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ABSTRACT 

A sample of 25 idiopathic Parkinson's disease subjects and 25 

age and education matched elderly healthy control subjects were assessed 

for their speed of primary memory scanning speed using the Sternberg 

memory scanning paradigm. In addition, all patients were assessed for 

cognitive functioning as measured by the Mattis Dementia Rating Scale 

aud the Wechsler Memory Scale. Significant differences were found 

between Parkinson's disease subjects and control subjects on speed of 

primary memory scanning, with the parkinsonian subjects performing 

significantly slower than the control subjects. Increased variability 

in the measure of memory scanning speed was noted for the parkinsonian 

subjects as compared to control subjects and different variables 

associated with increased cognitive disturbances in parkinsonian 

subjects were investigated as possible sources of this variability. It 

was found that the majority of variance could be accounted for by the 

parkinsonian subjects' age of symptom onset. Parkinsonian subjects who 

developed the disease later in life were significantly slower at primary 

memory scanning speed than were either parkinsonian subjects who 

developed the disease earlier in life, or than healthy control subjects. 

Cognitive variables measuring initiation and perseveration, construction 

and attention were found to be highly associated with increased primary 

memory scanning time. The relationship between these cognitive 

abilities and frontal lobe dysfunction is discussed. Also, the 
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possible relationship between slowing of memory scanning and dopamine 

depletion is presented. 



CHAPTER 1 

INTRODUCTION 

The motor symptoms of Parkinson's disease have been described 

jEor over a century and a half. In addition to these symptoms, recent 

research has documented the presence of depression and cognitive 

=Lmpairments (cf., Mayeux, 1982) in Parkinson's disease. Of specific 

jLmport have been findings of decreased visuo-spatial abilities 

(Mortimer, Pirozzolo, Hansch & Webster, 1982), dementia (eg., Mayeux & 

~tern, 1983) and memory deficits (Tweedy, Langer & McDowell, 1982) 

=Lncluding slowing of high speed memory scanning (Wilson, Kaszniak, 

'~~awans & Garron, 1980). Some authors have related the existence of 

these deficits to the presence of a "sub-cortical" dementia (Benson, 

1984). This type of dementia is hypothesized to present with specific 

~isual-perceptual deficits, verbal output disturbances, and slowed 

~ognitive processing. The present study investigated the speed of 

~ognitive processing in Parkinson's disease, using a high speed memory 

~canning paradigm (the Sternberg paradigm). The possible relationship 

~etween speed of memory scanning and dopamine loss in the sub-cortical 

~tructures of the basal ganglia is explored. 

To be able to assess the speed of cognitive processes, it is 

~ecessary to consider the specific events that make-up the identified 

~rocess. When measuring the speed of cognition, how are the 

1 
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contributions of perceiving the stimulus and conducting the response to 

be handled? Should these senosry and motor aspects be considered part 

of the cognition? In fact, these elements are involved in cognitive 

processing, however, they are not the elements of interest. In the 

present study, an attempt is made to assess the time required for 
~ 

scanning of short-term memory, and to compare the time required for 

scanning in parkinsonian subjects with that of healthy age and education 

matched controls. 

Parkinson's Disease 

Parkinson's disease (PD) is typically thought of as a disorder 

of movement. In 1817 James Parkinson first described the clinical 

symptoms of Parkinson's disease as "involuntary tremulous motion with 

lessened muscular power, in parts not in action and even when supported; 

with a propensity to bend the trunk forward, and to pass from a w·alking 

to a running pace ••• " (1817/1974, p. 10). This was a clinical 

description and did not include any discussion of the pathophysiology or 

etiology of the disease. It was not until 1912 that the physiological 

processes of Parkinson's disease were first outlined (Wilson, 1912). 

This theory of the cause motor dysfunctions seen in Parkinson's disease 

postulated the presence of an extrapyramidal motor system in addition to 

the well known pyramidal motor tract (corticospinal motor tract). The 

extrapyramidal system was thought to be related to the brain structures 

of the basal ganglia. Biochemical disturbances in the functioning of 

these structures are presently thought to produce the symptoms of 

Parkinson's disease, as discussed below. 
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Syndrome of Parkinson's disease 

The syndrome of parkinsonism encompasses three separate 

etiological conditions (K1awans, 1973). The first category includes 

individuals who developed Parkinson's disease following the world-wide 

epidemic of encephalitis 1ethargica in 1917. Since the mortality of 

individuals exposed to this epidemic is increasing, it is felt that the 

incidence of this type of parkinsonism is decreasing (K1awans & Cohen, 

1970). Individuals who developed Parkinson's disease after being ill 

with encephalitis are classified as post-encephalitic parkinsonian 

patients. 

The second type of Parkinson's disease is termed drug-induced 

parkinsonism. This category refers to individuals exposed to drugs 

(mostly neuro1eptics) that directly produce parkinsonian symptoms. 

However, the recent discovery of intravenous drug abusing individuals 

developing the signs and symptoms of Parkinson's disease following 

injection of a contaminated batch of home-made heroin has made this 

category a focus of active research (Langston, Irwin & Langston, 1984; 

Langston, Ballard, Tetrud & Irwin 1983; Lewin, 1984a; Lewin, 1984b; 

Ko1ate, 1983). It has been found that a metabolite produced during the 

synthesis of the home-made heroin, 1-meth1y-4-pheny1-1,2,S,6-

tetrahydropyridine (MPTP), was the cause of the developing parkinsonism 

in these individuals. MPTP has been found to slective1y destroy the 

cells of the substantia nigra. This loss of substantia nigra cells 

produced all the classic signs of Parkinson's disease, including tremor, 

akinesia, rigidity, and loss of postural re1efexes. 
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The final type of parkinsonism is termed idiopathic 

parkinsonism. This category is the most common form of Parkinson's 

disease and has an unknown etiology. Recent estimates of the incidence, 

or occurence of new cases of Parkinson's disease show a direct 

relationship to age (Schoenberg, 1986). In a multicenter 

epidemiological study of Parkinson's disease, an incidence rate at 40 

years of age is reportd to be approximately 7:100,000 population. By 

the age of 80 years the incidence of new cases reaches approximately 

130:100,000 population. The prevalence data or number of existing cases 

of Parkinson's disease, also show an increase with increasing age. 

With idiopathic parkinsonism, the m~or brain area affected has 

been shown to be the pars compacta of the substantia nigra (Beart, 1984; 

Carlson, 1976; Duvoisin, 1976; Javoy-Agid, Ruberg, Taquet, Bakobza, 

Agid, Gaspar, et al., 1984; Cote & Crutcher, 1985). The specific 

neuropathology of this area of the substantia nigra (to be discussed 

below) is the loss of dopaminergic input to the striatum. The loss of 

cells within the substantia nigra in idiopathic Parkinson's disease is 

similar to that seen in individuals who have come in contact with MPTP, 

discussed above. The loss of nigro-striatal dopaminergic cells appears 

responsible for the motor signs of Parkinson's disease. 

Motor symptoms of Parkinson's disease 

The classic motor signs seen in Parkinson's disease include 

tremor, akinesia or bradykinesia, rigidity and loss of normal postural 

reflexes (Bradley, 1984; Klawans, 1973). Tremor in Parkinson's disease 



is seen at rest and disappears when the individual initiates a 

purposeful action, but soon reappears even during the movement. The 

tremulous movement results from rapid oscillation between agonist and 

antagonist muscles within a given group. The movements occur at 

approximately 3-5 oscillations per second, and most often manifests in 

the extremities of the body as opposed to the trunk (Klawans, 1973). 

5 

Akinesia, or bradykinesia, seen in Parkinson's disease presents 

as a continuum of slowed physical movement (Marsden, 1982). Akinesia 

refers to the inability to initiate movements. This manifests as a 

poverty of spontaneous movements; the Parkinson's disease patient will 

often sit in one position without any observable movements (Klawans, 

1973). Bradykinesia refers to a "slowness of movement" (Klawans, 1973, 

p. 8) seen in Parkinson's disease. This slowness has been attributed to 

both a slowing of motor planning (Marsden, 1983) and initiation 

(Denny-Brown & Yanagisawa p 1976), as well as motor execution (Anderson & 

Horak, 1984). 

Rigidity in Parkinson's disease is seen as independent of 

akinesia or bradykinesia (Marsden, 1982). Klawans (1973) reports both a 

smooth rigidity (lead-pipe rigidity) where there is a consistent 

resistance of agonist and antagonist throughout a given movement, and a 

more common discontinuous rigidity (cogwheeling rigidity) where there is 

a sudden reinstatement of such opposition within a given movement. The 

resistance to passive movement seen in Parkinson's disease is found most 

often in the large joints of the body. 
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The loss of postural reflexes in Parkhs~' ~s disease results in 

the typical posture of parkinsonian patients (Parki' 1Jm1S0n, 1817/1974) as 

well as an easily disturbed equilibrium. Parkins(ll l' 's diseased patients 

are often able to walk quite well~ albeit with a III 

However, if they encounter any additional propulsil' 

force, they experience great difficulty in maintllil 

Marsden (1982) stated this loss of righting relfex 

anticipatory postural reflex(s)" (p.529), where th, 

the corrective postural action before it is requhr' 

inability to initiate the righting reflex at the lir 

All of these motor difficulties are attrihl 

the basal ganglia resulting from a deficiency of (II' 

cells in the pars compacta of the substantia nigrl\ 

1984; Denny-Brown & Yanagisawa, 1976; Klawans, 19/' 

The loss of dopaminergic cells in the substantia 1\1, 

amount of dopamine in the basal ganglia through n\11 

interconnections. 

The Basal Ganglia 

)r.(Jooped posture. 

$e or retropulsive 

t..J:ing their balance. 

l..J:is due to." [an] 

J patient anticipates 

_~ which results in an 

] s;eded time. 

J jl;ed to deficits of 

~~amine producing 

q(A.nderson & Horak, 

a Marsden, 1982). 

fgra decreases the 

rerOllS 

Originally, the basal ganglia were thought. (;)::0 include all 

nuclear masses in the diencephalon, including the t I;;nalamus (Klawans, 

1973). As the structures and functions of thee ~ [:lei were further 

understood, the definition of the basal ganglia chi, gaged. Currently, the 

basic structures of the basal ganglia are thought t o include the 

caudate, putamen, and the globus pallidus (Carpentc 1(:'::, 1984): Taken 

together, the caudate and the putamen are often rei, ';:t~rred to as the 
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striatum and are considered to be of telencephalic origins, while the 

globus pallidus is considered to be of diencephalic origins. In 

addition to these structures there is evidence of extensive connections 

with the substantia nigra and the subthalamic nucleus, hence, these 

structures are often included in descriptions of the basal ganglia (Cote 

& Crutcher, 1985). 

Since the substantia nigra has been implicated in the 

development of Parkinson's disease, (Anderson & Horak, 1984; Denny-Brown 

& Yanagisawa, 1976; Cote & Crutcher, 1985; Klawans, 1973; Marsden, 1982) 

it is important to understand the various connections between the 

substantia nigra and the basal ganglia and their relation to the rest of 

the brain. 

The substantia nigra is a bilateral set of nuclei situated 

between the cerebral peduncles and the tegmentum and 1.t is the largest 

of numerous mesencephalic nuclei (Bradley, 1984; Carpenter, 1976; 

Carpenter, 1984; Dray, 1980; Javoy-Agid et al., 1984; Cote & Cruthcer, 

1985). It is composed of two parts; the pars compacta and the pars 

reticulata. The pars compacta contains dopamine rich cells that also 

contain large amounts of melanin which gives the area its pigmented 

color, while the pars reticulata is considred to be a "cell poor region" 

(Carpenter, 1976, p. 20). There has been some res~arch that suggests a 

third section to the substantia nigra that is situated between the pars 

compacta and the pars reticulata, but as yet this finding has not been 

substantiated (Dray, 1980). 
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Connections of the basal ganglia 

An overview of the connections of the basal ganglia with other 

cortical structures will help provide some understanding to the complex 

functioning of dopaminergic cell loss in Parkinson's disease. 

Basically, the connections can be broken-down into four interrelated 

systems. Cote and Crutcher (1985) provide a simplified schematic to 

help understand these systems: 

The complex connections of the basal ganglia can be viewed 
simply as four interconnected loops. The first loop, and 
most important, runs from the neocortex to the bdsai ganglia 
and thalamus and then back to the frontal neocortex. The 
second loop runs from the external segment of the globus 
pallidus to the subthalamic nucleus and back to both segments 
of the globus pallidus. The third loop runs from the 
striatum to the substantia nigra and then back to the 
striatum. The fourth loop runs from the striatum through the 
globus pallidus and centromedian nucleus of the thalamus back 
to the striatum. (p. 526). 

For the purposes of understanding the neuropathology of 

Parkinson's disease the first and third 'loops' need to be understood. 

The major connections to the basal ganglia come from the cerebral cortex 

(Carpenter, 1984; Carpenter, 1976; Cote & Crutcher, 1985). These 

connections form the corticostriatal tracts. Projections from 

throughout the neocortex terminate in the caudate and the putamen. 

These projections are topographically organized, so that specific fibers 

from the cortex terminate in an organized fashion in specific areas of 

the striatum. However, there is a large overlap of projections, so that 

no one part of the striatum is thought to be under the complete control 

of specific neocortical areas. The distribution of cortical projections 

indicate that the majority of connections occur between the pre-frontal, 

motor and sensory areas of the brain, with few projections from the 



visual cortex (Carpenter, 1984). The major neurotransmitter of the 

corticostr.iatal fibers is thought to be glutaTnate, which has an 

excitatory effect in the striatum (Beart, 1984). 

9 

In addition to the afferent fibers from the neocortex, the 

striatum receives fibers from the interlamminar nuclei of the thalamus 

(Carpenter, 1984; Carpenter, 1976; Royce & Bromley, 1984). These 

projections are also topographically organized and terminate on the head 

of the caudate and the rostral third of the putamen. The major 

neurotransmitter of the thalamostriate projections is thought to also be 

glutamate; an excitatory transmitter. 

The major striatal efferent pathways project to the substantia 

nigra, the pallidus and thalamus (Dray, 1980; Fox & Rafals, 1976; Cote & 

Crutcher, 1985). The striopallidal fibers are projected from the 

striatum topographically to the pallidus. Their major neurotransmitter 

is thought to be gama-aminobutyric acid (GABA) (Carpenter, 1976). The 

strionigral projections mostly terminate in the pars reticularis of the 

substantia nigra (SNR), with very few terminating in the pars compacta 

of the substantia nigra (SNC). The major transmitters of this system 

are GABA and substance P, both of which are thought to have an 

irulibitory effect upon the substantia nigra (Beart, 1984; Carpenter, 

1984; Dray, 1980). 

Of major interest to the study of Parkinson's disease are the 

connections between the substantia nigra and the striatum. The 

nigrostriatal tracts originate from the two sections of the substantia 

nigra. Striatal afferents from the SNR are thought to be 
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non-dopaminergic, and project to the caudate in small numbers (Dray, 

1980) • The major nigl'o-striate fibers originate in the SNC (Carpenter, 

1984; Carpenter, 1976; Dray, 1980, Cote & Crutcher, 1985) and contain 

dopamine as their major transmitter. These projections are thought to 

be topographically arranged and terminate mostly on the head of the 

caudate and the dorsal and medial putamen. In the passage of the 

nigro-striate fibers, numerous synapses occur "en passant" (Fox & 

Rafals, 1976) within different areas of the striatum. 

