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ABSTRACT 

Anatomic, physiologic and pathologic findings suggest 

that the integrity of frontal lobe functioning may be 

compromised in people with Parkinson's disease. This 

disruption has been proposed to result in neuropsychological 

deficits similar to those seen in people with cortical 

frontal lobe lesions. In a number of studies, investigators 

report evidence of "frontal lobe" deficits (also termed 

problem solving deficits) in people with the disease. The 

exact nature of the impairment is as yet unclear. 

This study employs the Wisconsin Card Sorting Test 

(WCST) and the Controlled Oral Word Association Test, 

previously reported as sensitive measures of problem solving 

deficits in Parkinson's disease. It also uses the 

California sorting Test, previously administered to people 

with cortical frontal lobe lesions and leading to reports of 

perseverative errors. As yet, there has been no reported 

use of this test with PD subjects to the best of my 

knowledge. 

The three tests were administered to 19 subjects with 

Parkinson's disease and 19 demographically matched control 

subjects. Results of analyses of the WCST scores appeared 

similar to previous reports, that is, there was a 



significant difference between PO subjects and controls. 

Scores on the Controlled Word Association Test 

10 

were similar between groups on semantic categories and 

significantly different when letters only were used. Scores 

on the California Sorting Test were similar between groups 

on all measures of correct responses, but significantly 

different in measures of perseverations on the free sorting 

condition. 

These results were interpreted as showing further 

evidence for the Brown and Marsden model of "internal cue" 

deficit. When sorting under varying degrees of structure 

and external cues, it was found that the more outside

imposed structure and the more external cues, the more the 

two groups scored alike. By contrast, the more unstructured 

the condition, the more the PO group showed impairment. 



CHAPTER 1 

INTRODUCTION 
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In 1817 James Parkinson described a condition known at 

that time as the shaking palsy. He reported that people 

with this disease had a syndrome of resting tremor, postural 

instability and dysfunction of motor programs with " ••. the 

senses and intellects being uninjured ll (Parkinson, 1817). 

The condition he described, now termed Parkinson's disease, 

continues to be diagnosed and treated according to the motor 

dysfunction it presents, but the assumption that 

intellectual abilities are unaffected has been questioned. 

As early as the mid-19th century (Charcot, 1877), opinions 

have varied concerning the cognitive abilities of people 

with Parkinson's disease. 

One of the initial neuropsychological debates 

concerning Parkinson's disease focused on dementia, a 

progressive deterioration of multiple cognitive abilities. 

Charcot noted that " ••• at a given point the mind becomes 

clouded and the memory is lost" (Charcot, 1877). Clinicians 

and researchers had observed in certain individuals, not 

only circumscribed intellectual impairment but also this 

global deterioration. The prevalence of dementia in 

Parkinson's disease has been reported from 2% (Patrick and 

Levy, 1922) to as high as 77% (Lewy, 1923). 
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This variability in estimates of prevalence can be 

traced to a number of factors. The definition of dementia 

has historically varied between researchers. The methods of 

assessment determining impairment have also varied. Motor 

deficits can confound cognitive testing, so that decreased 

speed of execution can look like cognitive decline. 

Conditions occurring with Parkinson's disease, such as 

alcoholism, and medications affecting mentation can 

complicate a neuropsychological profile. A variety of other 

conditions resembling Parkinson's disease have been shown to 

be separate entities. Finally, there appear to be subgroups 

of parkinsonism which may eventually be catagorized as 

separate diseases. 

In a recent investigation, it was estimated that 

between 7 and 15% of people with Parkinson's disease develop 

dementia (Girotti et a1., 1988). Characteristics predictive 

of dementia are now thought to be: acquiring the disease at 

a later age, a faster rate of motor symptom progression, and 

evidence of dementia within the first five years. 

If recent estimates are correct, then most people with 

Parkinson's disease do not develop dementia. Another active 

area of research addresses the cognitive profiles of this 

nondemented group. Currently, there is widespread agreement 

that people with the disease, as a group, have 
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neuropsychological deficits. The nature of the deficits, 

however, and the neuropathological and neurochemical bases 

are controversial (Pirozzolo et al., 1988). At this time, 

visuospatial deficits (Brown and Marsden, 1986; Della Sala 

et al., 1986; Boller et al., 1984; Pirozzolo et aI, 1982), 

language deficits (Pillon, 1989; Cummings et al., 1985), 

procedural memory deficits (Saint-Cyr et al., 1988) 

semantic memory deficits (Gurd and Ward, 1989; Hines and 

Volpe, 1985; Tweedy et al., 1982), and psychomotor slowing 

(Wilson et al., 1980) have been reported. As yet, there is 

no consensus on the specific nature, degree, or interaction 

of deficits. 

Recently, so-called "frontal lobe abilities" have been 

examined. Frontal lobe abilities are generally the skills 

thought to be subserved by the frontal lobes. People who 

sustain damange to their frontal cortical areas show 

impairment on certain types of neuropsychological tasks. 

Deficits have been found in people with Parkinson's disease 

that are similar to those seen in people who have cortical 

frontal lobe lesions. Impairments have been noted in the 

"frontal tasks" of attention (Mayeux et al., 1987), 

sequencing (Sagar and Sullivan, 1986) shifting between 

concepts (Lees and Smith, 1983) and the ability to generate 

internal cues (Brown and Marsden, 1988). People with 

Parkinson's disease have reportedly showu impairments on a 
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number of tests which have been shown to be sensitive to 

frontal lobe lesions such as: the stroop Word-Color Test, 

the Wisconsin Card Sorting Test, and verbal fluency tests 

(Pirozzolo et aI, 1988). Although most evidence supports 

the existence of frontal lobe or problem solving deficits in 

Parkinson's disease, the exact nature of these deficits is 

not yet clear. 

statement of the Problem 

Anatomic, physiologic and pathologic findings suggest 

that the integrity of frontal lobe functioning may be 

compromised in people with Parkinson's disease. This 

disruption has been proposed to result in neuropsychological 

deficits similar to those seen in people with cortical 

frontal lobe lesions. In a number of studies, investigators 

report evidence of "frontal lobe", also termed problem

solving deficits in people with the disease. The exact 

nature of the impairment is, as yet, unclear. A recent 

trend in frontal lobe investigations is to further divide 

problem solving skills into more testable components. 

Generative abilities, proficiency in forming strategies, 

maintaining a mental set, and the ability to inhibit 

perseverations are all thought to be subserved by the 

frontal lobes. The nature of these abilities in people with 

Parkinson's disease is not yet understood. 
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Research Questions 

This study attempts to answer the following questions 

regarding subjects with Parkinson's disease as they compare 

to a group of demographically matched controls: 

1. Do the subjects with Parkinson's disease, show an 

impaired ability to generate words, rules and 

category sorts? 

2. Do they demonstrate perseverations? Do 

perseverations only appear in certain types of 

tasks? 

3. Do they show deficits on tasks relying on internal 

cues? On external cues? 

4. How do subjects with Parkinson's compare to 

controls in sorting language-based stimuli? In 

visuospatial-based stimuli? 

Limitations of the study 

While my study appears to have value in understanding 

the importance of extrinsic structure and external cues in 

problem solving by individuals with Parkinson's disease, it 

has certain obvious limitations. The present study consists 

of only 38 subjects, 19 with Parkinson's disease (PO) and 19 

controls. A larger number would clearly have more 

statistical power, and consequently the results could be 

stated with more assurance. 
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Another limitation relates to gender. The PD group 

included six women and 13 men, while the control group 

consisted of 12 women and seven men. Results of this study 

could have been influenced by differences in the 

neuropsychological processes of women and men rather than 

the effects solely of Parkinson's disease. 

still another limitation could stem from ethnic and 

regional considerations. Subjects were all Caucasian, and 

all lived in the southwestern region of the united states. 

Therefore, results of this study cannot yet be generalized 

to people of other races and living in other regions of the 

country, although quite possibly the findings may later be 

found to hold true. 

Lastly, the California Sorting Test is not yet 

published and normative data is not yet available. The final 

published paradigm may change from the version (the third 

revision) used in this study. The published normative data 

could lend important information to the study, such as age 

and gender differences. 

