal (96%) than content (4%) errors with transitive 

pantomimes when the dominant (right) hand is tested (Foundas et al., 1999).  Patients 

with AD also produce significantly more body-part-as-tool responses with the right hand 

when compared with normal controls (Kato et al., 2000).  The current literature on limb 

apraxia in AD has examined ideomotor and conceptual apraxia in the dominant hand 

only.  None of the previously published studies have examined the left hand performance 

of individuals with AD on praxis production or conceptual tasks.  This study proposes to 

investigate the mechanisms of left hand praxis performance in right handed individuals 

with AD. 

It should also be noted that the majority of studies examining ideomotor apraxia in 

AD have not typically utilized a standardized battery for the assessment of praxis.  

Furthermore, most of the studies scored responses as either correct or incorrect and did 

not analyze error types.  Therefore, a clinically efficient and standardized praxis measure 

might be helpful in the assessment of individuals with AD. 

Studies of conceptual apraxia in AD have focused on determining the 

characteristics of the disorder and attempting to clarify the nature of the semantic system 

(Dumont, Ska, & Joanette, 2000; Ochipa et al., 1992; Schwartz et al., 2000).  Thus far 54 
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individuals with AD have been tested for conceptual apraxia by various authors (Dumont 

et al., 2000; Ochipa et al., 1992; Schwartz et al., 2000) and 50/52 (96%) participants were 

found to have deficits of the praxis conceptual system.   

Ochipa et al. (1992) hypothesized that there could be three types of conceptual 

apraxia in individuals with AD due to disruptions of different cognitive mechanisms of 

the praxis conceptual system.  First, there may be a loss of knowledge of the type of 

actions associated with tools or objects (tool-object action knowledge) resulting in 

content errors in tool use.  Second, there may be an inability to associate tools with the 

appropriate objects (tool-object associative knowledge) leading to the inappropriate 

selection of tools.  Finally, there may be impairment in the ability to understand the 

mechanical nature of problems and the mechanical advantages of particular tools 

(mechanical knowledge) leading to an inability to solve mechanical problems and an 

inability to develop novel tools.  In this study (Ochipa et al., 1992), the 32 participants 

with AD were divided into four experimental subgroups: good ideomotor praxis without 

semantic language impairment, poor ideomotor praxis without semantic language 

impairment, good ideomotor praxis with semantic language impairment, poor ideomotor 

praxis with semantic language impairment.  Each element of the praxis conceptual 

system mentioned above was tested in the patients and controls.  The results indicated 

that individuals with AD have an impairment of the praxis conceptual system and that 

conceptual apraxia can be differentiated from both ideomotor apraxia and semantic 

language deficits.  Additionally, AD participants were significantly impaired in all three 

proposed domains of the praxis conceptual system (tool-object action knowledge, tool-

object associative knowledge, and mechanical knowledge) so it is not known if these 
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three components of the praxis conceptual system are functionally or neurologically 

distinct. 

Rapcsak et al. (1989) examined ideational apraxia in individuals with AD by 

testing serial actions requiring the use of several objects to achieve an intended goal (i.e. 

prepare a cup of instant coffee with cream and sugar).  The serial actions were scored by 

counting the number of component actions correctly executed in the appropriate 

sequence.  When compared to controls, participants with AD were significantly impaired 

on measures of ideational apraxia.   

Why Study Disconnection Apraxia in AD? 

Individuals with AD loose pyramidal neurons from layer III of the cortex that 

project to the corpus callosum from analogous areas of the contralateral hemisphere.  

Therefore, in addition to the presence of ideomotor, ideational, and conceptual apraxia 

with the dominant hand, it is likely that patients with AD will demonstrate 

interhemispheric disconnection syndromes that include the presence of ideomotor, 

conceptual, and verbal-motor dissociation apraxias with the nondominant hand.   

Several studies have found cortical atrophy in the temporal and parietal lobes in 

individuals with AD (Foundas, Eure, & Seltzer, 1996; Halliday, Double, & Macdonald, 

2003; Pantel, Schonknecht, Essig, & Schroder, 2004; Thompson, Hayashi, Zubicaray, 

Janke, Rose, Semple, Herman, Hong, Dittmer, Doddrell, & Toga, 2003; Thompson, 

Mega, Woods, Zoumalan, Lindshield, Blanton, Moussai, Holmes, Cummings, & Toga, 

2001).  Atrophy of these regions correlates with the cognitive symptoms that are seen in 

the early stages of AD (i.e. apraxia and aphasia).  Of interest in this study is atrophy of 

areas that are critical to spoken language processing and praxis movement 

representations.  Thompson et al. (2003) found highly significant decreases in gray matter 
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in bilateral temporal and parietal cortices and that atrophy of these regions was 

asymmetric with greater atrophy of left hemisphere as compared to the right hemisphere.  

Additionally, the precentral and postcentral gyri (important for execution of movement 

and perception of movement) were relatively spared compared with the parietal 

association cortex located immediately posterior.  Pantel et al. (2004) also found a 

significant decrease in temporal and parietal cortical volume bilaterally and showed a 

correlation between left temporal and parietal volumes and performance on tests of 

naming and praxis.  Thompson et al. (2001) noted relative sparing of occipital cortex 

bilaterally suggesting preserved processing of visual sensory input in individuals with 

dementia.  These findings explain the presence of apraxia in the dominant hand of right 

handed individuals with AD but would not be sufficient to explain a right hand to left 

hand asymmetry in praxis performance. 

Studies that have measured the corpus callosum in individuals with AD have found 

atrophy in specific regions (Janowsky, Kaye, & Carper, 1996; Lyoo, Satlin, Lee, & 

Renshaw, 1997; Pantel, Schroder, Jauss, Essig, Minakaran, Schonknecht, Schneider, 

Schad, Knopp, 1999; Teipel, Hampel, Alexander, Schapiro, Horwitz, Teichberg, Daley, 

Hippius, Moller, & Rapoport, 1998; Vermersch, Roche, Hamon, Daems-Monpeurt, 

Pruvo, Dewailly, & Petit, 1996; Vermersch, Scheltens, Barkhof, Steinling, & Leys, 1993; 

Weis, Jellinger, & Wenger, 1991).  However, these reports have yielded conflicting 

results regarding which areas of the corpus callosum are decreased in AD.  Several 

studies have reported a reduction in the total area of the corpus callosum in individuals 

with AD as compared to normal controls (Biegon, Eberling, Richardson, Roos, Wong, 

Reed, & Jagust, 1994; Black, Moffat, Yu, Parker, Stanchev, & Bronskill, 2000; Hampel, 
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Teipel, Alexander, Horwitz, Teichberg, Schapiro, & Rapoport, 1998; Pantel, Schroder, 

Essig, Minakaran, Schad, Friedlinger, Jauss, & Knopp, 1998; Teipel, Bayer, Alexander, 

Zebuhr, Teichberg, Kulic, Schapiro, Moller, Rapoport, & Hampel, 2002; Teipel, Hampel, 

Pietrini, Alexander, Horwitz, Daley, Moller, Schapiro, & Rapoport, 1999).  Teipel and 

colleagues (2002, 1999) reported a significant reduction in the area of the rostrum and 

splenium with sparing of the body of the corpus callosum while others have reported 

significant reductions in the genu (Biegon et al., 1997; Black et al., 2000) and body 

(Lyoo et al., 1997; Black et al., 2000). Hampel et al. (1998) noted decreased area in the 

most rostral and most caudal regions of the corpus callosum in patients with AD with no 

reduction of the posterior body.  Weis et al. (1991) attempted to differentiate callosal 

degeneration patterns in normal aging and AD.  Results indicated a significant decrease 

in the anterior portions (rostrum, genu, anterior body) of the corpus callosum with no 

change in the posterior portions (posterior body, isthmus, and genu) in normal aging.  

However, in individuals with AD, a significant decrease in the body of the corpus 

callosum occurred with no change in the anterior and posterior portions.   

Furthermore, the patients described by Kazui and Sawada (1993) and Watson and 

Heilman (1983) demonstrated apraxia that was more severe when performing gestures 

with the left hand than the right hand due to a lesion of the anterior portion of the body of 

the corpus callosum.  The case reported by Degos et al. (1987) presented with left apraxia 

without agraphia following a lesion of the posterior portion of the body and splenium of 

the corpus callosum.  This dissociation suggests that callosal fibers for writing are 

concentrated in the posterior portion of the corpus callosum while callosal fibers for 
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praxis are concentrated in the anterior portion of the corpus callosum (Kazui & Sawada, 

1993).   

Although a systematic investigation of the interhemispheric transfer of praxis 

information using AD as a pathological model has not been completed to date, several 

studies have reported differences in praxis performance with the right hand (dominant) 

versus the left hand (nondominant) in this population (Ball, Lantos, Jackson, Marsden, 

Scadding, & Rossor, 1993; Derouesne et al., 2000; Willis et al., 1998).  Derouesne et al. 

(2000) found that praxis performance was better with the right hand than with the left 

hand in patients with AD.  Willis et al. (1998) found that while performance accuracy 

between the right and left hands was not significantly different, gesture response latencies 

were significantly longer for the AD group when the left hand was used.  Rapcsak et al. 

(1989) found no difference in praxis performance between the right and left hands in 

individuals with AD.  Furthermore, due to the presence of contralesional hemiplegia, 

stroke does not provide an ideal model for studying the praxis abilities of the left and 

right hands independently.  Therefore, a disease process which affects the fibers of the 

corpus callosum that transfer praxis information across the hemispheres would provide a 

superior model for studying apraxia asymmetries.  Because there is evidence of callosal 

atrophy in patients with AD, this disease may provide a more useful model for studying 

interhemispheric transfer of praxis information.   

Summary 

Alzheimer’s disease (AD) is a costly and debilitating condition.  It causes 

numerous cognitive and behavioral impairments including limb apraxia.  Limb apraxia is 

a disorder that disrupts skilled movements of the arms and hands and has a negative 

affect on the performance of activities of daily living.  Thus far, the mechanisms of limb 
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apraxia have primarily been studied in groups of individuals with unilateral strokes while 

the mechanisms of interhemispheric transfer of praxis information have primarily been 

studied in single cases of individuals with specific callosal lesions.  Unilateral stroke does 

not provide a good model for the study of bimanual praxis mechanisms because the 

presence of hemiplegia in these individuals interferes with the examination of praxis in 

the contralesional hand.  Callosal lesions provide an excellent model for studying 

bimanual praxis mechanisms but these lesions are extremely rare and physiologically 

heterogeneous and therefore this population is not well suited for a group study.  Perhaps 

AD could provide a comparable model for studying the mechanisms of interhemispheric 

transfer of praxis information.   

It has been shown that individuals with AD demonstrate limb apraxia (like 

unilateral stroke patients) and display callosal degeneration (like the callosal lesion 

patients).  Individuals with AD are able to use both hands to perform praxis tasks and AD 

is a fairly common diagnosis within the elderly population.  For these reasons, AD is 

presented as a potentially superior model for studying interhemispheric transfer of praxis 

information; specifically production, conceptual, and verbal-motor praxis information.  

The corpus callosum is responsible for transferring information from one cerebral 

hemisphere to the other.  The movement representations that govern skilled movement 

and the semantic representations that relate sensory input to motor output are thought to 

be localized in the left hemisphere.  In order for the left hand to correctly perform skilled 

movements praxis representations and action semantics in the left hemisphere must be 

transferred to right motor cortex via the corpus callosum.  Therefore, if individuals with 

AD have degeneration of the corpus callosum fibers that transfer praxis information from 
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the right hemisphere to the left hemisphere and if individuals with AD have been shown 

to have different types of limb apraxia, it can be hypothesized that individuals with AD 

will demonstrate disconnection apraxia of the ideomotor, conceptual, and verbal-motor 

types (i.e. better performance of praxis tasks with the right hand than the left hand). 

Purpose, Questions, and Hypotheses 

The purpose of the present study is to investigate how praxis information 

processing is represented in the brain by examining the transfer of different types of 

praxis information from praxis movement representations in the left hemisphere to motor 

cortex in the right hemisphere across the corpus callosum.  This will be accomplished by 

examining bimanual praxis performance in individuals with AD because individuals in 

this population can perform praxis tasks with both hands (i.e. they do not have 

hemiplegia), they are prevalent within the elderly population (i.e. this is not a rare 

syndrome), and they demonstrate both limb apraxia and callosal atrophy (i.e. can 

potentially differentiate what type of information is being transferred via the corpus 

callosum). 

First, it will be necessary to confirm that individuals with AD demonstrate limb 

apraxia.  Second, this study will attempt to determine whether the limb apraxia that is 

present in individuals with AD is due to the degradation of left hemisphere movement 

representations or the interruption of interhemispheric transfer of praxis information 

across the corpus callosum.  Third, examination of the transfer of praxis conceptual and 

production information will provide information about what types of praxis information 

are dissociated due to the degradation of callosal fibers in individuals with AD.  Finally, 

this study will attempt to differentiate whether the interhemispheric disconnection of 

praxis production information is due to the inability to transfer verbal or motor 



25 

 

information across the corpus callosum in individuals with AD.  The following research 

questions will address each of these issues.   

Research Question 1 

Do individuals with AD have conceptual and/or ideomotor apraxia in the left hand? 

Hypothesis.  This research question will be examined by comparing the left hand 

performance of individuals with AD to the left hand performance of healthy elderly 

individuals on a verbal command pantomime task and a conceptual pantomime task.  

Previous studies provide evidence that individuals with AD have conceptual and 

ideomotor apraxia in the dominant (right) hand but it is also necessary to examine the 

presence of conceptual and ideomotor apraxia in the nondominant (left) hand.  If there 

were a significant difference between individuals with AD and healthy elderly 

individuals on the verbal command task (left hand), this would suggest the presence of 

ideomotor apraxia in the AD group.  It is predicted that there will be a significant 

difference between the two groups for left hand performance on the verbal command 

pantomime task (i.e., individuals with AD will demonstrate ideomotor apraxia in the left 

hand).  If there were a significant difference between individuals with AD and healthy 

elderly individuals on the conceptual pantomime task (left hand), this would suggest the 

presence of conceptual apraxia in the AD group.  It is predicted that there will be a 

significant difference between the two groups for left hand performance on the 

conceptual pantomime task (i.e., individuals with AD will demonstrate conceptual 

apraxia in the left hand).  Only left hand performance is being compared to answer this 

question because left hand performance requires the recruitment of both left hemisphere 

praxis movement representations and right hemisphere motor areas which requires the 

transfer of praxis movement information across the corpus callosum.  Further questions 
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will address the contributions of degraded movement representations and 

interhemispheric callosal disconnection to the apraxia in individuals with AD. 