A debate as to the function of dopamine transmission to the 

striatum has centered around whether dopamine is ezcitatory or 

inhibitory in nature (Dray, 1980). Recent evidence suggests dopamine to 

exert an inhibitory effect within the striatum (Beart, 1984; Cote & 

Crutcher, 1985; Klawans, 1973). As stated by Dray (1980),". the 

prevailing view has emerged that DA [dopamine] has an inhibitory 

neurotransmitter function in the striatum." (p.245). In 1919 Tretiakoff 

first demonstrated that it is the SNC that shows extensive cell loss in 

Parkinson's disease that lead to striatal dopamine depletion. 

The substantia nigra also sends fibers to the ventral anterior 

and ventral lateral nuclei of the thalamus which then connect to the 

motor cortex and frontal pre-motor cortex (Carpeuter, 1984; Cote & 

Crutcher, 1985). There appear to be different effects from those fibers 

connecting with the pre-motor and motor sensory cortices and those 

connecting with the frontal lobes (Hornykiewicz & Kish, 1986). The 

fibers going to the motor cortex are thought to control motor 



activities, while those going to the frontal lobes are thought to 

control compleJ~ psychomotor behavior. 

The motor loop involves input to the basal ganglia from the 

pre-motor and motor-sensory cortices, with a feedback loop from the 

substantia nigra to the putamen and back to the pre-motor and 

motor-sensory cortices through the internal portion of the globus 

pallidus and the ventro-anterior aspect of the thalamus. This loop is 

thought to influence the extrapyramidal motor tract, including aspects 

of motor planning, and execution. 

The complex loop involves input from the frontal association 

cortex to the basal ganglia with a feedback loop from the substantia 

nigra to the caudate nucleus and then back to the frontal association 

cortex through the internal portion of the globus pallidus and the 

vertro-latral/vertro-medial aspect of the thalamus. This loop is 

thought to influence complex psychomotor behavior and motivational 

aspects of behavior (See Figure 1). Efferent projections from the 

substantia nigra also terminate in the tectum, exerting influence on 

lower, brain stem structures including the superior colliculus and the 

reticular formation (Carpenter, 1984). 

11 

Overall the connections between the cortex and the basal ganglia 

show a cortico-fugal influence from the majority of the cerebral cortex 

to the striatum, an interconnectional influence between the elements of 

the basal ganglia and the thalamus, and an influence from the basal 

ganglia and the thalamus returning to the cortex. This interactive 
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Figure 1. Connections of the Basal Ganglia with the Cortices 
(Adapted from Hornykiewicz & Kish, 1986) 
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system is thought to affect both motor and non-motor processing in the 

brain (Bodis-Wollner, Yahr & Mylin, 1984). 

Pathophysiology of the Basal Ganglia in Parkinson's Disease 

13 

The first investigation of the pathophysiology of Parkinson's 

disease was conducted by Tretj.akoff (1919). With a small smaple of 

Parkinson's disease patients, he found consistent lesions of the 

pigmented cells of the substantia nigra upon postmortem examination. It 

is currently known that the pigmented cells in the substantia nigra are 

dopaminergic and originate within the pars compacta of the substantia 

nigra (Carpenter, 1984; Dray, 1980; Cote & Crutcher, 1985). The lesions 

observed by Tretiakoff resulted from a loss of the pigmented, 

dopaminergic cells. This loss is directly due to the death and 

subsequent destruction of these cells. When no:cmally functioning, 

dopamine from the substantia nigra cells travel along the nigrostriatal 

axons to terminate in the striatum. In Parkinson's disease there is a 

loss of these cells. With the loss of these pigmented substantia nigral 

cells, there is a corresponding loss of dopamine synthesis, which 

results in lower striatal dopamine levels. Curzon (1977) reported an 

average decrease of striatal dopamine of 91 percent in Parkinson's 

disease patients. 

As stated above, dopamine is thought to be an inhibiting 

neurotransmitter (Dray, 1980). In normally functioning basal ganglia 

systems, dopamine exerts an inhibitory effect in the striatum which 

balances the excitatory effect of striatal acetylcholine (Cote & 

Crutcher, 1985; Klawans, 1973; Klawans & Cohen, 1970). In Parkinson's 
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disease there is a loss of striatal dopamine due to the loss of 

dopaminergic cells within the pars compacta of the substantia nigra. 

With the loss of striatal dopamine, the balance between excitatory 

acetylcholoine and inhibitory dopamine is lost, with a greater abundance 

of excitatory neurotransmitter present in the striatum. This increase 

in excitation results in increased muscle tonus which presents 

behaviorally as the motor symptoms seen in Parkinson's disease (Klawans, 

1973). 

Treatment of Parkinson's Disease 

The pharmacologic treatment of Parkinson's disease was initiated 

by Ordenstein in 1867 (Klawans, 1973). He hypothesized that belladonna 

alkaloids might help counter-act the motor tremor seen in Parkinson's 

disease. These belladonna extracts were used for over 75 years until it 

was hypothesized that the effectiveness of this medication was due to 

its anticholinergic effects. After this discovery, numerous 

anticholinergics wre used to treat Parkinson's disease, including 

scopolamine and benztropine derivatives. 

Following the work of Hornykiewicz showing loss of dopaminergic 

cells within the substantia nigra of Parkinson's disease patients, 

dopamine replacement therapy was studied. Direct dopamine replacement 

did not prove to be effective due to its inability to cross the blood 

brain barrier (Klawans, 1973), but a precursor to central dopamine, 

L-dopa, was found to be effective. Once L-dopa in the body was at 

sufficient levels, brain synthesis of dopamine from L-dopa occurred 

(Dray, 1980). Currently, dopamine replacement therapy, with a 
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combination of L-dopa and carbidopa, is the treatment of choice in 

Parkinson's disease (Cote & Crutcher, 1985). Carbidopa is a drug that 

inhibits the conversion of levodopa to dopamine at peripheral synapses p 

thus increasing the amount of levodopa available for central conversion 

to dopamine (Klawans, 1973). 

Effects of Medications on Personality and 
Cognitive Functioning in Parkinson's Disease 

Since the medications used to treat Parkinson's disease have 

effects on both personality and cognitive functioning, it is important 

to understand these effects. 

Effects of treatment on psychological functioning 

No consistent effects of anticholinergic therapy on 

psychological functioning have been found in Parkinson's disease. 

However, many researchers have found increased emotional, experiential 

and behavioral disturbances in Parkinson's disease patients during 

dopamine replacement therapy (Cherington, 1970; Klawans & Garvin, 1969; 

Maudsley, 1970; Treciokas, Ansel, & Markham, 1971; Yahr, Duvoisin, 

Schear, Barrett, & Hoehn, 1969). The symptoms found to occur in these 

studies included hallucinations, depression and increased agitation. 

When the dopamine therapy was reduced, these symptoms decreased in a 

majority of patients. These findings led to numerous studies 

specifically investigating the relationship between psychopathology and 

levodopa treatment. 



16 

In 1971, Cheifetz and colleagues studied changes in emotional 

disturbances in 34 Parkinson's disease patients preceding and following 

the initiation of levodopa therapy. A short form of the Minnesota 

Multiphasic Personality Inventory (MMPI), the Multiple Affect Adjective 

Checklist (MAACL) and the Adjective Checklist (completed by a family 

member) were used to assess emotional status. Testing was conducted 

when the patient was first entered into the study (before the initiation 

of L-dopa therapy) and again at th.e end of a three week L-dopa treatment 

period. There were no significant increases in emotional difficulties 

for the patients, and the authors concluded, "These findings ••• do 

not support reports that L-dopa therapy produces abnormal emotional 

reactions. " (p.60). 

Marsh and Markham (1973) contradicted this finding with a sample 

of 27 Parkinson's disease patients and 31 controls~ matched for age and 

verbal IQ. Marsh used the MMPI in a 15 month follow-up study to assess 

changes in depression and psychopathology. They found no significant 

increase or decrease in depression in Parkinson's disease patients in 

comparison to controls after 15 months of L-dopa treatment. However, 

Marsh and Markham did find an increase on an "Index of Psychopathology", 

a scale developed from the paranoia and schizophrenia scales of the MMPI 

indicating, " ••• one who has endorsed many items on these scales 

indicating oversensitivity, suspiciousness, ideas of reference and 

persecution, bizarre and unusual thoughts and behaviors." (p.932). 

In a study by Moskovitz, Moses and Klawans (1978) a survey of 

psychotic symptomatology (vivid dreams, hallucinatory experiences, and 
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psychosis) in 88 idiopathic Parkinson's disease patients on dopamine 

replacement therapy revealed a strong association between these symptoms 

and L-dopa administration. These authors found that prevalence of 

psychotic symptoms increased dramatically after three years of dopamine 

therapy. In their sample a total of 48.8 percent of the Parkinson's 

disease patients experienced psychotic events. Of the patients 

exhibiting these symptoms, 83.7 percent were currently receiving 

dop~mine replacement therapy at high doses. The authors concluded that 

long-term, high-dose L-dopa administration led to a "kindling" effect of 

dopamine related psychotic experiences. 

Overall, the effects of dopamine replacement therapy on 

depression in Parkinson's disease appear to be negligible. One group of 

researchers suggests the presence of depression in Parkinson's disease 

is due to a unilateral dopamine deficiency, and that dopamine 

replacement therapy may help alleviate this condition (Barber, Tomer, 

Sroka, & Myslobodsky, 1985). This finding has not been substantiated by 

other research, although Girotti, Carella, Grassi, Soliveri, M:'rano and 

Caraceni (1986) report increases in depression and anxiety during the 

off phase in parkinsonian patients who experience "on-off phenomena" in 

their response to L-dopa treatment. Similarly, Cantello, Gilli, Riccio 

and Bergamasco (1986) report increased depression during the temporary 

immobility experienced by parkinsonian patients showing typical end of 

dose deterioration. Thus, the role of dopamine depletion in Parkinson's 

disease, and of dopamine replacement therapy, in the production or 

allevation of depressive symptoms remains unclear. 
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However, an effect of dopamine replacement therapy on other 

psychological symptoms appears to be present. At high doses of 

administration, particularly with long-term treatment, significant 

increases of hallucinatory experiences are noted. Indeed, a diagnostic 

indicator of dopamine overdose is the presence of these symptoms 

(Klawans, 1973). 

Effects of treatment on cognitive functioning 

Treatment of Parkinson's disease has utilized two basic classes 

of chemical agents; anticholinergics and dopamine agnoists. The use of 

anticholinergics in normal subjects has been shown to have an adverse 

effect on memory processing. Drachman and Leavitt (1974) administered 

scopolamine, an anticholinergic, to normal subjects and found no effect 

on digit span ability, but a significant decrease in free recall of both 

words and supra-span digits, as well as impaired performance on selected 

sub-test of the Wechsler Adult Intelligence Scale (WAIS) (Wechsler, 

1958). 

Drachman (1977) conducted an additional study looking at the 

specific effects of anticholinergics on memory functioning. He compared 

three drug conditions: scopolamine (an anticholinergic); physostigmine 

(an anticholinesterase which inhibits the breakdown of acetylcholine at 

the synapse, thus leaving more acetylcholine available); and, 

D-amphetamine (a known eNS stimulant). When administered to normal 

subjects he found the expected cognitive deficits in the scopolamine 

group. When the subjects then received physostigmine, the cognitive 

deficits were reversed. There were no consistent effects of 



D-amphetamine administration. These results led Drachman to conclude 

" •• • the cholinergic system has a specific relationship to memory and 

other congnitive functions." (p. 789). 
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Syndulko, Gilden, Hansch, Potvin, Tourtellotte and Potvin 

(1981), looked at the effects of anticholinergics on memory functioning 

in parkinsonian patients. They found that therapeutically effective 

doses of benz tropine mesylate (an anticholnergic medication) for 

Parkinson's disease patients had an adverse effect on recall of verbal 

material. The treated patients recalled fewer items, from a list of 20 

presented words, than patients who received a placebo. However, as in 

Drachman and Leavitt (1974), immediate memory, as assessed by digit 

span, was not impaired. 

Sadeh, Braham and Modan (1982) measured performance on immediate 

digit span forward, immediate digit span backwards, free recall of 

objects after a five minute delay and delayed digit span recall in 

normal controls and parkinsonian subjects both pre- and post-treatment 

with anticholinergic medications. They found normal controls performed 

better than parkinsonian subjects on all conditions. In comparing the 

pre and post anticholinergic treated parkinsonian patients, these 

authors found a significant decline in the delayed recall conditions, 

while immediate digit span forward did not show any decline. 

These studies indicate a deleterious effect on memory 

functioning in anticholinergic treated parkinsonian patients. The 

patients' memory performance is significantly affected when they receive 



this medication. When the anticholinergic medication is discontinued, 

there is a noted improvement in memory functioning. 
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The effects of levodopa treatment on cognitive functioning in 

parkinsonian patients has also been studied. Beardsley and Puletti 

(1971) compared intellectual functioning in Parkinson's disease patients 

both pre-treatment and after six months of treatment with either 

anticholinergic or Levodopa therapy. While they found a slight decrease 

in intellectual functioning in the anticholinergic treated group, they 

found a significant improvement in intel~ectual functioning in the 

levodopa treatment group. 

Loranger, Goodell, Lee, and McDowell (1972), also found initial 

improvement in levodopa treated parkinsonian patients. However, after 

thirteen months of treatment, there was a return to pre-treatment 

intellectual functioning. Rilan, Wheliham, and Cullinan (1976) 

followed-up this finding using a control group of parkinsonian patients 

on medications other than levodopa and a control group of spouses. They 

reported no significant long term improvement of WAIS-R scores for the 

levodopa treated group over other medicated parkinsonian patients, and 

concluded, "If levodopa increases behavioral activation in the 

parkinsonian patient, no long-term mean score psychometric differences 

appear to result." (p.177). 

The above studies suggest a short-term improvement in 

intellectual test scores for levodopa treated parkinsonian patients, 

which later decreases to pre-treatment baseline levels. There appears 

to be no longer-term decline in cognitive functioning in levodopa 



treated patients that could not be related to the usual progression of 

the disease. Indeed, increased cognitive deficits seen in older 

parkinsonian patients may be due to increased survival rates and not 

related to long-term levodopa administration. 

Depression in Parkinson's Disease 
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In his original description of the disease, James Parkinson 

(1817/1976) stated, II •• • the senses and intellect remain uninjuredll 

(p.10). Later research, as discussed in the next section, would 

demonstrate Parkinson to be inaccurate in this conclusion. However, he 

did note the patients to have a dysphoric mood. This observation has 

since been well established. In a review of relevant literature, 

Mayeux 7 Williams, Stern and Cote (1.984) found the estimation of 

significant depression in Parkinson's disease to range from 37 to 90 

percent in comparison to controls. In a study of 31 idiopathic 

Parkinson's disease patients by Mayeux and colleagures (1984), DSM III 

(American Psychiatric Association, 1980) criteria were used to assess 

the presence of a Major Affective Disorder and Dysthymic disorder. They 

reported 27.4 percent of the patients met criteria for major depression, 

while 13.7 percent of the patients met the criteria for dysthymia. 

Since one patient met the criteria for both major depression and 

dysthymia, a total prevalence of depression in this sample was 37.9 

percent. Since no control group was employed in this study, it is 

difficult to assess the degree to which this prevalence is greater than 

that in comparably aged healthy persons, or among those with other 

chronic diseases. 
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In an earlier study, Mayeux, Stern, Rosen and Leventhal (1981) 

assessed 55 idiopathic Parkinson's disease patients, and used their 

spouses as control subjects. The patient and control subjects were 

matched for age, education, and socioeconomic level. Depression was 

assessed using the Beck Depression Inventory (Beck, 1978), a self-report 

measure. These authors found significant levels of depression (defined 

by a cut-off score of 11 on the Beck) in 47 percent of the Parkinson's 

disease patients, in comparison to only 12 percent of the control 

subjects. Mayeux et al. further found that most of the Parkinson's 

disease patients endorsed items indicative of some minor depressive 

symptoms even though they may not have met criteria for major 

depression. 

