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ABSTRACT

Memory for distinctive contextual features was investigated in 19
subjects with idiopathic Parkinson's Disease (PD) and 19 elderly control
subjects.

Subjects vere administered a brief battery of

neuropsychological tests, two word recognition tests, and a final free
recall test. Forty-eight words, varying in Thomdike-Lorge frequency and
presentation location, were presented visually at a rate of one word
every five seconds. On the initial self-paced yes/no recognition test,
both PD and control groups showed a significant recognition advantage for
semantically or spatially distinctive words. PD subjects exhibited a
frequency-dependent shift in strategy, being less cautious for high
frequency words and more cautions for low frequency words. On the second
recognition test, however, in which some of the distractor items from the
prior test vere repeated, the recognition advantage for semantically
distinctive wDrds disappeared in the PD group. The control group
continued to maintain superior recognition accuracy for semantically
distinctive WDrds. PD subjects may have a diminished ability to
recognize distinctive contextual features, which becomes apparent when a
subtler tenporal discrimination is required between targets and
distractors.
On the final free recall test, PD subjects recalled fewer words than
control subjects if the words vere relatively accessible (repetitions,
high frequency), but lacking explicitly-defined distinctive cues.
Possibly, control subjects were more efficient in utilizing alternative
sources of distinctive contextual information to inprove recall
perfbrmance.

PD subjects also v^re less able to use distinctive spatial

cues to improve recall of words which were relatively inaccessible (low
frequency).

Thus both recognition and recall tasks indicate that under

certain conditions PD subjects exhibit a diminished ability to retain
distinctive contextual features.
Neuropsychological test results indicated that PD subjects, relative
to control subjects, achieved (a) higher depression scores, probably
appropriate for medical outpatients, and unrelated to any measures of

V

retention in the present study;

(b) poorer paragraph recall, despite an

equivalent rate of forgetting over time; and (c) poorer visual recall,
even after accounting for visuoconstructional ability.
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CHAPTER I
INTRODUCTION

Purpose and Scope
Idiopathic Parkinson's Disease (PD) is an age-related progressive
neurological disorder, primarily characterized by motor dysfunction.

In

recent years evidence has accumulated vy^ich indicates that the disease
m.ay be acoonpanied by selective cognitive deficits, including memory
iirpairment, visuospatial deficits, and perseverative responding. The
prevalence, severity, and extent of these deficits needs to be
established more clearly.
The initial purpose of this dissertation project was to attempt to
replicate previously reported memory deficits in individuals with
Parkinson's Disease, relative to performance of normal age-matched
control subjects. At the next level of analysis, it was questioned
whether the decline in performance might be especially apparent under
certain conditions, which would provide information regarding the
processes underlying such impairment. Given the supposition that memory
is a global construct involving a number of subprocesses, it was hoped
that specific cognitive processes might be identified v\^ich are impaired
in PD and which might account for the observed memory deficits. Several
possible mechanisms for poor memory performance were examined in
particular:

(a) a selective decline in the ability to process certain

types of featural information (semantic/spatial; or distinctive/
nondistinctive) ;
delay;

(b) a differential susceptibility to interference or

and (c) altered response strategies.

The study utilized a word recognition and recall task, in v\^ich
words to be remenbered contained variable amounts of distinctive featural
information, both semantic and spatial.

Infrequently used words were

considered to be semantically distinctive, and frequently used words were
considered to be semantically nondistinctive.

Spatially distinctive

words were presented in one of four comers, and spatially nondistinctive
words were presented in the center of the presentation card.

In addition

the effect of repetition was also examined, by using some of the words to
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be remembered and some of the distractor words in a second recognition
test prior to final recall.
The hypothesis of a selective decline would be supported if
performance of PD subjects was disproportionately worse than that of
control subjects for some stimuli but not for others. This would be
reflected in a significant interaction of Group with one of the other
factors (Frequency, Location, Repetition).

If a decline in performance

is evident on all featural dimensions relative to control subjects'
performance—i.e., if there is a significant Group effect in the absence
of any interactions—then a general decline in memory cannot be ruled
out.

Susceptibility to interference/delay will be examined by comparing

recall for words ej^osed only on the first test with recall for words
presented only on the second test. Recall for words presented on the
first test should be worse than recall for words presented on the second
test, because of a longer delay and greater likelihood of interference
(proactive plus retroactive).

Possible differences in response bias

(i.e., relative.cautiousness) were examined using signal detection
methodology, a statistical procedure which theoretically separates memory
strength frcm response bias.
If the results of this study were to indicate that the memory
decline in PD is selective, then statements about the presence of such
deficits must be qualified.

It may also be possible to use such

information to devise tests which would aid in distinguishing
Parkinsonian dementia from other types of dementia. Finally, it may be
possible to interpret the results in terms of an "accelerated aging"
hypothesis, which has been raised for some of the motor and
neuropathological changes associated with PD.

Review of Previous Research
General Aspects of Parkinson's Disease
Idiopathic Parkinson's Disease (PD) is an age-related, progressive
neurological disorder which chiefly involves degeneration of the
dopaminergic nigrostriatal tract. The classic sign of PD involves a

reduction in the number of melanin-containing, dopaminergic neurons in
the pars compacta of the s\ibstantia nigra. This neuronal group is part
of a larger circuit involving a group of subcortical structures referred
to as[the basal ganglia, v^ich participate in the control of coordinated
mo\^Bment, initiation of movement, maintenance of posture, and
visuospatial orientation)(Shepherd, 1979) . The loss of dopaminergic
neurons in the substantia nigra results in a depletion of dopamine in the
neostriatum.

The loss is accompanied by compensatory increases in

turnover of dopamine and increased numbers of postsynaptic (D2) receptors
in the neostriatun (Hornykiewicz, 1983) . Neostriatal changes may be
disproportionately greater in the putamen than in the caudate (Nahmias,
Gamett, Fimau, & Lang, 1985) .
Changes in other neurotransmitter systems may be involved in PD.
There is usually a reduction in the number of noradrenergic neurons in
the locus coeruleus, resulting in a reduction in norepinephrine content
in areas of projection of ascending noradrenergic fibers (Mann & Yates,
1983) . The dopaminergic mesocorticolimbic system, projecting from the
ventral tegmental area to frontal cortex and limbic areas, may also
degenerate, but to a lesser extent than the nigrostriatal system
(Scatton, RouqLer, Javoy-Agid, & Agid, 1982; Javoy-Agid et al, 1984).
There is a 61% reduction of dopamine in the hypothalamus (Javoy-Agid et
al, 1984) , which is possibly due to nigrohypothalamic degeneration, since
hypothalamic dopaminergic neurons may be preserved in PD (Matzuk & Saper,
1985) . Levels of other neurochemicals may be reduced in selective areas
of the brain in PD, such as serotonin in neostriatum and hippocampus,
cortical and hippocairpal GABA, nigral CCK, and met-enkephalin in
mesencephalic areas, putaiten, and pallidum (Javoy-Agid et al, 1984; Mann
& Yates, 1983; Rinne, Laakso, Lonnberg, Rinne, & Tenovuo, 1984; Taquet,
Javoy-Agid, Cesselin, & Agid, 1981).

Selective changes in opiate

receptors may occur, with a supersensitivity of delta receptors in
neostriatum and liinbic areas, and a decrease in the number of mu
receptors in neostriatum (Rinne et. al, 1984) .
The disease is manifested clinically by a cluster of signs and
synptoms which predominantly involve motor dysfunction. Cardinal
features include tremor, bracfykinesia (slow movement), muscle rigidity.
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and disturbances in gait and posture. Miiwr manifestations include
seborrhea (oily skin), facial hypanimia, dysphagia (difficulty
swallowing), sialorrhea (drooling), and speech abnormalities (e.g.,
slurred speech) . There may be a characteristically small handwriting,
orthostatic h^^potension, urinary retention/incontinence, gastrointestinal
hypcmotility, diminished blinking, and abnormal reflexes (Birkmayer,
Danielczyk, & Riederer, 1983; Byer and Dexter, 1983; Lieberman, 1983).
Not all manifestations of the disease may be present in every patient.
^

The risk for developing PD increases with age, striking 1 in 1000

('individuals over the age of 40, and 1 in 100 over 65. Ihe average age
of onset of PD is in the range of 55-60 years of age (Hoehn, 1976).
There has been an apparent increase in age of onset of the disease in
recent years, which has been interpreted to reflect (a) attrition of
cases of the earlier onset, postencephalitic variety;

and (b) longer

life expectancy, wherein more individuals attain the age at risk for
PD (Hoehn, 1976).
The course of the disease is highly variable. A practical
five-stage scale has been used widely to assess the degree of clinical
disability in PD (Hoehn and Yahr, 1967) . Quantitative assessments of
motor dysfunction may iirprove the ability to follow the progression of
the disease (Teravainen & Calne, 1980) . It is not possible, however,
to predict the ultimate extent of the decline or the rate of progression
throu(^ the various stages (Hoehn & Yahr, 1967; Birkmayer & Riederer,
1983).
Cognitive Impairment in Parkinson's Disease
In the past two decades there have been numerous reports of
cognitive impairment in idiopathic PD (Agnoli et al, 1984; Boiler, 1983;
Lieberman, 1983; Mayeaux & Stern, 1983 ; Mortimer, Christensen, &
Webster, 1984; Rajput, Offord. Beard, & Kurland, 1984).

Estimates of

the prevalence of cognitive inpaiionent in PD have varied considerably in
different studies, as indicated in Table 1. Some of the discrepancy in
these reports no doubt reflects the complexity of the problem. Many
factors might have contributed to the observation of cognitive impairment
in particular studies, including methodological variables, additional
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neuropatho logical changes associated with dementia, pharmacological
treatment, and age-related changes.
Mary individuals with PD exhibiting cognitive impairment may be
suffering from a concurrent globally dementing illness, independent of
PD.

Some cognitively-impaired individuals show evidence of

Alzheimer-type neuropathology (Alvord et al, 1974; Boiler, Mizutani,
Roessman, & Gairbetti, 1979; Hakim & Matthieson, 1979; Jellinger &
Riederer, 1984; Ruberg, Ploska, Javoy-Agid, & Agid, 1982; Sroka,
Elizan, Yahr, Burger, & Mendoza, 1981; Whitehouse, Hedreen, White, &
Price, 1983).

Other Parkinsonian patients with a higher proportion of

cognitive iirpairment present a symptcm profile suggestive of
multi-infarct dementia (Brown & Wilson, 1972; Marttila & Rinne, 1976;
Pollock & Homabrook, 1966) . This does not necessarily mean that the
possibility of dementia in PD should be discounted if concurrent
Alzheimer-type neuropathology is discovered.

It has been suggested

that there is a higher than average chance for either of these
disorders to coexist with subclinical pathology of the other (Ouinn,
Rossor, & Marsden, 1986).
Cognitive performance in PD also may be affected by pharmacological
treatment. As shown in Table 2, levodopa treatment may be accompanied by
a short-term improvement in memory and conceptual abilities, which then
continue to decline as the disease progresses. This short-term
inprovement may be more apparent than real, attributable to the
termination of alternative treatments which interfere with cognitive
function.

Some investigators believe that long-term levodopa treatment,'

has an adverse effect on cognitive function (Rajput et al, 1984; Rinne,
1983).

Anticholinergic drugs, used today as supplemental treatment, may

interfere with memory performance, as shown in Table 3 (Kbller, 1984;
Sadeh, Braham, & Modan, 1982; Syndulko, Gilden, Hansch, Potvin,
Tourtellotte, & Potkin, 1981).
Chronological age has been associated with a higher incidence of
cognitive impairment in PD (Celesia & Wanamaker, 1973; Lieberman et_ al,
1979;

Marttila & Rinne, 1976; Portin & Rinne, 1984).