Research Question 2 

What is the contribution of degraded praxis movement and conceptual 

representations (due to cortical atrophy) to the limb apraxia in individuals with AD? 

Hypothesis.  This issue will be examined by comparing the right hand performance 

of individuals with AD to the right hand performance of healthy elderly individuals on a 

verbal command pantomime task and a conceptual pantomime task.  If there is a 

significant difference between individuals with AD and healthy elderly individuals on the 

verbal command task (right hand), it can be assumed that the praxis movement 

representations are degraded in individuals with AD.  The prediction is that there will be 

a significant difference between the two groups for right hand performance on the verbal 

command pantomime task (i.e., there will be evidence of degraded movement 

representations in individuals with AD).  If there is a significant difference between 

individuals with AD and healthy elderly individuals on the conceptual pantomime task 

(right hand), it can be assumed that the praxis conceptual representations are degraded in 

individuals with AD.  The prediction is that there will be a significant difference between 

the two groups for right hand performance on the conceptual pantomime task (i.e., there 

will be evidence of degraded praxis conceptual representations in individuals with AD).  

The comparison of right hand performance answers this question because right hand 

performance does not require the transfer of praxis information across the corpus 

callosum but requires within hemisphere access to praxis movement representations.  

Further questions will address the role of interhemispheric disconnection in the transfer 
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of different types of praxis information across the corpus callosum in individuals with 

AD.   

Research Question 3 

What is the contribution of interhemispheric disconnection (due to callosal atrophy) 

to the limb apraxia in individuals with AD? 

Hypothesis.  The disparity or asymmetry between right hand and left hand 

performance of individuals with AD and healthy elderly individuals on praxis production 

and conceptual tasks will be compared to answer this research question.  If the 

performance asymmetry of the two groups on the conceptual pantomime task is 

significantly different, the conclusion would be that praxis conceptual information is not 

being transferred across the corpus callosum in individuals with AD.  The prediction is 

that performance asymmetry of the two groups on the conceptual pantomime task will 

not be significantly different (i.e. there will not be evidence of a callosal disconnection 

that is specific to praxis conceptual information in individuals with AD).  If the 

performance asymmetry of the two groups on the verbal command pantomime task and 

the pantomime imitation task is significantly different, the conclusion would be that 

information from praxis movement representations is not being transferred across the 

corpus callosum in individuals with AD.  The prediction is that performance asymmetry 

of the two groups on the verbal command pantomime and pantomime imitation tasks will 

be significantly different (i.e., there will be evidence of a callosal disconnection that is 

specific to praxis movement information in individuals with AD).  Because the verbal 

command pantomime task requires transfer of language and motor information, it is 

necessary to attempt to differentiate whether verbal information or motor information is 

being interrupted by the proposed callosal disconnection in individuals with AD. 
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Research Question 4 

Is the disruption of praxis information transfer a result of an intrahemispheric 

verbal-motor disconnection or an interhemispheric corpus callosum  disconnection?  

Hypothesis.  Answering this question will involve two comparisons.  First, right 

hand performance of both groups on a verbal command pantomime task and a pantomime 

imitation task will be compared.  If there were a significant difference between the two 

groups for right hand performance on these two tasks, this would suggest that impaired 

performance of individuals with AD results from an intrahemispheric verbal motor 

disconnection.  If there were not a significant difference between right hand performance 

of the two groups on these two tasks, this would suggest that impaired performance of 

individuals with AD results from an interhemispheric callosal disconnection.  Second, the 

asymmetry between the right and left hand performance of the experimental group will 

be compared.  If verbal command pantomime performance were more asymmetric (right 

hand performance greater than left hand performance), this would provide evidence that 

verbal input interferes with the transfer of praxis movement representations across the 

corpus callosum in individuals with AD.   If pantomime imitation performance were 

more asymmetric (right hand performance greater than left hand performance), this 

would provide evidence that deficient transfer of praxis information is specific to the 

transfer of movement information across the corpus callosum in individuals with AD.  It 

is predicted that there will be evidence of an interhemispheric callosal disconnection in 

individuals with AD that is specific to the transfer of information from praxis movement 

representations.   
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Table 1-1: Diagnostic criteria for AD. 
DSM-IV: dementia Alzheimer type 

Development of multiple cognitive deficits: 
Memory impairment 
At least one of the following: 
   Aphasia 
   Apraxia 
   Agnosia 
   Disturbed executive functioning (planning, organizing, sequencing, abstracting) 
Course characterized by continued gradual cognitive and functional decline 
Deficits sufficient to interfere significantly in social and occupational functioning and 

representing a decline from past functioning 
Other causes of dementia excluded (medical, neurologic, psychiatric) 

NINCDS-ADRDA: probable Alzheimer disease 

Dementia established by examination and documented by objective testing 
Deficits in two or more cognitive areas 
Progressive worsening of memory and other cognitive functions 
No disturbance in consciousness 
Onset between 40 and 90 years of age 
Absence of systemic disorders or other brain disease that could account for the 

progressive deficits in memory and cognition 
Diagnosis supported by: 
Progressive deficits in language (aphasia), perception (agnosia),                               

and motor skills (apraxia) 
Impaired activities of daily living and altered patterns of behavior 
Family history of similar disorders 
Consistent lab results 
Morris, J.C. (1999).  Clinical presentation and course of Alzheimer disease.  In R.D. 

Terry, R. Katzman, K.L. Bick, & S.S. Sisodia (Eds.), Alzheimer disease (2nd ed) 
(pp. 11-24).  Philadelphia: Lippincott, Williams, & Wilkins. 
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Figure 1-1: Cognitive neuropsychological model of limb apraxia. 
Rothi, L.J.G., Ochipa, C., & Heilman, K.M. (1997a).  A cognitive neuropsychological 

model of limb praxis and apraxia.  In L.J.G. Rothi & K.M. Heilman (Eds.), 
Apraxia: the neuropsychology of action (pp.29-49).  East Sussex, UK: 
Psychology Press. 
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CHAPTER 2 
METHODS 

The goals of this study are to determine whether praxis information is transferred 

from left hemisphere movement representations to right hemisphere motor areas via the 

corpus callosum and to examine what types of praxis information are transferred using 

this neural pathway.  This study proposed to use Alzheimer’s disease as a model for 

investigating the interhemispheric transfer of praxis information.  The following sections 

describe the methods for answering the proposed research questions. 

Subjects 

Two groups of participants were recruited for participation in this study.  A group 

of healthy elderly control subjects (HC) and a group of individuals with Alzheimer’s 

disease (AD) participated in the study.   

Inclusion Criteria 

Inclusion criteria consisted of: 1) for the AD group, a medical diagnosis of AD with 

no history of other neurologic disease (i.e. stroke, tumors, TBI, seizures, etc.) and for the 

HC group, no history of neurologic disease, 2) no history of upper extremity mobility 

problems, severe hearing loss or severe visual impairment, 3) no history of drug or 

alcohol abuse by self-report, caregiver report and/or medical record (exclude participants 

who have experienced alcohol or drug abuse related disease or social or vocational 

interference as a result of alcohol or drug use), 4) no history of psychiatric problems by 

self-report, caregiver report and/or medical records (exclude participants who have been 

hospitalized for psychiatric illness) 5) because the experimental stimuli involve object 
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recognition to perform pantomimes, absence of visual object agnosia, as measured using 

the Associative Match subtest of the Birmingham Object Recognition Battery (Riddoch 

& Humphreys, 1993) (i.e., for the AD group, at least a score of 21/30 or 70% accuracy 

and for the HC group, at least a score of 27/30 or 90% accuracy), 6) because the 

experimental stimuli require processing of verbal commands to perform pantomimes, 

absence of severe auditory comprehension deficits, as measured using the Sequential 

Commands subtest of the Western Aphasia Battery (Kertesz, 1982) (i.e., for the AD 

group, at least a score of 40/80 or 50% accuracy and for the HC group at least a score of 

72/80 or 90% accuracy), 7) English as native language per self-report or caregiver report, 

8) right handed (determined by the Waterloo Handedness Questionnaire).   

The participants with AD were required to provide documentation of a  medical 

diagnosis of AD.  All participants with AD also met the DSM-IV / NIDCD/ADRDA 

criteria for probable AD.  Scores from the Mini Mental State Exam (MMSE) (Folstein, 

Folstein, & McHugh, 1975; Tombaugh & McIntyre, 1992) were used to verify the 

presence of dementia in the AD group and to group the participants with AD by severity 

level (a score of less than 27/30 was considered impaired).  A shortened version of the 

Boston Naming Test (Fastenau, Denburg, & Mauer, 1998; Kaplan, Goodglass, & 

Weintraub, 1983) was administered to verify cognitive deficits in the AD group and to 

verify normal naming function in the HC group.  Short form 3 from Fastenau et al. (1998) 

was used in this study.  The correlation of this form with the original version of the BNT 

was r = 0.69 which was significant at the p < 0.005 level.  In the Fastenau et al. (1998) 

study, the total sample scored a mean of 13.6 (SD=1.3) on this version.  When the 

performance of the total sample of healthy older adults was broken down by age, the 
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following results were reported: 57-68 years (n=35) the mean was 14.3 (SD=0.8), 69-76 

years (n=38) the mean was 13.3 (SD=1.3), and 77-85 years (n=35) the mean was 13.3 

(SD=1.5).  As this study has received Institutional Review Board approval (IRB # 166-

02), each participant signed an Informed Consent Form. 

Subject Demographics 

Twenty-two (see sample size estimation below) individuals who had been 

diagnosed with AD, were recruited for this study from the University of Florida Memory 

Disorder Clinic (UFMDC) and the surrounding community. The individuals with AD 

who were recruited from the UFMDC participated in a neuropsychological assessment, a 

neurologic exam, and a physical exam prior to being enrolled in the study.  The 

participants who were recruited from the community were required to provide 

documentation of a medical diagnosis of AD from a physician.  Only patients who met 

the DSM-IV/NINCDS-ADRDA criteria for a diagnosis of probable AD were enrolled in 

the study as experimental subjects.   

The AD group consisted of 14 women and 8 men with an age range of 61-90 years, 

mean age of 79.23 years (SD = 6.4 years), and a mean education level of 13.59 years (SD 

= 2.6 years).  Of the individuals with AD enrolled in the study, 17 completed all three 

experimental tasks and 5 completed 2 out of 3 tasks due to the inability to comprehend 

the instructions for task 3 (Conceptual Pantomime). 

In addition to the AD group, a group of 24 healthy elderly control subjects (HC) 

was recruited to serve as a comparison group for the performance of the AD participants 

on the experimental tasks described below.  The HC group was matched with the AD 

group for age and gender (see results, Chapter 3).   The experimenter attempted to match 

the HC and AD groups for education level, however this was not accomplished (see 
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results, Chapter 3).  The HC group consisted of 15 women and 9 men with an age range 

of 63-85 years, mean age of 76.10 years (SD = 6.8 years), and mean education level of 

15.52 years (SD = 2.4 years). 

Sample Size Estimation 

Data from normal controls and individuals with AD for performance on the Florida 

Action Recall Test (FLART) (Schwartz et al., 2000) were used to estimate the group 

means (µ) for right hand and left hand performance of individuals with AD.  These data 

were chosen because the FLART stimuli were used for all of the apraxia measures in this 

study and because there are no published data for group means to use as estimates for the 

performance of individuals with AD on the proposed measures.  The performance of the 

normal controls on the FLART in the Schwartz et al. (2000) study was used as an 

estimate for right hand performance of the individuals with AD in this study.  The 

performance of the experimental group on the FLART in the Schwartz et al. (2000) study 

was used as an estimate for left hand performance of the individuals with AD in this 

study.   Because, left hand performance was expected to be significantly more apraxic 

than right hand performance, the control group was used to estimate right hand 

performance of the AD group. UCLA Department of Statistics Power Calculator 

(http://calculators.stat.ucla.edu/powercalc/) was used to perform the following sample 

size estimates. 

Sample Size Estimation-2 Samples Equal Variances (most conservative estimate) 

The mean for left hand performance was estimated to be 56.9% and the mean for 

right hand performance was estimated to be 86.9% (Schwartz et al., 2000).  Standard 

deviation for both hands was estimated to be 25%, which is the most conservative 

estimate of variance (Marks, 1999).  A two sided hypothesis was proposed, Ho: µA = µN 
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and Ha: µA ≠ µN.  Significance level (α) was set at 0.05 and Power was set at 0.80.  

With the aforementioned parameter estimates, sample size was estimated to be n = 14 for 

left hand performance and n = 14 for right hand performance, resulting in a total n=28 for 

the AD group sample size estimate. 

Sample Size Estimation-2 Samples Unequal Variances (least conservative estimate) 

The mean for left hand performance was estimated to be 56.9% and the mean for 

right hand performance was estimated to be 86.9% (Schwartz et al., 2000).  Standard 

deviation for left hand performance was estimated to be 17.8% and standard deviation for 

right hand performance was estimated to be 7.6% (Schwartz et al., 2000), which is the 

least conservative estimate of variance (Marks, 1999).  A two sided hypothesis was 

proposed, Ho: µA = µN and Ha: µA ≠ µN.  Significance level (α) was set at 0.05 and 

Power was set at 0.80.  With the aforementioned parameter estimates, sample size was 

estimated to be n = 7 for left hand performance and n = 3 for right hand performance, 

resulting in a total n=10 for the AD group sample size estimate. 

It was decided that a reasonable sample size for the AD group would be 

approximately 19 subjects as this is a compromise between the most conservative 

estimate and the least conservative estimate.  However, a total of 22 participants were 

enrolled in the study.   

Experimental Tasks 

Data Collection Procedures 

All subjects with AD produced each stimulus item of the following tasks with the 

right hand and left hand.  Right hand and left hand performance within a task was 

randomized across subjects in both groups.  To balance for order effects tasks were 

presented in random order and task order was counterbalanced for all of the subjects.  
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Each session was videotaped and analyzed offline for correct or incorrect performance 

and error types as described by Rothi et al. (1997b).  The conceptual apraxia measure 

(task 3) was scored according to the criteria set forth by Schwartz et al. (2000) (i.e. each 

item will be scored based on the concept conveyed by each pantomime regardless of the 

quality of the movement itself).   