The use of spouses as controls, when investigating a chronic 

medical condition such as Parkinson's disease, may lead to an 

underestimation of the increase in depression associated with the 

disease. Warburton (1967) employed an age-matched control group 

consisting of medical-surgery patients in an investigation of 140 

idiopathic Parkinson's disease patients. The Maudsley Personality 

Inventory was used to assess depressive symptomatology; dividing the 

patients' depressive presentation into three levels, ranging from mild 

to severe. Warburton found 56 percent of the male Parkinson's disease 

patients to exhibit elevated levels of depression, in comparison to 23 

percent of male controls, and 71 percent of the female Parkinson's 

disease patients were aepressed in comparison to 47 percent of the 
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female controls. No systematic effect, upon depression, of severity of 

Parkinson's disease symptoms, age or duration of illness was found. 

Another concern, expressed by Mindham, Marsden and Parks (1976), 

regarding non-equivalent control groups, is that the use of medical 

patient controls may not address certain issues relating to Parkionson's 

disease. Specifically, they cite the possibility of disability effects, 

neurotransmitter influences and medication effects as possibly not being 

adequately controlled by a medical control group, and that a more 

adequate control group may be found in patients with other neurologic 

conditions. 

From their recent review of the literature concerning depression 

in Parkinson's disease, Mayeux et al. (1984) found depression to be 

consistently reported among these patients. These authors list the 

characteristic of depression in Parkinson's disease as follows: 

1. Mild to moderate intensity; rare suicide; 
2. Inconsistently related to severity of disease, age, 

or sex of the patient; 
3. Precedes or develops just after onset of 

parkinsonism in 15% to 25%; 
4. Associated intellectual changes; in attention, 

memory, or calculation impairment may be present. 
(pp. 243-244). 

Available evidence indicates that depression occurs in a greater 

percentage of parkinsonian patients than the normal population. It is 

possible that depression may be a concomitant of the neurobiology of the 

disease itself. Indeed, Pasick, Pecci-Saavedia, Holstein and Yahr 

(1984) present evidence of abnormal serotonin metabolism in parkinsonian 

patients, that might account for the depressive affects noted in the 

disease. Further, Mayeux and colleagues (Mayeux, Stern, Williams, Cote, 
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Frantz & Dyrenfurth, 1986) have recently published evidence that, among 

Parkinson's disease patients, levels of 5-hydroxyindoleacetic acid 

(5-HIAA), in cerebrospinal fluid, was lowest in those patients with 

major depression, and was related to psychomotor retardation and loss of 

self-esteem. 

Cognitive Deficits in Parkinson's Disease 

James Parkinson described the disease that bears his name as 

sparing the intellect. However, soon after this description, 

researchers were questioning its validity. In 1882, Ball noted that the 

prevalence of dementia in Parkinson's disease was much greater than 

previously believed (Rajput, Offord, Beard, & Kurland, 1984). In an 

epidemiological study of dementia in Parkinson's disease, Rajput et al. 

(1984) found the prevalence of dementia to be significantly greater in a 

sample of 138 idiopathic parkinsonian patients, as compared to 238 age-, 

sex- and education-matched controls. The diagnosis of dementia in this 

study consisted of a minimum of two independent physician ratings of 

cognitive decline. Other authors have noted cognitive deficits in 

Parkinson's disease patients, and recent reviews have estimated the 

prevalence of dementia to range from 20 to 93 percent (Benson, 1984). 

The degree of cognitive disturbance ranges from mild to severe and seems 

to present mostly as impaired perforamcne in visuo-spatial, 

visual-perceptual, and memory tasks (Mayeux & Stern, 1983). 

Most studies of intellectual deficits in Parkinson's disease 

have documented a greater prevalence of cognitive impairment in 

Parkinson's disease patients. Of interest has been the observation by 
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some investigators of subgroups of Parkinson's disease patients who show 

greater cognitive deficits. This may indicate a group of Parkinson's 

disease patients who are at greater risk of developing dementia. The 

sub-grouping variables found by previous studies have included age of 

patient, laterality of symptoms, age of onset of Parkinson's disease and 

severity of motor symptoms. However, some investigators report a 

continuous distribution of intellectual decline in Parkinson's disease, 

and have argued against sub-grouping of Parkinson's disease patients. 

In a study of basic intellectual functioning in Parkinson's 

disease, Loranger, Goodell, McDowell, Lee and Sweet (1972) were unable 

to support the idea of sub-groupings in cogntive decline in Parkinson's 

disease. They investigated patients' scores on the Wechsler Adult 

Intelligence Scale (WAIS) in comparison to the standardization sample 

upon which the test was based. They found significantly lower scores 

for Parkinson's disease patients on the object assembly, digit symbol, 

block design and picture arrangement sub-tests while the patients' 

scores on the comprehension, vocabulary, information and similarities 

sub-tests were within age-normed limits. It is interesting to note that 

the tests on which the Parkinson's disease patients performed poorly 

were the sub-tests contained within the Performance IQ group which 

require speeded performance, while the sub-tests on which the patients 

scored within the normal range were from the Verbal IQ portion, which 

are un-timed. Indeed, these authors examined the difference between 

Performance IQ and Verbal IQ and found an average 20 IQ point differnce. 

Performance IQ was worse than Verbal IQ in 57.1 percent of the 
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Parkinson's disease patients and only 2 percent of controls. Impaired 

performance could not be accounted for by age, medication or depresison. 

Small, but statistically significant correlations were found between 

impaired intellectual performance, motor symptoms and decreased ability 

to engage in activities of daily living. However, since these authors 

did not find any discontinuous group performance within the Parkinson's 

disease subjzcts, they hypothesized cognitive deficits to be part and 

parcel of Parkinson's disease and could not support the idea of distinct 

subgroups of Parkinson's disease patients with differential prevalence 

of cognitive deficits. 

In a descriptive analysis of intellectual impairment in 

Parkinson's disease, Pirozzolo, Hansch, Mortimer, Webster and Kuskowski 

(1982) also could not support the idea of subgroups in Parkinson's 

rlisease. They used an extensive neuropsychological assessment to test 

60 Parkinson's disease patients and 60 age-, sex-, and education-matched 

controls. The measures used in this study included selected sub-tests 

of both the Performance and Verbal IQ portions of the WAIS, Wechsler 

Memory Scale (WMS), Trail Making Tests parts A and B, Bender-Recall 

Test, Visual Discrimination Test, Spatial Orientation Test, Letter 

Cancellation Test, Finger Tapping, Object-Naming Test, Apraxia Test and 

the Zung Self-Rated Depression Scale. Significant differences were 

found between Parkinson's disease patients and control subjects on all 

tests except Vocabulary sub-test of the WAIS, Object-Naming Test and the 

Apraxia Test. 
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These authors conducted that they termed a Cluster analysis of 

test items using the minimum distance method. Since they were 

'clustering' dependent variables (test results), as opposed to subject 

groups, it appears they actually conducted a factor analysis. The 

analysis resulted in four clusters, including fund of information 

(Vocabulary sub-test and Information sub-test of the WAIS) , verbal 

memory (Immediate and Delayed Logical Memory plus Immediate and Delayed 

Paired Associate Memory sub-tests of the WMS), psychomotor speed (Letter 

Cancellation Test and Finger Tapping), and visual-spatial performance 

(Block Design sub-test and Digit Symbol sub-test of the WAIS, 

Bender-Gestalt Recall, Trail Making Test and Visual Discrimination 

Test). Significant differences were found between Parkinson's disease 

patients and controls on a 11 clusters except fund of information, with 

Parkinson's disease patients scoring lower on the other three clusters. 

In a final analysis, these authors performed a discriminant 

function analysis on all test data. A discriminant function including 

Digit Symbol, Block Design and Vocabulary sub-tests of the WAIS, and 

Immediate Paired Associate and Immediate Logical Memory of the WMS 

correctly classified 83 percent of patients and 90 percent of controls. 

In a split-half sample comparison, the discriminant function correctly 

classified 83 percent of the Parkinson's disease patients and 80 percent 

of the controls. By looking at standard error scores and rating 

individuals who were impaired (scoring below the mean) or not impaired 

(scoring at or above the mean), they found an overall rate of 

intellectual impairment in Parkinson's disease patients of 93 percent. 
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The findings of this study support those of previous research, 

in that a significant deficit in visual-spatial skill was found in the 

Parkinson's disease patients. In addition to this result, memory and 

psychomotor speed deficits were documented. To address the issue of 

possible motor dysfunction contributing to the documented deficits, the 

authors removed any test requiring speed and still found a significant 

deficit in performance in Parkinson's disease subjects. This study also 

found a continuous (as opposed to multi-modal) distribution of deficit 

in Parkinson's disease patients. This led Pirozzo10 et a1. (1982) to 

conclude that intellectual deficits in Parkinson's disease were not seen 

in only a sub-sample of patients but were a concomitant process of the 

disease per se. 

In an attempt to determine the mechanisms involved in 

visual-spatial deficits in Parkinson's disease, Mortimer, Christensen, 

Kuskowski, Eisenberg, and Webster (1982) tested a sample of 15 

Parkinson's disease patients and 15 controls on tasks of both 

visual-spatial abilities and haptic spatial abilities. They found 

Parkinson's disease patients to be impaired in both tasks as compared to 

controls. They concluded, "In summary, the present experiments suggest 

visuo-spatia1 impairment in Parkinson's disease may be a function of 

deficiencies in spatial memory or the manipulation of spatial 

information, rather than defects in simple visual discrimination." 

(p. 4). 

Studies that have not been able to support the idea of subgroups 

of Parkinson patients have mostly been conducted by one group of 
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researchers. The basic approach used by this group has been to look at 

standard scores and determine if there is a multi-modal distribution of 

performance in the parkinsonian samples. The basic assumption in this 

approach is that in order to say there are subgroups, there should be a 

discontinuous distribution of standard scores. 

In contrast to the above studies, other research groups have 

found specific subgroups of Parkinson's disease patients who develop 

cognitive impairments. In 1972, Garron, Klawans and Narin, using an 

adaptation of Guilford's model of intellectual functioning, found a 

bimodal distribution of timed scores for Parkinson's disease patients, 

but not controls, in tests of cognition of semantic units, cognition of 

symbolic units, memory of semantic units and cognition of semantic 

classes. The intellectual performance of the faster Parkinson's disease 

patients was found to be similar to age matched controls, while the 

performance of the slower Parkinson's disease patients was significantly 

more impaired than either age-matched controls, matched for 

motor-symptom-severity or "faster" Parkinson's disease patients. These 

authors interpreted the results as indicating that Parkinson's disease 

patients could be divided into two groups. The first group had 

performances similar to controls in both speed of performance and basic 

intellectual functioning. The second group, identified by a greater 

degree of bradykinesia and later age of onset, showed both slower 

performance time and a greater degree of intellectual dysfunction. They 

concluded that age alone and severity of motor symptoms alone could not 

account for the deficits, due to the matching procedures used in the 
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study, but that an interaction between age of symptom onset and severity 

led to the increased cognitive dysfunction. 

In another study supporting sub-grouping of Parkinson's disease 

patients, Sroka, Elizan, Yahr, Burger and Mendaza (1981) grouped 

age-matched patients as either atypical (shorter duration of illness, 

brain stem involvement) or typical (usual duration of illness, no brain 

stem involvement). Sixty-eight percent of the atypical group was found 

to manifest various signs of cognitive deficits, including decreased 

reasoning ability, impaired abstraction and decreased memory abilities, 

while only 15 percent of the typical group showed such signs. In 

addition, over two-thirds of the atypical group showed significant 

ventricular enlargement on CT scan. The authors concluded that presenc~ 

of dementia in Parkinson's disease was related to cortical atrophy in 

patients with a shorter duration of illness and that this grouping 

variable was useful in predicting the occurrence of dementia. 

Mindham, Ahmed and Clough (1982), found the mortality of 

demented Parkinson's disease patients to be much higher than in age-, 

and sex-matched controls. In a three year longitudinal study with 40 

Parkinson's disease patients and 40 psychiatric control subjects, these 

authors found only 13 percent of the patients originally diagnosed wi~ 

dementia survived to the third year assessment. 

Liberman, Dziatolowski, Kupersmith, Serby, Goodgold, Korein and 

Goldstein (1979), also found sub-grouping of Parkinson's disease 

patients based upon length of illness, age of onset and age. In a 

sample of 520 Parkinson's disease patients and 420 spouse controls, they 
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found a " •• • tenfold higher incidence of dementia in Parkinson's 

disease patients than in their age-matched spouses." (p.357). The 

severity of dementia was rated as moderate to severe on the basis of 

increased confusion, impairment in memory, and inability to recognize 

familiar places. There was a 32 percent prevalence of dementia in 

Parkinson's disease patients as opposed to 3.4 percent in controls. In 

addition to this higher rate of dementia in Parkinson's disease, the 

authors found that 78 percent of the demented patients developed their 

disease after the age of 60 (later age of onset). The average age of 

the demented Parkinson's disease patient was significantly older than 

non-demented patients (70.4 versus 65.5 years respectively). However, 

because of the lack of dementia in aged controls, the authors felt age 

alone could not account for the finding of dementia. In addition, the 

demented patients were found to have a more rapid progression of 

Parkinson's dj.sease symptoms and a poorer response to dopamine 

replacement therapy. In conclusion, these authors stated: 

We believe we can distinguish two separate disorders: one, an 
exlusively motor disorder occurring in a younger population 
with a longer and more "benign" course and a better response 
to levodopa; and the other, a motor followed by a cognitive 
disorder occurring in an older population with a more 
fulminant course and a poorer response to levodopa. (p. 357). 

In contrast to their previous work discounting the presence of 

subgroups in parkinsonism, Mortimer, Pirozzolo, Hansch and Webster 

(1982) investigated the relationship between motor symptoms and dementia 

in Parkinson's disease. In a sample of 60 Parkinson's disease patients 

these authors found a significant relationship between bradykinesia and 
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decreased visual-spatial perception. They also found a relationship 

between increased tremor and decreased memory functioning. From these 

results the authors concluded there may be two types of Parkinson's 

disease: one that manifest with bradykinesia and impaired visual spatial 

abilities but intact intellectual functioning and one that manifests 

with tremor and concomitant cognitive (memory) deficit. 

Mayeux and Stern (1983) found a different relationship between 

bradykinesia and rigidity (but not tremor) with intellectual impairment. 

In a sample of 55 Parkinson's disease patients they found significant 

correlations of -0.436 and -0.403 between mental status and bradykinesia 

and between mental status and rigidity, respectively. 

In a recent study of intellectual functioning in Parkinson's 

disease, Swanda and Kaszniak (1985) found age of onset to be a useful 

grouping variable in a sample of 41 patients and 40 age-, sex- and 

education-matched controls. They found a deficit in "secondary" memory 

in the patient group that could not be accounted for on the basis of 

age, sex, depression or education. Secondary memory was conceptualized 

by Swanda to be the last stage in a multi-modal memory system with the 

first stage consisting of a sensory register (Klatzky, 1980) where 

information first enters the awareness of the subject. The second stage 

of this system is conceptualized as working memory or primary memory 

(Anderson, 1980) where information is held for immediate use. Secondary 

memory is conceptualized as a permanent store of information (Norman, 

1969). In Swanda's study, when the Parkinson's disease sample was 

grouped according to early versus late age of onset, there was a 
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significantly greater impairment in secondary memory functioning of the 

later age of onset Parkinson's disease group. Indeed, the author stated 

that the majority of the secondary memory impairment in the patient's 

sample could be accounted for by the later age of onset subgroup. 