This is

illustrated in Figure 1, which shows an increase with age in the
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prevalence of dementia in PD, adapted from data presented by Marttila and
Rinne (1976) .
The majority of the studies listed in Table 1 eitployed routine
clinical mental status examinations, which involve brief assessments of
broad areas of cognitive function (Strub & Black, 1985) . Few of these
studies utilized age-matched or medically appropriate control groups.
Consequently, the criterion levels for impaired performance give the
appearance of being somevy*iat arbitrary. More importantly, it is not
possible to conclude from these reports v^ich particular aspects of
cognitive function vere found to be impaired, even v^en more extensive,
standardized testing was employed (Portin et al, 1984) .
SeT;eral investigators have mentioned the clinical impression that
cognitive impairment in PD seemed to be qualitatively different from the
dementia observed in Alzheimer's Disease (Portin et al^, 1984; Shaw,
Lees, & Stem, 1980) . In PD problems in judgment and orientation may be
less frequent (Shaw et al, 1980) , and the dementia in PD may be less
severe and slower to progress than in Alzheimer's Disease (Portin et al,
1984) . The results of some studies, listed in Table 4, indicate that the
prevalence rates of moderate and severe dementia fall within an
age-expected range in PD, v^ile the prevalence of mild dementia is
disproportionately high (Celesia & Wanamaker, 1973; Martin et al, 1973;
Marttila & Rinne, 1976; Mindham et al, 1982).

This raises the

possibility that there are selective cognitive deficits in PD, v^ich may
have been viewed in the past as indicative of a mild stage of a
progressive global dementia.

In this regard visuospatial deficits,

re^xonse abnormalities, and memory impairment have been observed in PD.
Visuospatial deficits have been observed regardless of the motor
requirements of the task (Boiler et al, 1984) . There may be difficulty
maintaining accurate spatial orientation to the environment, as suggested
by studies of vertical judgments (Danta & Hilton, 1975; Proctor, Riklan,
Cooper, & Teuber, 1964) and of navigating through a course while mentally
rotating a visual map (Bowen, Hoehn, & Yahr, 1972b) . There may be
visuoconstructional deficits, as indicated by errors copying simple
geometric figures (Villardita, Smimi, LePira, Zappala, & Nicoletti,
1982) and subnormal scores on performance subtests of standardized
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intelligence tests (Albrecht, 1986; Bentin et al, 1981; Loranger,
Goodell, McDowell, Lele, & Sweet, 1972; Matthews & Haaland, 1979;
Pirozzolo, Mortimer, Kuskowski, & Webster, 1982).

The latter finding has

not been universal, however (Asso, 1969; Diller & Riklan, 1956; Lees &
Smith, 1983; Reitan & Boll, 1971; Talland, 1962).
Response abnormalities in PD appear to emerge in situations v^en the
appropriate response must be selected instantaneously from a set of
alternative responses. Such tasks include simultaneous bimanual tasks
(Home, 1973; Talland, Schwab, 1964), dual sets of instructions
(Mortimer et al, 1984; Talland & Schwab, 1964), and concept-shifting
tests {BcMen et al, 1975; Lees & Smith, 1983).

PD subjects also take

longer than control subjects to initiate manual responses, v\^en
predictive information could have been used to reduce the set of
available responses (Angel, Alston, & Higgins, 1970; Bloxham, Mindel,
& Frith, 1984; Cassell, Shaw, & Stern, 1973; Evarts, Teravainen, &
Calne, 1981; Flowers, 1976, 1978a, b ) .
A second inportant issue concerns whether or not cognitive
impairment is present in the vast majority of Parkinsonian patients,
or whether there are special subpopulations of patients at risk for
developing cognitive impairment (Boiler, 1982; Mortimer, Hansch,
Pirozzolo,

& Webster, 1982).

For example, researchers have speculated

that cognitive inpairment in PD may be more prevalent in patients
exhibiting bradykinesia and/or rigidity (Levita, Riklan, & Cooper, 1964;
Matison et al, 1982; Mayeaux & Stem, 1984; Mayeaux et al, 1981;
Mortimer, Kuskowski, & Webster, 1984) or left-sided predominant
symptomatology (Bowen, Hoehn, & Yahr, 1972a; Bowen, Kamienny, Bums, &
Yahr, 1975; Direnfeld et al, 1984; Proctor, Riklan, Teuber, & Cooper,
1964;

Yokochi, Nakamura, & Narabayashi, 1985) . Others have suggested

that a later age of onset and faster progression of PD may be associated
with a greater probability of cognitive decline (Garron, Klawans, &
Narin, 1972; Lieberman, 1983; Lieberman et al, 1979; Mayeaux & Stern,
1984).

It should be noted that age of onset appeared to be confounded

with age in some of these studies (Garron et a]^, 1972; Lieberman et. al,
1979), and age has been associated with cognitive decline v^en age of
onset was not (Celesia & Wanamaker, 1972).
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Before it is possible to address the issue of v^ich aspects of
cognition are impaired in PD, or the extent of such impairment in the
general Parkinsonian population, it is necessary to understand the
conditions under which such deficits can be observed.

The above summary

of visuo^>atial deficits and response abnormalities in PD indicates that
these deficits may be observed on a variety of tasks. It is also true
that in seme cases the expected deficits did not emerge. Research is
necessary to

indicate v^ether the discrepant results were due to

sampling variables or to tasks conditions. The remainder of this review
will focus on studies of memory in PD, with an attempt to identify the
task conditions under which memory performance in PD was inpaired, as
well as the condition under vdiich memory performance was intact. Based
upon such findings and upon recent theoretical developments in the study
of memory, the present investigation was designed.

It is hoped that a

more precise delineation of memory performance in PD might result, which
then m i ^ t be applied to future studies which address the issues of
generality outlined above. A clearer empirical understanding of memory
performance in PD, bolstered by similar research efforts regarding
visuospatial and response abnormalities, can ultimately be applied toward
the possible differentiation of cognitive impairment in PD from that seen
in other dementias.
Memory Deficits in Parkinson's Disease
Semantic Memory
Semantic memory refers to general knowledge, to well-learned
information not associated with a particular learning event (Chiang,
1986; Tulving, 1972).

It is conceptually equivalent to the term

"remote" memory (Strub & Black, 1985) .
Some investigators have asserted that semantic memory is intact
in Parkinson's Disease, based upon the time taken to discriminate high
frequency words from nonwords (Hines & Volpe, 1985) . On the other hand,
several investigators have uncovered subtle deficits in performance on
semantic memory tasks in Parkinson's Disease.

In one study PD patients

shovved significantly poorer word-finding abilities initially, but
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iitproved almost to control group performance levels after being provided
with phonemic cues (Matison, Mayeaux, Rosen, & Fahn, 1982) . In another
study PD subjects vere able to recognize the content of pictures of
famous historical events as well as were elderly control subjects, but
vere less successful than controls in identifying the dates of those
events (Sagar, Cohen, Sullivan, Gabrieli, Corkin, & Growdon, 1984).

The

latter studies suggest that PD subjects may have some difficulty
retrieving certain features, such as temporal or phonemic cues, during
semantic memory tasks.

Primary Memory
Primary memory involves memory for recently-presented material,
usually tested after a delay of 30 seconds or less (Waugh & Norman,
1965) . It is conceptually equivalent to "imiediate" (Strub & Black,
1985) or "short-term" (Atkinson & Shiffrin, 1968) memory.
Deficits in performance are more apparent for recall than for
recognition of visual stimuli. PD subjects have demonstrated
significantly poorer iitmediate recall for simple geometric figures, as
indicated with the Benton Visual Retention Test (Boiler, Passafiume,
Keefe, Rogers, Morrow, & Kim, 1984; Pirozzolo, Hansch, Mortimer,
Webster, & Kuskowski, 1982) . Irtmediate recognition of line drawings
of common objects was not shown to be inpaired (Flowers, Pearce, &
Pfearce, 1984).

Results have been mixed regarding immediate recognition

of the directional orientation of geometric designs, as shown with the
Spatial Orientation Memory Test (Boiler et al^, 1984; Pirozzolo et al,
1982).

Since visual recall tasks require the subject to draw the items

to be remenbered, responding might have been confounded by possible
visuoconstructional deficits (Villardita, Shiimi, LePira, Zappala, &
Nicoletti, 1982).

The motor requirements of the task might have

interfered with the ability to recall the visual stimuli.
Some investigators have found that PD subjects have a shorter memory
span for digits relative to control subjects (Mann, Stanley, Kaplan,
Svveeney, & Neophytides, 1983; Pirozzola et al, 1982; Reitan & Boll,
1971) . There have been many other studies in vs^ich no group differences
vfere obtained for digit span (Albrecht, 1986; Koller, 1984; Marsh,
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Markham, & Ansel, 1971; Sadeh et al, 1982; Stem, Mayeaux, & Cote,
1984;

Syndulko et al, 1981) . Older PD subjects showed a

disproportionate increase in latencies to identify target digits as the
target set size increased, in the Sternberg digit probe paradigm (Wilson,
Kaszniak, Klavans, & Garron, 1980).

This was interpreted to mean that

older subjects with PD may take longer to scan the contents of conscious
memory than nonparkinsonian control subjects or younger PD patients.
On a continuous recognition task, PD subjects were less successful
than control subjects in identifying recently-presented synonyms and
repetitions (Tweedy, Langer, & McDowell, 1982).

PD subjects also showed

poorer recognition and recall for latter members of a category, in a
primary memory task involving successive trials of three-word lists
(Tweedy et al, 1982) . In addition, PD subjects showed a delayed
inprovement in recall following a shift in category, usually interpreted
to reflect a greater susceptibility to proactive interference (Tweedy et
al, 1982).
It appears that PD subjects may show inpaired performance in primary
memory tasks. The deficits, however, as suggested above for semantic
memory tasks, may be subtle.

Information gathered from meaning or

repetition may be less accessible to PD subjects. It is not known for
certain whether memory for visual information is inpaired, since response
output requirements might have interfered with performance.
Secondary Memory
Secondary memory tasks involve a test for retention of information
presented at an identifiable point in time, after a delay of minutes,
hours, or days (Wau^ & Norman, 1965) . It is conceptually equivalent to
"recent" (Strub & Black, 1985) or "long-term," episodic (Atkinson &
Shiffrin, 1968; Tulving, 1972) memory.
In general, PD patients have shown inpaired performance on secondary
memory tasks v\^en recall procedures, but not recognition procedures, have
been employed.

One consistent finding has been poorer recall of textual

material (Halgin, Riklan, & Misiak, 1977; Mann et al, 1983; Pirozzolo
et al, 1982; Talland, 1962).

PD subjects also performed significantly

lov^r than age-expected norms on the recall portion of the Tactual
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Performance Test, a test of recall of shape and location of haptic
stiinuli (Reitan & Boll, 1971).
No group differences in recognition memory were obtained using a
list of high frequency words and a series of pictures of unfamiliar faces
(Lees & Smith, 1983).

Nor were differences detected between PD and

control subjects on a series of recognition tasks using a variety of
materials (Flowers et al, 1984) . The series included (a) a
five-altemative forced choice test using 32 line drawings of common
objects, (b) a two-alternative forced choice test using sixteen 8-column
histograms, (c) a yes/no test using a mixed list of letter combinations,
numbers, and phrases, and (d) a yes/no test using twenty prints of
abstract paintings. Signal detection methods were employed in the
analyses of the yes/no tests, but no differences were obtained for either
memory strength or response bias (Flowers et al, 1984) . PD subjects were
less certain of their responses, however, as indicated by confidence
judgments on Objects and Abstracts (Flowers et al, 1984) .
The fact that no differences in recognition memory were detected
in the above experiments does not mean that no such differences exist.
It could mean that the tests were not sensitive to the underlying
differences.

In the Flowers et al (1984) study, 51% of the control

subjects and 40% of the PD subjects achieved perfect immediate
recognition scores for Objects. It is unlikely that these scores
represent perfect memory, but rather are an artifact of small samples
of items to be remembered (IVfecmillan & Kaplan, 1985) . In the Lees and
Smith (1983) study, PD subjects were newly diagnosed and untreated. One
explanation for the lack of group differences in recognition performance
might have been that problems in memory do not emerge early in PD. On the
other hand, the lack of differences might have been due to the nature of
the material to be remenbered.

One of the tests enployed a list of high

frequency words. Evidence will be reviewed below to suggest that such a
list might not be sensitive to underlying differences in memory.
Studies of semantic and primary memory have indicated that subtle
deficits may be observed in PD, even when recognition procedures have
been enployed.

Perhaps such deficits are also present on secondary
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recognition tasks, but have not been observed previously because of the
nature of the material to be remembered.

Memory in Aging: Theoretical Models
Aging and Memory
The study of memory in age-related neurological disorders is
conceptually linked to the study of nemory in aging. First of all, for
methodological reasons, the status of memory in age-related neurological
disorders needs to be evaluated against a backgroimd of age-related
changes.