Significance of the Problem 

This study has both theoretical and practical 

implications. Results may add to our knowledge of 

neuropsychological impairments in Parkinson's disease. It 
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is intended to further describe generative abilities and 

conditions under which perseverations occur. Additionally, 

results may elucidate differences between internal versus 

external cues, concrete compared to abstract, and language 

to visuospatial abilities within problem solving abilities. 

Because Parkinson's disease is a disorder of the basal 

ganglia, results of this study may add to present knowledge 

of the cognitive contribution made by these structures and 

their connections. 

The information gained by this investigation may also 

have practical significance. Deficits in cognition 

subserved by the frontal lobes are often not apparent during 

normal conversation or interview. Yet, perseveration, 

difficulty in the generation of new ideas, or understanding 

of rules may significantly impact a person's life. 

Professionals working with people who have Parkinson's 

disease could utilize the information in recommending 

remediation, training, or job placement. 

Definitions of Terms 

Dementia: a deterioration in multiple cognitive abilities 

that exceeds the decline expected with normal aging and 

occurs in a state of clear consciousness. 



Neuropsychological deficits: impairments in cognitive 

abilities that reflect the brain and its anatomical 

substrates. 
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Frontal lobe abilities: behaviors and skills thought to be 

subserved by intact frontal lobes of the brain. 

Problem solving abilities: a rubric for a variety of 

frontal lobe abilities including anticipation, goal

selection, pre-planning, monitoring of a task, and 

generative abilities. A failed performance of a task 

measuring problem solving abilities can reflect one or 

more of the following: 

a) inability to translate knowledge of specific 

facts into appropriate action. 

b) a problem in shifting from one concept to 

another and changing behavior once started. 

c) a tendency to respond to a fragment with 

failure to grasp the totality or key feature. 

d) a deficit in integrating isolated details. 

e) a deficiency in handling simultaneous sources 

of information. (stuss and Benson, 1987) 

Verbal generative abilities: also termed verbal fluency, 

the ability to spontaneously evoke appropriate words. 

Perseveration: the tendency to repeatedly emit the same 

verbal or motor response to varied stimUli. 



CHAPTER 2 

LITERATURE REVIEW 

The Motor System 
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The motor system consists of numerous neural and extra

neural (e.g., muscles and tendons) components guided by 

sensory input. In a person with no marked motor 

dysfunction, the components work in concert, enabling the 

individual to perform complex activities such as carrying a 

full glass of wa'ter across a room. If one of the components 

is malfunctioning, this task may not be accomplished. The 

ability to carry a full glass of water is not localized in 

any of the components, and any division of the motor system 

is artificial. Yet, the type of motor dysfunction 

demonstrated by a particular lesion can be so distinctive as 

to indicate which area of the motor system is affected. For 

example, a spinal cord lesion may entail inability to lift 

the glass, a cerebellar lesion may be associated with ataxia 

of movement with the glass, and a basal ganglia lesion may 

result in a tremor while holding the glass at rest. In 

certain extreme and dramatic dysfunctions, such as 

hemiballismus, the signs can point exactly to the brain 

region affected, in this case the contralateral subthalamic 

nucleus. 
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Motor disorders characteristically have both negative 

signs and positive signs. While negative signs are 

deficiencies of movement, positive signs are excesses of 

movement (e.g. hyperkinesias) and are thought to result from 

the release or disinhibition of the activity of the 

undamaged portion of the motor system (Adams and Victor, 

1989). 

Disorders of the Basal Ganglia 

Important but poorly understood components of the motor 

system are the basal ganglia, several closely associated 

gray structures that lie deep in the brain beneath the 

cerebral cortex. The role of these components appear to 

include programming of certain movements, their execution 

and modulation. It has been reported that during an 

intended movement the basal ganglia seem to facilitate one 

set of activities and suppresses superfluous ones (Adams and 

Victor, 1989). Diseases or dysfunctions in the basal 

ganglia do not result in paralysis or paresis, but in 

disrupted movements, ranging from extreme hypokinesias 

(negative signs) to hyperkinesias (positive signs; Kandel 

and Schwartz, 1985) Negative signs, or motor deficiencies 

of basal ganglia disease, may also include akinesia (poverty 

of movement), loss of normal postural reflexes and loss of 

facial expression. positive signs include tremor, rigidity 

and involuntary movements (Adams and Victor, 1989). 
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"cogwheel rigidity". The distinctive postural changes 

include a bending forward and loss of postural reflexes with 

a general imbalance and a tendency to fall (Kandel and 

Schwartz, 1985). 

Anatomy of the Basal Ganglia 

Because of the localization of its pathologic features, 

Parkinson's disease is classified as one of the disorders of 

the basal ganglia. The basal ganglia comprise of a group of 

gray structures that lie deep in the brain beneath the 

cerebral cortex and flank the thalamus and hypothalamus (see 

Illustrations). The nuclei consistently included as basal 

ganglia are the putamen, caudate nucleus, globus pallidus, 

sUbstantia nigra, and subthalamic nucleus (Angevine and 

Cotman, 1981). 

Just as the pathology of Parkinson's disease is 

distinctive, so the diagnosis of the condition is made on 

the basis of highly characteristic motor dysfunction. The 

anatomy, physiology and pathology underlying the clinical 

presentation is now partially understood, as reflected in 

more informed treatment. 

Recent evidence suggests that the basal ganglia may 

also make a contribution to cognitive functions. It 

appears that the putamen is intimately involved in motor 
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Globus pallidu.: 
legment 
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Subttlnri. nigra 

A coronal section of the human brain showing the basal 

ganglia. (Kandel and Schwartz, 1985) 



.. 

1\ 

FIG. 9-3. 11,e basal glll/glia. (i\) The h,I~,l1 glll1glia in a "transparent" left hemisphere. 
The putamen, lying benedlh the in~\lI", connects rostrally with the head of the 
caudate nucleus. The tail (If lilt! Ciludill!! ('uris into the temporal lobe, followtng the 
curvature of the lateral v!!ntlide in whkh It lies, and fuses with the amygdala, 
which in turn merge~ with the undersurf.lce of the putamen. Numerous bridges of 
gray matter run between thl' caud.lle anti put.lnlen. Between the bridges extend the 
fibers of the internal capsule (not shuwn). 
(8) The basal gangUa in laler.!1 (d), anterior (b), and posterior (c) aspects. The 
posterior view shows the glubus pallidus (sometimes eaRed the pa'tlidum). By virtue 
of high myelinated fiber content, it has a pattor apprcrnching white miltter in the 
fresh statt!. ~ gtobus pa-Uhtus hilS twn c.tivisiuns, as visible here. 

(Angevine and Cotman, 1981) 
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functions, while the caudate nucleus participates in 

cognition (Kandel and Schwartz, 1985). 

connections 
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A general principle of the connections of the basal 

ganglia is that afferent (input) connections come from 

widespread areas of the cerebral cortex, while efferent 

(output) connections are channelled through the thalamus to 

the frontal lobes. Recently, anatomic and physiologic 

findings suggest that there are five distinct basal ganglia

thalamocortical circuits: the moto~, oculomotor, 

dorsolateral prefrontal, orbitofrontal, and anterior 

cingulate. These pathways appear to be anatomically and 

functionally segregated (Miller and DeLong, 1988). 

While some of these long routes seem strictly limited 

to motor programs, the dorsolateral prefrontal and 

orbitofrontal have a proposed role in cognitive functions. 

These two circuits have been labeled "association circuits ll 

because their sites of origin and termination are in the 

association areas of the cerebral cortex. 

The dorsolateral prefrontal circuit originates in the 

dorsolateral prefrontal cortex, the posterior parietal 

cortex, and the arcuate premotor area. The circuit leads to 

the caudate nucleus, which then projects to the internal 
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segment of the globus pallidus and sUbstantia nigra, and 

then to the ventral anterior (VA) and mediodorsal (MD) 

thalamus, terminating in the dorsolateral prefrontal cortex. 

The orbitofrontal circuit arises in the lateral 

orbitofrontal cortex and in the superior and inferior 

temporal gyri. These projections, like the foregoing, also 

pass to the caudate nucleus, project to the internal segment 

of the globus pallidus and sUbstantia nigra and finally 

course through the ventral anterior and mediodorsal thalamus 

to the lateral orbitofrontal cortex (Miller and DeLong, 

1988). Thus, the circuits have major areas of origin in the 

frontal lobes, projecting through the basal ganglia and 

thalamus and looping back again to the frontal lobes. 