Overall, these studies support the possibility of subgroups 

within Parkinson's disease that may help differentiate those patients 

who develop intellectual deficits from those who do not. 

Some studies have attempted to determine the brain structure 

changes associated with dementia in Partkinson's disease. Morphological 

studies have suggested a hypothesis to account for the presence of 

dementia in Parkinson's disease. Alvord, Forno, Kusske, Kaufman, Rhodes 

and Goetowski (1974) discovered a high prevalence of Alzheimer's type 

cell changes (neurofibrillary tangles and neuritic plaques) in the 

brains of Parkinson's disease patients. In a sample of 500 Parkinson's 

disease patients, these authors found that the extent of substantia 

nigra cell loss correlated with the clinical symptoms of Parkinson's 

disease (motor signs) while extent of Alzheimer's type changes 

correlated with the presence of dementia. 

Je1linger and Riederer (1984) have supported this observation in 

a study of 180 Parkinson's disease patients and 180 control subjects 

investigating the relationship between morphological changes and 

dementia. Through autopsy brain examination these authors found two 

types of Parkinson's disease which differed from controls. In one type 

of Parkinson's disease there was the expected loss of substantia nigra 

cells and little Alzheimer's type changes, limited to the basal ganglia 
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and brain stem, with no incidence of dementia. The other type of 

Parkinson's disease was seen as showing few substantia nigra cell losses 

and a prominence of cortical Alzheimer's type changes with high 

incidence of dementia. 

One problem with both these studies is the presence of mixed 

Parkinson's disease patients (idiopathic and postencephalitic) and a 

limited posthoc rating of dementia (using a 0 to 4 rating of presence of 

dementia), creating difficulties for unambiguous interpretaiton. In 

summarizing results of these investigations showing Alzheimer's type 

changes in Parkinson's disease, Mayeux,and Stern (1983) stated that 

these studies " •• • suggest that a cholinergic dementia, similar to that 

observed in AD [Alzheimer's disease], may exist in some patients with PD 

[Parkinson's disease]." (p. 217), although further research was seen as 

necessary to clarify the relationship. Indeed, Chui, Mortimer, Slager, 

Zarow, Bondneff and Webster (1986) have documented cases of demented 

parkinsonian subjects who show no eviden~c uf Alzheimer's type cellular 

changes upon autopsy. 

An emerging concept for explaining dementia in Parkinson's 

disease has centered on the idea of a sub-cortical dementia. Albert, 

Albert, Feldman and Willis (1974) thought that the lesions found in the 

sub-cortical regions in Parkinson's disease patients may well account 

for the cognitive deficits seen in the disease, as well as the motor 

symptoms. Albert (1978) reviewed literature on other diseases that 

manifest with dementia and have known sub-cortical lesions (e.g. 



Progressive Supranuclear Palsy; Korsakoff's syndrome) and presented a 

tentative list of symptoms of sub-cortical dementias. These included: 

(a) emotional or personality changes (typically progressive 
apathy or lack of spontaneity or j.nitiative; with irregular 
outburst of irritability); (b) memory disorder; (c) impaired 
ability to manipulate acquired knowledge or to carry out 
complex integrative activities; and (d) marked slowness in 
rate of information processing. (p. 178). 

In this paper, Albert, et al. were careful to present this as a first 

hypothesis, and stated that modifications would certainly be needed. 
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In 1983, Mayeux, Stern, Rosen and Benson reported on a study of 

46 Alzheimer's disease patients, 20 Huntington's disease patients and 57 

Parkinson's disease patients, to assess the concept of subcortical 

versus cortical dementias. They hypothesized the Alzheimer's patients 

to have a cortical dementia and the Huntington's and Parkinson's disease 

patients to have a subcortical dementia. They were unable to support 

the concept of differential dementias, based on the patients' 

performance on neuropsychological examination, when groups were matched 

for functional levels in activities of daily living. The major 

conclusion of this study was the need for a clearer definition of 

sub-cortical dementias to help in clarifying the clinical presentation. 

Cummings and Benson (1984) attempted to provide a clearer 

definition of the differences between sub-cortical and cortical 

dementias. In a review of neuropathologic and pathophysiologic studies 

of Alzheimer's disease, Progressive Supranuclear Palsy, Huntington's 

disease and Parkinson's disease, these authors listed the major cerebral 

involvement in each disease and used this to differentiate cortical from 

sub-cortical involvement. Alzheimer's disease was the only disease 
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showing major involvement of the cerebral cortex, while the other 

disease showed major involvement of sub-cortical structures. Based on 

this classification, these authors listed the symptoms of dementia in 

both conditions. The cortical dementias were seen to manifest as severe 

aphasia, amnesia, agnosia and extreme intellectual impairment. The 

sub-cortical dementias manifest with forgetfulness versus amnesia, 

difficulty in manipulation of acquired information, dysarthria as 

opposed to aphasia, affective changes including apathy and depression 

and marked slowing of cognitive speed (bradyphrenia). Benson and 

Cummings were careful to point out that currently, "Subcortical dementia 

is a clinical, not an anatomic, concept." (p.875). In a later 

publication, Benson (1984) stated that a majority of Parkinson's disease 

patients manifest many of the proposed clinical signs of sub-cortical 

dementia, while some may manifest clinical signs of cortical dementia as 

well. 

A few studies have attempted to validate one of the proposed 

signs of sub-cortical dementia, bradyphrenia or slowed cognitive 

processing, in Parkinson's disease. Most of these investigations have 

looked at late components (P300) of visual evoked potentials (VEP) in 

Parkinson is disease (Bodis-Wollner, Yahr, & Mylin, 198L.; Bodis-Wollner, 

Yahr, & Thornton, 1980; Regan & Neima, 1984; Tartaglione, 1984). These 

studies have shown a increased latency of P300 in Parkinson's disease, 

compared to normal controls. In addition, some authors have found the 

increased P300 latency to be related to motor symptom intensity (e.g. 

Bodis-Wollner et al., 1980) and to stimulus characteristics (e.g. 



37 

Tartaglione, 1984). Most of these studies relate this slowed component 

of the VEP to the involvement of the sensory-integrative activities of 

the basal ganglia, and hypothesize that the biochemical changes present 

in Parkinson's disease that cause the motor dysfunction also disrupt 

these fun.ctions. 

Wilson, Kaszniak, Klawans and Garron (1980), investigated more 

than the sensory-integrative aspects of bradyphrenia in parkinsonian 

patients~ This study examined speed of cognitive processing in the 

scanning of primary memory. They compared older and younger 

non-demented Parkinson's disease patients with age-, education- and 

verbal IQ-matched normal controls. Subjects were compared in their 

performance on the Sternberg paradigm (discussed below), measuring speed 

and accuracy of primary memory scanning. This paradigm involves the 

presentation of a variable length memory set, ranging from one to four 

digits. Probe digits, which either are or are not ,from the memory set, 

are presented in a serial fashion. Subjects are then asked to 

designate, as quickly as possible, whether the probe digit is or is not 

a member of the memory set. Response time and accuracy, over different 

memory set sizes, are then measured. 

Wilson et ale (1980) found that the total parkinsonian group was 

as accurate as control subjects, consistent with the non-demented nature 

of the sample. However, the primary memory scanning time, as measured 

by the increase in slope of reaction time (RT) over increasing memory 

set size, was significantly greater for the older, but not younger, 

Parkinson's disease patients, as compared to controls. This result was 
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interpreted as indicating an increased time required by the older 

parkinsonian subjects to sca.n the entire memory set and compare the 

probe digit for membership within the set. The authors further 

interpreted the results as indicating that the slowed scanning "observed 

in the older parkinsonian patients is a specific deficit and not part of 

a generalized memory breakdown." (p. 71), and as supporting the proposed 

clinical sign of bradyphrenia in sub-cortical dementia, within a 

subgroup of Parkinson's disease as defined by age. 

Rafa1, Posner, Walker and Friedrich (1984), also looked at 

high-speed memory scanning in parkinsonian patients and investigated 

possible relationships to motor symptoms. With a sample of ten 

idiopathic Parkinson's disease patients and no controls, these authors 

used the Sternberg paradigm to assess subjects who were experiencing 

"on-off" symptoms. These symptoms develop in patients who have received 

long-term L-dopa treatment. The "on" period is when the effect of the 

medication is still active and motor symptoms are well controlled. The 

"off" period occurs, often at the end of the individual dose effective 

time, and results in loss of control of motor symptoms. They could find 

no significant increase in slope of reaction time over set size for the 

dyskinetic group ("off") in comparison to the group with well controlled 

motor symptoms ("on"). From this result they concluded that there was 

no evidence to suggest bradyphrenia related to bradykinesia. Since they 

were unable to show a relationship between slowed cognitive processing, 

as measured by the Sternberg paradigm, and motor symptoms associated 

with dopaminergic depletion, they further stated there was no evidence 
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to associate bradyphrenia with the disease at all. Indeed, the results 

of the Sternberg paradigm, for the parkinsonian subjects, were within 

normal ranges. 

On the basis of available published studies, the presence of 

slowed cognitive processing in Parkinson's disease is still in question. 

While the other proposed components of a sub-cortical dementia (e.g. 

memory deficits, dysarthria and personality changes including depression 

and apathy) have been documented in Parkinson's disease (Tweedy, et al., 

1982; Klawans & Cohen, 1970; Mayeux, 1982), the presence or absence of 

bradyphrenia is still debated. 

Measurement of Speed of Cognitive Processes 

One of the more powerful tools for the study of speed of 

cognitive processing (Mental chronometry) is the measurement of reaction 

time (Posner, 1978). Donders (1969) in the late 1800's developed an 

approach to the study of reaction time, termed the subtraction method, 

which assumed different stages of sensory, cognitive, and motor 

operation. He further proposed that if one had two tasks, the 

performance of which require the same processing stages except for one 

task requiring an additional processing stage, the duration of this 

extra stage could be determined by finding the difference between the 

RTs of the two tasks. However, criticism of the assumption of a similar 

stage in the different tasks led to a general waning of interest in this 

method (Wescourt & Atkinson, 1976). 

Interest in RT methods increased when Sternberg (1966) 

introduced his additive factor method. He posited a theory of additive 
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factors which assumes stage processing of information. In this 

conceptualization, each stage is considered to be discrete, serial in 

operation, and dependent upon the outcome of the previous stage for its 

own operation. Since each stage is assumed to be discrete, it is 

theoretically possible to find variables that influence each stage 

separately. Also, since each stage is assumed to complete its 

processing before sending information on to the next stage, a 

manipulation that affects the processing time of one stage may not 

affect the processing time of other stages. 

Sternberg (1966) presented the additive factors theory as an 

approach to discover different stages of cognitive processing. Since 

the duration of each stage is dependent on inputs and processing time 

required, each stage would have an additive effect on the total RT. 

Manipulations that effect one stage would therefore have an additive 

effect on RT, but would not interact with other stages. 

He developed a paradigm to assess primary memory scanning 

through manipulation of additive and interactive factors. A basic 

assumption of the memory scanning paradigm is that memory exists as a 

large collection of "nodes" that become connected through learning 

(Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977). When the 

nodes are not activated, they exist in long term store. However, when 

they become activated, as when the information of the node is used in 

consciousness, the node is in short-term store, also termed primary 

memory. The span of the short-term store is very limited, and to keep 
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long term store and an inactive state. 
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In the primary memory scanning paradigm, a memory set is given 

to the subject which activates nodes in long-term store, thus placing 

them in short teL~ store. The subject is then presented with a pr.obe 

and asked to say if the probe is or is not a member of the short term 

store. To make the comparison, Sternberg hypothesized that the subjects 

had to scan the short-term store and seek a match between the probe and 

the contents of primary memory. 

Through the application of additive factors theory, Sternberg 

(1966) posited four discrete stages involved in the process of scanning 

primary memory. The four stages included stimulus encoding, serial 

comparison, binary decision and translation and response organization. 

The stages involved in stimulus encoding, and translation and response 

organization were affected by level of complexity of stimulus legibility 

and frequency of response type, and in turn effected the basj.c time of 

sensory and motor requirements for responding. The stage of binary 

decision was seen as affected by the type of response indicated (i.e., 

positive or negative) and in turn effected these same basic sensory and 

motor requirements. The manipulations affecting the time required to 

conduct the sensory and motor aspects of responding were seen in 

increases in the simple RT. With the Sternberg paradigm, the simple RT 

is measured by the zero-intercept value, or the time required to respond 

when no elements are in the memory set. 
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The stage of serial comparison was not affected by the variables 

listed above. Variables effecting the serial comparison stage, such as 

the number of items in the memory set, effected the slope of RT over 

memory set-size, with no interaction effects on the zero-intercept, 

supporting the existence of a separate stage involved in the comparison 

of probe stimulus to memory set. This paradigm would thus seem to 

provide a way to differentiate motor slowing from cognitive slowing. 

Following the original work of Sternberg, other studies 

employing the memory scanning paradigm have identified two additional 

stages, positing a total of six discrete stages. These six stages 

include preprocessing, feature extraction, identification, response 

choice, response programming and motor adjustment (Sanders, 1980, p. 

340). 

Sternberg (1966) hypothesized that the search through primary 

memory was serial and exhaustive: All the elements of the memory set 

were scanned prior to making a decision regarding the probe's membership 

within the memory set. He supported this hypothesis by showing that the 

slopes for RT as a function of increasing memory set sizes were parallel 

for both correct "yes" responses and correct "no" responses. If the 

search through the memory set was terminated when a match between probe 

and target occurred, the slope line for the correct "yes" responses 

would be one-half as large as that for the correct "no" responses. 

Shiffrin and Schneider (1977; see also Schneider & Shiffrin, 

1977) employed the Sternberg paradigm and found that the assumption of a 

serial exhaustive search was not always supported. They developed a 
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consistent mapping of memory set (target variables) on to probes, by 

keeping the targets consistent across all trials. With this method, 

they found that the slope of RT across increasing memory set-sizes did 

not increase. From this finding they hypothesized that it was possible 

for the subject to 'bypass' the exhaustive search and use an automatic 

detection of matching between target and probe. 

The work of Shiffrin and Schneider (1977) poses a problem for 

the Sternberg paradigm. If both a serial, exhaustive search and 

automatic detection exist, what determines the occurrence of either? 

Pachella (1974) investigated why some slope values appear to support the 

assumption of an exhaustive search while others do not. He manipulated 

the instructions given to subjects to stress either speed or accuracy, 

and found that when speed was stressed, the slope for the correct yes 

responses approached one-half the value of the slope for the correct no 

responses. In addition, when a non-exhaustive search was used, the 

error rate increased dramatically, approaching 10 percent. 

Another approach to understanding the underlying mechanisms of 

the search process was undertaken by Townsend (1971). He postulated a 

parallel processing of all memory set items, as opposed to a serial 

scanning of each item. To account for the increase in RT for larger 

memory sets, he theorized a limited pool of attentional abilities that 

could be directed to the task of matching the probe to the memory set. 

As the memory set increased, the attentional abilities were more thinly 

distributed and therefore more time was needed to complete the parallel 

comparison. 
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McClelland (1979) took issue with the basic assumption of the 

Sternberg model, that each stage's processing was discrete, and had to 

be completed before information could be passed on to the next stage. 