Second, age differences in memory are often explained in terms

of selective neuronal loss in the aging brain (Bondareff, 1985; Kunabis
& Zometzger, 1981) . Many of these age-related changes are similar,
though to a lesser degree, to neuropathological changes associated with
PD (Hornykiewicz, 1983) . For example, there may be a 50% decline in
c3opaminergic neurons in the subsantia nigra during the normal aging
process, in contrast to an 80% decline in PD (Hornykiewicz, 1983) . This
is not to suggest that the etiology of neuropatho logical changes in aging
and PD is similar, but that the functional effects may be parallel in
seme ways.
Theories of memory in aging may be derived from several sources:
from theory or data in the area of aging research, or from theory or data
in the area of memory research (Salthouse, 1980) . For exanple, effects
on memory in aging might be constructed based upon implications drawn
from theories of behavioral slowing with age (Birren, Woods, & Williams,
1980;

Salthouse, 1985) or from neurobiological changes with age

(Bondareff, 1985; Kunabis & Zometzger, 1981) . Both of these approaches
would be applicable to the study of memory in PD, for obvious reasons.
Both of these approaches would be consistent with a neuropsychological
model, which carries inferences of underlying neurological impairment
along- with observed cognitive deficits (Zarit et al, 1985) . In the
present study, however, the second approach will be followed.

In

reviewing studies of memory in PD above, certain perplexing
contradictions were noted.

In particular, recall of textual material was

consistently found to be inpaired in PD, while recall and recognition for
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vyords or pictures showed mixed results.

It is felt that current memory

theory may provide some useful approaches to resolve these
contradictions.
Not surprisingly, the study of memory in aging has parallelled the
course of theory developrient in the field of learning and memory (Burke &
Light, 1981; Craik, 1977; Poon, 1985).

It is improbable (and perhaps

not even desirable) that a study can be planned and data interpreted in a
model-free context. Consequently, it is inportant to be aware of the
interpretive framework which has guided the design of a given study, as
well as its relationship to an evolving theory of memory. Accordingly,
recent models of memory will be described as they have applied to
gerontological research. Current theories of memory will be discussed as
they apply to gerontological research in general, and to this project in
particular.
The interpretation of age differences in memory has followed a
theoretical progression from structural to process models, to the current
enphasis on v^at may be described as an informational model. Structural
models involved the conceptualization of memory in terms of multiple
storage systems, which differed in information storage capacity and
tenporal constraints (Atkinson & Shiffrin, 1968; Waugh & Noinman, 1965) .
Memory differences in aging were hypothesized to be greater in
"long-teinn" or "secondary" components of memory than in "short-teinn" or
"primary" components. For exanple, as reviewed in Craik (1977), age
differences were seldom obtained in studies of memory span or in recall
for recently-presented items.

It was also discovered that age

differences in memory were consistently obtained in recall, but seldom in
recognition.

Since it was believed that recognition involved storage but

not retrieval (more about the construct of retrieval below), the
possibility was raised that the locus of age decrements in memory could
be found in retrieval processes. At the same time, it was believed that
organizational strategies affected recall performance more than
recognition performance. Consequently, encoding strategies became
another focus of research in aging. So-called "production deficiency"
hypotheses were raised, that in aging there is a less spontaneous or less
effective use of optimal encoding strategies and retrieval schemes
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(Smith, 1980).

Thus aging research was dominated temporarily by

process-oriented structural models, concemed with the transfer of
information to and from "long-term" or "secondary" memory.
It was learned that v^en effective encoding or retrieval strategies
were utilized, age differences in memory were not entirely eliminated
(Burke & Ught, 1981; Craik, 1977).

Meanwhile, the levels-of-processing

approach had been introduced (Craik & Lockhart, 1972), beginning the era
of the process model. Under the levels-of-processing approach, it was
hypothesized that in aging there was a decrement in deeper, semantic
levels of processing (Burke & Light, 1981; Craik, 1977; Eysenck, 1974).
The e5^?erimental emphasis shifted to manipulations of the subject's
orientation to the stimuli to be learned. Aged subjects seemed to
exhibit less use of elaborative or "deep" levels of processing (Smith,
1980).

Several problems arose with the levels-of-processing approach.

First, just because subjects of different ages vfere assigned the same
task, it did not ensure that they performed it in the same way.
Identical task instructions would not necessarily guarantee similar
patterns of cognitive processing. Age differences due to orienting tasks
could not be separated from possible differences in semantic activation
processes (Burke & Light, 1981).

Second, the levels-of-processing

approach was criticized for (a) a circularity in vdiat constituted shallow
and deep levels of processing, as well as (b) adherence to a spatial
metaphor, a needless carryover from structural models (Nelson, 1977;
Baddeley, 1978).

Third, features ascribed to shallow levels of

processing could be retained longer than featiires ascribed to deeper
levels, if those features were defined along a continuum of
distinctiveness (Hunt & Elliott, 1980).
A second major process model was introduced, based upon the
distinction between automatic and effortful processes (Hasher & Zacks,
1979), following major theoretical contributions from Norman & Brobrow
(1976) and Shiffrin and Schneider (Schneider & Shiffrin, 1977;
Shiffrin & Schneider, 1977).

Age differences in memory were postulated

to be restricted to effortful processes, which required the deployment of
attentional resources, v^ile automatic processes were presumed to remain
intact throughout the lifespan. Age decrements in performance v\ere
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l^'pothesized to be related to the demand upon attentional resources. In
fact, the autonaticity-effortfulness distinction was in part defined in
terms of hypothesized to age-related differences, a postulate which has
been criticized as premature (Burke & Light, 1981) . A circularity was
introduced vtereby the concepts of attentional resources, effortfulness,
and age differences were partially confounded with each other. Tasks
which vere thought to require attentional resources were considered to be
effortful, and therefore, to be accompanied by age differences in
performance.

Cn the other hand, tasks exhibiting age differences must

therefore have required attentional resources and therefore were
effortful.

Recently the concept of resources has been criticized as

theoretical "excess baggage," due to a general lack of testability
(Navon, 1984).

Finally, evidence has been presented against the

autcmatic-effortful distinction as currently defined, by demonstrating
that semantic information can sometimes be encoded automatically (Alba et
al, 1980; Shaffer & LaBerge, 1979).
Informational Models of Nfemorv
Recent developments in the field of memory point toward an
ascendancy of informational models, in which less emphasis is placed upon
processes, and more enphasis on the utility of particular types of
information in guiding decisions involved in remembering.

Informnational

models would include various contextual approaches (Burke & Light, 1981;
Horton & Mills, 1984; Mayes, Meudell & Pickering, 1985; Poon, 1985),
since a primary conponent of the informational model is the context which
acconpanies the items to be remembered. While pure informational
approaches have been offered (Humphreys & Bain, 1983; Hunt & Elliott,
1980) , most informational models are couched in process terminology, thus
constituting a

"feature-processing" approach (Gillund & Shiffrin, 1984;

Mandler, 1980; Tulving, 1982, 1983, 1984).
Informational models of memory enphasize both the items to be
remembered and the accompanying context, often describing both item and
context in terms of feature sets (Gillund & Shiffrin, 1984; Hunphreys &
Bain, 1983; Hunt & Elliott, 1980; Mandler, 1980; Tulving, 1982, 1983,
1984) . Neither the item nor the context are considered to be unitary
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constructs, but rather collections of features. IVfemory for the item to
be remenbered is usually judged by the subject's ability to recognize or
recall the name of the item. Memory for context is generally inferred
from memory for the name of the item, v^en the item is presented in a
different context at testing from that encountered during the initial
presentation of the item.

If the item is a word from a list, the context

may include the meaning, interitem associations, preexperimental semantic
relationships (e.g., frequency of usage, imagery, orthographic
distinctiveness), or accompanying cue words (as in paired associates
tasks) . In addition there are phonemic, graphemic, modality-specific,
and spatiotenporal features which can accompany the name of the item and
its context (see Baddeley, 1982, for a discussion of intrinsic vs
extrinsic context) . Furthermore, there are contextual cues provided by
the internal state of the rementoerer, presumably inportant in the
phenomenon of state-dependent learning (Eich, 1980).

During the process

of remenbering, a larger set of features is presumed to be available,
from which are sampled features belonging to the item and its context.
This concept has developed from stimulus-sampling theory (Estes, 1955) ,
and has been elaborated by subsequent theorists (Anderson & Bower, 1972;
Flexser & Tulving, 1978; Tulving & Thompson, 1973; Underwood, 1969;
Wickens, 1970) . Theoretical models of memory attenpt to explain the way
in which relevant featural information is extracted for successful
reconstruction of the item in memory.
From the feature-processing perspective, successful memory depends
upon effective sampling of relevant featural information at both encoding
and retrieval. For successful memory performance, it is hypothesized
that there be sufficient overlap between features sampled during encoding
and retrieval attempts. This is a theoretical outgrowth of the encoding
specificity hypothesis (Tulving & Thompson, 1973) , in which memory is
impaired vdien cues provided at test differ from those provided at study.
As a corollary to this principle, one possible source for memory deficits
in aging may be a greater variability in feature-sampling on repeated
occasions (Burke & Light, 1981) .
As was seen in the above discussion of structural and process
models, one major issue of theory and research has been the attempt to
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explain differences between recognition and recall performance. This
issue is critical to the application of theoretical models to the study
of memory in aging and dementia.

For one thing, age differences are more

apparent in recall than in recognition tasks (Burke & Light, 1981;
Craik, 1977).

Second, it has been suggested that dementia may be

indicated more reliably by inpaired recognition performance than by
deficits in recall (Branconnier, Cole, Spera, & DeVitt, 1982).
In informational models, the difference between recognition and
recall is attributable to the types of information employed during the
performance of each task.

In general, there are two classes of

informational model, the so-called dual process model and a more purely
informational approach.

In dual process models, there are two

fundamental processes involved in recognition and recall decisions:

(a)

a familiarity judgment and (b) a search component. According to Mandler
(1980), recognition perfojrmance is based primarily upon a familiarity
judgment, based upon "intraitem integration of sensory and perceptual
elements."

Recall requires both familiarity and retrieval. The

information extracted during retrieval is speculated to involve
"interitem elaboration" (Mandler, 1980).

Mandler (1980) speculated that

in recognition the retrieval process may be activated simultaneously with
the familiarity process, but that the familiarity process is faster.
Retrieval processes then do not become critical in recognition unless the
familiarity process fails to yield enough information on v^ich to base a
correct recognition judgment. Atkinson and Juola (1972) had suggested
earlier that the search conponent was conditional upon the failure of the
familiarity judgment, such that search was activated in recognition only
v^en an item could not be accepted or rejected on the basis of the
familiarity process alone.
Gillimd and Shiffrin (1984) present a similar dual-process theory,
in which recognition involves a global familiarity judgment, based on
direct access to a larger set of features containing the item to be
remembered.

Recall is based upon a search conponent and an implicit

recognition-like process. Unlike the previous models, Gillund and
Shiffrin (1984) postulate that the same information is used during
recognition and recall performance, but is applied to different
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processes.

The information is an overall strength value estimated

quantitatively from four parameters, v^ich reflect the input from
contextual, interitem, self-coding, and residual (or preexperimental)
cues.

U k e Mandler (1980), Gillund and Shiffrin (1984) are open to the

inclusion of a search conponent in recognition under certain conditions.
An alternative dual process theory is presented by Tulving's
(1982, 1983, 1984) synergistic ecphory model of retrieval. A process
analogoios to search is called "ecphory," referring to the mental
reconstruction of previously sampled features during the experience of
remenbering something. A second process, "conversion," is defined in
terms of thresholds of informational value at vMch search might be
discontinued.

The lower threshold is familiarity. A higher

threshold, identification, is also postulated. When enough featural
information has been sampled to become familiar, then correct recognition
is possible.

Featural information which is above the threshold of

familiarity may also participate in incorrect recognition (false alarms)
and partial recall (intrusion errors, tip-of-the-tongue phenomenon) . For
successful recall, and in order to eliminate false recognitions, it is
necessary for the informational value to exceed the higher threshold of
identification.

Tulving (1984) declines to speculate about the nature of

the mentally reconstructed featural information v^ich corresponds to the
two thresholds of familiarity and identification.
A more purely informational approach is represented by Humphreys and
Bain (1983), based largely on recognition and recall of paired
associates.