All of the apraxia tasks consisted of 45 items.  These were the stimulus items that 

are included in the stimuli from the Florida Action Recall Test (FLART) (see below, 

conceptual pantomime task).  These stimuli were chosen in order to provide consistency 

across tasks for statistical comparison.  For example, if the FLART shows a picture of a 

lock on a door knob and the participant is required to pantomime key, the patient will 

also be required to imitate the pantomime for “key” produced by the examiner 

(pantomime imitation) and to pantomime to verbal command “Show me how you hold 

and use a key to open a door” (verbal command pantomime).  Within each task, each 

stimulus item was performed once with the right hand and once with the left hand in 

random order. 

Task 1: Verbal Command Pantomime (VC) 

The verbal command task was used to investigate the role of production 

information in praxis processing and the contribution of verbal input to the transfer of 

praxis information across the corpus callosum.   

Task 1 Procedures.  The examiner provided the participant with the following 

instructions: “I am going to ask you to pretend to use different tools.  I want you to show 

me how you would use each tool if you were actually holding the tool in your hand and 

using it.  I am going to ask you to use either your left hand or your right hand.  Listen for 

this cue and use only the hand I ask you to use.”  The examiner presented the subject with 
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a verbal command for each of the stimuli and the subject performed pantomimes to 

verbal command with each hand.  See Appendix A for verbal command stimuli.   

Task 1 Scoring.  Two independent raters were trained (see Rater Training, next 

section) to score each of the experimental tasks.  Step 1 of the scoring process was to 

judge the accuracy of each individual response according to the target stimulus and 

experimental task being scored.  A correct production received a score of 1 while an 

incorrect production received a score of 0.  For task 1 (VC), each production was scored 

as correct (1) or incorrect (0) according to the semantic content of the production and the 

spatial and temporal aspects of the movement.  For example, if the target stimulus was 

scissors, the participant was required to produce a pantomime for scissors that correctly 

represented the semantic content and spatiotemoral specifications of the movement for 

using scissors.  A production was considered correct if it did not contain any error types.  

Step 2 of the scoring process was to determine whether an incorrect response was 

recognizable for the target stimulus.  If the production was deemed unrecognizable for 

the target stimulus, no further categorization of error types was conducted.  If the 

production was deemed recognizable for the target stimulus but contained praxis errors, 

each error was categorized into one or more of the error types described in Appendix B. 

Task 2: Pantomime Imitation (PI) 

The pantomime imitation task was used to investigate the role of production 

information in praxis processing and the contribution of verbal input to the transfer of 

praxis information across the corpus callosum.   

Task 2 Procedures.  The examiner provided the participant with the following 

instructions: “I am going to make a movement with my hand and you are going to try to 

copy my movement.  I want you to watch me and wait until my movement is completely 
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finished before you move your hand.  I am going to ask you to use either your right hand 

or your left hand.  Listen for this cues and only use the hand I ask you to use.”  The 

examiner pantomimed each of the stimuli in random order and with each hand for the 

subject to imitate and the subject imitated the gestures produced by the clinician with 

each hand.  See Appendix A for pantomime imitation stimuli.   

Task 2 Scoring.  Two independent raters were trained (see Rater Training, next 

section) to score each of the experimental tasks.  Step 1 of the scoring process was to 

judge the accuracy of each individual response according to the target stimulus and 

experimental task being scored.  A correct production received a score of 1 while an 

incorrect production received a score of 0.  For task 2 (PI), each production was scored as 

correct (1) or incorrect (0) according to the semantic content of the production and the 

spatial and temporal aspects of the movement.  For example, if the target stimulus was 

scissors, the participant was required to imitate exactly both the semantic content and 

spatiotemporal aspects of the movement for scissors that was produced by the examiner.  

A production was considered correct if it did not contain any error types.  Step 2 of the 

scoring process was to determine whether an incorrect response was recognizable for the 

target stimulus.  If the production was deemed unrecognizable for the target stimulus, no 

further categorization of error types was conducted.  If the production was deemed 

recognizable for the target stimulus but contained praxis errors, each error was 

categorized into one or more of the error types described in Appendix B. 

Task 3: Conceptual Pantomime (CP) 

The verbal command task was used to investigate the transfer of action semantics 

information across the corpus callosum.   
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Task 3 Procedures.  The Florida Action Recall Test (FLART) consists of 45 black 

and white line drawings of objects placed in scenes implying an action.  The subject is 

instructed to imagine what tool is needed to act upon each object or scene and to 

pantomime the action associated with that tool in relation to the drawing.  For example, a 

drawing of an unshaven face requires a shaving action and a drawing of a cooked turkey 

requires a carving action.  The targeted tool is not shown in the drawing.  For this study, 

conceptual praxis was tested using the stimuli from the FLART (for examples of stimuli 

see Figure 2-1).   

The examiner provided the participant with the following instructions: “I am going 

to show you some drawings of objects in scenes that imply an action.  You must imagine 

what tool is needed to act upon object in the picture.  Then pretend to do the action 

associated with the tool that would be used to act on the object shown.  A tool is any item 

that can be held in one hand and can be used to act on a pictured object.  Tools may 

include personal care items, kitchen utensils, household items, garage tools, sports 

equipment, or musical instruments.  The tool is not shown in the drawing.  I will tell you 

which hand to use to perform the action.  Do not name the tool and do not name the 

object.  Using your hand to complete the action without the assistance of a tool is 

incorrect.”  See Appendix A for the stimuli used in this task. 

Task 3 Scoring.  Two independent raters were trained (see Rater Training, next 

section) to score each of the experimental tasks described above.  Step 1 of the scoring 

process was to judge the accuracy of each individual response according to the target 

stimulus and experimental task being scored.  A correct production received a score of 1 

while an incorrect production received a score of 0.  For task 3 (CP), each stimulus item 
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was classified as correct (1) or incorrect (0) based on the semantic content of the 

production only (i.e. the presence of a spatial and/or temporal error(s) without the 

presence of a content error, was not considered an incorrect production).  For example, 

for stimulus item #45, the pictured object is a paper doll and the target pantomime is 

scissors.  If the subject pantomimes scissors using their fingers as the blades of the 

scissors (BPT error), the semantic content of the production is correct so the production 

would be scored as correct.  If the subject pantomimes coloring the paper doll with a 

crayon (R error), the semantic content of the production is incorrect, so the production 

would be scored incorrect.  A production was considered correct if it did not contain any 

conceptual errors.  Step 2 of the scoring process was to determine whether an incorrect 

response was recognizable for the target stimulus.  If a response was considered 

recognizable, it was considered incorrect only if it contained content errors (i.e., hand 

error (H), related error (R), nonrelated error (N), or concretization error (C)).  Step 3of 

the scoring process involved categorizing each content error into one of the content error 

types described in Appendix B.  The presence of temporal, spatial, or other errors (see 

Appendix B) was also noted.   

Rater Training 

Two independent raters were trained to score the responses of each participant for 

each task.  Rater 1, the primary rater, scored all of the data for statistical analysis and 

scored a percentage of the data again for reliability purposes.  Rater 1 was a graduate 

student in Occupational Therapy at the University of Florida.  Before training she had 

extensive experience viewing and scoring videotapes of apraxic research participants but 

had little experience in the clinical assessment and treatment of limb apraxia.  Rater 2, the 

reliability rater, scored a percentage of the data for reliability purposes.  Rater 2 was an 
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undergraduate student in Speech Pathology at the University of Florida.  Before training 

she was inexperienced in viewing and scoring videotapes of apraxic research participants 

but had received some instruction in the clinical assessment and treatment of limb 

apraxia. Rater 1 and Rater 2 received extensive training by the experimenter with regards 

to judging the accuracy of responses and classification of error types.  They both 

participated in several sessions (approximately 4 hours) of focused instruction on the 

judgment of correct and incorrect response and identification of error types.  These 

sessions involved viewing several practice tapes (individuals who were not included in 

the study producing pantomimes) and attempting to judge accuracy and identify errors 

with discussion following each production between the raters and the experimenter.  

Following these sessions, the two raters watched several videotapes of pantomime 

productions.  They were required to score each production independently then discuss 

their scoring until they were able to reach 90% agreement on10 consecutive productions.  

For reliability, the two raters judged the praxis productions of each participant 

independently and were not permitted to confer regarding their judgements. 

Reliability 

Two independent raters (Rater 1 and Rater 2) analyzed 20% of the data to 

determine inter- and intra- rater reliability.  Intra-rater reliability: In order to determine 

whether scoring of the apraxia tasks was reliable when scored multiple times by the same 

judge, 20% of the data were re-scored by Rater 1 who scored the entire data sample for 

statistical analysis.  Inter-rater reliability: In order to determine whether scoring of the 

apraxia tasks was reliable when scored by independent judges, 20% of the data were re-

scored by Rater 2 who scored only a small sample of the data for reliability purposes.  

Reliability scoring was completed from a videotape of the original test administration.   
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In order to describe the reliability of the two raters, percent reliability was 

calculated as the number of agreements minus the number of disagreements divided by 

the total number of stimuli multiplied by 100 (# of agreements - # of disagreements / total 

number of stimuli) x 100 = % correct.  Although percent agreement reflects the 

proportion of agreements among the total number of judgments, it does not take into 

account the amount of agreement expected by chance (Kramer & Feinstein, 1981).  

Therefore, statistical analysis of the reliability data was completed using the k (kappa) 

statistic because this is considered the index of choice for measurement of observer 

agreement and corrects for agreement expected by chance (Kramer & Feinstein, 1981).  

Kappa is ordinarily used to measure the concordance between two observers. 

According to Kramer and Feinstein (1981), the magnitude or value of kappa is 

more descriptive than the associated p value and they state that “p<.05 is a necessary but 

not sufficient criterion for meaningful observer agreement.  Therefore, the following 

guidelines were suggested (see table 2-4) for the strength of observer agreement. 

Statistical Analysis 

Before statistical analysis was completed, the data were collapsed within subject. 

For the current study, statistical analysis was performed on the response accuracy 

variable only.  Descriptive data for each error type is provided but statistical analysis of 

this data will be reserved for future studies.   

For the dependent variable response accuracy, a percentage was calculated for each 

participant.  For the error types a percentage was calculated and error total represents the 

total number of errors.  The percentages and averages for the dependent variables were 

calculated as follows: percent response accuracy = number of correct responses / total 

number of stimuli x 100; percentage of each error type = number of errors present / total 
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number of errors x 100.  In addition, an asymmetry ratio was calculated for response 

accuracy for each subject in both groups.  The asymmetry ratio was calculated as right 

hand performance minus left hand performance divided by right hand performance plus 

left hand performance multiplied by 100.  The probability level for significance for all 

statistical analyses was set a p < 0.05 

Research Question 1 

Do individuals with AD have conceptual and/or ideomotor apraxia in the left hand?   

Analysis.  Separate nonparametric Mann-Whitney U tests were used to compare 

left hand performance of the AD and HC groups on the verbal command pantomime (task 

1) and the conceptual pantomime (task 3) tasks.  The test variable was response accuracy 

and the grouping variable was group (AD and HC).

Research Question 2 

What is the contribution of degraded praxis movement and conceptual 

representations (due to cortical atrophy) to the limb apraxia in individuals with AD? 

Analysis.  Separate nonparametric Mann-Whitney U tests were used to compare 

right hand performance of the AD and HC groups on the verbal command pantomime 

(task 1) and conceptual pantomime (task 3) tasks.  The test variable was response 

accuracy and the grouping variable was group (AD and HC).   

Research Question 3 

What is the contribution of interhemispheric disconnection (due to callosal atrophy) 

to the limb apraxia in individuals with AD? 

Analysis.  Separate nonparametric Mann-Whitney U tests were used to compare 

the asymmetry ratios of the AD and HC groups on the verbal command pantomime (task 

1), pantomime imitation (task 2), and conceptual pantomime (task 3) tasks.  The test 
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variable for each analysis was response accuracy and the grouping variable was group 

(AD and HC) 

Research Question 4 

Is the disruption of praxis information transfer a result of an intrahemispheric 

verbal-motor disconnection or an interhemispheric corpus callosum  disconnection?  

Analysis.  A 2x2 ANOVA procedure was used to compare right hand performance 

of the AD and HC groups on the verbal command pantomime (task 1) and pantomime 

imitation (task 2) tasks. For the 2x2 ANOVA, factor one was task with two levels (verbal 

command pantomime and pantomime imitation) and factor two was group with two 

levels (AD group and HC group).  A Mann-Whitney U test was used to compare 

asymmetry ratios of the AD group for the verbal command pantomime (task 1) and 

pantomime imitation (task 2) tasks.  For this test, the test variable was response accuracy 

and the grouping variable was group (AD and HC). 
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Table 2-1: Individual subject demographics for AD group. 
subject 
# gender age 

education 
(# of years)

01-001 F 85 10 
01-003 F 78 14 
01-004 F 61 12 
01-005 F 80 18 
01-006 F 82 15 
01-007 F 73 12 
01-008 M 80 10 
01-009 M 77 12 
01-010 M 80 15 
01-011 M 90 20 
01-012 M 80 13 
01-013 F 76 12 
01-014 M 85 12 
01-015 M 88 14 
01-016 F 81 12 
01-017 M 83 18 
01-018 F 71 16 
01-019 F 80 12 
01-020 F 85 12 
01-021 F 81 13 
01-022 F 76 15 
01-024 F 71 12 
mean   79.23 13.59
SD   6.4 2.6
F = female, M = male, SD = standard deviation 
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Table 2-2: Individual subject demographics for HC group. 
subject  
# gender age 

education 
(# of years)

02-001 F 84 15 
02-002 F 78 16 
02-003 F 65 18 
02-004 F 73 16 
02-005 F 67 12 
02-006 F 63 19 
02-007 F 68 12 
02-009 F 76 16 
02-010 M 76 18 
02-011 M 70 18 
02-012 M 81 12 
02-013 M 80 18 
02-014 F 83 12 
02-017 M 85 18 
02-018 M 83 16 
02-019 F 82 14 
02-020 F 79 14 
02-021 M 76 12 
02-022 F 74 16 
02-023 F 70 16 
02-025 M 85 18 
02-026 M 77 12 
02-028 F 79 12 
02-029 F 85 12 
mean   76.10 15.52
SD   6.8 2.4
F = female, M= male, SD = standard deviation 
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Table 2-3: Strength of observer agreement for ranges of kappa statistic values. 
Value of k Strength of 

agreement 
< 0 Poor 

0 - .20 Slight 
.21 - .40 Fair 
.41 - .60 Moderate 
.61 - .80 Substantial 

.81 – 1.00 almost perfect
Kramer, M.S. & Feinstein, A.R. (1981).  Clinical biostatistics: the biostatistics of 

concordance.  Clinical pharmacology and therapeutics, 29, 111-117. 