Not surprisingly, disruptions in these circuits have 

been shown to adversely affect the performance of behavioral 

tasks in animals. Restricted bilateral lesions of certain 

areas in the caudate nucleus resulted in impairment in 

delayed response, delayed alternation, and object reversal 

tasks. This impairment is similar to that seen when lesions 

are made in the corresponding regions of the frontal cortex 

(Miller and DeLong, 1988). 

Pathology 

The presumptive site of Parkinson's disease is the pars 

compacta of the sUbstantia nigra. In patients with no 



neurological impairment, the substantia nigra appears dark 

at autopsy. Individuals affected with the disease exhibit 

an evident loss of this dark pigment, associated with 

degeneration of neurons in the region of the substantia 

nigra. It is estimated that 80% of nigral cells are lost 

before Parkinsonian symptoms occur. 

26 

These nigral cells are the major site for the synthesis 

of dopamine in the brain. Dopamine, one of several 

cate~holamines, is both a neurotransmitter and a substrate 

for norepinephrine and epinephrine. Dopamine constitutes 

about one-half of the total catecholamine content of the 

brain. There are four major pathways that synthesize 

dopamine. The one affected in Parkinson's disease is the 

nigrostriatal. This pathway has cell bodies located in the 

sUbstantia nigra which project to the striatum (caudate and 

putamen). Therefore, the massive loss of cells from the 

nigra is reflected by a severe depletion of dopamine in the 

striatum and associated neurotransmitter imbalance. The 

striatum and associated regions contain more than 80% of the 

total dopamine in the brain (Hornykiewicz and Kish, 1986), 

and the five basal ganglia-thalamocortical circuits project 

through these structures. 

The neural deficit in Parkinson's disease is thus 

twofold: There is a severe depletion of dopamine and a 
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heavy loss of neurons. These two factors lead to disruption 

of function in the basal ganglia-thalamocortical circuits. 

As previously noted, two of these circuits have rich 

connections with the frontal lobes and appear to play a role 

in cognitive functioning. Consequently, the hypothesis has 

arisen that Parkinson's disease may cause a dysfunction in 

the type of cognition subserved by the frontal lobes. 

Frontal Lobe Abilities in Parkinson's Disease 

This hypothesis has in fact been tested in a number of 

studies. A battery of tests were administered to a group of 

nondemented subjects with Parkinson's disease assessing 

memory, general intelligence, visuospatial Skills, 

psychomotor skills, and problem solving abilities. No 

evidence of generalized disruption of cognitive processes 

was found. Memory and visuospatial abilities appeared 

generally intact. Yet, frontal lobe abilities showed 

impairment (Taylor et al., 1986). Another study, of 

demented and nondemented Parkinsonian, found the one 

consistent impairment between the two groups to lie in the 

sphere of frontal lobe abilities (Caltagirone et al., 1989). 

In numerous other studies, investigators report evidence of 

problem solving impairment in people with Parkinson's 

disease (Piccirilli et al., 1989; Flowers and Robertson, 

1985; Brown and Marsden, 1988; Canavan et al., 1989; Pillon 

et al., 1986; pirozzolo et al., 1988). 
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Although there seems to be consensus on the existence 

of frontal lobe deficits in Parkinson's disease, the nature 

of impairments are unclear. A number of names have been 

used to describe the operations of the frontal lobes: 

problem solving abilities, executive functions, higher level 

functions, and concept formation. All these terms reflect 

regulatory influences that the frontal lobes exercise in 

relation to the rest of the brain. The recent trend in 

frontal lobe investigations has been to further divide 

frontal lobe functions into more testable components, such 

as sequencing, maintaining mental set, attention and problem 

solving (stuss and Benson, 1987). Some evidence has been 

adduced in each of these areas bearing upon the study of 

Parkinson's disease. 

Sequencing 

In one study, people with Parkinson's disease were able 

to recognize historic events, but were impaired in their 

ability to date these events (Sagar et al., 1985). 

Similarly, in a verbal temporal ordering test, subjects 

showed impairment in their judgement of recency. When 

studying a list of words, their determination of which word 

they had seen more recently was impaired; yet their 

recognition memory for the word was intact (Sagar et al., 

1988). The Picture Arrangement subtest of the Wechsler Adult 
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Intelligence Scale-Revised (WAIS-R) was also administered to 

people with Parkinson's disease. Results of this test showed 

impairment in their ability to arrange pictures into a 

meaningful story (Sagar and Sullivan, 1986). 

Attention 

A number of studies of Parkinson's disease have looked 

at the ability to attend to a specific stimulus. Tasks 

involving reaction time are traditional tests of attention, 

but these can also reflect motor skills. An attempt was 

made to minimize the necessary movement, yet impairment in 

attention and vigilance was still found (Mayeux et al., 

1987; Girotti et al., 1986). In an attempt to control 

factors complicating the interpretation of attentional 

tasks, one study used the Stroop Colour-Word Test in two 

versions. The only change between the first and second 

testing was a reminder to the subject of the relevant 

attribute. Results indicated impairment when the subject 

was not cued (Brown and Marsden, 1988). The authors 

interpreted the results as an impairment in the supervisory 

Attentional System, a model devised by Norman and Shall ice 

(1980). 

Problem Solving Abilities 

Problem solving abilities have been traditionally 

difficult to measure because they are the most complex form 



of cognitive processes and the term encompasses so many 

types of skills. Problem solving involves processing new 

information, applying old information in new settings, 

regulating skills subserved by other areas in the brain, 

planning, monitoring, using motivation and self awareness, 

and inhibiting unwanted behaviors. All these skills 

influence each other, and when a person shows impaired 

scores on a test of problem solving it is difficult to 

delineate the reason(s) for the impaired performance. 
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For example, the Wisconsin Card Sorting Test (WCST) is 

a commonly used assessment of frontal lobe or problem 

solving ability (Wang, 1987). The test involves sorting the 

72 stimulus cards into categories of either shape, color, or 

number where one of these categories has been preselected. 

This is performed by the examinee placing each card of the 

deck under one of the following four category cards: one 

red triangle, two green stars, three yellow crosses, and 

four blue circles. The person is told if the placement is 

correct or incorrect. Thus, the examinee must deduce from 

his/her own errors which category is being required. Having 

done so, the examinee must then continue to use only that 

attribute and attempt to block the others. Once ten correct 

placements are achieved, the principle is changed without 

warning and the examinee must deduce the next category 

(Lezak, 1983). 
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This test was designed to study "abstract behavior" and 

"shift of set" (Berg, 1948; Grant and Berg, 1948), yet in 

order to master the task a variety of skills are needed. As 

stated by stuss and Benson, 1987, an impaired performance 

could be caused by a number of factors, such as: 

1. An inability to translate knowledge of specific 

facts into appropriate action. 

2. A problem in shifting from one concept to another 

and in changing a specific behavior once started. 

3. A tendency to respond to a fragment with failure 

to grasp the totality or the key feature. 

4. A deficit in relating or integrating isolated 

details. 

5. A deficiency in handling simultaneous sources of 

information. 

As stated previously, the WCST has been used in a 

number of studies of cognitive abilities in Parkinson's 

disease and the PO subjects have shown significant 

impairment when compared to controls (Taylor et al., 1986; 

Caltagirone et al., 1989). Not surprisingly, a debate 

continues regarding the specific impairment leading to 

lowered scores. Four major studies speak to this issue. 

In one study, scores of people with PO and controls 

were compared. in tests of word production, sorting semantic 
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categories, and finger pushing sequences (Cools et al., 

1984). The investigators reported that the parkinsonian 

subjects achieved lower scores than controls in each task. 

The tests were proposed to be measures of IIshifting 

aptitude II defined as 1I ••• the ability to reorganize behavior 

according to the requirements of the task" (Cools et al., 

1984). This IIshifting aptitude" deficit "is reportedly 

apparent in various cognitive and motor tasks and thought to 

be responsible for impaired performances on the WCST. 