Recognition and recall differ, primarily, in the types of

cues utilized in each procedure (see Flexser & Tulving, 1978). They
also differ in the nature of information employed as evidence in the
recognition decision.

Item information (information about the

occurrence of a single item) is retrieved independently from its
relational context (defined as information about the cooccurrence of
two or more items).

In a recognition task, both types of information

are available; vy^ile in recall (of paired associates) , only item
information is available.

Superior recognition performance is

hypothesized to be due to there being more sources of information
available to guide retrieval in recognition than in recall.

It is
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suggested, furthermore, that relational information cannot be recovered
in the absence of item information.

The distinction between item and

relational information is similar to Mandler's (1980) description of the
types of information involved in familiarity and retrieval (intraitem
integration, interitem elaboration).

The value of the informational

approach, as illustrated by the Humphreys/Bain (1983) model, is that it
is not necessary to speculate about the nature of inferred underlying
processes.
In summary, it appears that the concepts of familiarity and search
fall into two schools:

(a) dual-process models, in which familiarity and

search represent independent processes, that differ in their utility in
modulating recognition or recall performance (Gillund & Shiffrin, 1984;
Mandler, 1980);

(b) informational approaches, in vdiich the difference

between recognition and recall is attributable to the nature of the
information enployed in certain decision processes (Hunphreys & Bain,
1983;

Tulving, 1983, 1984).

It is important to note that the

informational approach does not necessarily entail exclusion of a
dual-process model—examples being the Mandler (1980) and Tulving (1982,
1983, 1984) approaches. Rather, current dual-process models can be
considered to be informational models, partially couched in process
terminology. The primary focus is still on the types of information
that influence decisions involved in remembering.

The Distinctiveness Hypothesis
Although a search conponent is implicit in both recognition and
recall, there is no need to speculate about underlying structures and
processes in memory. The basic assumption is that different types of
information are utilized in the performance of recognition and recall
decisions.

The possibility then lies open that memory decline in aging

and with neurological impairment may be selective for certain types of
information.

The theoretical models reviewed above suggest various types

of information which, as applied to gerontological research, might
participate in a differential decline in memory during aging or
neurological inpairment. Examples are interitem elaboration (Mandler,
1980), relational or information about the cooccurrence of two or more

20
items (Humphreys & Bain, 1983), semantic rather than phonetic or
nonsemantic (Craik, 1977), and cues v^ich are mismatched at study and
test (Flexser & Tulving, 1978; Tulving, 1984).

In this dissertation an

enphasis will be placed upon the relative informational value of
particular featiores.
There is sufficient evidence that the informational value of a
particular configuration of features depends heavily on the dimension of
distinctiveness.

Several theorists have emphasized the role of

distinctive featural information in memory (Hunt & Elliott, 1980;
Nelson, 1979; Stein, 1978).

It is easier to recognize words that

contain distinctive features, such as atypical or distinctive category
menbership (Shcmidt, 1985; Schnorr, 1977), unusual orthographic
structure (Hunt & Elliott, 1980), and low frequency (Bowles & Glanzer,
1983;

Earhard, 1982; Gregg, 1976; Glanzer & Bowles, 1976).

After

generating responses to words strongly associated with previously
presented words, subjects recognized more low frequency targets (84 %)
and fevar high frequency targets (38 %) among their responses—even
though the same amount of high and low frequency words were generated
(Reder, Anderson, & Bjork, 1974).
In addition to the proposed role of distinctive featural
information, there are common or general features which also might play a
role in memory. According to Tversky (1977) , shared features serve to
define group membership, in terms of similarity.

These shared features

also have a "distinctiveness" role with reference to other groups of
items within a larger set. Extending this concept to a
feature-processing model of memory, conmon or general featural
information may be useful to the extent that a particular subset of items
is differentiated from a larger set of items. The utility of general
features in memory may be in facilitating retrieval of a smaller subset
of items (or feature arrays) from which to sample further for relevant
distinctive features (Hunt & Einstein, 1981).

In terms of concepts

discussed above (Tulving, 1982, 1983, 1984), general
information may account for a feeling of familiarity.

featural
Distinctive

featural information may be necessary for identification.
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If general features are useful to the extent to which they define a
group of items from v^ich to sample further, then the size of the
retrieval subset may be an important variable. Larger subsets may
require more time or effort to retrieve relevant distinctive features
belonging to the item to be remembered.

Smaller categories have been

associated with better cued recall performance (Nelson, 1981; Nelson &
McEvoy, 1979) . There is evidence that recall may be disproportionately
lower in elderly subjects for items drawn from categories containing
larger pools of vords/elements (Craik, 1968).

Similarly, age decrements

in recall are greater for words from categories from v^iich more items
v^re presented (Tulving & Pearlstone, 1968) .
It has been implied above that distinctive features do not became
important in memory until general features have been retrieved,
delineating a subset of items from v^ich to sample.

In line with this,

the results of several studies are suggestive that distinctive featural
information improves recall only when general featural information is
available also (Gregg, Montgomery, & Castano, 1980; Hunt & Elliott,
1980;

Reder et al, 1974).
For exanple words with unusual orthographic structure were recalled

better if they vare also high in meaningfulness, but not if they were low
in meaningfulness (Hunt & Elliott, 1980) . Similarily, a change in
context disrupted recall and recognition for high frequency words, but
not for low frequency words (Reder et al, 1974) . Possibly, recall for
these high frequency words may have been aided by the extraction of
distinctive information from the accorpanying context (interitem
associations) , and the loss of this information may have been responsible
for the disruption in recall. ¥iigh. frequency words are recalled better
than low frequency words if they are presented on separate or "piore"
lists (Gillund & Shiffrin, 1984) . With mixed lists of high and low
frequency words, low frequency words may even have an advantage (Gillund
& Shiffrin, 1984).

The recall advantage for high frequency words on pure

lists is diminished if distraction is introduced between items, thereby
reducing the probability of forming strong interitem associations (Gregg
et al, 1980).

Perhaps interitem associations provide distinctive

information which enhances recall for high frequency words in unmixed
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lists. A pure list of low frequency words may contain this added
distinctive information frcm interitem associations, but may be lacking
in sufficient general information to aid retrievability. A mixed list,
allowing interitem associations between high and low frequency words,
would maximize recall by combining the high retrievability of high
frequency words with the high discriminability of low frequency words.
(feneral featural information also plays a role in certain errors in
memory.

False recognitions are more likely to occur for words that share

general features with target words (Anisfeld & Knapp, 1968; Cermnak,
Schnorr, Buschke, & Atkinson, 1970; Cramer & Eagle, 1972; Gillund &
Shiffrin, 1984; Grossman & Eagle, 1970; Hunt & Elliott, 1980; Nelson &
Davis, 1972) . Such errors are even more common in the performance of
older subjects. Older subjects were more likely than yoianger subjects to
make false recognitions for words that rhyme or are synonymous with
targets (Rankin & Kausler, 1979) , as well as for distractor words
presented in previously seen contexts (Hess & Higgins, 1983) or in
semantically related new contexts (Hess, 1984) . Older si±)jects also
showed disproportionately more false recognitions for words high in both
imagery and frequency (Rybarczk & Harkins, 1984) . This suggests that
elderly subjects may be able to retrieve general features, but that there
may be an age-related decline in the ability to retain distinctive
featural information.

In dementia there may be a further decline in

retention of distinctive features in semantic memory.

Demented subjects

were observed to make more naming errors for unconmon objects (Barker &
Lawson, 1968) or for stimuli corresponding to low frequency words
(Kirshner, Webb, & Kelly, 1984).
The evidence reviewed above suggests the following model. General
featural information facilitates retrieval of a relevant subset of
features that include the items to be remembered, and distinctive
featural infonnation facilitates discriminability of target items within
this subset.

In a recognition task distinctive features confer an

advantage, since the item itself does not have to be retrieved.

The

presence of general features, in the absence of distinctive features,
would increase the probability of false recognitions and of
low-confidence correct recognitions.

Such responses are possibly based
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on a feeling of familiarity rather than on a complete reconstruction of
the item in memory.

For successful recall, both general and distinctive

featural information are necessary.

Intmsion errors in recall are based

upon general featural information in the absence of distinctive featural
information.

Summary
The understanding of cognitive impairment in Parkinson's Disease may
have been obscured by the concept of a global dementia. Despite the fact
that global dementia most assuredly can be found in individuals with PD,
it has not been demonstrated convincingly that the prevalence of dementia
in PD is any greater in PD than in the general elderly population. It
appears more likely to be the case that there are selective
neuropsychological deficits in PD. Among these are inportant in
visuospatial skills, decision processes governing the initiation of
discrete motor responses, and memory. Certain other cognitive processes,
such as judgment and orientation, are not likely to be inpaired in PD
despite deficits in the above areas. Several possible sources might
contribute to the observation of cognitive inpairment in PD, including
other dementing illnesses, pharmacological treatment, and age-associated
cognitive changes.
Since the study of memory in PD needs to be evaluated against a
background of age-related changes, various theoretical models of memory
were reviewed with respect to applications to gerontological research. A
theoretical progression was discussed from structural to process models,
to a current focus on an informational model. Important theoretical
considerations in an informational model include:

(a) an emphasis on the

information enployed in recognition and recall decisions, rather than on
inferred structures and processes;

(b) the conceptualization of items to

be remenbered as sets of features;

(c) the distinction between item and

context;

(d) the concept that there are operationally defineable

dimensions of featural arrays (e.g., distinctiveness, generality), which
alter the probability that a particular item will be remembered. An
informational model was proposed in which general featural information
aids in retrieval of a useful subset of items (or featural arrays) from a
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larger set of items, including the items to be remembered.

Distinctive

features aid in discriminability among these sampled items, facilitating
the identification of items to be remembered.
In accordance with the present project, it is hypothesized that
certain properties of information might be identified v^ich participate
in a disproportionate memory loss in aging and neurological inpairment.
It has been hypothesized that the elderly might encode items on a more
general level, and therefore show more incorrect recognitions (false
alarms) vten distinctive information might have been utilized to improve
performance (Hess & Higgins, 1983; Hess, 1984).

This phenomenon is

hypothesized to apply to Parkinsonian individuals to a greater degree
than that seen in the nonparkinsonian elderly. This might be manifested
as a lover percentage of correct recognitions and a higher percentage of
incorrect recognitions in the presence of distinctive features. This
hypothesis is extended to include the role of general and distinctive
features in recall. Poorer recall might result v^en both general and
distinctive features are available, due to a diminished ability to
utilize distinctive featural information.

If general features are

available in the absence of distinctive features, then no differences in
recall are expected between PD subjects and an age-appropriate control
group.

Specifically, it is hypothesized that in PD there will be a

disproportionate decline in recognition and recall performance for words
containing semantically and spatially distinctive features.
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Table 1. Percentage of dementia reported in patients with
idiopatiiic Parkinson's Disease.

Control
Group

Percentage
Study

Pollock & Homabrook (1986)

of Dementia
8.4

Included

N
83

no

Hoehn & Yahr (1967)

14

183

no

Brown & Wilson (1972)

56

27

no

Celesia & Wanamaker (1972)

39.9

153

no

Martin et al (1973)

81

100

no

Marttila & Rinne (1976)

29

421

no

Lieberman et al (1979)

32

520

yes

Shaw et al (1980)

32

81

no

Sroka et al (1981)

15

71

yes

Mindham et al (1982)

40

40

• yes

138

yes

79

no

Rajput et al (1984)
Portin et al (1984)

9.4
42
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Table 3. Effects of anticholinergic medication on cognitive
function in Parkinson's Disease.

Design

Study

Effects of Anticholinergics

Syndulko

Poorer recall of concrete

Longitudinal;

et al

nouns

placebo-controlled
crossover design

(1981)
Sadeh

Poorer delayed recall

I. Pretreatment/

et al

of digits

posttreatment;
II.

(1982)

Anticholinergic

No anticholinergic
Normal control

Koller

Poorer recall of conmon

Longitudinal

(1984)

words and paired associates

(0, 1 month)
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Table 4. Percentage of (3ementia reported in Parkinson's Disease,
classified according to severity (1, mild;2, moderate; 3, severe).