48 

 

 
Figure 2-1: Examples of pictures used in the Florida Action Recall Test (FLART)  
Target gesture (tool): A. carving (knife), B. chopping (hatchet), C. sharpening (pencil 
sharpener), D. spreading (knife), E. opening (bottle opener), F. painting (paint brush). 
Schwartz, R.L., Adair, J.C., Raymer, A.M., Williamson, D.J.G., Crosson, B., Rothi, 

L.J.G., Nadeau, S.E., & Heilman, K.M. (2000).  Conceptual apraxia in probable 
Alzheimer’s disease as demonstrated by the Florida Action Recall Test.  Journal 
of the International Neuropsychological Society, 6, 265-270. 

 

 



 

49 

CHAPTER 3 
RESULTS 

This study examined whether praxis information crosses the corpus callosum to 

inform right hemisphere motor pathways by comparing right hand and left hand 

performance on three praxis tasks in individuals with AD and healthy elderly control 

subjects.  Descriptive statistics and statistical analyses are presented in an attempt to 

answer the proposed research questions.   

Subject Demographics 

As stated in the methods section, an attempt was made to match the HC and AD 

groups for age and education level.  Mann-Whitney U tests were used to compare the two 

groups for age and education level.  There was not a significant difference between the 

AD and HC groups for age (U = 204.000, p = 0.186) but there was a significant 

difference between the two groups for education level (U = 179.500, p = 0.055).  Reasons 

for this difference in education level will be addressed later (see discussion, Chapter 4). 

Neuropsychological Screening 

As described in the previous chapter, each participant was evaluated using several 

cognitive screening measures prior to participating in the experimental protocol described 

above.  The Mini-Mental State Exam (MMSE), the Associative Match subtest of the 

Birmingham Object Recognition Battery (BORB), the Sequential Commands subtest of 

the Western Aphasia Battery (WAB), and a 15-item short form of the Boston Naming 

Test (BNT) were administered to each participant.  The purpose of this 

neuropsychological screening was threefold.  1) The performance of the AD group on 
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these measures was used to support the medical diagnosis and to verify the presence of  

memory and cognitive deficits.  Therefore, in order to be included in this study, all of the 

subjects in the AD group were required to score below a certain level in order to be 

considered impaired on a particular measure (see Chapter 2 for cut-off scores).  2) The 

performance of the HC group on these measures was used to determine the current level 

of cognitive functioning for each participant and to verify that each participant was 

performing at age appropriate levels for measures of cognition and memory.  Therefore, 

in order to be included in this study, all of the subjects in the HC group were required to 

score above a certain level in order to be considered within normal limits for a particular 

cognitive domain (see Chapter 2 for cut-off scores).  3) For the AD group, it was hoped 

that performance on these neuropsychological measures could be used to subdivide the 

group for further data analysis.  However, due to the small sample size, this type of post-

hoc analysis was not feasible.  Following are the results of the neuropsychological 

screening. 

For the MMSE, a score of 27 or higher (out of 30) was considered within normal 

limits while a score of 25 or lower (out of 30) was considered consistent with dementia 

(Lezak, 1995).  The subjects in the HC group scored a range of 27-30 (mean=28.25, 

SD=1.1) while the AD group scored a range of 12-25 (mean=20.82, SD=3.9).  In the AD 

group, 0 participants had severe (MMSE < 10), 7 participants had moderate (MMSE >10 

but <20) and 15 participants had mild (MMSE >20 but <25) dementia. 

On the Sequential Commands subtest of the WAB, inclusion into the study required 

a score of at least 40/80 or 50% accuracy and for the AD group and a score of at least 

72/80 or 90% accuracy for the HC group.  On this measure, the score range for the HC 
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group was 75-80 (mean=79.58, SD=1.3) and the score range for the AD group was 39-80 

(mean=73.91, SD=9.5). One of the participants in the AD group scored below the 40/80 

cut-off for inclusion (subject #01-004 scored 39/80 on this measure).  However, due to 

difficulty recruiting subjects for the study, the data was nevertheless included. 

On the Associative Match subtest of the BORB, inclusion into the study required a 

score of at least 21/30 or 70% accuracy for the AD group and a score of at least 27/30 or 

90% accuracy for the HC group.  On this measure, the score range for the HC group was 

28-30 (mean=29.75, SD=0.5) and the score range for the AD group was 19-30 

(mean=27.41, SD=2.6). One of the participants in the AD group scored below the 21/30 

cut-off for inclusion (subject #01-004 scored 19/30 on this measure).  However, due to 

difficulty recruiting subjects for the study, the data was nevertheless included.  

A 15-item version of the BNT (Fastenau et al., 1998) was also administered to each 

participant.  A score of 12 or below was considered impaired for this measure.  Subjects 

in the HC group scored a range of 13-15 items correct (mean=13.96, SD=0.8).  Subjects 

in the AD group scored a range of 1-14 items correct (mean=8.77, SD=3.1).  Although 

subject #01-009 scored within normal limits on the 15-item BNT, he was included in the 

study because he had been previously diagnosed with AD by a neurologist and his 

MMSE score (23/30) was below that considered to be consistent with dementia.  See 

Table 3-1 and 3-2 for scores on these screening measures for each individual subject. 

Reliability 

Because of the subjective nature of the scoring method used for this study (Rothi et 

al., 1988), it was important establish the reliability of the accuracy judgments and error 

categorization made by the primary rater (Rater 1).  This was accomplished by requiring 

Rater 1 to score 20% of the data on two separate occasions (intra-rater reliability) and 
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requiring Rater 2 to score 20% of the data independent of the primary rater (inter-rater 

reliability).  The following results suggest that high inter- and intra- rater reliability was 

established thereby lending credibility to the data. 

For inter- and intra- rater reliability, % agreement was greater than 80% for all 

response variables and categories with the exception of inter-rater reliability of IC in task 

1 (VC) (75.9%), IC in task 2 (PI) (77.1%), and IC and M in task 3 (CP) (78.2% and 

79.6%, respectively).  Overall, intra-rater reliability was slightly better than inter-rater 

reliability in that there were no instances in which the percentage agreement of Rater 1 as 

compared to Rater 2 was less than 80%.    

The kappa (k) statistic was significant at the 0.05 level for all response variables, 

where applicable.  Kappa was greater than 0.40 for all reliability comparisons with the 

exception of inter-rater reliability of C (k=0, poor) in Task 3 (CP), intra-rater reliability of 

P (k=0, poor), R (k=0.282, fair), H (k=0.284, fair), and UR (k=0.402, fair) in task 1 (VC), 

intra-rater reliability of R (k=0, poor) in task 2 (PI), and intra-rater reliability of P 

(k=0.328, fair), N (k=0.332, fair), and C (k=0, poor) in task 3 (CP).  In the instances in 

which the % agreement was relatively high (i.e. > 90%) but the value of kappa was 

relatively low (i.e. < .40) (see bolded variables in Tables 3-3 and 3-4), k is perhaps not a 

valid measure of concordance.  The reason for this disparity between percent agreement 

and the kappa statistic, is that for the variables in question, the two observers did not 

disagree enough to account for the possibility that they were agreeing by chance.  See 

Tables 3-3 and 3-4 for inter- and intra- reliability data for each independent variable in 

tasks 1, 2, and 3. 
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Descriptive Statistics 

Task 1: Verbal Command Pantomime (VC) 

HC group.  For the HC group, mean percent accuracy on this task was 50.0% (SD 

= 7.2) with the right hand and 47.0% (SD = 7.7) with the left hand with a mean difference 

between the two hands of 3.0% (SD = 7.2%) and a mean asymmetry ratio of 3.26 (SD = 

8.12).  In the HC group (see table 3-5), 13/24 (54.2%) participants performed better with 

the right hand than the left hand (a positive difference) while 8/24 (33.3%) participants 

performed better with the left hand than the right hand (a negative difference) and 3/24 

(12.5%) participants showed no difference between the hands (see table 3-5).   

AD group.  Mean percent accuracy for the AD group on task 1 (VC) was 28.7% 

(SD = 11.7) with the right hand and 24.7% (SD = 10.7) with the left hand with a mean 

difference between the two hands of 4.0% (SD = 6.5%) and a mean asymmetry ratio of 

7.97 (SD = 13.55).  For task 1 (VC) in the AD group (see table 3-6), 15/22 (68.1%) 

participants performed better with the right hand than the left hand (a positive difference) 

while 6/22 (27.3%) participants performed better with the left hand than the right hand (a 

negative difference) and 1/22 (4.5%) participant showed no difference between the hands 

(see table 3-6).   

On task 1 (VC), the difference in performance of the HC and AD groups was 

21.3% with the right hand and 23.0% with the left hand.  In summary, the HC group 

performed pantomimes more accurately and demonstrated less performance variability 

than the AD group on this task. 

Task 2: Pantomime Imitation (PI) 

HC group.  Mean percent accuracy for the HC group, on this task was 49.8% (SD 

= 11.7) with the right hand and 42.4% (SD = 13.1) with the left hand with a mean 
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difference between the two hands of 7.3% (SD = 7.2%) and a mean asymmetry ratio of 

8.85 (SD = 8.68).  In the HC group (see table 3-5), 19/24 (79.2%) participants performed 

better with the right hand than the left hand (a positive difference) while 4/24 (16.7%) 

participants performed better with the left hand than the right hand (a negative difference) 

and 1/24 (4.2%) participant showed no difference between the hands (see table 3-5).   

AD group.  Data from the AD group for Task 2 showed a mean percent accuracy 

of 31.1% (SD = 14.1) with the right hand and 20.4% (SD = 9.4) with the left hand with a 

mean difference between the two hands of 10.7% (SD = 8.7%) and a mean asymmetry 

ratio of 20.57 (SD = 21.96).  For task 2 (PI) in the AD group (see table 3-6), 20/21 

(95.2%) participants performed better with the right hand than the left hand (a positive 

difference) while 1/21 (4.8%) participants performed better with the left hand than the 

right hand (a negative difference) and 0/22 (0%) participant showed no difference 

between the hands (see table 3-6).   

On task 2, the difference in performance of the HC and AD groups was 18.7% with 

the right hand and 22.0% with the left hand.  Overall, the HC group performed 

pantomimes more accurately but with similar variability in comparison to the AD group 

on this task 

Task 3: Conceptual Pantomime (CP) 

HC group.  For the HC group, mean percent accuracy on this task was 86.2% (SD 

= 7.2) with the right hand and 84.9% (SD = 7.5) with a mean difference between the two 

hands of 1.3% (SD = 4.6%) and a mean asymmetry ratio of 0.79 (SD = 2.78).  In the HC 

group (see table 3-5), 11/24 (45.8%) participants performed better with the right hand 

than the left hand (a positive difference) while 7/24 (29.1%) participants performed better 
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with the left hand than the right hand (a negative difference) and 5/24 (20.8%) 

participants showed no difference between the hands (see table 3-5).   

AD group.  Mean percent accuracy for the AD group on task 3 (CP) was 62.8% 

(SD = 13.9) with the right hand and 61.1% (SD = 13.4) for the left hand with a mean 

difference between the two hands of 1.7% (SD = 4.5%) and a mean asymmetry ratio of 

1.38 (SD = (3.87).  For task 3 (CP) in the AD group (see table 3-6), 11/18 (61.1%) 

participants performed better with the right hand than the left hand (a positive difference) 

while 6/18 (33.3%) participants performed better with the left hand than the right hand (a 

negative difference) and 1/18 (5.5%) participant showed no difference between the hands 

(see table 3-6).   

On Task 3, the difference in performance of the HC and AD groups was 23.2% 

with the right hand and 24.0% with the left hand.  In summary, the HC group performed 

pantomimes more accurately and demonstrated less performance variability than the AD 

group on this task. 

Error Types Task 1, 2, and 3 

Descriptive data for error types can be found in table 3-7 (task 1), 3-8 (task 2), 3-9 

(task 3) and 3-10 (error totals for tasks 1, 2, and 3).  For Tasks 1 and 2, both groups 

showed a high percentage of sequencing (S), internal configuration (IC), external 

configuration (EC), and movement (M) errors with both hands relative to other error 

types.  The AD group also demonstrated a higher percentage of body part as tool (BPT) 

errors than the HC group with both hands on task 1 and a higher percentage of 

unrecognizable errors (UR) with both hands on task 1 and 2.   

For task 3 (CP), only content errors are reported since this is a conceptual task.  

The HC group showed a higher percentage of related (R) than hand (H) errors while the 
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AD group showed a higher percentage of hand (H) than related (R) errors on task 3 (CP).  

The percentage of perseverative (P) and nonrelated (N) errors on this task was relatively 

low for both groups with both hands.   

When the total number of errors for task 1 (VC) and task 2 (PI) was calculated, the 

HC group produced fewer errors than the AD group and both groups produced fewer 

errors with the right hand than the left hand.  For task 3 (CP), the AD group made more 

errors than the HC group but there was little difference between the right hand and the 

left hand in the total number of errors for both groups. 

Statistical Analysis 

Research Question 1 

Do individuals with AD have conceptual and/or ideomotor apraxia in the left hand? 

Results.  To answer this question, Mann-Whitney U tests were performed using 

data from left hand performance of the AD and the HC groups on the verbal command 

pantomime (task 1) and conceptual pantomime (task 3) tasks.  The Mann-Whitney U test 

for left hand performance on the verbal command pantomime task (ideomotor apraxia) 

was significant at the p < 0.01 level (U = 25.500, p < 0.001).  The Mann-Whitney U test 

for left hand performance on the conceptual pantomime task (conceptual apraxia) was 

significant at the p  < 0.01 level (U = 17.500, p < 0.001)]. 

Research Question 2 

What is the contribution of degraded praxis movement and conceptual 

representations (due to cortical atrophy) to the limb apraxia in individuals with AD?   