A subsequent study investigated abilities in terms of 

"control of mental set" defined as " ••• maintaining one 

predisposition or strategy against other competing 

possibilities and also changing the strategy when 

circumstances change" (Flowers and Robertson, 1985). The 

investigators stated that the WCST was not used because 

normal elderly subjects would perform poorly. They also 

predicted difficulty with the interpretation of failed 

performances in PD subjects, and such subjects might even be 

unable to complete the initial category. Consequently, a 

task was developed, to rectify these difficulties, the Odd

Man-Out test COMO). Instead of the three variables on the 

WCST, the OMO has only two: shape and size. The examinee 

picks a category, then continues to name the odd-man-out 

according to that category. After going through the 

completed, he/she is asked to name the odd one according to 
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the alternate category. It was found that PO subjects could 

understand and apply each concept, but once both rules of 

categorization are brought to their attention, they 

oscillate between the two. The investigators also stated 

that, unlike controls, PO subjects showed little improvement 

over repeated trials (Flowers and Robertson, 1985). The 

results were interpreted as showing an instability of 

cognitive set with no loss of reasoning ability, 

perseveration or increased distractibility. 

A recent major study investigated multiple cognitive 

abilities and reported frontal deficits, without global 

cognitive, memory, or visuospatial impairments (Taylor et 

al., 1986). The WCST was administered, and a highly 

significant difference between the PO and controls subjects 

in the number of categories generated were noted. However, 

the proportion of perseverative to nonperseverative errors 

was not significantly different between the groups. The 

investigators interpreted their results as consistent with 

the studies of Flowers and Robertson (1985) and Cools et ale 

(1984). Taylor and colleagues stated that PO subjects 

seemed to have a loss of "internally guided behavior" and 

that only those tests which relied on this behavior showed 

impairment. They reported that even highly complex tasks 

could be performed when the rules were explicit. 
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A subsequent study (Brown and Marsden, 1988) disagreed 

somewhat with the interpretation of Cools et al. Brown and 

Marsden had previously found (1986) that PD subjects were 

impaired on all aspects of WCST but v showed no impairment 

when performing another task that involved shifting between 

sets (Brown and Marsden, 1986). Their interpretation was 

tha.t "shifting aptitude" is not generalizable to all tasks 

even when using the same subjects. 

In their 1988 study, Brown and Marsden also took issue 

with the hypothesis of loss of "internally guided behavior" 

(Taylor et al., 1986). They pointed out that scores on other 

tests (e.g. the verbal fluency task) in the Taylor battery, 

also apparently relying on "internally guided behavior" were 

not significantly different between groups. They stated 

that if a model of impairment only occurs in select 

circumstances it is of little heuristic value. For this 

reason, they modified Taylor's hypothesis and termed the 

deficit as one of "internal attentional control" which would 

explain the previous findings. 

Brown and Marsden then administered the stroop Colour

Word Test to PD and control subjects under two experimental 

conditions. Under one condition, the subject was cued as to 

the attribute that was currently relevant (external cue). 

In the other, the subject was not cued (compelled to rely on 
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an internal cue). They found no impairment during the 

external cue condition, but significant impairment when no 

cues were given. Difficulty was seen in switching set, but 

only in the non-cued condition and no difficulty was seen in 

maintaining set. These results were interpreted as further 

support for the model of "internal attentional control" 

(Brown and Marsden, 1988). 

Verbal Fluency 

One measure of verbal fluency is the Controlled Oral 

Word Association Test or verbal fluency test (Benton and 

Hamsher, 1976: Benton et al., 1983). It measures the oral 

production of words beginning, with a designated letter. 

The examinee is asked to say as many words beginning with a 

certain letter as he/she can in one minute. The set of 

letters that were initially used were F,A, and S and this 

set is used so frequently the test is sometimes called FAS 

(Lezak, 1983). The verbal fluency test appears to be a 

sensitive indicator of brain dysfunction, especially of 

frontal cortical lesions (Miceli et al., 1981: Perret, 1974; 

Ramier et Hecaien, 1970). Along with words beginning with a 

certain letter, semantic categories such as types of fruit 

and things in a grocery store, have been used for this 

paradigm. 
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This test was used in a few studies on problem solving 

abilities of people with Parkinson's disease. There have 

been conflicting results. Although two studies reported 

impaired performances (Lees and smith, 1983; Cools et al., 

1984), one reported no significant impairment (Taylor et 

al., 1986). Two studies used letter paradigms (D,B,M and 

F,A,S: Lees and smith, 1983; Taylor et al., 1986) and one 

study used semantic categories (animals, professions). 

Perseverations 

The general definition of perseveration is the tendency 

to repeat the same motor or verbal response to differing 

stimUli (Kolb and Wishaw, 1980). Patients with frontal 

cortical lesions reportedly have a tendency to perseverate 

(Drew, 1974; Milner, 1964). 

Assessments of perseverations have also been made in 

investigations of Parkinson's disease. The studies which 

utilized the weST showed perseveration scores of PD subjects 

to be significantly higher than controls (Lees & Smith, 

1983; Bowen, 1976). It was subsequently noted, however, 

that non-perseverative errors were also significant on this 

test (Taylor et al., 1986). When re-calculating the errors 

according to another classification system (Milner, 1963) 

each subject group was reported to show no evidence of a 

perseverative response style. 
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Thus, more information is needed to further delineate 

which aspects of problem solving are impaired. A test was 

recently developed to assess sorting into categories under 

varying conditions. The California Sorting Test (Delis et 

al., 1990) utilizes stimulus cards under the conditions of: 

Free sorting (the subject sorts and names the categories), 

structured sorting (the examiner sorts and the subject names 

the categories), and cued sorting (the examiner names the 

category and the subject sorts). Preliminary findings 

suggest that this test a sensitive indicator of frontal lobe 

dysfunction (personal communication, Delis, 1989). 



CHAPTER 3 

METHODS 

Subjects 
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Subjects were recruited from participants in a 

longitudinal research study currently in progress at the 

University of Arizona. The study is titled "Communication 

and Neuropsychiatric status in Parkinson's Disease" and the 

two principle investigators are Kathryn Bayles and Alfred 

Kaszniak. 

Selection criteria for this study require all subjects 

(with and without Parkinson's disease) have visual acuity 

good enough to read newspaper size print, have auditory 

acuity good enough to pass a speech discrimination test with 

80% accuracy, and have normal or above premorbid 

intelligence as determined by a commonly used equation 

(Barona, et al., 1984). 

Subjects are excluded if they have a history of 

myocardial infarction or chronic cardiovascular disease, 

cerebrovascular accident, alcohol or substance abuse, 

chronic psychiatric illness or long-term neuroleptic 

medication predating the onset of the Parkinson's disease, 

syphilis, or traumatic brain injury. Any person with 

chronic renal, hepatic, pulmonary endocrine disease, or 

hypertension will be examined on an individual basis and 
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inclusion will be determined by the neurologist. 

subjects with Parkinson's Disease 

Nineteen subjects were enrolled in this study that met 

the above criteria, have a diagnosis of idiopathic 

Parkinson's disease, and have no history of stereotaxic 

sur.gery. Subjects had no evidence of dementia as measured 

by a score of 27 or more on the Mini-Mental State 

Examination (Folstein et al.,1975). 

Response to dopaminergic medication varies according to 

time since ingestion and has been referred to as the 

"on/off" phenomenon. Subjects have shown significant 

differences in scores, in "on" times compared to "off" 

times, especially on frontal lobe tests (Gotham et al., 

1988). Subjects will therefore be tested during their "on" 

times according to the following formula: 0.5 x (drug 

interval) + one-half hour. Tests were administered during 

one-half hour preceding and following the peak period. For 

example, if a person takes medication at 8 am and 12 noon, 

the drug interval is 4 hours, half of which is 2 hours plus 

one-half is 10:30. Tests will be administered between 10:00 

am and 11:00 am. 
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Neurologic Examination 

The neurologist for the longitudinal study administered 

the Unified Parkinson's Disease Rating Scale (Fahn, Elton & 

UPDRS development committee, 1985). The scale assesses 

severity of motor signs, mood, and daily living skills by 

neurological examination and interview. Subjects included 

in this study must meet the criteria of scores of one to 

three on the Hoehn and Yahr portion of the neurological 

examination. 