Study

0

1

2

3

N

Celesia & Wanamaker (1972)

60.1

15.7

17

7.2

153

Martin et al (1973)

19

58

17

6

100

Marttila & Rinne (1976)

71

15.2

8.3

5.5

421

Mindham et al (1982)

60

35
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40

30

80LU

Seo
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11.
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Q.

-59

60-69 70-79
>

80+

AGE
Figure 1. Increase with age in the
percentage of dementia in Parkinson's Disease.
Adapted from Marttila and Rinne, 1976.

CHAPTER II
METHODS
Subjects
Nineteen subjects with idiopathic PD (12 male, 7 female) and
nineteen elderly control subjects (8 male, 11 female) were employed in
the study.

The Parkinsonian subjects ranged in age from 45 to 84 years

(Mean = 66.03, SD = 9.6) , v^iile the control subjects ranged in age from
51 to 81 years (lyfean = 71.14, SD = 6.4). Parkinsonian subjects were
recruited from the West Texas Parkinson Society, the Tarbox Clinic (a
free monthly clinic for patients with PD, located at Texas Itech
University Health Sciences Center, TIUHSC), the Neurology Clinic at
TIUHSC, and the Lubbock chapter of the American Parkinson's Disease
Association (APDA) . Control subjects were recruited from spouses and
other family members of patients, as well as from members of the Lubbock
Retired Senior Volunteer Program (R.S.V.P.) . Most of the subjects were
also participating in separate projects involving intelligence testing
and cued manual reaction time.
The diagnosis of Parkinson's Disease was verified in a standard
neurological examination.

Subjects vere considered to have PD v\^o

exhibited two major manifestations (rigidity, tremor, bradykinesia,
postural abnormalities, gait disturbances) or one major and two minor
manifestations (seborrhea, facial hypcmimia, speech inpairment,
dysphagia, sialorrhea) . The average age of onset of PD was 57.83
years.

The average duration of PD was 7.28 years. All si±)jects were

treated with carbidopa/levodopa.

Four subjects were also receiving

treatment with amantadine HCl, two with anticholinergics, two with
antihistamines, and two with bromocriptine. The clinical evaluations
of Parkinson's Disease were done by appointment at the time of the
subject's regular Tarbox Clinic appearance (once every three months, on
the average) , or by special appointment at the Neurology Clinic, TTUHSC.
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Procedures
Subjects were administered a brief battery of neuropsychological
tests, followed by two vord recognition tests and a final free recall
test.

In most cases the neuropsychological testing was accatplished in a

separate session.

Neuropsychological Tests
The neuropsychological test battery included assessments of
receptive vocabulary, paragraph recall (immediate and delayed), imtediate
visual recall, visuoconstructional abilities, and delayed visual recall.
This neuropsychological test battery requires approximately 30 minutes.
Depression inventories require an additional 10-15 minutes.
Receptive vocabulary was assessed using the Quick Ttest, Form C
(Anmons & Anmons, 1962) . This is a picture vocabulary test which is
correlated with IQ and v^ch has been normed for the elderly population
(Levine, 1971).
The Logical Memory subtest of the Wechsler Memory Scale (Wfechsler,
1945) was administered with imnediate and 30-minute recall tests
(Russell, 1975).

The Logical Memory subtest consists of two paragraphs

presented orally.

Scoring procedures vere adapted from the

recommendations of Powers, Logue, McCarty, Rosenstiel, & Ziesat (1979).
One point was avarded for verbatim recall and half credit was given for
semantically correct

substitutions and omissions. This scoring procedure

has been found to increase interscorer reliability (Powers et al, 1979;
Schear, in press).

In a previous study PD patients were found to be

inpaired on this test relative to normal control subjects, using
conventional scoring procedures (Pirozzolo et al, 1982).
Visuoconstructional abilities and delayed visual recall were
assessed using the ReynDsterrieth Complex Figure Test (Lezak, 1983).
Subjects were asked to copy a complex geometric design, followed three
minutes later by a surprise recall test. Drawings were scored for
accuracy of form and location according to standard instructions (Lezak,
1983).
Immediate visual recall was assessed using with via the Benton
Visual Retention Test, Form C, Administration A (Arenberg, 1978, 1982;
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Benton, 1974) . This consists of a series of ten cards portraying 1-3
simple geometric shapes. Administration A involves a ten-second
presentation, folloved by imnediate recall. This test has been used
extensively with a normal elderly popiiLation (Arenberg, 1978, 1982) . A
previous study found that PD subjects produced significantly more errors
than control subjects on this test (as indicated by a one-tailed t-test)
(Boiler et al, 1984).
Subjects vjho appeared to perform especially poorly on these tests
were administered the Mini-Mental State (Folstein et al, 1975).

This is

a brief assessment instrument designed to detect the presence of
dementia.

While there may be false negatives on this test, there are

rarely false positives (Lezak, 1983).

No subjects scored below 20 on

the Mini-Mental State.
Depression was assessed using the psychological items of the Beck
Depression Inventory (Zemore & Eames, 1979) and the depression items
of the Self Evaluation of Life Function (SELF) Scale (Linn & Linn, 1984) .
The latter is a 54-item inventory developed recently for use with the
elderly population, which yields scores on six factors: Physical
Disability, Synptcms of Aging, Depression, Social Satisfaction, Self
Esteem, and Personal Control. These scores were not used as the basis
for exclusion from the study, but provided measures to be used as
covariates in the data analyses.
Recognition and Recall Tests
Word Presentation
Subjects were instructed that they would be shown a list of words,
one at a time. They were informed that the list would take approximately
5 minutes to present. They were instructed that they would be tested to
see how many of the words they could remember. They were instructed in
recognition and recall pr(x:edures.
A list of 48 words was presented visually, at a rate of one word
every five seconds. Words were printed on 5 x 8 index cards, one word
per card, in black 18 point Helvetica medium print. The order of
presentation was noted.

Four buffer wDrds vere presented at the

beginning and four at the end of the list, in addition to the 48 target
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words.

These buffer vords were included at the beginning and end of each

of the two recognition tests, and excluded from the analyses, in order to
control for serial position effects.
Word Lists
Words were high in imagery/concreteness, selected from clusters 7
and 8 of Toglia and Battig (1978) . Half of the words were high in
frequency of usage (FRQ) , possessing a log frequency value of 2 or higher
from the Thomdike and Lorge (1944) count, vMch represents a
Thomdike-Lorge value of AA.

The other half of the words were low in

FRQ, possessing a log frequency value of or below (Thomdike-Lorge
value of 10 or below) . An equal number of 4-, 5-, and 6-letter words
comprised the two lists.
The location (LOC) of words on the card was also varied.

Half of

the vords vere presented in the center of a 5 x 8 unlined index card.
The other half were distributed among the four comers. Thus each comer
contained six possible target words, relative to 24 target words
presented in the center.

In the analyses, worcis presented in the four

cx)mers vere combined and contrasted with words presented in the center.
As suggested by Hunt and Elliott (1980) , distinctiveness was defined in
terms of frequency of occnarrence. Since each comer contained a smaller
subset of words, it was expected that words in a given comer

would be

more distinctive in comparison to words presented in the center.
Three alternate sets of cards were prepared, so that a word might
be presented in the center for some subjects and in the comer for other
subjects.

Similarly, words were used as targets for some subjects and as

distracrtors for other subjects.

Recognition Tests
Following the presentation of the initial target word list, subjects
vere given a matrix of random numbers from 1 to 16, chosen from Winer
(1971).

Subjects vere instructed to circle certain target numbers in the

array for a period of 60 seconds. This procedure was repeated with a
second matrix of random numbers.
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Following the number search tasks, a self-paced word recognition
test was given for two-thirds of the original target list (i.e., 32 of
the original 48 vords).

These words were mixed with 32 distractor words.

Subjects were instructed to sort each card into one of two piles,
depending upon whether the word was part of the original list (OLD) or
not (NEW) . These piles were obscured frcDm view so that the siobjects
could not see the relative size of the two piles v^ile responding.

The

experimenter noted the order of presentation, subject's response, and the
time ^3ent on each vord. The recognition test was followed by two more
timed number search tasks, as described abcve.
A second self-paced recognition test was then administered, again
using t^^-thirds (32) of the original 48 target words. Half of the 32
target vords had been included on the first recognition test (16
words) , and half had not been included on the earlier test (16 words) .
These target vords vere mixed with 32 distractor words, including 16
words repeated from the earlier test and 16 new distractors. The test
procedures vere identical to those used in the previous test.

It was

emphasized that only words from the original list of target words were to
be placed in the pile marked OLD.

Recall Tsst
Immediately following the second recognition test, a final free
recall test was administered.

Subjects vere instructed to write down all

of the worcis they could remarber from all of the previous tests. Total
time to complete all of the memory testing and number search tasks was
approximately 45 minutes for each subject.
Data Analysis
Data points for analysis included the number of words correctly
identified in the Quick Test, the number of items recalled in the Logical
Memory subtest (inmediate and delayed), the number of items correctly
reproduced on the Complex Figure Test, the number of errors on the Benton
Visual Retention Test, depression scores, signal detection parameters
from the two recognition tests, and the number of words recalled.
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In evaluating recognition performance, it is important to consider
the strategy enployed by a given subject. Some subjects may be
relatively cautious, willing to sacrifice a few correct responses in
order to avoid errors. Other subjects may be less cautious, willing to
risk error in order to produce more correct responses. Using signal
detection theory, it is possible to derive two theoretically independent
measures of recognition performance, which reflect both memory strength
and response bias (Hertzog, 1980) . Briefly, the percentage of hits
(correctly identified target items) and false alarms (distractor items
identified as targets) is determined for each combination of
within-subject factors. Perfect proportions are adjusted 1/2N, v^ere N
equals the number of words from v^ich the proportion was determined.
This adjustanent is necessary because it is unlikely that perfect
performance on such a small set of words would represent perfect memory,
or complete failure to remember (Macmillan and Kaplan, 1985) . Adjusted
hit rates and false alarm rates are then transformed by signal detection
methods into the measures d' (d-prime) and beta. D' is considered to be
an estimate of recognition accuracry, the ability to discriminate target
from nontarget items. Beta is interpreted as an estimate of the
subject's willingness to respond, with higher beta values reflecting a
greater degree of cautiousness. Alternatively, nonparametric signal
detection parameters are available if these adjustments were to fail to
provide a relatively normal distribution with homogeneous variances
(Grier, 1971; Hodos, 1970; Macmillan & Kaplan, 1985).

Patterns of

performance can be plotted on MOC space in order to present a graphic
representation of the data (Danziger, 1980; Hertzog, 1980).
Signal detection parameters (d', beta) from the first recognition
test were analyzed in a 2 (Group) x 2 (Frecjuency) x 2 (Location) ANOVA.
Similarly, data from the second recognition test were analyzed in a 2
(Group) X 2 (Frequency) x 2 (Location x 2 (Repetition) ANOVA.

The number

of words recalled was analyzed in a 2 (Group) x 2 (Frequency) x 2
(Location) x 3 (List) ANOVA.

In each analysis, all factors but Group are

within-subjects factors.
Ideally cognitive changes in PD would be evaluated against a
background of age-related changes in these measiires. Strategies to deal
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adequately with this issue have certain practical limitations. Multiple
regression procedures to remove the effect of age from each variable
would require large sample size. Matching on inportant variables (e.g.,
age, intelligence, gender, education, socioeconomic status) carries with
it the danger of selectively mismatching on unknown variables.
Altematively, age might be designated as a blocking factor. One
of the disadvantages in such a strategy woiiLd be an unbalanced design.
Traditionally, the decision v^ether to employ a blocking procedure or
analysis of covariance has been based upon the strength of the
relationship be-to^/een the dependent variable and the covariate (Feldt,
1958).

Other investigators have cxDncluded that analysis of covariance

is generally preferable to the blocking procedure, provided that (1) the
score on the covariate is available prior to assigning subjects to groups
and (2) the relationship between the covariate and the dependent variable
is linear (Maxwell, Delaney, & Dill, 1984).

With aged subjects, however,

it may not always be possible to ensure that the linearity assumption is
met.