Results.  To answer this question, Mann-Whitney U tests were performed using 

data from right hand performance of the AD and the HC groups on the verbal command 

pantomime (task 1) and conceptual pantomime (task 2) tasks.  The Mann-Whitney U test 
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for right hand performance on the verbal command pantomime task was significant at the 

p < 0.01 level (U = 50.000, p < 0.001).  The Mann-Whitney U test for right hand 

performance on the conceptual pantomime task was significant at the p < 0.01 level (U = 

25.000, p < 0.001). 

Research Question 3 

What is the contribution of interhemispheric disconnection (due to callosal atrophy) 

to the limb apraxia in individuals with AD?   

Results.  To answer this question, Mann-Whitney U tests were performed using 

asymmetry ratio data from the performance of the AD and HC groups on the praxis 

production and praxis conceptual tasks.  The Mann-Whitney U test for asymmetry ratios 

on the verbal command pantomime task (task 1) was significant at the p < 0.05 level (U = 

171.000, p = 0.041).  The Mann-Whitney U test for asymmetry ratios on the pantomime 

imitation task (task 2) were significant at the p < 0.01 level (U = 104.500, p = 0.001).  

The Mann-Whitney U test for asymmetry ratios on the conceptual pantomime task (task 

3) were not significant (U = 181.000, p = 0.373).  

Research Question 4 

Is the disruption of praxis information transfer a result of an intrahemispheric 

verbal-motor disconnection or an interhemispheric corpus callosum disconnection? 

Results.  To answer this question, a 2x2 ANOVA procedure was used to compare 

right hand performance of the AD and HC groups on the verbal command pantomime 

(task 1) and pantomime imitation (task 2) tasks and a Mann-Whitney U test was used to 

compare asymmetry ratios of the AD group for the verbal command pantomime (task 1) 

and pantomime imitation (task 2) tasks.  The 2x2 ANOVA was significant for the main 

effect of group [F(1) = 68.498, p < 0.001, effect size = .441] but was not significant for 
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the main effect of task [F(1) = 0.250, p = 0.619] and there was not a significant 

task*group interaction [F(1) = 0.237, p = 0.627].  The Mann-Whitney U test was also 

significant (U = 100.000, p = 0.001) 

Summary 

With regards to the neuropsychological screening, the AD group demonstrated 

memory and cognitive deficits consistent with a diagnosis of dementia while the HC 

group demonstrated normal performance on memory and cognitive tests.  Both intra and 

inter rater reliability were determined to be relatively high lending credibility to the 

scoring system utilized to analyze the data.   

With regards to descriptive statistics, overall, the HC group demonstrated greater 

response accuracy, less performance variability, and fewer errors than the AD group.  For 

both groups with both hands, spatial and temporal errors were the most common types of 

errors produced during task 1 (VC) and task 2 (PI) while content errors were the most 

common type of error in task 3 (CP) for both groups with both hands.  The AD group 

also produced more unrecognizable responses than the HC group.   

The statistical analyses that were conducted in order to answer the research 

questions showed that individuals with AD demonstrated ideomotor and conceptual 

apraxia in both the right and left hands.  Additionally, the results suggested that callosal 

degeneration in individuals with AD interrupts the interhemispheric transfer of praxis 

production information but not praxis conceptual information.  Finally, it can be 

concluded that the interruption of interhemispheric transfer of praxis information in 

individuals with AD is specific to the transfer of motor information from left hemisphere 

praxis movement representations to right hemisphere motor areas.  A discussion of the 

clinical and empirical implications of these results follows.
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Table 3-1: Scores for screening measures for individual subjects in HC group. 

subject # MMSE WAB BORB BNT 
02-001 27 80 30 13 
02-002 30 79 30 15 
02-003 30 80 30 15 
02-004 29 80 30 14 
02-005 28 80 30 14 
02-006 30 80 30 14 
02-007 27 80 30 15 
02-009 28 80 29 15 
02-010 28 75 29 15 
02-011 27 80 29 14 
02-012 28 80 30 15 
02-013 27 80 30 13 
02-014 30 80 30 14 
02-017 28 80 30 13 
02-018 30 80 30 13 
02-019 27 80 30 14 
02-020 28 80 28 13 
02-021 27 80 30 14 
02-022 29 76 30 14 
02-023 29 80 30 15 
02-025 27 80 30 13 
02-026 28 80 30 14 
02-028 28 80 30 13 
02-029 28 80 29 13 
Mean 28.25 79.58 29.75 13.96 
SD 1.1 1.3 0.5 0.8 
MMSE = Mini Mental State Exam, WAB = Western Aphasia Battery, Sequential 
Commands Subtest, BORB = Birmingham Object Recognition Battery, Semantic 
Matching Subtest, BNT = 15-item short form of Boston Naming Test 
SD = standard deviation 
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Table 3-2: Scores for screening measures for individual subjects in AD group. 

subject # MMSE WAB BORB BNT 
01-001 20 76 29 13 
01-003 19 80 29 11 
01-004 16 39 19 6 
01-005 23 80 29 9 
01-006 23 80 27 6 
01-007 23 80 25 11 
01-008 24 80 29 9 
01-009 23 78 27 14 
01-010 12 71 30 10 
01-011 25 80 29 10 
01-012 24 68 27 11 
01-013 18 80 30 9 
01-014 16 62 24 1 
01-015 14 67 27 4 
01-016 22 72 24 8 
01-017 16 70 26 6 
01-018 23 80 29 5 
01-019 23 80 29 9 
01-020 21 80 28 11 
01-021 24 70 29 9 
01-022 24 75 29 9 
01-024 25 78 28 12 
mean 20.82 73.91 27.41 8.77 
SD 3.9 9.5 2.6 3.1 
MMSE = Mini Mental State Exam, WAB = Western Aphasia Battery, Sequential 
Commands Subtest, BORB = Birmingham Object Recognition Battery, Semantic 
Matching Subtest, BNT = 15-item short form of Boston Naming Test 
SD = standard deviation 
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Table 3-3: Inter-rater reliability using % agreement and the Kappa statistic for task 1, 2, 
and 3 

 Task 1-VC Task 2-PI Task 3-CP 
response 
variable % k k strength % K k strength % k k strength 
accuracy 92.1 0.829 almost perfect 92.7 0.833 almost perfect 96.8 0.912 almost perfect
P 100.0 1.000 almost perfect 100.0 1.000 almost perfect 99.9 0.767 substantial 
R  99.9 0.856 almost perfect 100.0 1.000 almost perfect 99.6 0.943 almost perfect
N 100.0 1.000 almost perfect 100.0 1.000 almost perfect 99.9 0.908 almost perfect
H 99.7 0.856 almost perfect 100.0 1.000 almost perfect 98.2 0.906 almost perfect
content 99.9 N/A   100.0 N/A   99.3 N/A   
S 99.7 0.821 almost perfect 95.5 0.815 almost perfect 97.1 0.781 substantial 
T 96.8 0.690 substantial 97.0 0.603 moderate 96.3 0.575 moderate 
O 96.6 0.795 substantial 98.4 0.585 moderate 98.9 0.812 almost perfect
temporal 97.1 N/A   97.0 N/A   97.4 N/A   
A  98.2 0.688 substantial 97.6 0.626 substantial 98.6 0.699 substantial 
IC 84.2 0.708 substantial 86.6 0.756 substantial 86.8 0.799 substantial 
EC  87.9 0.565 moderate 91.1 0.736 substantial 94.0 0.656 substantial 
BPT 97.4 0.538 moderate 99.0 0.627 substantial 98.9 0.846 almost perfect
M  88.2 0.732 substantial 91.2 0.813 almost perfect 89.1 0.696 substantial 
spatial 91.5 N/A   93.3 N/A   93.7 N/A   
C  100.0 1.000 almost perfect 100.0 1.000 almost perfect 99.9 0.000 poor 
NR 99.9 0.799 substantial 99.9 0.888 almost perfect 99.7 0.908 almost perfect
UR 99.6 0.867 almost perfect 99.6 0.912 almost perfect 99.3 0.926 almost perfect
other 99.8 N/A   99.8 N/A   99.6 N/A   
% agreement = (# of agreements - # of disagreements)/total # of stimuli x 100 
VC = verbal command, PI = pantomime imitation, CP = conceptual pantomime 
% = percent of agreement, k = kappa statistic 
P = Perseverative error, R = Related error, N = Non-related error, H = Hand error, 
S = Spatial error, T = Timing error, O = Occurrence error, A = Amplitude error,  
IC = Internal Configuration error, EC = External Configuration error, 
BPT = Body-part-as-tool error, M = Movement error, C = Concretisation error, 
NR = No Response, UR = Unrecognizable response 
accuracy = percentage of correct responses, content = sum of P, R, N, and H errors, 
temporal = sum of S, T, and O errors, spatial = sum of A, IC, EC, BPT, and M errors, 
other = sum of C, NR, and UR errors 
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Table 3-4: Intra-rater reliability using % agreement and the Kappa statistic for task 1, 2, 
and 3. 

 Task 1- VCP Task 2- PI Task 3- CP 
response 
variable % k k strength % k k strength % k k strength 
accuracy 82.7 0.661 substantial 85.4 0.685 substantial 92.7 0.810 almost perfect
P 99.9 0.000 poor 100.0 1.000 almost perfect 98.9 0.328 fair 
R  99.3 0.282 fair 99.9 0.000 poor 97.7 0.713 substantial 
N 100.0 1.000 almost perfect 100.0 1.000 almost perfect 99.4 0.332 fair 
H 99.3 0.284 fair 100.0 1.000 almost perfect 95.0 0.769 substantial 
Content 99.6 N/A   100.0 N/A   97.8 N/A   
S 94.0 0.704 substantial 93.3 0.733 substantial 95.3 0.662 substantial 
T 95.8 0.653 substantial 96.1 0.523 moderate 94.6 0.539 moderate 
O 97.6 0.755 substantial 98.1 0.543 moderate 97.7 0.608 substantial 
temporal 95.8 N/A   95.9 N/A   95.9 N/A   
A  96.8 0.461 moderate 97.3 0.445 moderate 97.9 0.535 moderate 
IC 75.9 0.580 moderate 77.1 0.621 substantial 78.2 0.553 moderate 
EC  85.0 0.484 moderate 82.5 0.564 moderate 88.4 0.452 moderate 
BPT 98.0 0.622 substantial 99.3 0.702 substantial 97.7 0.626 substantial 
M  80.0 0.593 moderate 84.2 0.690 substantial 79.6 0.498 moderate 
Spatial 87.9 N/A   88.8 N/A   89.0 N/A   
C  100.0 1.000 almost perfect 100.0 1.000 almost perfect 99.9 0.000 poor 
NR 99.7 0.749 substantial 99.7 0.832 almost perfect 99.2 0.696 substantial 
UR 97.6 0.402 fair 97.7 0.489 moderate 96.0 0.630 substantial 
Other 99.1 N/A   99.2 N/A   98.4 N/A   
% agreement = (# of agreements - # of disagreements)/total # of stimuli x 100 
VC = verbal command, PI = pantomime imitation, CP = conceptual pantomime 
% = percent of agreement, k = kappa statistic 
P = Perseverative error, R = Related error, N = Non-related error, H = Hand error, 
S = Spatial error, T = Timing error, O = Occurrence error, A = Amplitude error,  
IC = Internal Configuration error, EC = External Configuration error, 
BPT = Body-part-as-tool error, M = Movement error, C = Concretisation error, 
NR = No Response, UR = Unrecognizable response 
accuracy = percentage of correct responses, content = sum of P, R, N, and H errors, 
temporal = sum of S, T, and O errors, spatial = sum of A, IC, EC, BPT, and M errors, 
other = sum of C, NR, and UR errors 
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Table 3-5: Response accuracy (percent) data with difference scores and asymmetry ratios 
for individual subjects in HC group for Tasks 1, 2, and 3. 

 Task 1-VCP Task 2-PI Task 3-CP 

subj# 

% 
acc 
RH 

% 
acc 
LH diff ratio 

% 
acc 
RH 

% 
acc 
LH diff ratio 

% 
acc 
RH 

% 
acc 
LH diff ratio 

02-001 51.1 46.7 4.4 4.50 44.4 28.9 15.5 21.15 93.3 86.7 6.6 3.67 
02-002 44.4 46.7 -2.3 -2.52 40.0 40.0 0.0 0.00 91.1 91.1 0.0 0.00 
02-003 51.1 44.4 6.7 7.02 51.1 40.0 11.1 12.18 88.9 84.4 4.5 2.60 
02-004 42.2 44.4 -2.2 -2.54 33.3 26.7 6.6 11.00 80.0 82.2 -2.2 -1.36 
02-005 62.2 48.9 13.3 11.97 53.3 44.4 8.9 9.11 88.9 88.9 0.0 0.00 
02-006 46.7 46.7 0.0 0.00 46.7 53.3 -6.6 -6.60 93.3 91.1 2.2 1.19 
02-007 44.4 35.6 8.8 11.00 33.3 26.7 6.6 11.00 91.1 93.3 -2.2 -1.19 
02-009 55.6 55.6 0.0 0.00 44.4 37.8 6.6 8.03 93.3 93.3 0.0 0.00 
02-010 53.3 44.4 8.9 9.11 60.0 64.4 -4.4 -3.54 86.7 84.4 2.3 1.34 
02-011 44.4 48.9 -4.5 -4.82 42.2 31.1 11.1 15.14 80.0 73.3 6.7 4.37 
02-012 48.9 51.1 -2.2 -2.20 57.8 35.6 22.2 23.77 86.7 88.9 -2.2 -1.25 
02-013 48.9 48.9 0.0 0.00 68.9 55.6 13.3 10.68 75.6 66.7 8.9 6.25 
02-014 46.7 48.9 -2.2 -2.30 51.1 37.8 13.3 14.96 84.4 88.9 -4.5 -2.60 
02-017 46.7 44.4 2.3 2.52 46.7 37.8 8.9 10.53 88.9 91.1 -2.2 -1.22 
02-018 46.7 51.1 -4.4 -4.50 64.4 55.6 8.8 7.33 77.8 82.2 -4.4 -2.75 
02-019 44.4 26.7 17.7 24.89 31.1 33.3 -2.2 -3.42 84.4 91.1 -6.7 -3.82 
02-020 48.9 35.6 13.3 15.74 35.6 20.0 15.6 28.06 71.1 68.9 2.2 1.57 
02-021 51.1 42.2 8.9 9.54 51.1 46.7 4.4 4.50 88.9 84.4 4.5 2.60 
02-022 55.6 51.1 4.5 4.22 46.7 44.4 2.3 2.52 75.6 80.0 -4.4 -2.83 
02-023 66.7 55.6 11.1 9.08 67.4 57.8 9.6 7.67 97.9 93.3 4.6 2.41 
02-025 66.7 64.4 2.3 1.75 68.9 73.3 -4.4 -3.09 88.9 88.9 0.0 0.00 
02-026 44.4 57.8 -13.4 -13.11 46.7 42.2 4.5 5.06 95.6 84.4 11.2 6.22 
02-028 51.1 46.7 4.4 4.50 66.7 53.3 13.4 11.17 91.1 84.4 6.7 3.82 
02-029 37.8 42.2 -4.4 -5.50 42.2 31.1 11.1 15.14 75.6 75.6 0.0 0.00 
mean 50.0 47.0 3.0 3.26 49.8 42.4 7.3 8.85 86.2 84.9 1.3 0.79 
stdev 7.2 7.7 7.2 8.12 11.7 13.1 7.2 8.68 7.2 7.5 4.6 2.78 
VC = verbal command, PI = pantomime imitation, CP = conceptual pantomime 
% acc RH = percent response accuracy with the right hand 

calculated as number of correct responses / total number of stimuli x 100 
% acc LH = percent response accuracy with the left hand 
 calculated as number of correct responses / total number of stimuli x 100 
diff = difference between % acc RH and % acc LH (i.e. RH minus LH) 
ratio (asymmetry ratio) = (% acc RH - % acc LH) / (% acc RH +  % acc LH) 
DNT = did not test, SD = standard deviation 
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Table 3-6: Response accuracy (percent) data with difference scores and asymmetry ratios 
for individual subjects in AD group for Tasks 1, 2, and 3. 