Control Subjects 

Nineteen control subjects were recruited from the 

subject pool according to their match to the experimental 

group on age, gender, years of education, race and estimated 

intelligence quotient (as measured by the Barona et a1., 

1984 equation). 

PROCEDURES 

The following two tests were administered by research 

assistants hired by the grant. The research assistants are 

graduate students, trained in test administration and 

instructed about these two specific tests. Initial dual 

scoring has helped to maintain reliability between testers. 
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Generative Naming 

This test, also termed Controlled Oral Word Association 

Test, requires the subject to spontaneously produce words 

that begin with a certain letter. It is a test of word 

fluency and generative ability. Investigators have reported 

that people sustaining lesions of the frontal cortex produce 

significantly lowered scores (Miceli et al., 1981: Perret, 

1974). 

Subjects will be asked to generate as many words as 

they can within a minute that begin with a certain letter, 

the first names of people beginning with certain letters and 

words in semantic categories such as names of fruit. 

Instructions 

"Name as many real words beginning with the letter "s" 

("a") as you can think of. Don't give me names of people or 

places. I will give you one minute. Are you ready?" The 

same instruction will be repeated for names beginning with 

"M" and names beginning with "J" and the semantic categories 

of fruit and animals. 

Hypothesis 

Subjects with Parkinson's disease are expected to 

gene:..'ate significantly fewer words than the controls on each 

of the oral word association tests. 
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Wisconsin Card Sorting Test 

This test was developed to study "abstract behavior" 

and "shift of set" (Grant & Berg, 1948). It is a widely 

used test of problem solving abilities. People with frontal 

lobe lesions produce lowered scores, suggesting an impaired 

ability to form concepts (Lezak, 1976). This test has been 

administered to people with Parkinson's disease in previous 

studies (Taylor et al., 1986) and the people have shown 

impairment. 

Instructions 

Subjects will be given the instructions: "This test is 

a little unusual, because I am not allowed to tell you very 

much about how to do it. You will be asked to match each of 

the cards in this deck to one of four key cards. You must 

always take the top card from the deck, and place it below 

the key card you think it matches. I can't tell you how to 

match the cards, but I will tell you whether you are right 

or wrong. If you are wrong, leave the card where you've 

placed it, and try to get the next card correct. There is 

no time limit for this test." (Heaton, 1981) 

The initial sorting principle is color. Following six 

correct responses the sorting principle will be changed 

without cue to shape, then number, then to color, shape and 

number again with a possibility of the completion of six 
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categories. The test was discontinued after six categories 

are completed, or until the cards are finished. Scores were 

given for number of categories, errors and perseverative 

responses. Before a response can be scored as a 

perseveration, the subj ect must p'~rsist with the same 

category response after two cue,s 'that it was incorrect. 

Hypothesis 

Subjects with Parkinson's disease were expected to show 

an impaired performance compared to controls on each of the 

three scoring criteria: number of categories, total errors 

and total perseverative responses. A repeated measures 

ANOVA was used to measure the differences between the 

control and experimental groups. 

California sorting Test 

This test was developed to differentiate deficits which 

make up the overall impairment of problem solving (Delis et 

al.,1988). Stimulus cards can be sorted according to 

visuospatial appearance, semantic information of words, 

concrete characteristics of the words and abstract 

information about the words. There is a condition or free 

sorting in which the subject has to sort cards without any 

clues from the examiner, a verbal explanation of the rules 

they used to sort, a verbal name given to the sort performed 

by the examiner, and a rule named by the examiner and the 



sort made by the subject. (Because this test is not yet 

published or described by another source, the examiner 

record booklet giving a more complete description is in 

Appendix A) • 

Instructions 
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"lim going to show you six cards that can be sorted in 

different ways. lid like to see how many different ways you 

can sort these cards. Each time you must make only two 

piles with three cards in each pile. The three cards in 

each pile should be the same in some way. Each time you 

sort the cards into two piles, tell me how you did it. Be 

sure to tell me how you sorted both piles, not just one of 

them. For example, if you sort by shape, say: "This pile 

has circles and this pile has squares." Do not just refer 

to one pile and say: "This pile has circles." Once you sort 

the cards one way, do not sort them that way again. Work as 

quickly as you can until I say stop." 

Scores will be given for number of sorts, number of 

rules verbalized, and perseverations during the free sorting 

condition. The structured sorting condition will be scored 

by correct verbalization of rules for the examiners sorts. 

Sco+es will be given for correct responses to general cues 

and to specific cues during the cued sorting condition. 

Subsets of scores for concrete, abstract, verbal and 
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visuospatial will also be recorded. 

Hypothesis 

Subjects with Parkinson's disease will show an impaired 

performance on the free sorting condition, and on abstract 

semantic information. They will score similar to controls 

on the cued sorting condition and concrete and specific 

cues. A mixed design ANOVA will be used to measure 

differences between the oontrol and experimental groups on 

the three sets of items under the three conditions. 



CHAPTER 4 

RESULTS 

Demographics 
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As shown in Table 1, the mean age of the control group 

was 69.26 with a standard deviation of 5.36. The mean age 

of the group with Parkinson's disease (PO Group) was 67.31, 

the standard deviation 6.85. A one way analysis of variance 

(ANOVA) revealed a .3356 or no significant difference 

between the groups. The PO group had an average of 15.21 

years of education, and the control group averaged 15.37 

years with a non-significant difference between the groups. 

In order to determine if the groups were similar in 

other factors that may affect neuropsychological test 

scores, an equation which estimates premorbid intellectual 

functioning was utilized (Barona et al., 1984). This index 

provides a score for the demographic variables of gender, 

race, occupation, and region of residence along with age and 

years of education which can be used in an equation. 

Calculation of the equation results is an estimated 

premorbid intelligent quotient (IQ) rating based on the 

Wechsler Adult Intelligence Scale-Revised (WAIS-R) 

(Wechsler, 1981). 



Variable 

Age 

Education 

Scaled 

Age 

Education 

Gender 

Race 

occupation 

Region 

IQ Estimate 

Table 1 Demographic Information 

PD Group 

x SD 

67.31 6.85 

15.21 2.80 

8.05 .85 

5.21 .85 

1.68 .48 

3.00 .00 

5.31 .58 

3.00 .00 

113.81 4.99 

controls 

x SD 

69.26 5.36 

15.37 2.50 

8.26 .73 

5.37 .83 

1.37 .49 

3.00 • 00 

5.53 .51 

3.00 • 00 

114.55 4.83 

P 

.3356 

.8555 

.4185 

.5673 

.0531 
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No Var . 

.2448 

No Var . 

.648 

All subjects in each group were Caucasian and lived in 

the western region of the United States, resulting in no 

differences between groups in these criteria. There were 12 

women and seven men in the control group and six women and 

13 men in the experimental group. This variable approaches 

significance (.0531) and will be considered when 

interpreting test result differences. 
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According to the Barona classifications, there are six 

occupational categories ranging from unskilled workers (1) 

to professional and technical workers (6). The mean level 

of occupational category for the control group was 5.53 

compared to a level of 5.31 for the experimental group. A 

one way ANOVA revealed no significant difference between the 

groups. 

The formula for calculating the premorbid intelligence 

quotient (Barona et al., 1984) is: 

IQ = 54.96 + O.47(age) + 1.76(gender) + 4.71(race) 

+ 5.02(education) + 1.89(occupation) + O.59(region) 

The mean estimated premorbid intelligence quotient for 

the PO group was 113.81 and for the control group was 

114.51. A one-way ANOVA revealed no significant difference 

between groups. 

A neurologist examined each subject and reviewed the 

medical records. She determined that each of the control 

subjects had no neurological impairment, or medical 

condition that would compromise their cognitive functioning. 

She also determined that each experimental subject had 

idiopathic Parkinson's disease and no other medical 

condition affecting mentation. 



Analyses of the demographic information, premorbid 

intelligence estimation and medical diagnostic information 

revealed no significant differences between the groups. 