Bimodal functions may be present, as in the finding that age

effects in memory were confined largely to subjects of lower verbal
ability (Bowles & Poon, 1982).
Given the above alternatives, it was decided to estimate the
effects of age-related factors statistically by analysis of covariance,
using chronological age as the cc3variate. Chronological age is
considered to be an index variable which is highly correlated with
changes in physiological, cognitive, and social systems (Birren, 1985).
If positive age effects are detected on some performance measiores, no
causal hypotheses are implied.
There are certain interpretive constraints in the application of
analysis of covariance to a design of the type used in the present study.
The present study involves v^at Huitema (1980) refers to as a
"nonequivalent groups study", in which subjects are selected from
preexisting populations. According to Huitema (1980, p. 154), four
potential interpretive problems with the use of ANCOVA in such a design
are (1) the cause-correlation fallacy, (2) extrapolation, (3) low
precision, and (4) regression art:ifact.
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(1) The cause-correlation fallacy refers to the fact that the
relationship bet>;een the covariate and the dependent variable, if
detected, is correlative and not causal in nature.

If adjustment for age

reduces group differences in the dependent variable, it does not
necessarily mean that age-associated effects caused the initial
differences in the dependent variable.

There may be other variables

which may be accounting for changes in both observed dimensions.
(2) The extrapolation problem simply means that conclusions are
limited to the range of values sampled in the present study.

For

exanple, if age is not found to be important in the differences between
groups in memory, then this conclusion cannot be extended to include
younger or older populations than those sampled in the present study.
(3) The statistical precision of ANCOVA tends to decrease as the
difference between the covariate means increase.

In the present study

the control subjects were slightly older than the PD subjects, although
the differences in age were not statistically significant (p<.10) . On
the other hand, it can not be concluded that no age differences exist
between the two groups, so that some reduction in statistical power might
be expected in the present study.

Small differences in the adjusted

means may be less likely to be detected than if the groups were
ec^uivalent in age.
(4) Regression artifact is related to the degree of measurement
error on the covariate, as well as to a less than perfect correlation
between the covariate and the dependent variable.

Although chronological

age itself might be measured without einror, age is not a casual factor.
Rather, as stated above, age is considered to be an index variable
(Birren, 1985).

Chronological age is merely correlated with hypothetical

changes occurring as part of the aging process.

Thus to the extent that

chronological age is an imperfect estimate of these hypothetical
age-related changes, then there might be a problem with regression
artifact in the present analysis.

Regression artifact may also be a

problem v^en the covariate and the dependent variable represent different
dimensions, which is the case in the present study.
F may be biased.

Therefore the ANCOVA

According to Huitema (1980, p. 153), the "true"

adjustment in the means due to the covariate may be underestimated.
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Since it can not be determined in the present study how closely
chronological age correlates with presumed age-associated changes, the
extent of this bias due to regression artifact can not be estimated.
Consequently, conclusions based upon the ANCOVA with age will be rendered
cautiously.
Finally, and perhaps most inportant, many of the more interesting
effects in recognition and recall performance involve interactions with
within subjects factors.

In the analysis of covariance with a single

covariate, only between subjects factors are adjusted for the effects of
the covariate.

Therefore some of the more interesting results of the

present investigation can not be examined for the effects of age.
Similarly, it was intended to use depression scores as covariates,
given the prevalence of depression in PD.
two approaches:

It would be possible to take

(1) perform both ANCOVAs simultaneously; or (2) perform

ANCOVA for one covariate, adjust the scores, and perform the second
ANCOVA with the other cc3variate.

In second approach it would be

necessairy to perform the ANCOVAs twice, with age first followed by
depression, and with depression first followed by age. These strategies
are preferred to exclusion for depression, since depression has not
always been associated with aciverse cognitive functioning (Miller &
Lewis, 1978; Niederehe & Camp, 1985; Vfest, Boatwright, & Schleser,
1984) . It was reasoned that the use of analysis of covariance might
provide some information on the extent of any such impairment, \>^ich
would be inportant to the present focus on processes.

CHAPTER III
RESULTS

Neuropsychological Tests
Demographic variables and neuropsychological test performance are
summarized in Table 5.

Quick Test
Differences between the two groups were not significant, t(36)=1.84,
p< .10 (two-tailed) . Scores tended to be lower for the PD subjects
(M=40.79, SD=4.18) than for the control subjects (M=43.05, SD=3.37).
These scores were based upon a perfect score of 50 and were not corrected
for age.

Logical Memory Subtest
A 2 (Group) X 2 (Time) ANOVA was performed on the total score for each
subject (one point for verbatim recall, half-credit for partial recall) ,
shown in Table 6.

Significant main effects vere found for Group (F, 1,

36 = 10.8, p < .01) and for Time (F, 1, 36 = 82.33, p < .001).

Table 5

gives the means and standard deviations obtained in the present study.
Control subjects tended to recall more paragraph material than did PD
subjects. Material recalled under delayed conditions was less than that
for iirmediate recall for both groups. The nonsignificant Group x Time
interaction (p > .10) suggests that forgetting declined at the same rate
for both groups.

Rey-Osterrieth Complex Figure Test
A one-way ANCOVA was performed, using copy scores as the covariate.
No statistically significant differences were detected between groups (F
< 1).
Benton Visual Retention Test
PD subjects produced more errors (M=8.32, SD=4.63) than did control
subjects (M=5.79, SD=3.15), a difference that was statistically
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significant (t, 36 = 1.965, p < .05, one-tailed).

The use of a

one-tailed test was justifiable given the previous report of increased
errors on the BVRT in PD subjects (Boiler et al, 1984) .

Recognition
First Recognition Test
Discriminability
In the first recognition test, shown in Table 7, significant main
effects of Frequency (F,l,36 = 54.6, p < .001) and Location (F,l,36 =
5.05, p < .05) were found for d'.

More low frequency words were

recognized than high frequency words, a typical finding in word
recognition experiments. More words were recognized successfully
which vere presented in a comer than in the center of a card.
Recognition performance was better in conditions in vdiich the word was
accompanied by distinctive information. The two groups did not differ
in recognition performance on this first test; however, the F value
for Group was sufficiently large that we cannot conclude with confidence
that no such differences exist (p < .25), only that significant
differences vere not detected.
Response Bias
A significant Group x Frequency interaction was found for beta
(F,l,36 = 4.7, p < .05), shown in Table 8. Analysis of simple effects,
shown in Table 9, showed that this significant interaction is largely
accounted for by a difference in response bias in PD subjects. As shown
in Figure 2, PD subjects were more cautious on low frequency words, and
less cautious on high frequency words (F,l,18 = 10.29, p < .01) . In
Figure 3 it can be seen how hit rates and false alarm rates contributed
to the shift in response bias among PD subjects. Relative to control
subjects, PD subjects exhibited a lower hit rate for low frequency
(semantically distinctive) words, and a slightly higher false alarm rate
for the less distinctive, but highly familiar, high frequency words.
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Second Recognition Test
Discriminability
The d' measure in the second recognition test was analyzed in a 2
(Group) X 2 (Frequency) x 2 (Location) x 2 (Repetition) repeated measures
ANOVA, listed in Table 10. A significant Group x Frequency interaction
emerged on the d' measure (F,l,36 = 36.67, p < .001).

Analysis of simple

effects, shown in Table 11, revealed a significant difference between
groups on low frequency words (F,l,36 = 12.63, p < .005), but no
difference on high frequenc^y words. As can be seen in Figure 4, control
subjects performed better than PD subjects for low frequency words,
suggesting that control subjects were more successful in utilizing
distinctive semantic information to inprove recognition performance.
There was a significant difference in discriminability between high and
low frequency vords in control subjects (F,l,18 = 74.9, p < .001), such
that it v/as easier to discriminate low frequency targets from low
frequency distracrtors, than to discriminate high frequency words from
high frec^uency distractors. No such differences were found between high
and low frecguency words in PD subjects (F < 1) . As shcDwn in Figure 3,
control subjects showed a higher hit rate and lower false alarm rate for
low frequency words than for high frequency words. No such
frec^uency-dependent differences were apparent in the PD group.
The patterns of hit rates and false alarm rates from test 1 to test
2 are also illustrated in Figure 3. The pattern of hit rates is similar
within each group, showing a slight decline on the second test.

In the

PD group, however, there is a dramatic increase in false alarms for low
frequency words only on the second test. Thus the Parkinsonian decline
in recognition accuracy for semantically distinctive words is largely due
to an increase i_n false alarms.
Another way of documenting the observed differences in recognition
performance involves mapping responses on MOC (memory operating
characteristics) space. This is shown in Figure 5. A greater distance
from the diagonal reflects greater recognition accuracy. As can be seen,
the recognition accuracy of control subjects for low frequency words is
clearly superior to all other conditions.
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Response Bias
Analysis of beta, shown in Table 12, yielded a significant main
effect of Repetition (F, 1,36 = 36.6, p < .001), indicating a decrease in
cautiousness for words vdiich were repeated. No other effects were
statistically significant.

Recall
The number of vords recalled was analyzed in a 2 (Group) x 2
(Frequency) x 2 (Location) x 3 (List) repeated measures ANOVA. As shown
in Table 13, a significant Group x Frequency x Location interaction
(F,l,36 = 18.84, p < .001) was obtained. All sinple interaction effects
vere significant, as shown in Table 14. Analyses of simple main effects
of Group, Frequency, and Location are given in Table 15. Ihe simple main
effect of Group vas significant for low frec^uency words in a comer
(F,l,36 = 26.6, p < .001) and for high frequency words in the center
(F,l,36 = 8.9, p < .01). This effect is illustrated in Figure 6.
Control subjects recalled significantly more low frequency words in a
comer location than ciid PD subjects, and more high frequency words in a
center location than did PD subjects.
Simple main effects of Frequency vere significant for all
combinations of Group and Location. As can be seen in Figure 6, more
high frequency words vere recalled than low frequency words for each
Group-Location combination.
Sinple main effects of Location were significant for PD subjects
only.

The direction of the effect of lcx:ation information depended

upon the frequency values. As can be seen in Figure 6, PD subjects
recalled fever high frequency words in the center than in a comer
(F,l,18 = 5.89, p < .05) and fewer low frequency words in a comer
than in the center (F,l,18 = 6.08, p < .025).

The simple main effects

of Location were not significant for the control subjects. The effect
of location information did appear, however, as if it might act in the
opposite direction in relation to frequency information than was seen
with PD subjects. Control subjects tended to recall fever high
frequency words in a comer than in the center (F,l,18 = 3.22, p <.10) .
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The Group by List interaction was significant using an uncorrected
level of significance (F,2,72 = 3.7, p < .05) . Because there is a slight
positive bias tovard finding significant effects for within-subjects
factors with multiple degrees of freedom, the obtained F value was
evaluated against a more conservative critical value. Using the sinple
but conservative Geisser-Greenhouse procedure (Geisser & Greenhouse,
1958;

Keppel, 1982, p. 472), the Group by List interaction was not

significant.

The Box procedure (Box, 1954; Winer, 1971, pp. 523-524)

adjusts the critical value according to the degree to vMch the obtained
variance-covariance matrices depart from the appropriate form. The
variance-covariance matrices used in this adjustment are given in Table
16.

Multiplying the original degrees of freedom by 0.945 yielded

adjusted degrees of freedom of (1.89, 68.04). The critical value
corresponding to these adjusted degrees of freedom, obtained by linear
interpolation, is 3.23 at an alpha level of 0.05.

Thus the Group by List

interaction was significant.
As shown in Table 17, the sinple effect of Group was significant
for vDrds occurring on both tests (F,l,36 = 9.65, p < .01).

As

illustrated in Figure 7, control subjects recalled significantly more
words than did PD subjects for vords occurring on both recognition tests.
The sinple effects of Group were not significant for words occurring only
once on a particular test.
Sinple effects of List were significant for each group, as shown
in Table 17. For each group two simple comparisons vere performed.

The

Scheffe' procedure was utilized to control for family-wise error, since
it is believed to be more poverful than the Tukey procedure when cc^nplex
contrasts are involved (Keppel, 1982, p. 165). Based upon degrees of
freedom of 2 and 36 for the simple effect of List, the critical values of
F using the Scheffe' procedure are 6.53, 10.53, and 16.92 for alpha
levels of .05, .01, and .001, respectively.
The effect of recency would be estimated from a contrast between
nonrepeated words from the first test (earlier presented) and nonrepeated
words from the second test (recently presented) . Contributing to this
effect would be the different tenporal intervals, task experience, as
well as proactive and retroactive interference. The effect of repetition
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would be estimated from a contrast between repeated words and nonrepeated
words.
As can be seen in Table 18, both contrasts were significant at the
.001 level for each group. These effects are illustrated in Figure 7.
The results of the first contrast indicate that recall was superior for
recently-presented vords than for words presented earlier. The results
of the second contrast indicate that recall was superior for repeated
words than for nonrepeated words.
It appears that both groups benefited from the effects of recency
and repetition.