He developed a model that calls for the information at each stage to 

always be available to the next stage, even though the first stage's 

processing is not complete. As he presented this argument, he was able 

to account for the findings of the Sternberg paradigm with his model. 

He postulated the existence of "comparator units" (p.302) that are 

set-up for each member of the memory-set. After the probe digit is 

encoded, it passes through the comparator unit which sums it output to 

send to a "response unit" (p. 302). These processes occur in cascade, 

with the processing of each stage or processing unit available to the 

next at any stage. However, as the number of comparator units increase, 

with increases in memory set size, the cascade effect is slm>1ed, thus 

showing an increase in slope. 

Although the theories of Townsend (1971) and McClelland (1979) 

contradict Sternberg's additive factors theory, because there are no 

discrete stages, but only parallel processes or processors in cascade, 

the Sternberg paradigm still provides a method for examining cognitive 

processing speed, independent of response speed. The actual cognitive 

processing stage at which slowing occurs is not as important as being 

able to document whether slowing is present, in a particular clinical 

group. A more interesting question is raised by Townsend's work. If 

his theory is correct, then the slope of the Sternberg paradigm should 

be affected by attentional abilities. 
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Focus of Present Research 

A number of different aspects of emotional and cognitive 

functioning in Parkionson's disease have been reviewed. However, it is 

clear that questions relating to the existence of subgroups and 

bradyphrenia in the disease remain. The present research was intended 

to focus on two aspects relating to cognitive functioning in Parkinson's 

disease: (1) the presence of a slowing of cognitive processing in 

parkinsonian patients; and, (2) the possibility that sub-groups of 

Parkinson's disease patients can be distinguished on the basis of motor 

performance, depression and/or age of onset. 

More specifically it was hypothesized that: (1) since slowed 

cognitive processing has been linked to sub-cortical dementias, and 

parkinsonian subjects exhibit many other signe of this syndrome, 

Parkinson's disease subjects will show a slowing of high-speed memory 

scanning in comparison to age, and education-matched normal controls on 

the Sternberg paradigm; (2) since parkinsonian patients with more severe 

motor symptoms have been found to have greater cognitive deficits, this 

subgroup will show a slowing of high-speed memory scanning greater than 

either subjects with lesser motor deficits or normal controls; (3) since 

depression has been shown to occur frequently in Parkinson's disease, 

and depression has been shown to affect cognitive processing, depressed 

parkinsonian subjects will show a slowig of high-speed memory scanning 

greater than non-depressed parkinsonian subjects; and (4) since 

parkinsonian patients with later age of onset have been found to have 

greater cognitive deficits, this subgroup will show a slowing of 



high-speed memory scanning greater than either early onset patients or 

normal controls. 
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CHAPTER 2 

METHODS 

Subjects 

A total of 50 adult volunteers participated in the current 

study, including 25 non-demented idiopathic Parkinson's disease patients 

and 25 healthy normal controls. Subjects were group matched on age and 

education. The Parkinson's disease patients were gathered from an 

on-going longitudinal study of memory functioning in Parkinson's 

disease. These patients were recruited from a local Parkinson support 

group (The Tucson Parkinson Support Group) which is an affiliate of the 

American Parkinson's Disease Association. Normal controls were 

recruited from the spouses of the parkinsonian subjects and from 

community volunteers. All control subjects were healthy and free from 

any neurologic or psychiatric conditions, as determined by review of 

medical history. 

All parkinsonian subjects had been screened by a neurologist 

associated with the program, within the last two years, and the 

diagnosis of idiopathic parkinsonism had been confirmed. All subjects 

(parkinsonian as well as healthy control) were also screened by a 

psychiatrist associated with the project to rule-out any psychiatric 

disturbances other than depression. All subjects, including Parkinson's 
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disease patients and healthy normal controls, signed a consent form 

detailing the study and outlining any risks associated with the study. 

Information gathered from subjects included basic demographic 

data (sex, age, education), current medication, and history of disease 

for the parkinsonian subjects (age of onset of Parkinson's disease 

symptoms, and laterality of motor symptoms at onset and currently). 

Material and Equipment 

Mattis Dementia Rating Scale 
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The Mattis Dementia Rating Scale (Mattis, 1976) was used as a 

measure of general cognitive functioning, assessing abilities in five 

separate areas, labeled, "Initiation and Perseveration", "Construction", 

"Abstraction", "Attention and Concentration", and "Memory." In a sample 

of elderly subjects (65 to 94 years old), Gardner, Oliver-Munoz, Fisher 

and Empting (1981) found this instrument to have a split-half 

reliability of .90 and a test-retest correlation of .97. Kaszniak 

(1986) presents a review of the utility of the Mattis Dementia Rating 

Scale in documenting cognitive decline in dementing conditions. 

Beck Depression Inventory 

The Beck Depression Inventory (Beck, 1978) was used as a 

self-report measure of depression. Test-retest and internal consistency 

have been demonstrated to be .90 and .91 (coefficient alpha), 

respectively, by Gallagher, Nies and Thompson (1982)~ with a sample of 

77 elderly individuals meeting Research Diagnostic Criteria for 

depression and 82 normal controls. In another study, Gallagher, 
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Breckenridge, Steinmetz and Thompson (1983), demonstrated the validity 

of the Beck Depression Inventory with approximately 83 percent correct 

classification using a cutoff score of 10 in a sample of elderly 

depressed and elderly normal controls. Following the work of Mayeux 

(1981), for the purposes of the present study, a cutoff score of 10 (out 

of a possible 63) points will be used to indicate mild depression. 

Wechsler Memory ~cale 

The Wechsler Memory Scale (Wechsler, 1945) is one of the more 

widely used protocols for the clinical assessment of memory functioning 

(Kaszniak, 1986). It contains assessments of personal and general 

information, orientation, automatic memory, logical memory (verbal 

memory), digit span, visual reproduction (visual memory), paired 

associate learning, and a summary Memory Quotient score. Russell's 

revision (1975) of this scale was used in the present study to assess 

logical memory and visual reproduction after an one-half hour delay. 

Finger tapping test 

The finger tapping test is a simple measure of motor speed 

(Russell, Neuringer & Goldstein, 1970). The test involves having the 

subject tap with the index finger of each hand, as rapidly as possible 

for five ten-second trials, on a special counter. For the present study 

this task will be used to measure motor slowing. Those parkinsonian 

subjects with an average finger tapping score two standard deviations 

below that of their matched control subjects were defined as 

experiencing greater motor slowing. 
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The Sternberg paradigm 

In 1966 Sternberg presented results of a study on short-term 

memory scanning. In this task, the subject is given a variable memory 

set of one to four digits to remember. After a short rehearsal time, 

the subject is then presented with a probe digit and asked to determine, 

as quickly as possible, whether the probe is or is not part of the 

memory set. As Sternberg presents it: 

The stimulus ensemble consists of all potential test stimuli. 
From among these, a se~ of s elements is selected arbitrarily 
and is defined as the positive set; these items are presented 
as a list for the subject to memorize. The remaining items 
are called the negative set. When a test stimulus is 
presented, the subject must decide whether it is a member of 
the positive set. If it is, he makes a positive resonse 
(e.g., saying "yes" or operating a particular lever). If not, 
he makes a negative response. The measured RT (sometimes 
referred to as response latency) is the time from 
test-stimulus onset to response. (p. 424). 

Within his initial studies, Sternberg found normal subjects to 

have a linearly increasing RT, as a function of increasing positive set 

sizes. The zero intercept of this RT by set-size function, 

conceptualized as basic sensory and motor response times, averaged at 

400 milliseconds. For each element added to the positive set, the RT 

increased an average of 38 msec. This increase in response latency held 

true for both positive and negative sets (ie., both for correct positive 

responses and correct negative responses). 

Since the slope of the RT by set-size function remained constant 

for both positive and negative responses, Sternberg hypothesized that an 

exhaustive search of the memory set was performed before a response was 

made. Further, regardless of the serial position of the probe stimulus 
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within the memory set, the response latency increased an average of 38 

msec. for each additional member of the memory set. If a self 

terminating search was used, as soon as the match of probe digit to a 

memory set member was made, a response would be initiated. However, 

since the serial position of the probe digit in the memory set did not 

effect the response latency, it was concluded that an exhaustive search, 

in the comparison of the probe digit to the memory set members, was 

performed. 

Sternberg outlined the processes involved in this method as 

including the activation, in primary memory, of the memory set. When 

the probe digit was presented, the subject would scan the memory set and 

compare the probe digit for inclusion or exclusion. This search would 

have to be exhaustive, for the reasons discussed above, and at the end 

of the scan, a response indicating membership of tpe probe digit would 

be initiated. The zero intercept, or the hypothetical RT required to 

make a response with a memory set-size of zero, was conceptualized as 

indicating the time required for sensory processes and initiation and 

completion of the motor behavior required for a response. The slope of 

the RT by set-size function was conceptualized as the time required to 

serially scan each item of the memory set. 

Sternberg (1969) outlined tlvO alternative methods for 

administering this experimental paradigm. The first was termed the 

"varied-set procedure" (p. 425) where aftel.' each proble stimulus a new 

memory set would be introduced. The second was termed the "fixed-set 

procedure" (p. 425), where the same memory set would be used for 
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multiple probe stimulus trials before a new memory set would be defined. 

The intercept, as well as the slope of the RT by set-size function, 

remained constant across both types of procedures. 

In the present study, the Sternberg paradigm was used to assess 

high speed memory scanning in Parkinson's disease patients, as compared 

to normal healthy controls. This method allows for an assessment of 

cognitive processing speed independent of motor functioning, and thus 

addresses the issue of bradyphrenia in parkinsonism. A fixed-set 

procedure was used, since it allows for increased data collection over a 

shorter period of testing time, and has been shown to provide the same 

results as the varied-set procedure (Sternberg, 1969). 

Procedures 

All subjects were tested as part of an ongoing longitudinal 

study of memory functioning in Parkinson's Disease. The procedures of 

the study were explained to each subject and informed consent was 

obtained. 

Testing of subjects was divided into two sessions, consisting of 

approximately 45 minutes each. Assignment to testing order was 

counter-balanced across all subjects. One 45 minute testing session 

included an interview assessing demographics and medical history, and 

the cognitive functioning assessments as listed above. The second 45 

minute testing session consisted of administration of the Sternberg 

paradigm. 

During the Sternberg paradigm administration, the subject sat 

facing a test console with a rear prOjection screen. A bi-directional 
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response lever was placed in front of the subject. The procedure was 

explained to the subjects and they were asked to keep their preferred 

hand on the response lever throughout the study. They were then told 

that a list of digits would be presented to memorize, followed by a 

warning tone. At the end of the warning tone, a number would then be 

presented on the screen of the console. The subjects were told to 

decide as quickly as possible if the number on the screen was one of the 

numbers they had just memorized. If the number was one of the memorized 

digits, they were to throw the response lever to the right. If the 

number on the screen was not one of the memorized numbers, they were to 

throw the response lever to the left. 

The subjects were then presented with the memory set and asked 

to repeat it four times to insure encoding of the information. A trial 

of 13 probe digits was then presented and reaction times measured. At 

the end of the probe digit trail, a new memory set was introduced and a 

new trial block initiated. Control and timing of stimulus presentation, 

measurement of reaction times, and response scoring, were performed by a 

Cromemco Z-2d micro-computer system. 

The total test session consisted of 156 individual trials 

divided into 12 blocks of 13 trials each. Prior to each trial block the 

subject was presented with either two, three, or four digits to 

remember. Within each block, probe digits were presented one at a time, 

and response type and latency for each trial recorded. Prior to each 

trial, a 2 Khz warning tone was presented for 1.5 seconds. 

Inter-stimulus intervals were held constant at 2.5 seconds. The 
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probability of the probe digit belonging to the memory set was held 

constant at .50. The first three blocks were considered practice trials 

while the remaining nine blocks were used for analyses. Each of the 

three set sizes were presented three times in the remaining nine trial 

blocks, in a pseudo-random order. 

The alternate testing session involved the collection of 

demographic and personal history data, and administration of the Mattis 

Dementia Rating Scale (MDRS), the Beck Depression Inventory (BDI), the 

finger tapping test and the Wechsler Memory Scale (WMS). All 

psychometric testing was conducted according to standardized procedures. 



CHAPTER 3 

RESULTS 

Sample Characteristics 

Assessment of demographic and selected cognitive variables 

Parkinsonian and healthy control subjects were compared on 

demographic and selected variables measuring cognitive functioning using 

one-way analysis of varience (ANOVAs). As shown in Table 1 no 

significant differences were found between groups on the demographic 

variables of age and education. T~is indicates that the group matching 

of subjects on these variables was successful. 

No significant difference was found between the groups in 

general level of cognitive functioning, as measured by the MDRS. There 

was, however, a non-significant trend for lower overall MDRS scores with 

the parkinsonian sample. However, the parkinsonian group's mean score 

on this measure (X = 135.6) remains within the range of normal 

performance (Vitaliano, Breen, Albert, Russo & Prinz, 1984) consistent 

with the non-demented nature of this sample. 

A significant difference was found between the groups in memory 

functioning as measured by the Wechsler Memory Scale (WMS), with the 

parkinsonian sample scoring lower on this test. 

Specific characteristics of the parkinsonian sample were noted, 

including age of symptom onset, medications used, and duration of 
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Table 1 

One-way ANOVAs for Demographic and Se~ected Cognitive 
Functioning Variables Between Parkinsonian (PD) (N=25) and 

Healthy Control (HC) (N=25) Subjects (df=1,48) 

Variable Taping 

Age Educ. MDRSa WMSb BDIc Average Sex 

PD 67.24 13.72 135.60 57.22 8.92 35.94 1.28 

(8.92) (3.39) (6.08) (9.69) (6.22) (7.45) (0.46) 

HC 68.08 14.60 138.12 62.44 6.28 39.25 1.56 

(4.93) (2.78) (2.70) (7.64) (4.73) (6.67) (0.51) 

F 0.17 1.10 3.59 4.88 2.85 2.73 4.20 

p .682 .299 .064 .042 .098 .105 .045 

a. Mattis Dementia Rating Scale 

b. Wechsler Memory Scale 

c. Beck Depression Inventory 
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illness. The mean age of parkinsonian symptom onset was 56.8 years, 

with a standard deviation of 11.51 years and a range of 34 years to 73 

years. One parkinsonian subject was receiving no medication at the time 

of tesLing, 16 were receiving 1-dopa/carbidopa dopamine replacement 

therapy, five were receiving both 1-dopa/carbidopa and anticholinergic 

therapy, and three were receiving anticholinergic therapy alone. The 

mean duration of illness for the parkinsonian sample was 10.4 years with 

a standard deviation of 9.76 years and a range of 2 years to 49 years. 

Assessment of differences in depression 

There were no significant differences between the parkinsonian 

and healthy control subjects on the self-report measure of depression 

(Beck Depression Inventory), reflecting no generalized increase in 

dysphoria in the total parkinsonian sample. However, there was a 

non-significant trend for some parkinsonian subjects to have a slightly 

greater than normal level of depression. When using a Beck Depression 

Inventory score of 11 or greater to indicate increased level of 

depression, 20 percent of the parkinsonian sample were found to be 

depressed as compared to 12 percent of the healthy control sample. 

Analysis of sex differences 

There was a significantly greater number of females in the 

healthy control sample as compared to the parkinsonian sample, most 

likely due to selecting spouses of the parkinsonian subjects as 

controls. However, comparison of males and females across both groups 

revealed no significant difference in age, education, cognitive 



functioning as measured by the MDRS and HMS, or Beck Depression 

Inventory scores. There were no significant interactions between sex 

and subject group on any of these measures. 