Therefore, the two groups meet the criteria for being 

matched (Shavelson,1988) and a repeated measures design 

ANOVA could be applied to the neuropsychological test 

scores. 
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To determine the presence of dementia, the Mini-Mental 

state Exam (MMSE) (Reisberg et al., 1982) was given. Only 

subjects receiving a score of 27 (of a possible 30) or above 

were included in this study. The average score of the group 

with Parkinson's disease was 28.74 with a standard deviation 

of .93 and a range of 27 to 30. The mean score for the 

control subjects was 29.26 with a standard deviation of .56 

and a range of 28 to 30. An ANOVA revealed significance 

(.0423). 

Tests of Verbal Fluency' 

Tests of verbal fluency included how many animals, 

fruits, words beginning with liS", words beginning with "a", 

names beginning with "M", and names beginning with "J" that 

a person could say in one minute. A comparison of groups 

using a planned comparison Bonferoni adjusted t test showed 

no significant difference on fluency of generating types of 

animals (.5961), names beginning with the letter "M" 
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(.2025), names beginning with the letter IIJII or types of 

fruit (.0279) (see Table 2}. However, a significant 

difference between groups was revealed when comparing scores 

on generating words beginning with IIs"e·0005), and words 

beginning with "a" (.0053). 

Table 2 Controlled Oral Word Association Test 

PO Group Controls P 

X SO X SO 

# of Words 

animals 15.21 4.18 16.05 5.44 .5961 

fruits 13.58 4.26 16.84 4.51 .0279 

liS" 11.42 4.69 18.00 5.89 .0005* 

"a" 10.89 4.32 15.42 5.05 .0053* 

M names 9.31 2.93 10.74 3.77 .2025 

J names 10.16 3.89 11.21 3.50 .3868 

Persevere 

animals .26 .56 .53 .70 .2082 

fruits .57 1.07 .21 .53 .1881 

"s" .05 .23 .26 .56 .1393 

"a" .21 .42 .31 .74 .5963 

M names .05 .23 .05 .23 1.0000 

J names .16 .37 .21 .42 .6855 

*Significant according to the Bonferoni method 

.05/6 = .0083 



Perseverations in each of these categories were 

analyzed, revealing very few perseverations made by either 

group and no significant difference between the groups in 

any conditions. 

Wisconsin Card sorting Test 
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Scores from the Wisconsin Card Sorting Test that 

were compared were: the total number of cards (of a possible 

72) needed to make 6 categories, the number of categories 

(of a possible 6) that were completed, the number of errors 

made, the number of perseverations and the number of non

perseverative errors. Significant differences between the 

groups were revealed for each condition using planned 

comparisons with Bonferoni adjusted t test (See Table 3). 

Total number of cards needed for the control group were 

61.31 (of a possible 72) with a standard deviation of 10.30 

and a range of 45 to 72. Total number of cards needed for 

the experimental group was 68.89 with a standard deviation 

of 7.11 and a range of 46 to 72. This was significant at 

the level of .0122. The group with Parkinson's disease 

averaged 3.42 categories (of a possible 6) with a standard 

deviation of 1.98 and a range of 0 to 6. The control group 

averaged 5.16 categories with a standard deviation of 10.30 

and a range of 3 to 6. The Bonferoni revealed a significant 

difference between groups on the .0027 level. 
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Table 3 Wisconsin Card Sorting Test 

PO Group Controls P 

Score X SO X SO 

Total Cards 68.89 7.11 61.31 10.30 .0122* 

Categories 3.42 1.98 5.16 1.26 .0027* 

Errors 38.10 12.87 23.00 12.39 .0007* 

Perseverations 13.53 7.99 7.00 7.20 .0121* 

* Significant according to the Bonferoni method 

.05/4 = .0125 

The control group made an average of 23.00 errors, 

while the experimental group averaged 38 errors. The 

significant difference was at the level of .0007. The 

number of those errors that were perseverations averaged 

13.53 for the group with Parkinson's disease, and 7.00 for 

the controls. This was significant at the .0121 level. 

California sorting Test 

Scores of the California sorting Test were from three 

conditions: Free sorting (the subject sorts the cards and 

names the categories), structured,sorting (the examiner 

sorts the cards and the subject names the categories), and 

cued sorting (the examiner gives the category name and the 

subject sorts). 
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Included in free sorting condition were scores for 

number of attempted sorts (correct and incorrect), number of 

correct sorts, discrepancy between attempted and correct 

sorts, and perseverations of sorts. Each person received 

separate scores for naming the category and for the number 

of perseverations on those names. The subjects with 

Parkinson's disease made a greater number of sorts (mean = 

16.39) than the controls (mean = 14.89). This difference 

was not significant (.3126). As noted in Table 4, the 

control group, however had a greater average of correct 

sorts (mean = 12.16) than the experimental group (mean = 

11.22). This difference was not significant either (.2804) 

However, when analyzing the discrepancy between attempts and 

correct sorts, the difference between PD Group (5.17) and 

the Control Group (2.74) was significant (.0123). This 

discrepancy seemed to be on the basis of perseverations of 

sorts with the PD Group averaging 4.22 perseverations (see 

Table 5) and the control group 1.63, a difference that was 

significant (.0027). Scores in correctly naming their own 

sorts were not significantly different (means = 22.16 vs. 

19.61, at the .1549 level), but perseverations in the naming 

were significantly different (.0085). 

In scores measuring the ability to name the examiner's 

sorts, the control group's mean score was 22.10, while the 

group with PD was 18.05, a significance at the .0318 level. 
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The number of perseverations made in this condition was not 

significant between groups (.7024). 

Table 4 California Sorting Test Totals 

PO Group Controls P 

Variables X SO X SO 

Free Sorting 11.22 2.80 12.16 2.39 .2804 

Names of Free 19.61 5.79 22.16 4.84 .1549 

Structured Sorts 18.05 5.94 22.10 5.05 .0318 

Cued Sorts 32.83 3.35 34.63 1.30 .0364 

Bonferoni method: .05/4 = .0125 

Both groups scored quite high on the cued sorting 

portion of the test, the control group averaging 34.63 and 

the Parkinson's group scoring 32.83 (out of a possible 36). 

However, the difference was significant at the .0364 level 

(See Table 5). The number of perseverations made during 

this condition was minimal (mean = .21 vs .33) and not The 

PO and Control Groups were compared across the four types of 

conditions for total number correct with a two factor 

repeated measures ANOVA (See Table 6). The PO Group was not 

significantly different from the control group on overall 

correct answers, F(1,35) = 3.95, P = .055. There was no 

difference between the groups for each of the four occasions 



F(3,105) = 442.17, p = .079 and no interaction. 

significant (.5741). 

Table 5 California sorting Test Perseverations 

PO Group Controls 

Perseverations X SO X SO 

Free sorting 4.22 3.23 1.63 1.30 

Name of Free 1.39 1.33 .42 .69 

Structured Sorts 1.94 2.13 1.63 2.75 

Cued Sorts .33 .77 .21 .53 

*Significant according to the Bonferoni method 

.05/4 = .0125 

55 

P 

.0027* 

.0085* 

.7024 

.5741 

The PO and Control Groups were compared across four 

perseveration conditions with a two factor repeated measures 

ANOVA (see Table 6). The PO group was significantly 

different from the Control group on their overall 

perseveration, F(1,35) = 8.97, P = .005. 

There was a significant difference between the overall 

perseveration of the PO and Control groups for each of the 

four different measures of perseveration F(3,105) = 15.55, p 

= .0001. The means of the four perseveration measures were 

2.93, .91, 1.79, .27. 
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There was a significant interaction of groups with the 

perseveration condition F(3,105) = 3.69, P = .014. Using 

the Bonferoni adjusted t test, the significance appeared to 

be caused by perseverations on the free sorting condition, 

both in sorts and naming their own sorts. Perseverations on 

structured sorting and cued sorting were not significantly 

different between the PO and the Control groups. 