Differences between groups vere observed, however, in

recall for words that were repeated.

Perhaps control subjects benefited

more from the effects of repetition than did PD subjects. On the other
hand, recall of once-presented words was low in both groups, possibly
obscuring any underlying group differences.
The Frec^uency x List interaction was significant using the
conservative Geisser-Greenhouse correction (F,2,72 = 5.49, p < .05).

All

sinple effects of Frequency and Location, given in Table 19, were
significant. As can be seen in Figure 8, recall for high frequency
words was superior to recall for low frequency words at each level.
Sinple comparisons vere conputed between List categories within each
Frec^uency level, given in Table 20. The comparisons were those described
above for the Group x List interaction, testing the effects of recency
and repetition.

The critical values of F at df (2,72) using the Scheffe'

procedure vere 6.27, 9.88, and 15.34 at alpha levels of .05, .01, and
.001, respectively. As shown in Table 21, the effects of List were
different, depending upon word frequency.

The contrast betveen

first-test-only and second-test-only words was significant for high
frequency words, but not for low frequency words. This suggests that
recency facilitates recall for high frec^uency words, but not for low
frequency words. On the other hand, the contrast between recall for
once-presented words and twice-presented words was significant for both
high and low frequency words. Apparently repetition enhanced recall,
regardless of word frequency.
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Effects of Other Variables
Depression
Scores for the first 14 items on the Beck Depression Inventory
(BDI-14) were evaluated, since these items are believed to reflect more
of a psychological conponent and less of a somatic conponent (Zemore &
Eames, 1979) . The Depression subscale of the SELF contained 11 items.
Cne PD subject neglected to complete one item of the Beck, and two PD
subjects and two control subjects each omitted one item from the SELF.
In each of these cases, the minimum possible score for that item was
utilized.

CTie PD subject and one control subject omitted one section of

the SELF scale, and these subjects vere not included in the analyses of
the SELF depression subscale.
On the BDI-14 PD subjects scored an average of 4.32 (SD=4.08),
conpared with a mean score for control subjects of 1.11 (SD=1.7). The
difference between groups was statistically significant, t(36) =3.16,
p < .01. On the SELF depression subscale, PD subjects scored an average
of 23.67 (SD=4.22), conpared with a mean score for control subjects of
18.78 (SD=3.25).

This difference was also statistically significant,

t(34) = 3.9, p < .001.
Since PD subjects exhibited significantly higher depression scores
on both scales, it was decided that it would not be appropriate to use
depression scores as a covariate in subsequent analyses of recognition
and recall measures. As pointed out by Huitema (1980), v^en groups
differ on the covariate, there is a reduction in statistical power and a
potential increase in regression artifact. A reduction in statistical
power would make it less likely to detect differences between adjusted
means.

Thus it would be tempting to conclude erroneously that

differences on the dependent variable would not exist after adjusting for
the effects of the covariate. The effects of regression artifact would
be difficult to predict, since differences between adjusted means can be
either larger or smaller than between the unadjusted means (Huitema,
1980) . Based upon other reports in the literature, however, the
significantly higher depression scores achieved by the PD group vere
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probably not the product of regression artifact (Gotham et al, 1986;
Mayeaux et al, 1981).
The matrix of intercorrelations given in Table 21 do not reveal
any significant relationships between measures of depression and
performance measures in the present study.
Age
The F values obtained for analysis of covariance of nine different
performance measures, with chronological age as the covariate, are listed
in Table 22. As can be seen, the most dramatic change from the original
analyses occurred for the Benton Visual Retention Test (F,l,35 = 6.94, p
< .025) . This suggests that errors on the BVRT, a test of imiediate
visual recall, are age-dependent. Errors on this test do increase with
age (Arenberg, 1978, 1982) . By removing the effects of age from the
analysis, differences between PD and nonparkinsonian subjects were made
more apparent.

Experimentwise Error
The preceding analyses (ANOVA, ANCOVA, t-tests) were performed upon
each dependent variable independently, as if the others did not exist.
Although this practice is conventionally employed, the type I error rate
is inflated v^en multiple dependent variables are considered separately.
Biiitema (1980) recomnends an adjustment for inflated e5q>erimentwise einror
using the Bonferroni F procedure, in v^ich the critical F values are
based upon an acceptable alpha level for the entire set of dependent
variables.

The present study utilized 5 measures of recognition and

recall performance, 4 neuropsychological measures, and 2 depression
measures, for a total of 11 dependent variables.

In addition, the nine

recognition, recall, and neuropsychological measures were subjected to
analysis of covariance with chronological age as the covariate. Table 23
below lists the Bonferroni critical values for t and F based upon sets of
11 and 9 dependent variables, respectively, corresponding to degrees of
freedom occurring with the factors used in the present study. Bonferroni
F values were determined by linear interpolation from Table A.8 in
Huitema (1980).
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As shown in Tables 24 and 25, many of the effects v^ich were
significant using uncorrected alpha levels remained significant when the
more conservative Bonferroni critical values were employed.

Of all of

the neuropsychological measures, only the main effects of Group and Tine
in the Ix>gical Memory subtest remained significant. The ANCOVA F for
Logical Memory was still significant. The ANCOVA F for the BVRT was no
longer significant.

Both measures of depression still yielded

significant t-values.
In the first recognition test, only the main effect of Frequency
remained significant for discriminability (d').

There were no

significant effects of response bias (beta) . Analysis of the second
recognition test did not change. Analysis of recall data was changed,
first of all, by the failure of the Group by List and Frequency by
List interaction effects to remain significant. This would eliminate all
of the sinple effects and comparisons described above with respect to
these interactions. New comparisons would need to be conputed for the
main effect of List, v^ich remained significant. Secondly, although the
Group by Frequency by Lcxiation interaction was still significant, many of
the sinple interaction effects were no longer significant. As shown in
Table 25, these principally involved simple interaction effects involving
Location. Nor was the sinple main effect of Group at high
frequency/center significant any longer.
To summarize recognition and recall data in light of the more
stringent criteria, (1) PD subjects recognized significantly fewer low
frequency words than did control subjects on a second recognition test,
which utilized repeated distractors.

(2) Control subjects recognized

more low frequency words than high frequency words.

(3) All subjects

recalled more high frequency words than low frequency words, regardless
of location.

(4) PD subjects recalled significantly fewer words than did

crontrol subjects, but only for low frecguency words presented in a comer.
Thus, v^ere group differences were obtained, it appeared that the PD
subjects vere less efficient in utilizing semantically distinctive
features to iirprove recognition.

In recall performance, PD subjects were

inferior only when both semantically and spatially distinctive features
were available.
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Table 5.
performance.

Demographic information and neuropsychological t e s t

PD
Variable

(ZONTROL

M

SD

M

SD

Age

66.03

9.58

71.14

6.36

Quick

40.79

4.18

43.05

3.37

4.32

4.08

1.11

1.70

SELF:Depr

23.67

4.22

18.78

3.25

SELF: Aging

29.42

7.18

20.83

6.70

11.95

4.02

16.87

4.31

7.97

4.66

11.61

4.61

correct

5.11

2.16

6.05

1.75

errors

8.32

4.63

5.79

3.15

copy

27.00

6.35

29.11

4.74

recall

15.03

5.55

15.21

6.92

BDI-14

Logical Memory
imnediate
delayed
BVRT

Rey-Ost. CFT
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Table 6. Source table, ANOVA, number of i(3eas recalled in Logical
Memory subtest, Wechsler Memory Scale.

Source

SS

df

MS

H

Between
Group

290.161

1

290.161

S/Group

967.408

36

26.872

Within
Time
Group X Time
3/Group
Time x I
** p <.i01

*** p < .001

10.798**

li
400.661

1

400.661

7.266

1

7.266

175.197

36

4.867

82.329***
1.493
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Table 7. Source table, ANOVA, d'measure, first recognition test.
(GRP, Group; FRG, Frequency; LOC, Location) .

Source

SS

S/GRP

MS

w

11

Between
GRP

df

2.996

1

2.996

40.062

36

1.113

Within

2.693

.020

114
54.59***

.121

11.783

1

11.783

GRP X FRQ

0.031

1

0.031

FRQ X S/GRP

7.771

36

0.216

LOC

1.911

1

1.911

5.05*

.016

GRP X LOC

0.119

1

0.119

0.316

0

13.614

36

0.378

FRQ X LOC

0.041

1

0.041

0.095

0

GRP X FRQ X LOC

0.989

1

0.989

2.27

36

0.436

FRQ

LOC X S/GRP

FRQ X LOC X S/GRP
*p <.05
*** p <.001

15.68

0.145

0

.006
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Table 8. Source table, ANOVA, beta measure, first recognition test,
(GRP, Group; FRQ; Frequency; LOC, Location) .

Source

SS

Between
GRP
S/GRP

df

MS

F

w

32
0.086

1

0.086

62.025

36

1.723

Within

0.05

0

114

FRQ

2.068

1

2.068

4.82*

.014

GRP X FRQ

2.022

1

2.022

4.71*

.014

15.459

36

0.429

LOC

1.083

1

1.083

2.697

.006

GRP X LOC

0.497

1

0.497

1.23

.001

14.503

36

0.403

FRQ X LOC

0.002

1

0.002

0.004

0

GRP X FRQ X LOC

0.385

1

0.385

0.724

0

19.132

36

0.531

FRQ X S/GRP

LOC X S/GRP

FRQ X LOC X S/GRP
p <.05
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Table 9. Source table, simple effects of Group and Frequency, beta
measure, first recognition test. (GRP, Group; FRQ, Frequency; PD,
Parkinson's Disease group; CON, control group; LF, low frequency;
HF, h i ^ frequency) .

Source
GRP at LF
S/GRP at LF
GRP at HF
S/GRP at HF

SS

df

MS
0.637

0.637

1

44.995

36

1.25

1.47

1

1.47

33.632

36

1.574

0.934
4.09

FRQ at PD

4.09

FRQ X S/PD

7.152

18

0.397

FRQ at CON

0.001

1

0.001

FRQ X S/CON

8.591

18

0.477

** p <.01

1

0.51

10.29**
0.002
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Table 10. Source Table, ANOVA, d' measure, second recognition test.
(GRP, Group; FRQ, Frequency; LOC, Location; REP, Repetition) .

Source

SS

S/GRP

w

32

Between
GRP

MS

df

3.870

1

3.870

44.343

36

1.232

3.140

.015

266

Within
15.562

1

15.562

36.670*** .089

6.003

1

6.003

14.150*** .033

15.276

36

0.424

LOC

0.244

1

0.244

2.080

.001

GRP X LOC

0.292

1

0.292

2.490

.001

LOC X S/GRP

4.229

36

FRQ X LOC

0.384

1

0.384

0.662

0

GRP X FRQ X LOC

0.001

1

0.001

0.001

0

20.879

36

0.580

REP

0.232

1

0.232

0.432

0

GRP X REP

0.380

1

0.380

0.706

0

19.362

36

0.538

FRQ X REP

0.580

1

0.580

1.920

.002

GRP X FRQ X REP

0.082

1

0.082

0.270

0

10.894

36

0.303

LOC X REP

1.130

1

1.130

1.900

.003

GRP X LOC X REP

0.008

1

0.008

0.014

0

21.448

36

0.596

FRQ X LOC X REP

0.040

1

0.040

0.370

0

GRP X FRQ X LOC X REP
•pT3n V Tnr v RFP V S/GRP

0.096

1

0.096

0.890

0

3.854

36

0.107

FRQ
GRP X FRQ
FRQ X S/GRP

FRQ X LOC X S/GRP

REP X S/GRP

FRQ X REP X S/GRP

LOC X REP X S/GRP

*** p <.001

.

0.118
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Table 11. Source table, simple effects of Group and Frequency, d'
measure, second recognition test. (GRP, Group; FRQ, Frequency; PD,
Parkinson's Disease group; CON, control group; LF, low frequency; HF,
high frequency).