 Task 1-VCP Task 2-PI Task 3-CP 

subj# 

% 
acc 
RH 

% 
acc 
LH diff ratio 

% 
acc 
RH 

% 
acc 
LH diff ratio 

% 
acc 
RH LH diff ratio 

01-001 13.3 8.9 4.4 19.82 15.6 6.7 8.9 39.91 51.1 42.2 8.9 9.54 
01-003 11.1 15.6 -4.5 -16.85 4.4 15.6 -11.2 -56.00 60.0 64.4 -4.4 -3.54 
01-004 24.4 11.1 13.3 37.46 DNT DNT N/A N/A 26.7 26.7 0.0 0.00 
01-005 22.2 15.6 6.6 17.46 37.8 20.0 17.8 30.80 68.9 66.7 2.2 1.62 
01-006 20.0 20.0 0.0 0.00 15.6 8.9 6.7 27.35 51.1 46.7 4.4 4.50 
01-007 26.7 28.9 -2.2 -3.96 8.9 2.2 6.7 60.36 57.8 53.3 4.5 4.05 
01-008 24.4 17.8 6.6 15.64 37.8 24.4 13.4 21.54 71.1 66.7 4.4 3.19 
01-009 22.2 17.8 4.4 11.00 48.9 28.9 20.0 25.71 82.2 77.8 4.4 2.75 
01-010 20.0 24.4 -4.4 -9.91 17.8 15.6 2.2 6.59 62.2 66.7 -4.5 -3.49 
01-011 44.4 26.7 17.7 24.89 51.1 22.2 28.9 39.43 64.4 60.0 4.4 3.54 
01-012 28.9 24.4 4.5 8.44 46.7 24.4 22.3 31.36 62.2 57.8 4.4 3.67 
01-013 35.6 37.8 -2.2 -3.00 37.8 33.3 4.5 6.33 62.2 60.0 2.2 1.80 
01-014 31.1 24.4 6.7 12.07 37.8 24.4 13.4 21.54 DNT DNT N/A N/A 
01-015 31.1 22.2 8.9 16.70 26.7 22.2 4.5 9.20 DNT DNT N/A N/A 
01-016 17.8 22.2 -4.4 -11.00 17.8 11.1 6.7 23.18 DNT DNT N/A N/A 
01-017 33.3 40.0 -6.7 -9.14 44.4 28.9 15.5 21.15 DNT DNT N/A N/A 
01-018 53.3 40.0 13.3 14.26 33.3 17.8 15.5 30.33 66.7 68.9 -2.2 -1.62 
01-019 31.1 26.7 4.4 7.61 28.9 22.2 6.7 13.11 48.9 55.6 -6.7 -6.41 
01-020 15.6 13.3 2.3 7.96 22.2 11.1 11.1 33.33 57.8 60.0 -2.2 -1.87 
01-021 51.1 46.7 4.4 4.50 46.7 42.2 4.5 5.06 88.9 82.2 6.7 3.92 
01-022 46.7 42.2 4.5 5.06 26.7 20.0 6.7 14.35 75.6 77.8 -2.2 -1.43 
01-024 26.7 15.6 11.1 26.24 46.7 26.7 20.0 27.25 73.3 66.7 6.6 4.71 
Mean 28.7 24.7 4.0 7.97 31.1 20.4 10.7 20.57 62.8 61.1 1.7 1.38 
SD 11.7 10.7 6.5 13.55 14.1 9.4 8.7 21.96 13.9 13.4 4.5 3.87 
VC = verbal command, PI = pantomime imitation, CP = conceptual pantomime 
% acc RH = percent response accuracy with the right hand 

calculated as number of correct responses / total number of stimuli x 100 
% acc LH = percent response accuracy with the left hand 
 calculated as number of correct responses / total number of stimuli x 100 
diff = difference between % acc RH and % acc LH (i.e. RH minus LH) 
ratio (asymmetry ratio) = (% acc RH - % acc LH) / (% acc RH +  % acc LH) 
DNT = did not test, SD = standard deviation 
 
 
 
 



 

 

Table 3-7: Error analysis descriptive data for Task 1 (VC) 

group hand %P %R %N %H %S %T %O %A %IC %EC %BPT%M %C %NR %UR
LH 0.00 0.23 0.00 0.00 9.74 5.80 3.48 1.62 27.49 14.39 0.93 32.48 0.12 0.93 2.78 HC RH 0.12 0.00 0.12 0.00 10.64 5.57 4.21 2.35 30.69 13.37 1.61 29.46 0.00 0.25 1.61 
LH 0.13 0.91 0.21 0.34 8.92 4.68 3.60 2.72 27.32 17.01 4.27 26.02 0.86 1.19 5.89 AD RH 0.17 1.02 0.08 0.34 8.48 4.58 3.39 2.97 26.04 16.88 3.73 25.61 0.85 0.93 4.92 

VC = verbal command, HC = healthy control, AD = Alzheimer’s disease, RH = right hand, LH = left hand 
% = percentage of…, P=Perseverative errors, R=Related, N=Non-related, H=Hand, S=Spatial, T=Timing, O=Occurrence, 
A=Amplitude, IC=Internal Configuration, EC=External Configuration, BPT=Body-part-as-tool, M=Movement, C=Concretisation, 
NR=No response, UR=Unrecognizable response  
Percentages for error types were calculated as number of error present / total number of errors x 100 
 
Table 3-8: Error analysis descriptive data for Task 2 (PI) 

group hand %P %R %N %H %S %T %O %A %IC %EC %BPT%M %C %NR

%UR

LH 0.21 0.21 0.21 0.00 10.10 2.23 0.53 0.74 33.48 18.49 0.11 31.03 0.00 0.21 2.44 HC RH 0.13 0.00 0.00 0.00 11.41 2.41 0.63 0.76 34.98 14.83 0.38 31.05 0.00 0.76 2.66 
LH 0.00 0.07 0.00 0.00 11.01 3.20 1.04 1.26 33.11 19.20 0.67 25.52 0.00 0.67 4.24 AD RH 0.09 0.00 0.09 0.00 13.49 2.66 0.83 1.19 33.12 17.25 0.64 26.51 0.00 0.09 4.04 

PI = pantomime imitation, HC = healthy control, AD = Alzheimer’s disease, RH = right hand, LH = left hand 
% = percentage of…, P=Perseverative errors, R=Related, N=Non-related, H=Hand, S=Spatial, T=Timing, O=Occurrence, 
A=Amplitude, IC=Internal Configuration, EC=External Configuration, BPT=Body-part-as-tool, M=Movement, C=Concretisation, 
NR=No response, UR=Unrecognizable response  
Percentages for error types were calculated as number of error present / total number of errors x 100 
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Table 3-9: Error analysis descriptive data for Task 3 (CP). 
Group hand %P %R %N %H 

LH 1.98 56.44 4.95 36.63HC 
RH 0.98 53.92 5.88 39.22
LH 1.96 31.37 3.27 63.40AD 
RH 1.27 29.30 1.91 67.52

CP = conceptual pantomime, HC = healthy control, AD = Alzheimer’s disease 
RH = right hand, LH = left hand 
% = percentage of…, P=Perseverative errors, R=Related, N=Non-related, H=Hand, 
Percentages for error types were calculated as number of error present / total number of 
errors x 100 
 

Table 3-10: Error totals for tasks 1, 2, and 3 

group task hand 
error 
total 

LH 862HC 
RH 808
LH 3605AD 

1 

RH 1179
LH 941HC 
RH 789
LH 1344AD 

2 

RH 1090
LH 101HC 
RH 102
LH 153AD 

3 

RH 157
HC = healthy control, AD = Alzheimer’s disease, RH = right hand, LH = left hand 
task 1 = verbal command pantomime, task 2 = pantomime imitation, task 3 = conceptual 
pantomime 
% = percentage of…, P=Perseverative errors, R=Related, N=Non-related, H=Hand 
Error total is the sum of all errors produced by each group for each task.  For task 3, only 
content errors are included in the sum of errors.   
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CHAPTER 4 
DISCUSSION 

Apraxia is a movement disorder in which voluntary movement is impaired without 

muscle weakness.  This impairment affects the ability to select and sequence previously 

learned skilled movements.  Limb apraxia specifically refers to an acquired disorder of 

skilled movement that affects hand and arm function.  In order to perform skilled 

movements, sensory input must interact with stored movement representations that are 

translated into patterns of innervation.  Empirical evidence has shown that the neural 

representations for skilled movement are located in the parietal lobe of the left 

hemisphere.  In order to perform skilled movements with the right hand, praxis 

movement representations and innervatory patterns in the left hemisphere must transfer 

motor program information to left primary motor cortex via intrahemispheric white 

matter projections.  In order to perform skilled movements with the left hand, praxis 

movement representations and innervatory patterns in the left hemisphere must transfer 

motor program information to right primary motor cortex via interhemispheric white 

matter fibers.  This study proposed to investigate the neural mechanisms of limb apraxia 

by examining the transfer of different types of praxis information from the left 

hemisphere to the right hemisphere via the corpus callosum.  AD was proposed as a 

model for studying this process because individuals in this population can perform praxis 

tasks with both hands (i.e. they do not have hemiplegia), this diagnosis is prevalent 

among the elderly population (i.e. this is not a rare syndrome), and individuals in this 
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population demonstrate both limb apraxia and callosal atrophy (i.e. can potentially 

differentiate what type of information is being transferred across the corpus callosum).   

Previous studies have provided evidence of neuronal loss in the areas of the brain 

that govern skilled movement systems (i.e. left parietal lobe) and this likely contributes to 

the presence of apraxia in the right hand of right-handed individuals with AD.  Other 

studies have suggested neuronal loss in the cortical layers that project to contralateral 

motor areas (i.e. corpus callosum) and this could explain the presence of apraxia in the 

left hand of right-handed individuals with AD.  Therefore, the goal of this study was to 

examine whether praxis information is transferred across the corpus callosum and what 

type of praxis information is transferred across the corpus callosum.  Investigations of 

callosal apraxia use asymmetries in right and left hand performance on praxis tasks 

(pantomime to command, pantomime imitation and conceptual pantomime) to examine 

the mechanisms of transfer of praxis information in terms of white matter disconnections.  

It has been shown previously that praxis performance in individuals with AD is 

significantly different than praxis performance of healthy elderly individuals.  Therefore, 

this study attempted to investigate if there was a greater disparity between right hand and 

left hand performance on praxis tasks in individuals with AD as compared to healthy 

elderly individuals.  Based on descriptions of individuals with callosal disconnection (De 

Renzi et al., 1982; Gazzaniga et al., 1967; Geschwind & Kaplan, 1962; Graff-Radford et 

al., 1987; Watson & Heilman, 1983), investigation of the transfer of praxis production 

and conceptual information was proposed. 

Summary and Explanation of Findings 

Research Question 1 

Do individuals with AD have ideomotor and/or conceptual apraxia in the left hand? 
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Summary.  In order to answer this question, left hand performance of each group 

on the verbal command pantomime and conceptual pantomime tasks was compared.  A 

significant difference in performance (with the left hand) between the two groups on the 

verbal command pantomime task would indicate the presence of ideomotor apraxia in the 

left hand of individuals with AD.  Statistical analysis of the data revealed that there was a 

significant difference (with the left hand) between the two groups on the verbal command 

pantomime task indicating that individuals with AD have ideomotor apraxia in the left 

hand.  A significant difference in performance (with the left hand) between the two 

groups on the conceptual pantomime task would indicate the presence of conceptual 

apraxia in the left hand of individuals with AD.  Statistical analysis of the data revealed 

that there was a significant difference (with the left hand) between the two groups on the 

conceptual pantomime task indicating that individuals with AD have conceptual apraxia 

in the left hand.  Based on these findings, it can be concluded that individuals with AD 

demonstrated both ideomotor and conceptual apraxia with the left hand. 

Explanation.  Left hand performance was examined to answer this research 

question for two reasons.  First, previous studies have reported ideomotor and conceptual 

apraxia in the right hand of individuals with AD but there are no reports in the literature 

that address left hand performance.  Since the goal of this study was to examine bimanual 

praxis mechanisms, the first step was to establish patterns of apraxia in the left hand that 

were similar to previously reported patterns of apraxia in the right hand.  Second, left 

hand performance requires recruitment of both left hemisphere praxis representations and 

right hemisphere motor areas and requires the transfer of praxis movement and 

conceptual information across the corpus callosum.  If there is ideomotor and conceptual 
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apraxia in the left hand, it is unknown whether this results from degradation of left 

hemisphere praxis movement representations or deficient transfer of information from 

praxis movement representations across the corpus callosum.  The next two research 

questions were aimed at illuminating which of these two processes contributes to the 

ideomotor and conceptual apraxia in individuals with AD.   