Table 6 California sorting Test Totals ANOVA 

Between-Subject Effects 

within Cells 

Constant 

Group 

SS 

1783.64 

68980.3 

201.17 

OF 

35 

1 

1 

occasion Within Subjects Effects 

within Cells 

SS 

726.46 

occasion 9177.60 

Group By Occasion 48.35 

DF 

105 

3 

3 

MS 

50.96 

1353.59 

201.17 

MS 

6.92 

3059.20 

16.12 

F 

3.95 

F 

P 

.0001 

.055 

P 

442.17 .0001 

2.33 .079 
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Table 7 California sorting Test Perseverations ANOVA 

Between-Subjects Effects 

Within Cells 

Constant 

Group 

S5 

143.89 

320.86 

36.86 

OF 

35 

1 

1 

occasion within Subject Effect 

within Cells 

S5 

331.07 

occasion 147.09 

Group X Occasion 34.87 

OF 

105 

3 

3 

MS 

4.11 

320.86 

36.86 

MS 

3.15 

49.03 

11. 62 

F 

442.17 

8.97 

F 

15.55 

3.69 

P 

.0001 

.005 

P 

.0001 

.014 
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The PO group appeared similar to controls on 

demographic variables. Results of analyses revealed no 

significant differences between the groups mean ages and 

years of education. Using the Barona index for premorbid 

intelligence estimation (Barona et al., 1984), the author 

converted age, years of education, gender, occupation, race, 

and region of the country into scaled scores. Calculation 

of the equations resulted in premorbid intelligence quotient 

estimations which were shown to be not significantly 

different between groups. A neurologist (Joan Franks, M.D.) 

determined that each of the control subjects had no 

neurological impairment and that each of the experimental 

subjects had idiopathic Parkinson's disease with no other 

medical condition affecting mentation. Taken together, the 

demographic information, premorbid intelligence estimation, 

and medical diagnostic information suggest that the two 

groups are of similar intelligence and that any systematic 

differences between them should be attributable to 

Parkinson's disease. 

In measures of verbal fluency, no differences between 

groups were seen on the scores of verbalizing animals, 

fruits, or names starting with M or J. A significant 
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difference, however, was seen between groups on scores of 

words beginning with the letters Sand A. Generating names 

that begin with M and J did not yield a high score for 

either the control or Parkinson's groups. In the task of 

generating words beginning with the letters S and A, the 

group with PD received similar scores to those on the 

subtests of names beginning with M and J. The control 

group, however, scored much higher. The task of producing 

words beginning with a particular letter has no semantic 

clues and thus, may be too unstructured for the group with 

Parkinson's disease. Few perseverations were made by either 

group. 

Scores on the Wisconsin Card Sorting Test revealed 

significant differences between groups on every measure. 

People with Parkinson's disease used more stimulus cards, 

made fewer categories, more errors, and more perseverations. 

It is interesting to note that perseverations are only one 

type of possible error. Although the perseverative errors 

were significantly different between groups, the 

nonperseverative errors were also significant. It has been 

proposed that errors on this test could be due to difficulty 

converting thoughts into action, problems in shifting, 

response to a fragment rather than the whole, and 

integrating, or otherwise handling multiple sources of 

information (stuss and Benson, 1987). One or more of these 
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factors may have been influencing the performances of the PD 

group during this test. 

The three conditions in the California Sorting Test 

were free sorting (the subject sorts the cards and names the 

categories), structured sorting (the examiner sorts the 

cards and the subject names the categories), and cued 

sorting (the examiner gives the category name and the 

subject sorts). In the condition of free sorting, the 

Parkinson's subjects averaged more attempts than the 

controls, but less correct sorts than the controls, although 

neither of these differences were significant. The 

discrepancy between attempted sorts and correct sorts was 

significant, and could be explained solely on the basis of 

perseverations. Scores in correctly naming their own sorts 

were not significant, but perseverations significantly 

differed. Even though the subjects were instructed to sort 

the cards differently each time and the directions always 

were in front of them, the people with Parkinson's disease 

tended to perseverate on the same sorts. 

People with Parkinson's disease did not tend to 

perseverate when they named the sorts done by the examiner. 

They did not show a significantly lower score in the ability 

to correctly name the examiner's sorts. The Parkinson's 

group again did not tend to perseverate during cued recall. 



Both groups received high scores on this condition of the 

test, with no significant difference between the groups. 
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When comparing the groups across the four conditions of 

total number of correct responses, there were no significant 

differences between groups and no interaction effects. 

However, when the four perseveration conditions were 

analyzed, a significant difference, occasion, and 

interaction effect were seen. Conditions that elicited the 

greatest number of perseverations in the PD group were free 

sorting and naming their own sorts (see graph 1). This is 

not altogether surprising, since free sorting is the most 

unstructured of the tasks and the subjects must rely on 

internally generated cues. 

Generative Abilities 

Numbers of words on the Controlled Oral Word 

Association Test, numbers of categories on the Wisconsin 

Card Sorting Test, and numbers of attempted sorts in the 

California Sorting Test are all measures of generative 

abilities. Analyses of scores on those tests suggest that 

PD subjects score significantly lower on tasks with no 

semantic base (Verbal Fluency of S and A) and with few 

external cues (generation of categories on the WCST). No 

impairment was revealed on any generative ability measure on 

the California Sorting Test. 
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Perseverations 

There were minimal perseverations made on the 

Controlled Word Association Test, and the two more 

structured conditions on the California Sorting Test. A 

significant number of perscverations were made, however, on 

the Wisconsin Card sorting Test and the free sorting 

condition of the California Sorting Test. These two tests 

both lack external cues and structure provided by the 

examiner. 

Errors 

A significant number of nonperseverative errors were 

made by the Parkinson's group on the Wisconsin Card sorting 

Test. However, no significant difference of 

nonperseverative errors were seen on any condition of the 

California sorting Test. 

Comparisons with Previous Studies 

The current study is consistent with previous reports 

of impaired scores on all measures in the WCST (Taylor et 

al., 1986; Lees and Smith,1983). Similarly, people with PD 

produced a significant number of nonperseverative errors as 

well as perseverative errors. The literature is 

inconsistent in reports of results on the Controlled Oral 

Word Association Test (Cools et al.,1984; Taylor et al., 

1986; Lees and Smith, 1983). The current study reveals a 
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significant difference between groups using letters but not 

semantic categories, a finding reported in only one other 

study (Lees and smith; 1983). 

Models 

Scores in the WCST, especially in the classification of 

errors and perseverations could be interpreted as 

impairments in "shifting aptitude" (Cools et al., 1984) and 

"maintaining a mental set" (Flowers and Robertson, 1985). 

These models could also apply in the interpretation of 

scores on the California Sorting Test, especially the 

significant number of perseverations. This was not 

apparent, however, in scores of the Controlled Oral Word 

Association Test, which showed no significant perseverations 

or intrusions. 

The model of "loss of internally guided behavior" 

(Taylor et al., 1986) and especially the reformulated model 

of "impairment in the use of internal cues" (Brown and 

Marsden, 1988) was a viable hypothesis in the interpretation 

of virtually all the findings of this study. Results in 

each of the three tests revealed no significant differences 

between groups under conditions of external cues, even when 

the tasks were complex. However, the more unstructured the 

task and the more the subjects had to rely on internally 

generated cues, the more different were their scores from 
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the controls. 

Conclusions 

This study concurs with previous reports of the nature 

of problem solving impairments in people with Parkinson's 

disease, and also produces some new information. The PO 

group showed difficulty in maintaining and shifting set when 

the task was unstructured, the same results on the Wisconsin 

Card Sorting Test as reported previously. Impairment was 

demonstrated on verbal fluency, but only with respect to 

letter scores, not to tasks relying on semantic information. 

New findings were uncovered in the analysis of scores from 

the California Sorting Test. When sorting under varying 

degrees of structure and external cues, it was found that 

the more outside-imposed structure and external cues, the 

more the two groups scored alike. The more unstructured the 

condition, the more the PO group showed impairment. 

Implications 

The results of this study have important implications 

for both assessment and treatment of people with Parkinson's 

disease. Rehabilitation professionals administering 

neuropsychological or work assessments could usefully keep 

in mi.nd that people with this disorder may have problem 

solving deficits that may stem, at least in part, from 

dysfunction of internally-based organization and attention 
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skills. The rehabilitation counselors would well be advised 

to assess problem solving abilities to determine if there 

indeed is a deficit and thus clarify the nature of the 

cognitive problem in the individual. 

If the assessment uncovers deficiencies in these 

abilities, the client could first be informed about the 

organizational deficit. Together, the client and 

rehabilitationist could develop strategies that could fit 

with the particular situation and needs. Deficits in 

formulating internal cues as well as benefits from external 

cues could be considered when devising a program of 

cognitive remediation, job placement, or independent living. 