Analysis of motor performance 
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There was no significant difference in subjects' performance on 

a task measuring primary motor speed (finger tapping test), averaged 

across both left and right hands. There was a significant difference 

with left hand f~nger tapping speed between parkinsonian subjects and 

control subjects, with parkinsonian subjects slower on this measure. 

However, there was no significant difference on right handed performance 

between the groups. 

Analysis of Group Performance on Sternberg Paradigm 

Individual reaction time measures were collected on 13 trials 

for 12 blocks of varying memory set-size. Each response was classified 

as either a positive response (the probe digit is a member of the memory 

set) or a negative response (the probe digit is not a member of the 

memory set). The accuracy of the response was also recorded, as was the 

size of the memory set for each given trial block. 

Table 2 presents the mean reaction times for positive responses 

and negative responses for intercept and slope. No significant group 

differences were found between positive responses and negative responses 

on intercept, indicating similar simple reaction times for the two 

classification responses, although the intercept for "no" responses was 

slightly higher than the intercept for "yes" responses. 
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Table 2 

Paired t-Tests for Positive Responses and Negative Responses 
Intercept and Slope Values from the Sternberg Paradigm 

Standard 
Variable Mean Deviation t p 

Yes 
Intercept 634.158 217.830 

0.24 > .05 

No 
Intercept 639.372 165.716 

Yes 
Slope 56.867 25.298 

0.46 > .05 

No 
Slope 59.068 36.683 

Yes 
Errors 1.631 .021 

0.17 > .05 

No 
Errors 1.547 .034 

Total Error Rate (Percentage) = 0.46 
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Slope of reaction time by set-size function was defined as the 

increase of recation time over increasing memory set-sizes. 

Least-squared linear regression analysis was employed to determine the 

slope line. This slope line accounted for approximately 91 percent of 

the variance of both positive and negative responses, indicating a near 

linear increase in RT over increasing memory set-size. Differences in 

slope between positive responses and negative responses were examined to 

determine if the search of the memory set was exhaustive. If the slope 

for the positive response was significantly different from that of the 

negative response, the subjects may hpup terminated the search when 

encountering the matching digit, thereby shortening the time required 

for positive responses. No significant differences were found between 

the positive response slope and the negative response slope, indicating 

an exhaustive search of the memory set prior to responding. 

Because no differences were found between positive response and 

negative response intercept or slope, these responses were averaged to 

give a combined intercept score and a combined slope score. 

The subject's accuracy of response was also measured. Subjects 

could either respond correctly (i.e., true positive-set or true 

negative-set), respond incorrectly (i.e., false positive-set or false 

negative-set), or not respond at all (no response). One-way ANOVA of 

errors revealed no significant difference in type or rate of error 

between parkinsonian subjects and healthy control subjects. Indeed, the 

overall error rate was extremely low (less than one-half of one 

percent). 
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Basic reaction time as measured by the zero intercept 

Sternberg theorized (1969) that with the additive reaction time 

model, the zero intercept of the slope line represents the simple RT, or 

the basic time required for sensory and motor activity involved in 

responding, independent of memory set scanning time. To investigate the 

differences in intercept between parkinsonian subjects and healthy 

control subjects a two-way (parkinsonian vs healthy control) repeated 

measures multivariate analysis of variance (MANOVA) was employed. This 

statistic provides a more conservative approach to analyzing the data 

than an ANOVA, due to the repeated administrations of the task (cf, 

O'Brien and Kaiser, 1985). Table 3 presents the results of this 

analysis. A significant difference was found between parkinsonian 

subjects and health control subjects, with the parkinsonian subjects 

showing a significantly higher intercept. This indicates an increase in 

simple RT, or the time required by the parkinsonian subjects for the 

basic sensory and motor activities of responding. 

Analyses for Major Hypotheses 

Effect of diagnosis on speed of memory scanning 

To test the hypothesis that parkinsonian subjects are slower in 

memory scanning speed than healthy control subjects, a 2 (parkinsonian 

vs healthy control) by 3 (memory set-size) repeated measures MANOVA was 

employed. As shown in Table 4 there was a significant effect for memory 

set size, indicating an increase in slope over increasingly larger 

set-sizes. There was also a significant interaction between set size 



Table 3 

Two-way (Parkinsonian (N=25) vs. Healthy Control (N=25» Repeated 
Measures MANOVA for the Sternberg Paradi~Variable of the 

Zero Intercept 

Source of Variation 

Within Cells 

Sum of 
Squares 

1349944.55 

df 

48 

Mean 
Square 

28123.84 

F p 

62 

Constant 20019646.74 1 20019647 711.84 .005 

Diagnosis 192931.66 1 192931.7 6.86 .012 
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Table 4 

Two (Parkinsonian (N=25) vs. Healthy Control (N=25)) by Three 
(Memory Set-Size) Repeated Measures MANOVA for the Sternberg 

Paradigm Values of Slope 

Multivariate Test of Significance 

Test Approx. Hypoth. Error 
Effect Statistic Value F df df P 

Set-size Wilks' L .148 135.026 2 48 .0001 

Diagnosis 
by 

Set-Size Wilk's L .782 6.536 2 48 .003 
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and group membership. Table 5 presents the means and standard 

deviations of average slopes for each memory set-size, for the two 

groups. As can be seen, the parkinsonian subjects had a significantly 

greater slope than did the healthy control subjects. In addition, the 

variability of the parkinsonian sample was twice as great as that found 

in the healthy controls, indicating a larger spread of scores on this 

measure of memory scanning speed. 

To investigate the effects of the disproportionately greater 

number of females in the healthy control sample on slope size, a 2 (male 

vs. female) by 3 (memory set-size) repeated measures MANOVA was computed 

for the entire sample. Table 6 shows a significant effect for memory 

set-size, again indicating an increase in RT over increasing memory 

set-size. However, no interaction effects between sex and slope were 

found. This indicates that sex did not have a significant effect on the 

slope for the present sample. 

Comparison of p&rkinsonian sub-groups 

In an attempt to clarify the source of the increased variability 

in parkinsonian subjects' RT by set-size, different sub-groupings of 

parkinsonian subjects were employed. To test the hypothesis that 

parkinsonian subjects with increased motor slowing, as measured by 

finger tapping speed, would have a slower memory scanning speed than 

parkinsonian subjects with less motor slowing, the parkinsonian sample 

was divided into slow and normal groups. This division was accomplished 

by defining those parkinsonian subjects with an averaged finger tapping 

speed for both left hand and right hand tapping scores two standard 



Table 5 

Means and Standard Deviations for Slope Values from the 
Sternberg Paradigm for Parkinsonian and Healthy Control Subjects 

Group Mean 

Parkinsonian 71.759 

Healthy Control 45.728 

Standard 
Deviation 

32.838 

14.089 

65 
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Table 6 

Two (Male (N=29) vs. Female (N=21)) by Three (Memory Set-Size) 
Repeated Measures ~UlliOVA for the Sternberg Paradigm Values of Slope 

Multivariate Test of Significance 

Effect 

Set-size 

Sex 
by 

Set-Size 

Test 
Statistic 

Wilks' L 

Wilk's L 

Value 

.185 

.984 

Approx. 
F 

103.390 

.391 

Hypoth. 
df 

2 

2 

Error 
df p 

47 .0001 

47 .678 
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deviations below the control mean value as slower, with the remainder of 

the parkinsonian subjects defined as normal. 

A 2 (slow parkinsonian vs normal parkinsonian) by 3 (memory 

set-size) repeated measures MANOVA was used for this analysis and is 

presented in Table 7. There was a significant effect for memory 

set-size, however, there was no significant interaction between 

motor-speed group and set-size. This indicates no significant 

difference in memory scanning speed between groups of parkinsonian 

subjects identified by degree of motor impairment. 

Effect of depression on memory scanning speed 

To test the hypothesis that parkinsonian subjects who are more 

depressed have a slower memory scanning speed, the parkinsonian sample 

was divided into depressed and non-depressed groups, with the presence 

of depression defined as a score of 11 or greater on the Beck Depression 

Inventory. Table 8 presents the results of a 2 (depressed vs. 

non-depressed) by 3 (memory set-size) repeated measures MANOVA used to 

address this question. A main effect for set-size was obtained, 

however, no significant interaction between depression and set-size 

resulted. This indicates no difference in memory scanning speed between 

parkinsonian subjects based on level of depression. 

Effect of later age of onset of parkinsonian symptoms 

To test the hypothesis that parkinsonian subjects who developed 

the disease later in life would have a slower memory scanning speed, the 

parkinsonian sample was divided into early age of onset and later age of 



Table 7 

Two (Normal Parkinsonian (N=17) vs. Slow Parkinsonian (N=8» by 
Three (Memory Set-Size) Repeated Measures MANOVA for the 

Sternberg Paradigm Values of Slope 

Multivariate Test of Significance 

Test ·Approx. Hypoth. Error 
Effect Statistic Value F df df p 

68 

Set-size Wilks' L .180 50.000 2 22 .0001 

Speed 
by 

Set-Size Wilk's L .940 .698 2 22 .508 



Table 8 

T,",o (Non-depressed Parkinsonian (N=20) vs. Depressed Parkinsonian 
(N=5» by Three (Memory Set-Size) Repeated Measurs MANOVA for 

the Sternberg Paradigm Values of Slope 

Multivariate Test of Significance 

Effect 
Test 

Statistic Value 
Approx. 

F 
Hypoth. 

df 
Error 
df p 

69 

Set-size Wilks' L .142 66.592 2 22 .0001 

Depressed 
by 

Set-Size Wilk's L .805 2.658 2 22 .092 
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onset groups. This grouping was determined by a mean age of onset 

split, based on the entire parkinsonian sample. Therefore, parkinsonian 

subjects who developed the disease at or before the age of 57 were 

defined as early onset subjects, while those who developed the disease 

after the age of 57 were defined as later onset. 

Early and later onset parkinsonian subjects were compared on 

demographic and selected variables measuring cognitive functioning, 

using one-way ANOVAs. As shown in Table 9, no significant differences 

were found between groups on the demographic variables of education or 

the dummy-coded variable of sex. There was a significant difference 

between early and later onset parkinsonian subjects for age and duration 

of illness. The later age of onset subjects had a significantly shorter 

duration of illness and were significantly older than the early age of 

onset subjects. 

No significant difference was found between the groups for level 

of cognitive functioning as measured by the MDRS or the WMS, indicating 

no generalized cognitive decline in either group. The groups were also 

equivalent on the measures of motor slowing and depression. 

Examination of intercept data for the three groups was 

accomplished with a 3-way (later age of onset parkinsonian subjects vs. 

early age of onset parkinsonian subjects vs. healthy control subjects) 

repeated measure MANOVA. As Table 10 shows, a significant difference 

was found between the subject groups. Planned analyses t-tests indicate 

a significant difference between the parkinsonian subjects (both later 
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Table 9 

One-way ANOVAs for Demographic and Selected Cognitive Functioning 
Variables Between Early Onset Parkinsonian (EOPD) (N=9) and 
Late Onset Parkinsonian (LOPD) (N=16) Subjects (df=l,23) 

Variable 

Age Educ. MDRSa WMSb BDIc Taping Sex 

EOPD 61.56 13.89 135.333 62.84 6.78 35.71 1.22 

(11.22) (4.13) (7.05) (7.22) (2.86) (8.38) (0.44) 

LOPD 70.44 13.63 135.75 57.41 10.12 36.07 1.31 

(5.45) (2.55) (5.71) (10.45) (7.30) (7.17) (0.48) 

F 7.19 .04 .026 1. 73 1.72 .01 .22 

P .013 .845 .874 .202 .203 .910 .646 

Variable 

Symptom 
Duration Onset 

EOPD 17.56 44.00 

(13.16) (8.62) 

LOPD 6.44 64.00 

(3.12) (4.34) 

F 10.69 60.49 

p .0034 .00001 

a Mattis Dementia Rating Scale 

b Wechsler Memory Scale 

c Beck Depression Inventory 



Table 10 

Three-way (Healthy Control (N=25) vs. Early Onset Parkinsonian 
(N=9) vs. Late Onset Parkinsonian (N=16)) Repeated Measures MANOVA 

for the Sternberg Paradigm Variable of the Zero Intercept 

Source of Variation 

Within Cells 

Sum of 
Squares 

1349695.41 

df 

47 

Mean 
Square 

28716.92 

F p 

72 

Constant 18025538.04 1 18025538 627.70 .0001 

Group 193180.80 2 96590.40 3.36 .043 

Planned Comparison: 

Healthy control vs. Early Onset Parkinsonian t = 1.95 p < .05 

Late Onset vs. Early Onset Parkinsonian t = 0.09 p > .05 



and earlier age of onset) and healthy controls, and no significant 

difference between the two parkinsonian groups. 
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To test the hypothesis that parkinsonian subjects with a later 

age of onset have a slower speed of memory scanning than early age of 

onset parkinsonian subjects or healthy control subjects, a 3 (healthy 

controls vs. early age of onset parkinsonian subjects vs. later age of 

onset parkinsonian subjects) by 3 (memory set-size) repeated measures 

MANOVA was used. As presented in Table 11 a significant main effect for 

memory set-size was obtained, confirming an increase in RT over 

increasing memory set-size. A significant interaction between group 

membership and memory set-size was also found, indicating a difference 

between one or more of the groups. Planned comparison t-tests analyses 

indicated there was no significant difference between the healthy conto1 

subjects and the early age of onset parkinsonian subjects on speed of 

memory scanning. However, there was a significant difference between 

the later age of onset parkinsonian subjects and both the early age of 

onset parkinsonian subjects and healthy control subjects, indicating a 

slower speed of memory scanning for the later age of onset subjects 

only. Indeed, examination of the mean slope for each group shows 

equivalent means and standard deviations for the healthy control 

subjects and the early age of onset parkinsonian subjects while the mean 

slope for the later age of onset parkinsonian subjects is nearly twice 

as large (see Figure 2). 

Since the later age of onset parkinsonian subjects were 

significantly older than the early age of onset subjects, it was decided 



Table 11 

Three (Healthy Control (N=25) vs. Early Onset Parkinsonian 
(N=9) vs. Late Onset Parkinsonian (N=16» by Three (Memory Set-Size) 
Repeated Measures MANOVA for the Sternberg Paradigm Values of Slope 

Multivariate Test of Significance 

Effect 
Test 

Statistic Value 
Approx. 

F 
Hypoth. 

df 
Error 
df p 

74 

Set-size Wilks' L .114 178.013 2 46 .0001 

Group 
by 

Set-Size Wilk's L 

Planned Comparisons 

.488 9.927 

Early Onset Parkinsonian vs Healthy Control 

Late Onset vs Early Onset Parkinsonian 

2 92 .0001 

t = 0.170 p > .05 

t = 4.971 p < .0005 
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Figure 2. Hean Reaction Time as a Function of Memory Set-Size 
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to investigate the effect of age on speed of memory scanning for the 

entire sample. This analysis was undertaken to see if the increase in 

scanning time found for the later age of onset parkinsonian subjects 

could be accounted for by age. 
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To conduct this analysis, the entire sample was divided into 

younger and older subjects, as defined by a mean age split. A 2 

(younger vs. older) by 3 (memory set-size) repeated measures MANOVA was 

then employed. As Table 12 shows, a significant effect for set-size was 

obtained. However, no significant interaction between age and set-size 

resulted. This indicates that age alone does not account for an 

increase in memory scanning time for the entire sample. 