The individuals with AD in this study demonstrated limb apraxia with the left hand 

that was similar to the limb apraxia in the right hand described in previous studies.  Like 

the participants with AD in previous studies, the individuals with AD in this study 

demonstrated impaired performance on verbal command pantomime and conceptual 

pantomime tasks (Ochipa et al., 1992; Schwartz et al., 2000; Travniczek-Marterer et al., 

1993).  On verbal command pantomime tasks, previous studies have reported that 

individuals with AD produce more body part as tool errors than healthy elderly 

individuals (Kato et al., 2000) and more spatial and temporal than content errors for 

transitive gestures (Foundas et al., 1999) (all of the stimuli in this study required 

transitive gestures, i.e., required using a tool to act on an object) and the individuals with 

AD in this study showed these same characteristics with both the right and the left hands.  

With regards to the conceptual pantomime task, the AD group made more total errors, 

more conceptual errors, and more unrecognizable errors than the HC group with both 

hands. 

Research Question 2 

What is the contribution of degraded praxis movement and conceptual 

representations (due to cortical atrophy) to the limb apraxia in individuals with AD? 

Summary.  This issue was examined by comparing right hand performance of each 

group on the verbal command pantomime and conceptual pantomime tasks.  A significant 
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difference in performance (with the right hand) between the two groups on the verbal 

command pantomime task would provide evidence that praxis movement representations 

are degraded in individuals with AD.  Statistical analysis of the data revealed that there 

was a significant difference (with the right hand) between the two groups on the verbal 

command pantomime task indicating that praxis movement representations are degraded 

in individuals with AD.  A significant difference in performance (with the right hand) 

between the two groups on the conceptual pantomime task would provide evidence that 

action semantics representations are degraded in individuals with AD.  Statistical analysis 

of the data revealed that there was a significant difference (with the right hand) between 

the two groups on the conceptual pantomime task providing evidence that action 

semantics representations are degraded in individuals with AD.  Based on these findings, 

there is evidence to suggest that both praxis movement representations and action 

semantic representations are degraded in individuals with AD. 

Explanation.  Right hand performance was examined to answer this question 

because right hand performance does not require the transfer of praxis information across 

the corpus callosum but requires within hemisphere access to praxis information.  The 

results of this study have supported the notion that praxis movement representations and 

action semantics representations in the left hemisphere are degraded such that individuals 

with AD demonstrate ideomotor and conceptual apraxia in both hands.  Several studies 

have found cortical atrophy in the temporal and parietal lobes in individuals with AD 

(Foundas et al., 1996; Halliday et al., 2003; Pantel et al., 2004; Thompson et al.,2001; 

Thompson et al., 2003).  Because these areas are important for praxis information 

processing (production and conceptual), it is likely that the apraxia in the right hand of 
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individuals with AD can be attributed to cortical atrophy in the regions that subserve 

praxis production and conceptual information processing.  However, the question remains 

whether the disruption of interhemispheric transfer of praxis information also contributes 

to the ideomotor and conceptual apraxia in the left hand of individuals with AD.  

Therefore, it was necessary to examine the role of interhemispheric transfer of different 

types of praxis information and these analyses could potentially refute the proposed 

localization of these functions within the left hemisphere of individuals with AD.   

Research Question 3 

What is the contribution of interhemispheric disconnection (due to callosal atrophy) 

to apraxia in individuals with AD? 

Summary.  This issue was examined by comparing the disparity or asymmetry 

between right hand and left hand performance of the two groups on praxis production and 

conceptual tasks.  A significant difference in praxis asymmetry between the two groups 

on the verbal command pantomime task and the pantomime imitation task would indicate 

that information from praxis movement representations is not being transferred across the 

corpus callosum in individuals with AD.  Statistical analysis of the data revealed that 

there was a significant difference in praxis asymmetry between the two groups on the 

verbal command pantomime task and the pantomime imitation task indicating that praxis 

movement representations are not being adequately transferred across the corpus 

callosum in individuals with AD.  A significant difference in praxis asymmetry between 

the two groups on the conceptual pantomime task would indicate that information from 

action semantics representations is not being transferred across the corpus callosum in 

individuals with AD.  Statistical analysis of the data revealed that there was not a 

significant difference in praxis asymmetry between the two groups on the conceptual 
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pantomime task indicating that right hemisphere motor areas are able to access 

information from action semantics representations.  There is evidence from these 

analyses to suggest that information from praxis movement representations is not being 

transferred across the corpus callosum in individuals with AD.  Additional findings 

suggest that the right hemisphere is able to access information from action semantics 

representations in individuals with AD. 

Explanation.  The disparity between right hand and left hand performance was 

used to answer this question because praxis performance with the left hand relies on 

interhemispheric transfer of praxis information.  A loss of pyramidal neurons in the third 

cortical layer that project to analogous areas of the contralateral hemisphere via the 

corpus callosum results in atrophy of specific regions of the corpus callosum in 

individuals with AD.  With regards to the corpus callosum, several studies have reported 

a reduction in the total area of the corpus callosum while other studies have suggested 

reductions in specific regions of the corpus callosum (Biegon et al., 1994; Black et al., 

2000; Pantel et al., 1998; Teipel et al., 1998; Teipel et al., 1999).  Based on patients 

described by Kazui and Sawada (1993), Watson and Heilman (1983), and Degos et al. 

(1987), fibers in the anterior portion of the corpus callosum are thought to be important 

for interhemispheric transfer of praxis information.  Evidence from Weis et al. (1991) 

indicated a significant decrease in volume of the anterior corpus callosum without a 

significant decrease in volume of the posterior corpus callosum.  Hampel et al. (1998) 

also noted decreased area in the most rostral (genu and anterior body) and caudal 

(splenium) regions of the corpus callosum without reduction of the posterior body.  These 
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findings suggest that degeneration of callosal fibers could interfere with the 

interhemispheric transfer of praxis information in individuals with AD.   

The results of this study indicated a disruption in the transfer of information from 

praxis movement representations but not in the transfer of information from action 

semantics representations.  It could be that the callosal disconnection that results in 

deficient transfer of praxis information is specific to production information such that 

information specific to the conceptual attributes of the movement is able to be transferred 

across the corpus callosum while information specific to the temporal and spatial 

specifications of the movement is not being adequately transferred across the corpus 

callosum.  Alternatively, these findings might provide evidence that praxis movement 

representations are localized within the left hemisphere but actions semantics 

representations may have a bihemispheric distribution that allows the right hemisphere to 

access praxis conceptual information.  So even if praxis conceptual information that is 

stored in the left hemisphere cannot be transferred across the corpus callosum, the right 

hemisphere may be able to access whatever action semantics representation is needed to 

complete a given task.  These findings suggest that it is likely that the conceptual apraxia 

in both hands of individuals with AD is related solely to degraded action semantics 

representations due to bilateral cortical atrophy while the ideomotor apraxia in the left 

hand of individuals with AD can be attributed to a combination of degraded left 

hemisphere praxis movement representations and deficient interhemispheric transfer of 

praxis information.  However, we have not addressed whether the ideomotor apraxia in 

individuals with AD could result from an intrahemispheric verbal motor disconnection or 

whether it is the verbal input or motor representations that are not being adequately 
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transferred across the corpus callosum in individuals with AD.  The final research 

question will address these two issues.   

Research Question 4 

Is the disruption of praxis information transfer a result of an intrahemispheric 

verbal motor disconnection or an interhemispheric corpus callosum disconnection? 

Summary.  Right hand performance of both groups on the verbal command 

pantomime and pantomime imitation tasks were compared to address this issue.  A 

significant difference between right hand performance of the two groups on these tasks 

would suggest that impaired performance of individuals with AD results from an 

intrahemispheric verbal motor disconnection.  The results of this analysis were significant 

for the main effect of group but not task and there was not a significant interaction 

between group and task.  This suggests that the impaired performance of individuals with 

AD on the verbal command pantomime and pantomime imitation tasks results from an 

interhemispheric disconnection rather than an intrahemispheric disconnection.  These 

results also imply that the interruption of praxis movement representation transfer across 

the corpus callosum is not dependent on the transfer of verbal information. 

The asymmetry between right and left hand performance of individuals with AD on 

the verbal command pantomime and pantomime imitation tasks was also compared.  A 

significant difference between these two tasks would provide further evidence that 

individuals with AD are unable to transfer information from praxis movement 

representations across the corpus callosum.  There was a significant difference in praxis 

asymmetry of individuals with AD on the verbal command pantomime and pantomime 

imitation tasks indicating that the presence of verbal input cannot account for the 
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deficient transfer of movement information across the corpus callosum in individuals 

with AD. 

Explanation.  Thus far, we have examined the mechanisms of praxis information 

transfer using the verbal command pantomime task.  The verbal command pantomime 

task requires processing of verbal information and an interaction between language 

processing centers and praxis movement representations.  The pantomime imitation task 

requires processing of visual information and involves solely the transfer of information 

from praxis movement representations to motor areas for movement execution.  

Therefore in order to determine whether verbal input interferes with interhemispheric 

transfer of praxis information it was necessary to compare the performance of individuals 

with AD on these two tasks.   

If individuals with AD demonstrated impaired performance on the verbal command 

pantomime task but not the pantomime imitation task, this would indicate that verbal 

input was interfering with interhemispheric transfer of praxis information.  However, the 

individuals with AD in this study demonstrated impaired performance on both the verbal 

command pantomime and pantomime imitation tasks meaning that the information that is 

unable to cross the corpus callosum is motor in nature (i.e. information from praxis 

movement representations that contain the temporal and spatial specifications of a 

movement).  Furthermore, if the disparity or asymmetry between hands is significantly 

different in individuals with AD, this would provide further evidence that information 

from praxis movement representations is inadequately transferred across the corpus 

callosum.  If verbal command performance was more asymmetric than pantomime 

imitation performance  (based on group mean asymmetry), this would be considered an 
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intrahemispheric verbal motor disconnection but because pantomime imitation 

performance was more asymmetric than verbal command pantomime performance (based 

on group mean asymmetry), it can be concluded that there is an interhemispheric callosal 

motor disconnection in individuals with AD. 

Conclusions 

According to the results of this study, individuals with AD have conceptual and 

ideomotor apraxia in both the dominant (right) and nondominant (left) hands.  Based on 

the finding of a significant difference in right hand performance on the verbal command 

pantomime and conceptual pantomime tasks, it can be concluded that praxis movement 

representations and action semantics representations are degraded in individuals with AD 

and that degraded movement representations contribute to the ideomotor apraxia while 

degraded semantic representations contribute to the conceptual apraxia in individuals 

with AD.  Previous studies have provided evidence of neuronal loss in the areas of the 

brain that govern skilled movement systems which likely results in the degradation of 

praxis movement and conceptual representations.  A significant difference in the 

asymmetry of performance of the two groups on the praxis production tasks but not the 

praxis conceptual task indicates that deficient transfer of praxis information across the 

corpus callosum contributes to the ideomotor but not the conceptual apraxia in the left 

hand of individuals with AD.  Other studies have suggested neuronal loss in the cortical 

layers that project to contralateral motor areas (i.e., corpus callosum) and this could 

explain the deficient transfer of praxis production information.   

So while the apraxia in the right hand of individuals with AD can be attributed to 

degraded representations, a combination of degraded movement representations and 

deficient interhemispheric transfer of praxis information most likely explains the 



78 

 

ideomotor apraxia in the left hand.  According to the results of this study, the conceptual 

apraxia in the left hand of individuals with AD is related to the degradation of action 

semantics representations but left hand performance on the conceptual pantomime task 

was better than performance on the imitation or command tasks because the right 

hemisphere can still access action semantics information.  This may be because deficient 

callosal transfer of information is specific to the transfer of spatial and temporal 

information or because semantic information is represented in a distributed network that 

encompasses both hemispheres.   

Additionally, the study findings suggested that the disconnection in individuals 

with AD is an interhemispheric callosal motor disconnection rather than an 

intrahemispheric verbal motor disconnection meaning that verbal information does not 

interfere with the interhemispheric transfer of praxis information.  Deficient 

interhemispheric transfer is specific to the transfer of information from praxis movement 

representations.  Future studies will investigate the particular types of information from 

praxis movement representation that are unable to cross the corpus callosum by using a 

discriminate analysis of the error data.   

The purpose of this study was to investigate how praxis information processing is 

represented in the brain by examining the transfer of different types of praxis information 

across the corpus callosum.  The findings of this study support the notion that praxis 

movement representations are localized in the left hemisphere of right handed individuals 

and suggest the conclusion that action semantics representations are distributed across 

both hemispheres.  In addition, it can be surmised that only information from praxis 

movement representations is transferred across the corpus callosum and that information 
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from the input modality must access praxis movement representations prior to the 

interhemispheric transfer of praxis information.  In conclusion, it is evident that the 

interaction between left hemisphere praxis movement representations and right 

hemisphere motor areas is necessary for left hand movement precision and intact praxis 

movement representations and action semantics representations are necessary for 

bimanual movement precision.  All of these outcomes provide significant contributions to 

the study of praxis mechanisms. 

The fact that measurements of cortical and callosal volumes were not obtained and 

that these measurements were not correlated with the presence of limb apraxia is a 

potential weakness of this study.  The absence of this data limits the ability to draw 

conclusions about the neuroanatomical correlates of the praxis mechanisms described in 

this study.  However, this does not negate the value of the findings of the current study 

because it is possible that individuals with AD can still demonstrate limb apraxia in both 

hands without showing radiological evidence of cortical or callosal atrophy.  While it is 

possible to measure the volume of cortical and callosal structures, the integrity of the 

pyramidal cells in the cortical layers that are responsible for transferring information 

within and between hemispheres is not measurable while the individual is living 

(examination of senile placques and neurofibrillary tangles in the cortical layers requires 

post-mortem analysis).  Therefore, regardless of the presence or absence of cortical 

and/or callosal atrophy in individuals with AD limb apraxia in both hands may still be 

present due to underlying neuranatomical processes that cannot be adequately examined. 

Additionally, it should be noted that an attempt was made to balance the two 

groups for age and education level.  While the experimenter succeeded in matching the 
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two groups for age, there was a significant difference in education level between the two 

groups.  Unfortunately, low education level is one of the predictive factors for 

development of this type of dementia.   Finding healthy elderly control subjects that 

matched subjects in the AD group for both age and education level was difficult.  