Since these are new findings, it is as yet unknown if 

compensation strategies may actually improve organizational 

deficits. 

Recommendations for Future Research 

To test the validity of these findings, a study 

replicating this one, using a larger number of subjects 

would be beneficial. One with an equal number of men and 

women could resolve the issue of gender-bias in problem 

solving abilities. A study with subjects on their "off" 

periods of medication would be an interesting comparison 

since this study tested people only during their peak 

medication times. Difference may also exist between people 
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with varying ~egrees of motor involvement, such as people 

with mild versus moderate motor signs. Testing the subjects 

in the present study longitudinally , say in two years, 

would investigate the question of progressive decline of 

their skills. Finally, a possible study could train half of 

the subjects in strategies for organizing information and 

measure if their scores improved in relation to untrained 

controls. 
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APPENDIX A 

EXAMINER'S BOOKLET FOR THE CALIFORNIA SORTING TEST 



Excuainec: ___ _ 

Date of Birth: __ _ 
Typo: ____ _ 

D~lte of Testing: __ _ 

Examiner: ___ _ 

~~lLU[F@[RlOOU~ ~@~1rUOO® 1j~~1r 
Examiner Record Booklet 
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CODING GUIDELINES 

CONDITION ., 

The examinee gives two responses In Condition # I, a sorUng response and a Y!lJ:.Iml 
explanation. The two responses should be coded and scored Independently I and there are 

different scoring systems for the two types of responses. The following categories and criteria 

should be used for coding the sorting response. 

SORTING CATEGORY: 

Taroot 8: The examinee has sorted according to one of the eight target strategies (as listed 

In Table # I). The response should be new In that the examinee' has not used that sort 

previously In the condition. For each condition, listed In Table I below, the 5 sorts above the 

dashed line ere consldered~, whereas, the remaining 3 sorts are ~ Target 8 sorts 

should be coded as spatial or verbal by circling either S or V. 

TABLE ., 

Stimulus Set ., Stimulus Set -2 

SPATIAL: 

Big or small shapes LInes slope left or right 

Straight or curved lines .Iilrrsw SF wille JIRes 

Green or yellow shapes Filled or unfilled trlangl~ 
-R911 gr blue words Triangle above or below word 

Seilltal gr small leiterS bllFsive SF ~Ieek IQt\eF9-

VERBAL: 

Stimulus Sel#3 

4 or 3 sIdes \J 
~Re,. sMiles motel! OJ iiot U 

Solid or dashed underline 
BIg (bolder) or smell letter 

\ 

E~1l1 ep tlRe!j!!ol ~1E!e9--+ 

Transport. or living 

Air or land objects 

Land or water animal Religion or clothing 

Large (heavy) or small animal Abstract or concrete word 

Compound word or notH Man eating or domestic For B words 

** These are the only twp sorts In which the examinee receives full 2-polnt credit for 

describing only one pile correctly and stating that the rule does not apply to the other pile. 

NON 8: The examinee has sorted according to a strategy that Is not one of the Target 8 sorts 

(I.e. It Is not listed In Table # 1).( See Appendix A for optimal scoring subclassifications for 

this category). 

UNEQUAL: There are an unequal number of cards In each pile (e.g. 4 or 2). This type of 

sorting would also be cOOed as a Non 8. since it cannot be i) T;3rget 8 sort. 
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PERSEYERAIIOH: ThIs sort Is a perseveratlve response If the examInee has made the same 
sort prevIously In thIs condItion. ThIs could occur for sorts that are either Target 8 or Non 8 . 
One the codIng sheet cIrcle "Perseveration" as well as whether the sort was a Target 8 or Non8 
(but do not gIve credit If It was a Target 8). 
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VERBAL STRATEGY CATEGORY: 

The following categories and crlter la should be used to code and score the Y.etllBl. explanation 

responses, 

8 HATCHe 2) (2 Point) The exam I nee provides a verbal response which corresponds to 

one of the Target 8 sorting strategies, The verbal response should be new In that the examInee 

has not stated the strategy previously In this condition, In order for the response to be given 

the full 2 points It must descrIbe or refer to the two dimensIons of the sort or gIve an 

appropriate ~neral statement. Incomplete answers are not sufficient. For example, It Is not 

sufficIent for an examInee to say, "One shape Is green and the other's not", Instead he must 

say, specifically, how the two plies differ: "One pile has green shapes and the other pile has 

yellow shapes" or give a general response: "The colors of the shapes", There are only two 

sorts In which a response referring to only one pile is acceptable for 2 points, These sorts are 

noted by an asterisk In Table I. 

It Is Important to note that there are two types of sort that unavoidably apply to all three 

stimulus sets, length of words and number of syllables, For example the examinee may make 

the following responses: "One pile has longer words than the other pile" or "One pile has words 

that contain more syllables than the words In the other pile ", If the examinee sorts and 

reports eIther of these strategies, record It but do not give credit for 11. that Is, do not score It 

as either correct or Incorrect. 

8 HATcHe I); (I point) The examinee provides a verbal response to one of the Target 8 

sorting strategies, but the response refers to only ons dimension of the sort. For example, 

Instead of saying "This pile has land animals and this pile has water animals", the examinee 

may say, "This pile has animals that swim and this one doesn't". 

8 NONHAlCHe 0)( 0 paInO; The examinee provides a verbal response which corresponds 

to one of the 8 target strategies, however It does not match the sort he just made, thus It 

receIves no credIt. 

NON8e 0);( 0 point): The exam inee provides a verbal response which 00es not correspond 

to any of the Target 8 strategies, thus It receives no credit, The verbalization may refer to 

the same general concept as a Target8 sort (e.g, color), however, the distinction made 

bewtween the two plies Is Incorrect (e.g, "There are two greens and one yellow In this pile, 

and two yellows and one green In the other pile"). Optional coding subclassifications for thIs 

catB<}Jry are listed In Appendix A. 
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Perseyergtlon: This strategy is 6 persever6tive response If the examinee hIlS give the same 

verbal response In this condition. This could occur for correct and Incorrect strategies. On the 

coding sheet circle "perseveratlon". 

CONDITION -2 

The coding procedure Is the same as In the Verbal explanation part of Condition # I because 
the examinee gives only the rule or strategy In this condition. 

CONDITION -3 

The examinee sorts according to a general cue provided by the examiner. If his sort Is 
correct he Is given full credit. 2 points. and proceeds to the next Item. If the Initial sort Is 
Incorrect. he Is given a specific cue by the examiner. If the sort based on the speclffc cue Is 
correct. the examinee receives partial credit. I point. Both sorts are coded according to the 
following criteria: 

Correct (2): The examinee's sort correctly matches the strategy provided by the examiner. 

I ncorrect: The exam Inee's sort does not coincide with the strategy provided by the exam Iner. 

Incorrect sorts may simultaneously be coded as Perseveratlve andlor Unequal if these two 
types of errors are also made. 

Unequal: There are an unequal number of cards (e.g .. 4 or 2) in each pile. 

Persoventlon: This strategy is a perseverative response If the eXllminee has made the 

same sort In this condition. This could occur for correct and Incorrect strategies. On the coding 
sheet circle "perseveratton". 
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APPENDIX A 

There are three types of NON8( 0) responses: 

L(LOOlcol): Although the response Is not one of the Target 8, It Is plausible and 
logical. For example, a patient may sort Stimulus Set #2 In the follOWing manner: 

Hamster, Horse, Tlgerl Goldfish. Piranha, Shark, noting that the first group contains 

words with an E and the second group does not. This sort Is not a Target 8 stratew because 
one of the plies roes not have a single shared feature. 

rut.( Semantically Related): The verbal response Is semant lcally related to one of the 

Target 8 sorts. For Stimulus Set # I, the response "None of the things go In the 

water" may be considered semantically related to the sort. "air or land ObJects." SR 
responses may also be tIIaglcal. The response "The shapes are the colors of the American 
flag" Is semantically related to the sort "Green or yellow shapes", although the statement 
Is Implausible. 

IDL( Semantically Unrelated): The verbal response is not logical and Is semantically 
unrelated to any of the Target 8 sorts. 
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