To further examine any possible effect of age on memory scanning 

time in the later onset parkinsonian sample, a step-wise multiple 

regression was employed using only the parkinsonian sample. In this 

analysis, the slope was defined as the dependent measure, while age and 

age of onset were allowed to freely enter the equation as predictor 

variables, in a step-wise fashion. As seen in Table 13, age of onset 

was first to enter the equation, indicating a higher accountability of 

the variance in slope for age of onset than for age alone. Indeed, 

after age of onset entered the equation, the variance accounted for by 

age does not meet the entry criteria necessary for inclusion in the 

equation (p in < .05; pout < .05). Thts indicates that age of onset 

is the variable which best accounts for the variance in memory scanning 

speed found in the parkinsonian subjects. 
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Table 12 

Two (Older (N=27) vs. Younger (N=23» by Three (Memory Set-Size) 
Repeated Measures MANOVA for the Sternberg ~aradigm Values of Slope 

Multivariate Test of Significance 

Effect 

Set··size 

Age 
by 

Set-Size 

Test 
Statistic 

Wilks' L 

Wilk's L 

Value 

.275 

.975 

Approx. 
F 

61.931 

.611 

Hypoth. 
df 

2 

2 

Error 
df P 

47 .0001 

47 .547 



Table 13 

Stepwise Multiple Regression of Age of Symptom Onset and Age on 
Sternberg Paradigm Value of Slope for the Entire 

Parkinsonian Sample (N=Z5) 

Step 
Variable Entered R RZ R2 Change F 

Age of 
Symptom 
Onset 1 .633 .408 .408 15.859 

78 

p 

.001 
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Significant differences in memory scanning speed were obtained 

between later age of onset parkinsonian subjects and both early age of 

onset parkinsonian subjects and healthy control subjects. Since the 

present study was designed to explore possible sources of these 

differences as well as the demonstration of differences, a mUltiple 

regression analysis using the entire parkinsonian sample (N=25) was 

employed to identify which variables related to slowed memory scanning 

speed. For this analysis, variables of interest included subjects' 

scores on the sub-tests of the MDRS (initiation and perseveration, 

construction, abstraction, attention/concentration and memory) and their 

scores on the sub-tests of the WMS (general information, orientation, 

mental control, logical memory, digit span, visual reproduction and 

paired associate learning). 

A step-wise procedure was employed in this analysis, which 

allowed the varialbes to freely enter the regression equation based on 

the strength of association with the dependent measures of slope. Table 

14 presents the results of this analysis. Only variables from the MDRS 

measuring subjects' initiation and perseveration, construction and 

attention/concentration met the entry criteria (p in < .05; pout < .05) 

for inclusion in the analysis. Variables from the WMS did not meet the 

entrance criteria. As can be seen, the regression equation built from 

these varialbes is highly significant and accounts for approximately 58 

percent of the variance in memory scanning speed, as measured by slope 

of the RT by memory set-size function. 



Table 14 

Stepwise Multiple Regression of MDRS and WMS Variables on 
Sternberg Paradigm Value of Slope for the Entire 

Parkinsonian Sample (N=25) 

Step 
Variable Entered R R2 R2 Change F 

MDRS 
Initiation 
and 
Perseveration 1 .503 .253 .253 7.437 

MDRS 
Construction 2 .688 .473 .220 9.421 

MDRS 
Attention 3 .763 .582 .119 9.264 

80 

p 

.012 

.001 

.0001 



CHAPTER 4 

DISCUSSION 

The results of the present study provide support for the use of 

the Sternberg paradigm in measuring high speed memory scanning in 

different populations. In addition, evidence is provided that indicates 

a slowing of short-term memory scanning in a subgroup of later age of 

onset parkinsonian subjects, that is independent of sex, education, age 

or dementia. Finally, regression analyses indicate measures of 

attention, initiation and per severation and visual spatial abilities 

relate to this slowing of memory scanning. Each of these finding will 

be discussed individually. 

Analysis of the Sternberg data 

The present findings lend support to the paradigm developed by 

Sternberg (1966) as providing a valid measure of high-speed memory 

scanning, accepting the assumptions of stages of mental processing. The 

data from this study fit the assumption of a serial, exhaustive scanning 

of the memory set when comparing the probe stimuli. The assumption of 

the additive effects of increases in memory set-size on RT also fit the 

data, in that a linear increase in RT for increasing memory set-sizes 

was found, with no interactive effects on intercept. 

All analyses in the current study of the Sternberg data were 

conducted using raw RT data. The reason for using raw data, as opposed 

81 
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to transformed data, is discussed by Salthouse (1985). Transformation 

of RT data is usually conducted to normalize the distribution of scores. 

In studies measuring speed of performance, the distribution of scores is 

usually skewed in a positive direction, with extreme scores tending to 

elevate the measures of central tendency. Transformation of these data 

provides a method to limit the effect of the extreme scores. However, 

once the data are transformed, the subsequent analyses relate to the 

transformed variables, and may provide results different from what would 

have occurred if the untransformed data were used for analysis. In 

addition, Salthouse (1985) points out that RT measures represent 

real-time phenomena and are not arbitrarily scaled measures as are many 

other psychological measures. Transformation of these real-time RT 

variables may obscure their time dependent meaning. 

The first step in analyzing the Sternberg data was to 

investigate the assumption that a serial, exhaustive search of the 

memory set was conducted prior to responding. As discussed earlier, the 

validity of this assumption has been questioned when certain 

modifications of the paradigm have been made (Schneider & Shiffrin, 

1977; Shiffrin & Schneider, 1977). However, most authors agree that 

when the original design of the paradigm is followed, and certain 

criteria are met, the assumption of a serial, exhaustive search of the 

memory set is valid (Chase, 1978; Posner & McLeod, 1982; Posner, 1978; 

Wescourt & Atkinson, 1976). 

The two criteria necessary to assume a serial and exhaustive 

search of the memory set are parallel slope lines for both positive 
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responses (i.e., the probe is a member of the memory set) and negative 

responses (i.e., the probe is not a member of the memory set) and 

similar RT values for the positive and negative responses within each 

memory set-size. These criteria are employed because if the search of 

the memory set terminated when a match between probe stimulus and target 

occurred, the slope line for the positive responses would, on the 

average, be one-half as large as the slope line for the negative 

responses (Sternberg, 1969). 

In addition, Sternberg (1969) did not posit explicit mechanisms 

for how or why errors in classification of probp. stimuli would occur. 

Indeed, Shiffrin and Schneider (1977) have suggested that increased 

error rates (greater than ten percent) invalidate the assumption of a 

serial exhaustive scan. Pachella (1974) manipulated the instructions 

provided to subjects in a modified Sternberg paradigm, stressing speed 

over accuracy, and found that as errors increased over ten percent, the 

slope of the positive and negative responses approached a one-to-two 

ratio, indicating a self-terminating search. He suggested that the 

stress on speed caused the subjects to use a terminating search. 

Since the criteria of parallel slope lines and equal RT for both 

positive and negative responses were met in the present study, and the 

error rate was very low (less than one-half of one percent), the 

assumption, for the present data, of a serial exhaustive search of the 

memory set appears valid. Based on this assumption, the positive and 

negative responses were combined for all analyses. 



84 

With the assumption of a serial exhaustive search supported, the 

next step in the analysis of the Sternberg data was the investigation of 

values of RT for combined responses across different levels of memory 

set-size. In Sternberg's additive factors model (1969), increases in 

memory set-size have an additive effect on the slope of RT across 

different set-sizes and no interactive effect on the basic time required 

by sensory and motor processes (as measured by the zero intercept). In 

the present study, the mean intercept value for the entire sample was 

632.77 msec •• This intercept value is significantly higher than that 

reported by Sternberg (1966) in his original study. However, in other 

studies employing the Sternberg paradigm with older adults (with the 

same age ranges as the current study), the intercept value has ranged 

between approximately 571 msec. and 816 msec. (Bacon, Wilson & Kaszniak, 

1982; Anders & Fozard, 1973; Anders, Fozard & Lillyquist, 1972). Thus, 

the value for intercept in the present study is within previously 

presented ranges. 

The intercept is conceptualized as representing the sensory and 

motor components required for responding (Chase, 1978); while the slope 

of the reaction time by memory set-size function is considered to 

represent the amount of time required to scan the memory set. In the 

present study, the total sample mean time required for scanning each 

item in the memory set was 58.74 msec •• Previous studies using the same 

design have found similar slope values (Bacon, Wilson & Kaszniak, 1982; 

Anders & Fozard, 1973; Anders, Fozard & Lillyquist, 1972). The increase 

in RT over increasing memory set-sizes was essentially linear, with a 
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least-squared regression line accounting for over 90 percent of the 

variance. 

In summary, the results of the present study provide strong 

support for the use of the standard Sternberg paradigm is assessing 

high-speed memory scanning. In this study, all subjects conducted a 

serial, exhaustive search of the memory set held in short-term memory. 

In addition, for each new element added to the memory set, the subjects 

scanning time increased by approximately 59 msec. 

Differences between parkinsonian and control subjects 

Measures from the Sternberg paradigm indicating basic RT 

(intercept) and memory scanning (slope) were examined to investigate the 

differences in performance between parkinsonian subjects and healthy 

control subjects. The first question of interest was whether or not the 

parkinsonian subjects had a significantly slower basic RT as measured by 

the zero-intercept. Indeed, the parkinsonian sample, as a whole, had a 

significantly greater intercept, indicating increased sensory and motor 

time required for competition of the RT. 

In Sternberg's model (1975) the stages reflecting this increased 

RT would include those involved in stimulus encoding and response 

formulation. In Sander's (1980) extension of the original four stages, 

the stages of preprocessing, feature extraction, identification, 

response programming and motor adjustment would be involved in the noted 

increase in simple RT for the parkinsonian subjects. Since the 

variables known to effect these stages were held constant across both 
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parkinsonian and healthy control groups, the finding of increased basic 

RT for parkinsonian subjects appears to characterize this group. 

The finding of increased basic RT was predicted on the basis of 

previous research. Heilman~ Bowers, Watson and Greer (1976) studied 

simple RT measures in a sample of 10 idiopathic parkinsonian subjects 

and 10 age and education matched control subjects. They found a 

significant increase in simple RT for the parkinsonian subjects. 

Girotti, Grassi, Carella, Soliveri, Musicco, Lamperti, and 

Cracerri (1986) investigated the relationship between measures of 

attention and simple RT in a sample of 94 parkinsonian subjects and 51 

age and education matched controls. They found a significant negative 

correlation between attention measures and RT, with the parkinsonian 

subjects having a higher RT and lower attention scores than the matched 

control subjects. 

Rogers, Lees, Trimble and Stern (1986) investigated both choice 

RT and simple RT in·a sample of 28 unmedicated parkinsonian subjects and 

28 healthy control subjects. They found parkinsonian subjects to be 

significantly slower on both choj.ce and simple RT measures, and found 

the parkinsonian subjects' performance on these measures positively 

correlated with degree of motor disability and age, suggesting an 

interdependence between movement time and RT. 

In contrast to the finding of interdependence between movement 

time and RT cited above, Evarts, Teravainen and CaIne (1981) studied 

both simple RT, choice RT and movement time in three groups, including 

parkinsonian subjects (N=29), elderly control subjects (N=21), and young 
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control subjects (N=ll). Parkinsonian subjects were significantly 

slower in simple RT, choice RT and movement time than were control 

subjects. When the authors matched parkinsonian subjects and control 

subjects on the basis of movement time, the parkinsonian subjects still 

had a significantly higher RT than matched control subjects, indicating 

a partial independence between movement time slowing and increased RT. 

In the present study there was no measure of movement time. 

However, assessment of motor speed was conducted by measuring finger 

tapping speed. There was not a significant correlation between finger 

tapping and simple RT as measured by the intercept value (r = -.29, df = 

24, P > .05). However, the present results do support the finding of 

increased simple RT in parkinsonian subjects. 

Analysis of the slope function between the total parkinsonian 

sample and the healthy control sample revealed a significantly greater 

increase in RT over memory set-size for the parkinsonian subjects. 

Since the number of items in the memory set has been shown to 

selectively affect the slope function, Sternberg (1966) hypothesized 

this effect to reflect the stage of cognitive processing involved in 

scanning the memory set. 

Previous research findings have supported the finding of slowing 

of cognition in general, as well as specific memory scanning slowing, in 

Parkinson's disease individuals. The study by Evarts, Teravainen and 

Calne (1981), cited above, looked at performance on a choice RT paradigm 

with a sample of 29 parkinsonian subjects and 29 age- and motor 

disability-matched control subjects. They found the performance of the 



parkinsonian subjects was significantly slower than the control 

subjects, and concluded that the slowing was due to a slmver cognitive 

processing speed in addition to slowing of simple RT. 
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Hansch, Syndulko, Cohen, Goldberg, Potvin and Tourtellotte 

(1982) used a different measure of cognitive processing speed in a 

sample of 20 parkinsonian subjects and 20 age matched controls. These 

authors looked at the P300 component of the event-related potential 

(ERP) in relation to a task dependent on cognitive processing speed; the 

Digit Symbol Modalities Test (DSMT). 

The P300 measure is a positive wave phenomenon derived from 

summation EEG recordings and is part of an event-related potential (ERP) 

measure. Sutton, Braren, Zubin and John (1965) divided ERPs into two 

components consisting of exogenous potentials and endogenous potentials. 

The exogenous potentials occur early in the wave form (approximately 

8 - 10 msec. after stimulus presentation) and are thought to be 

sensitive to the physical characteristics of the stimulus (McCarthy & 

Donchin, 1979). The endogenous potentials occur later in the wave f~rm, 

and are thought to be influenced by "psychological manipultions." 

(McCarthy & Donchin, 1979, p. 321), and reflect cognitive processing. 

P300 is part of the endogenous potential and typically occurs 300 msec. 

after stimulus presentation. The amplitude of the P300 wave is thought 

to correlate with the subject's expectation of the probability of 

stimulus occurrence and "with the psychological construct of surprise." 

(Pritchard, 1981, p. 522). The latency of the P300 wave is thought to 

represent the occurrence of stimulus evaluation independent of stimulus 



reception, evaluation of probability of occurrence and response 

initiation. 
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The task Hansch et al. (1982) used, required the subject to 

visually match symbols to target digits and has been shown to be 

sensitive to decrease in speed of cognitive processing seen in elderly 

subjects (Salthouse, 1985). Hansch and colleagues found an inverse 

relationship between P300 latency and performance on the DSMT in 

parkinsonian subjects but not healthy control subjects. The authors 

stated the decreased performance of the parkinsonian subjects on the 

DSMT was due to the noted slowing of cognitive processing as measured by 

P300 latency. 

Goodin and Aminoff (1986) investigated the relationship between 

P300 latency and level of dementia in parkinsonian subjects (n=28), 

Alzheimer's disease subjects (n=18) and normal elderly subjects (n=10) 

matched on age. They found P300 to be significantly delayed in all 

subjects who were demented, based on DSM-III (American Psychiatric 

Association, 1980) criteria, while the P300 values were normal in the 

non-demented subjects. Goodin and Aminoff concluded that these results 

support the P300 latency usefulness in defining cognitive deficits in 

dementia. 

Ford, Roth, Mohs, Hopkins and Kopell (1979) looked at P300 

latency and performance on the Sternberg paradigm using six elderly 

subjects and 8 younger subjects. They found a significant increase in 

P300 latency and RT by set-size slope in the elderly subjects, and no 

increase in P300 or slope function in the younger subjects. These 
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authors hypothesized that the increase in P300 latency reflected the 

increased central cognitive processing time required to scan the memory 

set for the elderly subjects. 