Typically, in the AD population older individuals have low levels of education while in 

the HC population older individuals have high levels of education.  Because low 

education level is a predictive factor for developing AD, most individuals within the age 

group studied (i.e., 60-90 yrs old) who had low levels of education had developed 

symptoms of AD so healthy elderly individuals that were recruited because they matched 

the AD subjects for age and gender had higher levels of education. 

Lastly, it is important to point out that general cognitive decline in the AD group is 

a potential alternative explanation for the findings of this study.  It is possible that 

individuals with AD demonstrated impaired performance on limb praxis tasks because 

their overall cognitive abilities are affected by AD and not because of degraded praxis 

representations or deficient interhemispheric transfer of praxis information.  In this study, 

the design attempted to control for the effects of general cognitive decline on limb praxis 

performance by enrolling individuals in the earlier stages of the disease process and by 

excluding individuals who exhibited cognitive deficits that would interfere with their 

performance on the experimental tasks (like visual object agnosia and severe auditory 

comprehension deficits).  Therefore, it is not likely that the effect of general cognitive 

decline had a significant impact on these results.   

Implications 

Rothi and Horner (1982) described two theories of physiologic mechanisms of 

recovery that can be applied to rehabilitation of individuals with neurologic disease or 
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injury.  Restitution of function “suggests that as the lesion area heals neural pathways 

resume activities and the functions subserved by the involved neural systems are 

restored” (p. 74).  Substitution of function “suggests that the brain is physiologically 

capable of spontaneous restoration of function beyond the acute phase of recovery 

through substitution and reorganization of neuronal structures” (p. 74).  Behavioral 

treatment approaches consistent with a restitution-of-function model are based on the 

idea that “functions are lost or impaired following brain damage and that lost function 

must be retrained and impaired functions must be maximally stimulated in order to be 

maintained” (p.77).  Behavioral treatment approaches consistent with a substitution-of 

function model are based on the idea that “the clinician treats that patient by discouraging 

the use of ineffective strategies while encouraging the use of new strategies not 

previously available to him” (p. 78). 

Studies that have attempted to treat individuals with limb apraxia can be subdivided 

into approaches that are consistent with a restitution-of-function model (Butler, 1997; 

Maher, Rothi, & Greenwald, 1991; Ochipa, Maher, & Rothi, 1995; Smania, Girardi, 

Domencali, Lora, & Aglioti, 2000; Wilson, 1988) and approaches that are consistent with 

a substitution-of-function model (Donkervoort, Dekker, Stehmann-Saris, & Deelman, 

2001; Goldenberg, Daumuller, & Hagmann, 2001; Goldenberg & Hagmann, 1998; van 

Heugten, Dekker, Dellman, van Dijk, Stehlmann-Saris, &Kinebanian, 1998).  Those 

studies that aimed to restore praxis functions usually demonstrated improvement on 

outcome measures but the improvement was typically limited to gestures targeted during 

the treatment.  Strategy training in individuals with apraxia was designed to teach 

strategies to compensate for apraxia rather than rehabilitate the apraxia itself and these 



82 

 

approaches tended to be successful in instituting compensatory strategies that allow the 

patient to function more independently despite the persistence of apraxia.  For individuals 

with AD, who have apraxia that impacts their ability to perform everyday activities 

independently, perhaps a combination of these two treatment methods would be useful.  

Additionally, because the results of this study have shown the individuals with AD have 

apraxia in both the right and left hands, assessment of apraxia should include the 

examination of both right hand and left hand performance and apraxia treatment should 

comprehensively be aimed at improving function in both hands. 

With respect to AD, limb apraxia continues to be an important area of study.  This 

study has shown that many areas of praxis function are impacted by the cognitive decline 

that characterizes AD.  Since numerous studies have shown the impact of limb apraxia on 

this population and the resultant burdens associated with its presence (Foundas et al., 

1995; Giaquinto et al., 1999; Saeki et al., 1995), research into the nature, assessment and 

treatment of this disorder in individuals with AD should continue to be vigorously 

pursued. 

 



 

83 

APPENDIX A 
LIST OF STIMULI 

stimulus 
# Task 1- VC Task 2- PI Task 3- CP 
1 Show me how you would hold and 

use a paddle to play ping pong. 
imitate using a 
paddle to play ping 
pong 

pictured object: 
ping pong ball and 
table 

2 Show me how you would insert a 
plug into an electrical outlet. 

imitate inserting a 
plug into an 
electrical outlet 

pictured object: 
electrical outlet 

3 Show me how you would hold and 
use a razor to shave your face. 

imitate shaving your 
face 

pictured object: 
unshaven face 

4 Show me how you would hold and 
use a match to light a candle. 

imitate lighting a 
candle with a match 

pictured object: 
unlit candle 

5 Show me how you would hold and 
use a screwdriver to turn a screw 
into the wall. 

imitate using a 
screwdriver to turn a 
screw into the wall 

pictured object: 
screw sticking out 
of a piece of wood

6 Show me how you would throw a 
bowling ball. 

imitate throwing a 
bowling ball 

pictured object: 
upright bowling 
pins 

7 Show me how you would hold and 
use an iron to press a shirt. 

imitate ironing a 
shirt 

pictured object: 
ironing board with 
a shirt on it 

8 Show me how you would beat a 
drum with a drumstick. 

imitate drumming pictured object: 
drum set 

9 Show me how you would hold and 
use a spatula to turn eggs in a frying 
pan. 

imitate turning eggs 
with a spatula 

pictured object: 
skillet with eggs in 
it 

10 Show me how you would hold and 
use a knife to spread butter on bread.

imitate spreading 
butter on bread with 
a knife 

pictured object: 
piece of bread with 
butter on it 

11 Show me how you would hold and 
use a paint roller to paint a wall. 

imitate using a paint 
roller to paint a wall 

pictured object: 
paint roller pan 



84 

 

stimulus 
# Task 1- VC Task 2- PI Task 3- CP 
12 Show me how you would hold and 

use a spoon to eat a bowl of soup. 
imitate using a 
spoon to eat soup 

pictured object: 
bowl of soup 

13 Show me how you would hold and 
use a paintbrush to paint on an easel.

imitate using a 
paintbrush to paint 
on a canvas 

pictured object: 
painter's easel and 
palette 

14 Show me how you would hold and 
use a paintbrush to paint a wall in 
front of you. 

imitate using a 
paintbrush to paint a 
wall 

pictured object: 
open paint can 

15 Show me how you would hold and 
use a knife to carve a turkey. 

imitate using a knife 
to carve a turkey 

pictured object: 
whole turkey 

16 Show me how you would throw a 
dart at a dart board. 

imitate throwing a 
dart 

pictured object: 
dart board 

17 Show me how you would hold and 
use a spoon to stir a cup of coffee. 

imitate stirring 
coffee 

pictured object: 
cup of coffee and 
open packet of 
sugar 

18 Show me how you would hold and 
use a saw to cut wood on a 
sawhorse. 

imitate sawing wood pictured object: 
wood on a 
sawhorse 

19 Show me how you would hold and 
use a match to light a fire in a 
fireplace. 

imitate using a 
match to light a fire 

pictured object: 
wood in a fireplace

20 Show me how you would hold and 
use lipstick to paint your lips. 

imitate using lipstick pictured object: 
lips with partial 
lipstick 

21 Show me how you would hold and 
use a spatula to cut and serve cake. 

imitate cutting and 
serving cake 

pictured object: cut 
bundt cake 

22 Show me how you would use a jack 
to lift a car that had a flat tire. 

imitate using a jack 
to fix a flat tire 

pictured object: car 
with a flat tire 

23 Show me how you would hold and 
use a fork to eat dinner. 

imitate using a fork 
to eat dinner 

pictured object: 
plate of food on 
table 

 



85 

 

 
stimulus 

# Task 1- VC Task 2- PI Task 3- CP 
24 Show me how you would hold and 

use a toothbrush to brush your teeth.
imitate brushing 
your teeth 

pictured object: 
dirty teeth 

25 Show me how you would hold and 
use a hammer to pound a nail into 
the wall. 

imitate hammering a 
nail into a wall 

pictured object: 
nail sticking out of 
a piece of wood 

26 Show me how you would hold and 
use a key to unlock a door. 

imitate unlocking a 
door with a key 

pictured object: 
keyhole and 
doorknob 

27 Show me how you would hold and 
use a hammer to remove a bent nail 
from a piece of wood. 

imitate removing a 
bent nail from wood 
with a hammer 

pictured object: 
bent nail in a piece 
of wood 

28 Show me how you would hold and 
use a shovel to scoop sand into a 
bucket. 

imitate scooping 
sand into a bucket 
with a shovel 

pictured object: 
sandbox with sand 
and pail 

29 Show me how you would hold and 
use a comb to fix your hair. 

imitate combing 
your hair 

pictured object: 
messy hair 

30 Show me how you would thread a 
needle. 

imitate threading a 
needle 

pictured object: 
spool of thread and 
a button 

31 Show me how you would hold and 
use a turnkey to open a can of 
sardines. 

imitate using a 
turnkey to open a 
can of sardines 

pictured object: 
partially opened 
sardine can 

32 Show me how you would hold and 
use a pencil sharpener to sharpen a 
broken pencil. 

imitate sharpening a 
pencil 

pictured object: 
broken pencil 

33 Show me how you would hold and 
use a bottle opener to open a soda 
bottle. 

imitate opening a 
soda bottle with a 
bottle opener 

pictured object: 
soda bottle 

34 Show me how you would hold and 
use a screwdriver to open a can of 
paint. 

imitate using a 
screwdriver to open 
a paint can  

pictured object: 
closed paint can 

35 Show me how you would turn off a 
dripping faucet. 

imitate turning off a 
dripping faucet 

pictured object: 
dripping faucet 

36 Show me how you would throw a 
baseball to the catcher. 

imitate throwing a 
baseball 

pictured object: 
baseball catcher 
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stimulus 
# Task 1- VC Task 2- PI Task 3- CP 
37 Show me how you would hold and 

use a hatchet to chop a log. 
imitate chopping a 
log with a hatchet 

pictured object: 
partially chopped 
log 

38 Show me how you would hold and 
use tongs to serve ice. 

imitate using tongs 
to serve ice 

pictured object: ice 
bucket and glass 

39 Show me how you would hold and 
use an ice cream scoop to serve ice 
cream. 

imitate using an ice 
cream scoop to serve 
ice cream 

pictured object: ice 
cream and cone 

40 Show me how you would hold and 
use an eraser to clean a chalkboard.

imitate erasing a 
chalkboard 

pictured object: 
scribbles on chalk 
board 

41 Show me how you would hold and 
use a wrench to turn a bolt. 

imitate using a 
wrench to turn a bolt 

pictured object: 
hexhead bolt 

42 Show me how you would hold and 
use a gun to shoot at a target. 

imitate shooting a 
gun 

pictured object: 
human shaped 
target  

43 Show me how you would roll up a 
car window. 

imitate rolling up a 
car window 

pictured object: 
partially opened 
car window 

44 Show me how you would hold and 
use clippers to trim a rose stem. 

imitate using 
clippers to trim a 
rose 

pictured object: 
rose and vase 

45 Show me how you would hold and 
use scissors to cut a piece of paper. 

imitate cutting paper 
with scissors 

pictured object: 
partially cut out 
paper doll 
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APPENDIX B 
DESCRIPTION OF ERRORS 

Content  
P Perseverative- The patient produces all or part of a previously produced 

pantomime. 
R Related- The pantomime is an accurately produced pantomime associated in 

content to the target. For example, the participant might pantomime playing 
a trombone for a target of a bugle. 

N Nonrelated- The pantomime is an accurately produced pantomime not 
associated in content to the target.  For example, the participant might 
pantomime playing a trombone for a target of shaving. 

H Hand- The patient performs the action without benefit of a real or imagined 
tool.  For example, when asked to cut a piece of paper with scissors, they 
pretend to rip the paper.  Another example would be turning a screw by 
hand rather than with an imagined screwdriver. 

Temporal  
S Sequencing- Some pantomimes require multiple positioning that are 

performed in a characteristic sequence.  Sequencing errors involve any 
perturbation of this sequence including addition, deletion, or transposition 
of movement element as  long as the overall movement structure remains 
recognizable. 

T Timing- This error reflects any alteration from the typical timing or speed 
of a pantomime.  May include abnormally increased, decreased, or irregular 
rate of production. 

O Occurrence- Pantomimes may characteristically involve either single (i.e. 
unlocking a door with a key) or repetitive (i.e. screwing in a screw with a 
screwdriver) movement cycles.  This error reflects any multiplication of 
characteristically single cycles or reduction of a characteristically repetitive 
cycle to a single event. 

Spatial  
A Amplitude- Any amplification, reduction, or irregularity of the 

characteristic amplitude of a target pantomime. 
IC Internal Configuration-This error type reflects any abnormality of the 

required finger/hand posture and its relationship to the target tool.  For 
example, when asked to pretend to brush teeth, the participant may close the 
hand tightly into a fist with no space allowed for the imagined toothbrush 
handle. 

BPT Body Part as Tool- The patient uses finger, hand, or arm as the imagined 
tool of the pantomime.  For example, when asked to pretend to smoke a 
cigarette, the participant might puff on the end of an extended index finger. 



88 

 

Spatial  
EC External configuration- This error type reflects any abnormality of the 

required finger/hand posture and its relationship to the target object.  For 
example, when asked to pretend to brush teeth, the participant might hold 
his hand next to his mouth without reflecting the distance necessary to 
accommodate an imagined toothbrush. 

M Movement- When acting on an object with a tool, a movement 
characteristic of the action and necessary to accomplishing the goal is 
required.  Any disturbance of the characteristic movement of the action.  
For example, when asked to pantomime using a screwdriver, a participant 
may orient the imagined screwdriver correctly to the imagined screw but 
instead of stabilizing the shoulder and wrist while twisting at the elbow, the 
participant stabilizes the elbow and twists at the wrist or shoulder. 

Other  
C Concretization- The participant performs a transitive pantomime not on an 

imagined object but instead on a real object not normally used in the task.  
For example, when asked to pretend to saw some wood, they pantomime 
sawing on their leg.   

NR No Response 
UR Unrecognizable Response- A response that is not recognizable and shares 

no temporal or spatial features of the target. 
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