In a direct comparison of memory scanning speed in parkinsonian 

subjects (n=20) and normal control subjects (n=16), matched on age, 

education and verbal IQ, Wilson, Kaszniak, Klawans and Garron (1980) 

found a significantly greater slope for the parkinsonian subjects. The 

authors further investigated the parkinsonian sample and found that 

older parkinsonian subjects accounted for a majority of the increase in 

slope, in comparison to younger parkinsonian subjects. 

In contrast to the finding of Wilson et al. (1980), Rafal, 

Posner, Walker and Friedrich (1984) looked at parkinsonian subjects' 

performance on the Sternberg paradigm and found slope values within the 

range reported by Sternberg (1966) for normal scanning speed (40 msec.). 

They also looked at the effect of motor disability on the subjects' 

Sternberg performance. These authors hypothesized that if cognitive 

slowing was due to the pathophysiology of Parkinson's disease, slowed 

cognitive processing should be related to motor slowing. However, no 

difference was found for scanning time between parkinsonian subjects 

experiencing extreme motor deficits and those with motor deficits well 

controlled by medication. 

Two major flaws exist with the Rafal et al. (1984) study. 

First, the sample size was extremely small (n=6) and did not include a 

control group of non-parkinsonian subjects. This limited the comparison 

of parkinsonian subjects to previously published studies of normal 



individuals, and limited comparisons between different subgroups of 

parkinsonian subjects. Second, the error rate for the sample was 

extremely high (as high as 12 percent) and may indicate that the 

subjects used a different strategy than serial exhaustive searching of 

the memory set (Pachella, 1974). 
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In summary, the findings of the present study, of increased 

memory scanning speed in parkinsonian subjects, is supported by results 

of other studies looking both at memory scanning and at other measures 

of cognitive processing speed. However, examination of the means and 

standard deviation values of the RT by memory set-size slope in the 

current study show a significantly greater variance for the parkinsonian 

sample. This increased variance may be due to other specific factors 

effecting primary memory scanning within the parkinsonian sample. 

In looking for the correlates of the increased variability of 

slope performance in the parkinsonian sample, different factors, 

identified by previous research, that had been associated with deficits 

in cognitive processes, were examined. These factors included motor 

slow'ing, depression and age of onset. 

One factor that had been suggested as having an influence on 

cognitive functioning in parkinsonism is medication. Levodopa, the drug 

most often used in the treatment of Parkinson's disease, has been shown 

to have at least temporary 'awakening' or alerting effects on cognitive 

functioning (Beardsley & Puletti, 1971; Loranger, et al., 1972; Rafal et 

al., 1984). This type of cognitive effect may well interact with speed 

of cognitive processing, such as that involved in memory scanning. 
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However, formal analyses of medication effects were not designed into 

this study. To do so would have extended the experimental requirements 

far beyond the practical limitation of the present study. Therefore, it 

was decided only to monitor what medications the parkinsonian subjects 

were using at the time of testing. 

The sample characteristics of medication usage indicated a 

majority of parkinsonian subjects were using 1-dopa/carbidopa therapy as 

opposed to anticholinergic medications. This limited use of 

anticholinergic medication, as the treatment of choice in Parkinson's 

disease, began with the introduction of dopamine replacement therapy in 

the early 1970's. In the present study only three subjects were 

receiving anticholinergic therapy alone, five were receiving both 

anticholinergic therapy in conjunction with dopamine replacement 

therapy, while 16 were receiving only dopamine replacement therapy and 

one subject was not receiving any medications. 

Currently, anticholinergic therapy is reserved as a secondary 

line of treatment in Parkinson's disease. If a patient does not respond 

to dopamine replacement, they are then tried on anticholinergic therapy. 

This will have an adverse effect on research concerning anticholinergic 

treatment in parkinsonism, in that the patients receiving 

anticholinergic therapy will be 'non-responders' to dopamine replacement 

therapy, and may not therefore be representative of the population of 

all parkinsonian individuals. 
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Motor functioning 

Previous studies of cognitive functioning in Parkinson's disease 

had identified a relationship between increased motor deficits, 

especially bradykinesia and decreased cognitive functioning (Loranger et 

al., 1972; Mayeux & Stern, 1983; Mortimer et al., 1982). In the present 

study finger tapping speed was used as a measure of bradykinesia. To 

investigate the relationship between bradykinesia and memory scanning 

speed, the entire parkinsonian sample was divided into bradykinetic and 

non-bradykinetic groups based on finger tapping speed. Contrary to the 

previous research that had found a relationship between motor deficits 

and cognitive deficits, the present study found no such relationship. 

This may have been due to the parcelling out of motor abilities through 

the dissociation between intercept and slope in the Sternberg paradigm. 

This dissocation between bradykinesia and bradyphrenia may 

reflect separate effects of Parkinson's disease on behavior. Many 

authors have suggested different motor and non-motor effects from basal 

ganglia lesions (Bodis-Wollner, Yahr & Mylin, 1984, DeLong, Georgopoulos 

& Crutcher, 1983; Hornykiewicz & Kish, 1986; Taylor, Saint-Cyr & Lang, 

1986). These authors postulate both a motor loop and a complex loop 

between ~he cortex and the basal ganglia. 

These two systems may provide an explanation for the 

dissociation between motor dysfunction and cognitive processing. It 

would be possible for one loop to be more compromised in its operation, 

thus influencing motor or cognitive functioning more. Indeed, 

Hornykiewicz and Kish (1986) suggest such a mechanism may explain the 



development of specific patterns of deficits seen in large groups of 

parkinsonian subjects, where those individuals developing cognitive 

disturbances have specific caudate dopamine deficiences, and those 

spared cognitive disturbances may have relatively intact caudate 

dopamine functioning. 

Depression 
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Depression has been shown to have a negative effect on memory 

functioning in normal subjects (Henry, Weingartner & Murphy, 1973; 

Miller, 1975; Sternberg & Jarvik, 1976). Since increased prevalence of 

depression has been reported in Parkinson's disease (Mayeux, 1982) it 

would seem important to see if depression might account for the 

variability in parkinsonian subjects RT by memory set-size slope values. 

When this question was investigated in the present study, no significant 

difference between depressed and non-depressed parkinsonian subjects in 

slope l·ms found. 

Age of onset 

Previous research has suggested that parkinsonian subjects who 

develop the disease at a later age are more impaired in certain aspects 

of cognitive functioning (Garron et al., 1972; Liberman et al., 1978; 

Swanda & Kaszniak, 1985). To investigate age of onset in the present 

sample, the parkinsonian subjects were divided into early and late onset 

groups. The mean age of onset for this sample was nearly identical to 

that reported in a large epidemiological study of Parkinson's disease 

(Koller, O'Hara, Weiner, Nutt, Agid, Bonnet & Jankovic, 1986). 
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The results reported in the present study did show a significant 

effect of age of onset on slope within the parkinsonian sample (see 

Figure 1). The measure of simple RT (intercept) was almost identical 

for the two parkinsonian groups (early and later onset), which was 

significantly higher than. the healthy control subjects' simple RT. 

However, the time required to scan the memory set (slope), was 

significantly elevated in the late onset parkinsonian subjects only. In 

contrast to this marked increase in slope for the late onset 

parkinsonian subjects, the early onset parkinsonian subjects and healthy 

control subjects scanned the memory set at almost equal rates. The 

dissociation between memory scanning and motor speed was speculated upon 

by Rafa1 et a1. (1984), but not empirically demonstrated. 

Since the later age of onset parkinsonian subjects were 

significantly older than the younger age of onset parkinsonian subjects, 

and since increased memory scanning speed had been shown in older 

parkinsonian subjects (Wilson et a1., 1980), the effect of age on memory 

scanning speed was investigated. 

Age was first examined for both healthy control and parkinsonian 

subjects. This was done because numerous studies had consistently shown 

an increase in memory scanning time in older subjects. For example, 
~ 

Anders, Fozard & Li11yquist (1972) investigated the speed of memory 

scanning between ten young subjects (mean age 20 years), ten middle aged 

subjects (mean age 37.5 years) and ten older subjects (mean age 68.1). 

They found a consistent slowing of memory scanning speed across the 
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three age groups (younger mean slope = 39 msec.; middle age mean slope = 

63 msec.; and, older age mean slope = 71 msec.). 

This increase in memory scanning time has also been found in 

secondary memory scanning (Anders & Fozard, 1973), long-term memory 

scanning (Madden, 1985) and the memory scanning of three dimensional 

objects (Puglisi, 1986). 

Studies have also shown decreased performance in the elderly on 

the consistent mapping memory scanning paradigm of Shiffrin and 

Schneider (1977) (Madden & Nebes, 1980; Plude & Hoyer, 1981). 

Since this slowing of memory scanning in the elderly appears to 

be a consistent finding, it is surprising that no differences were found 

in the current study between younger and older subjects. However, there 

are two possible explanations. One reason may be that the age range for 

subjects in the present study was limited. Indeed, the age range for 

subjects in this study is similar to what most other studies defined as 

older subjects. 

The second possible explanation why no age differences were 

found, is presented by Kaszniak, Poon and Riege (1986). In the majority 

of studies investigating memory scanning in the elderly, a large memory 

set was used (i.e., seven to ten elements). This size of the memory set 

may have exceeded the limited capacity of primary memory. Therefore, 

these studies may not have measured primary memory scanning abilities. 

Craik (1977) supports this suggestion in that he reports primary memory 

to be intact in older ages. 
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To further explore the relationship between age, age of onset 

and memory scanning in parkinsonian subjects, age and age of onset were 

regressed on slope for the parkinsonian subjects, in a step-wise 

fashion,. Age of onset was the first variable entered, indicating that 

it accounted for a greater amount of variability in the parkinson 

subjects' slope than did age. Indeed, after age of onset was entered, 

age alone did not independently account for sufficient variability to be 

included in the regression equation. 

These analyses, investigating the relationship between age and 

age of onset on memory scanning, argue that age of onset is the 

pertinent variable. However, the possibility of an interaction between 

age of onset and age is not ruled out. Indeed, there is a theoretical 

basis to suppose an interactive effect of age on age of onset. 

In normal aging there is a loss of dopaminergic activity in the 

substantia nigra and striatum that is analogous to the loss seen in 

Parkinson's disease (McGeer, McGeer & Suzuki, 1977). In parkinsonism, 

there is a necessary loss of approximately 70 percent of dopamine before 

manifestation of the signs of Parkinson's disease develop (Hornykiewicz 

& Kish, 1986). In normal aging, there is a linear loss of dopamine, 

reaching an approximate 50 percent loss by the age of 75 years (McGeer & 

McGeer, 1981). If individuals develop Parkinson's disease at a later 

age, their dopamine activity may already be decreased by normal aging 

processes, leaving them more susceptible to the effects of dopamine 

loss. Indeed, Danielczyk, Reiderer and Seeman (1980) suggest a specific 
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"malignant" form of Parkinson's disease seen in individuals who develop 

the disease in later life. 

The specific relationship between dopamine loss and cognitive 

slowing has not been demonstr~ted. However, Hicks and Birren (1980) have 

suggested that this mechanism is responsible for the slowing seen in 

older individuals. Hicks and Birren have suggested slowing to be a 

general phenomenon that pervades the daily activities of elderly 

individuals. Salthouse (1985) provided a theoretical framework for 

understanding the slowing seen in aging. He makes the analogy that the 

differences between younger adults-processing speed and older 

adults-processing speed is similar to that seen between two computers, 

one with a faster central processing unit (CPU), and one with a slower 

CPU. Even though both computers make the same operations, the one with 

the faster CPU will produce the output faster than the computer with the 

slower CPU. Salthouse has called this theory the cycle time hypothesis. 

He postulates that the older individual has a slower cycle time, so that 

each cognitive process takes longer than it would for a younger person. 

Both the stage dependent theory of cognitive processing assumed 

by Sternberg (1966) and the non-stage dependent theories exemplified by 

McClelland's processes in cascade (1979) fit well with the cycle time 

hypotheses. In the stage dependent theory, each stage would be equally 

affected by the slowing of cycle time speed. Salthouse and Somberg 

(1982), investigated the theory that each stage would be equally 

effected by slowed cycle time using the Sternberg paradigm in normal 

younger and elderly subjects. With a sample of 24 young subjects and 24 
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older subjects, these authors manipulated probe digit clarity, number of 

digits in the memory set, and complexity of response, each affecting the 

different stages of encoding, scanning and response preparation, 

respectively. They found that older subjects performed slower than 

younger subjects in each of these stages. From these results they 

concluded that the slowing associated with age is pervasive across all 

stages of cognitive processing. 

Results of the study by Salthouse and Somberg (1982) would also 

fit the cascade theory of McClelland (1979), in which the slowing would 

effect processing throughout the system until the final outcome reached 

the discrete stage of responding. This would mean that no one stage was 

selectively affected by the slower cycle timing, but that the cascading 

of information through the processor units would be slower. 

If dopamine deficiencies in parkinsonian subjects and older 

normal individuals is the cause of this cognitive slowing, the cycle 

time hypothesis fits well with results of the present study. The slower 

cognitive processing (increased slope) is seen in individuals who are at 

a double disadvantage. The late age of onset parkinsonian subjects are 

presumed to have decreased dopamine due both to their disease and to the 

natural loss of dopamine accompanying older age. 

The complex loop of the dopamine system may well account for 

this slowing. Since the final pathway for this loop is the frontal 

lobes, one would expect to find selective deficits that are typically 

seen in patients with frontal lobe structural damage. Taylor, Saint-Cyr 

and Lang (1986) investigated frontal lobe functioning in a group of 75 
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newly diagnosed parkinsonian subjects and compared their performance to 

75 healthy age-matched control subjects. They found selected deficits 

in parkinsonian subjects in attention, ability to change mental sets, 

and a delayed recall task, all traditionally associated with frontal 

lobe dysfunction (Damasio, 1985). Unfortunately, these authors did not 

include a measure of speed of cognitive processing, such as the 

Sternberg paradigm. 

In the present study a final analysis was undertaken to try to 

identify other cognitive variables related to the increase in memory 

scanning time. Variables assessing attention, initiation and 

perseveration and visual constructional abilities were entered in the 

regression equation. The combination of these variables accounted for 

approximately 58 percent of the variability in slope. These cognitive 

abilities are similar to those found by Taylor et al. (1986). 

From the result of the regression analysis, it appears that 

frontal lobe functioning may be responsible for memory scanning speed. 

As frontal lobe functioning is disrupted, perhaps by disrupted complex 

loop outflow from the caudate nucleus, memory scanning is slowed. If 

this is the case, the bradyphrenia seen in Parkinson's disease may well 

be due to sub-cortical dysfunction as suggested by Albert et al. (1974) 

and Cummings and Benson (1984). 

Future considerations 

Future studies are suggested from the results of the present 

investigation. A clear definition of the effects of age and age of 



onset on parkinsonian subjects is needed. This may help clarify the 

interactive vs additive effects of these two variables. 

A more careful analysis of frontal lobe dysfunction and its 

relationship to bradyphrenia is needed. Perhaps through careful 

investigation, the functional role of the complex loop can be better 

documented. 

101 

Finally, the exact nature of the relationship between the 

caudate nucleus and speed of cognitive functioning needs to be defined. 

Other populations with known caudate lesions (i.e., Huntington's 

disease) may provide good comparison groups. The present study has 

raised questions that can only be answered by continued research in this 

area. 
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