Source

SS

df

MS

9.757

1

9.757

27.806

36

0.772

0.117

1

0.117

30.393

36

0.844

FRQ at PD

1.117

1

1.117

FRQ X S/PD

10.975

18

0.610

FRQ at CON

20.448

1

20.448

4.915

18

0.273

GRP at LF
S/GRP at LF
GRP at HF
S/GRP at HF

FRQ X S/CON
** p <.01
*** p <.001

12.630**
0.114
1.832
74.893***
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Table 12. Source table, ANOVA, beta measure, second recognition
test. (GRP, Group; FRQ, Frequency; LOC, Location; REP, Repetition) .

Source

SS

Between

df

MS

w

32

GRP

0.216

1

0.216

S/GRP

8.606

36

0.239

Within

0.903

0

266

FRQ

0.020

1

0.020

0.121

0

GRP X FRQ

0.004

1

0.004

0.027

0

FRQ X S/GRP

5.898

36

0.164

LOC

0.005

1

0.005

0.035

0

GRP X LOC

0.009

1

0.009

0.066

0

LOC X S/GRP

4.802

36

0.133

FRQ X LOC

0.001

1

0.001

0.006

0

GRP X FRQ X LOC

0.316

1

0.316

2.199

FRQ X LOC X S/GRP

5.175

36

0.144

REP

6.043

1

6.043

GRP X REP

0.003

1

0.003

REP X S/GRP

5.942

36

0.165

FRQ X REP

0.614

1

0.614

3.527

GRP X FRQ X REP

0.126

1

0.126

0.722

FRQ X REP X S/GRP

6.266

36

0.174

LOC X REP

0.156

1

0.156

1.341

GRP X LOC X REP

0.026

1

0.026

0.227

LOC X REP X S/GRP

4.183

36

0.116

FRQ X LOC X REP

0.303

1

0.303

1.967

.003

GRP X FRQ X LOC X REP

0.068

1

0.068

0.450

0

FRQ X LOC X REP X S/GRP

5.549

36

0.154

*** p <.001

36.608***
0.019

.003
.108
0
.008
0
.001
0
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Table 13. Source table, ANOVA, number of words recalled.
Group; FRQ, Frequency; IOC, Location; LIST, List).

(GRP,

Source

w

SS

Between

MS

11

GRP
S/GRP

df

19.792

1

19.792

120.658

36

3.352

Within

5.905*

.021

88.640***

.119

418

FRQ

95.792

1

95.792

0.055

1

0.055

38.904

36

1.081

LOC

0.020

1

GRP X LOC

1.371

GRP X FRQ

0.051

0

0.020

0.016

0

1

1.371

1.138

0

43.360

36

1.204

0.108

1

0.108

0.156

0

GRP X FRQ X LOC

13.002

1

13.002

FRQ X LOC X S/GRP

24.840

36

0.690

143.855

2

6.660

LIST X S/GRP
FRQ X LIST

FRQ X S/GRP

LOC X S/GRP
FRQ X LOC

18.844***

.015

71.928

79.900***

.178

2

3.330

3.699*+

.006

64.816

72

0.900

11.636

2

5.818

5.49*++

.012

1.057

2

0.529

0.499

0

76.307

72

1.060

LOC X LIST

2.776

2

1.388

1.620

.001

GRP X LOC X LIST

0.583

2

0.292

0.340

0

61.640

72

0.856

FRQ X LOC X LIST

1.241

2

0.621

0.686

0

GRP X FRQ X LOC X LIST

4.610

2

2.305

2.547

.004

'P 65.150

72

0.905

LIST
GRP X LIST

GRP X FRQ X LIST
FRQ X LIST X S/GRP

LOC X LIST X S/GRP

* p <.05, uncorrected
+ p < .05, Box
*** p <.001, uncorrected
++ p <.05, Geisser-Greenhouse
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Table 14. Source table, simple interaction effects involving Group,
Frequency, and Location, number of words recalled. (GRP, Group; FRQ,
Frequency; LOC, Location; PD, Parkinson's Disease group; CON, control
group; LF, low frec^uency; HF, high frequency) .

Source

SS

df

MS

11.059

1

11.059

4.329

36

0.120

8.526

1

8.526

3.737

36

0.104

2.965

1

2.965

LOC X S/GRP a t LF

14.351

36

0.399

GRP X LOC a t HF

11.408

1

11.408

LOC X S/GRP a t HF

52.649

36

1.462

FRQ X LOC a t PD

5.373

1

5.373

FRQ X LOC X S/PD

11.184

18

0.621

FRQ X LOC a t CON

7.736

1

7.736

12.431

18

0.691

GRP X FRQ a t

comer

FRQ X S/GRP a t
GRP X FRQ a t

comer

center

FRQ X S/GRP a t

center

GRP X LOC a t LF

FRQ X LOC X S/CON

* P <.025
** p < . 0 1
*** p < . 0 0 1

91.97***

82.14***

7.44*

7.80*

8.65**

11.20**

59
Table 15. Source table, simple main effects of Group, Frequency,
and Location, number of words recalled.

Source

SS

df

MS

GRP a t low FRQ-comer

12.667

1

12.667

Error

17.123

36

0.476

1.263

1

1.263

32.175

36

0.894

0.079

1

0.079

212.175

36

5.894

GRP a t h i FRQ-center

20.211

1

20.211

Error

81.754

36

2.271

FRQ a t P D - c o m e r

44.220

1

44.220

Error

20.613

18

1.145

FRQ a t PD-center

11.368

1

11.368

Error

14.966

18

0.831

7.894

1

7.894

Error

11.106

18

0.607

FRQ a t c o n t r o l - c e n t e r

45.475

1

45.475

Error

17.192

18

0.955

LOC a t PD-low FRQ

1.263

1

1.263

Error

3.737

18

0.208

LOC a t PD-hi FRQ

4.641

1

4.641

14.193

18

0.789

1.720

1

1.720

10.613

18

0.590

6.877

1

6.877

38.456

18

2.136

GRP a t low FRQ-center
Error
GRP a t h i FRQ-comer
Error

FRQ a t c o n t r o l - c e n t e r

Error
LOC a t c o n t r o l - l o w FRQ
Error
LOC a t c o n t r o l - h i FRQ
Error
* p <.05
** p <.01
*** p <.001

26.630***
1.413
0.013
8.900**
38.600***
13.670**
12.790**
47.600***
6.083*
5.886*
2.917
3.219
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Table 16. Individual and pooled variance-covariance matrices,
number of words recalled from first, second, or both recognition tests.
These values were used in Box procedure for adjusting critical value in
order to evaluate significance of Group by List interaction effect.
A.

PD group

First

First

Second

Both

28.263

0.368

16.447

39.316

1.526

Second

43.211

Both
B.

Control group

First

First

Second

Both

80.895

44.684

63.368

63.053

50.105

Second

116.211

Both
C.

Pooled

First
Second
Both

First

Second

Both

54.579

22.526

39.908

51.185

25.816
79.711
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Table 17. Source table, simple effects of Group and List, number of
words recalled. First, second, and both refer to prior recognition tests
in which recalled words had beenincluded. (PD, Parkinson's Disease
group; CON, control group).

Source

SS

df

MS

1.289

1

1.289

S/GRP at first

54.579

36

1.516

GRP at second

3.79

1

S/GRP at second

51.18

36

1.422

GRP at both

21.375

1

21.375

S/GRP at both

79.711

36

2.214

List at PD

44.35

2

22.175

List X S/PD

30.816

36

0.856

List at CON

106.167

2

53.084

36

0.944

GRP at first

List X S/CON
** p <.01
*** p <.001

34

3.79

0.85
2.67
9.65**
25.91***
56.23***
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Table 18. Source table, simple comparisons showing effects of
recency and repetition on recall in Parkinsonian and elderly control
groups. The Scheffe' procedure was used to control for inflated
familywise error rates, yielding adjusted critical values of 6.530,
10.528, and 16.916 corresponding to alpha levels of .050, .010, and
.001, respectively.
A.

PD Groups: MS error = 0.856
Comparison
first vs second

SS
15.154

17.70***

(first + second) vs both 162.205 189.49***
B.

Control group: MS error = 0.944
Comparison
first vs second

SS
30.405

F
32.19***

(first + second) vs both 394.182 417.35***
*** p <.001
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Table 19. Source table, simple effects of Frequency and List,
number of words recalled. (FRQ, frequency; GRP, group; first, second,
and both refer to prior recognition tests in v^ch words had been
included).

Source

SS

df

MS

9.500

1

9.500

FRQ X S/GRP at first

87.869

36

2.440

FRQ at second

36.027

1

36.027

FRQ X S/GRP at second

97.947

36

2.721

FRQ at both

61.901

1

61.901

142.434

36

3.957

LIST at low FRQ

39.588

2

19.794

LIST X S/GRP at low FRQ

40.079

72

0.557

LIST at hi FRQ

115.904

2

57.952

LIST X S/GRP at hi FRQ

108.763

72

1.511

FRQ at first

FRQ X S/GRP at both

* p <.05
*** p <.001

3.892*
13.242***
15.645***
35.537***
38.353***
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Table 20. Source table, simple comparisons showing effects of
recency and repetition on recall of high and low frec^uency words.
Familywise error rate vas controlled by means of the Scheffe' procedure,
yielding adjusted critical values of 6.268, 9.884, and 15.344 for alpha
levels of .05, .01, and .001, respectively, based upon 2 and 72 degrees
of freedom.

A.

Lew frequency words: MS error = 0.557
Comparison
first vs second
(first + second) vs both

B.

SS

F

1.598

2.869

77.583 139.288***

High frequency words: MS error = 1.511
Comparison
first vs second

SS
29.073

F
19.241***

(first + second) vs both 202.820 134.229***

*** p <.001
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Table 21. Within-class correlations.
A.

PD Group

Test

n=18
SELF
Ifest

Age

Age

Aging

BVRT

.374 -.435

.088

.097

.026

.348

Logical Memory

.296

-.111

.244

.091

.049

-.133

Rey-Osterrieth, copy

.192 -.377

.301

-.049

.194

-.466

Rey-Osterrieth, recall .398 -.283

.084

.124

.020

-.251

Word recall

.559

.139

.016

-.152

B.

Quick

SELF

.209

-.160

depression Duration

Control group
n=18
SELF
Quick

BVRT
Logical Memory

-.108

n=18
SELF

Age Aging

depression

.267 -.323

-.410

.099

-.148

.155

.215

-.163

-.163

.095

-.032

Rey-Osterrieth, recall .274 -.161

.406

.064

Rey-Osterrieth, copy
Word recall

.512

.074 -.229

-.21

of Onset
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Table 22. Comparison of ANCOVA F values, using chronological ages as
the covariate, with original F values. All ANOVA F values are based upon 1
and 36 degrees of freedom, except for the Rey-Osterrieth. All ANCOVA F
values are based upon 1 and 35 degrees of freedom, except for the
Rey-Osterrieth. The Rey-Osterrieth F values are based upon (1,35) and (1,34)
degrees of freedom, respectively, since copy scores were used as an
additional covariate.

ANOVA F

ANCOVA F

Quick

3.368

2.973

BVRT

3.861

6.935*

Logical Memory

10.800**

11.090**

Rey-Osterrieth

0.240

0.670

First Recognition, d'

2.690

2.935

First Recognition, beta

0.049

0.025

Second Recognition, d'

3.293

3.033

Second Recognition, beta

0.903

0.145

Recall

5.905*

5.366*

Test

p <.05
** p <.01
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Table 23. Bonferroni-adjusted critical values for designated
degrees of freedom, based upon sets of 11 and 9 dependent variables,
re^)ectively. Adapted from Tables A. 6 and A. 8 in Huitema (1980) .
A.

11 dependent variables
Statistic

B.

Alpha = 0.05

Alpha = 0.01

t (34)

3.039

3.635

t (36)

3.027

3.616

F (1,18)

10.500

15.710

F (1,36)

9.188

13.134

F (2,72)

5.883

7.844

9 dependent variables
Statistic

Alpha = 0.05

Alpha = 0.01

F (1,34)

8.794

12.752

F (1,35)

8.760

12.685
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Table 24. Significant main and interaction effects, reevaluated
against Bonferroni-adjusted critical values. (GRP, Group; FRQ,
Frequency; LOC, Location; REP, Repetition) .

Variable

Effect

Logical Memory

GRP

df

t or F

(1,36)

10.798*

BDI-14

(36)

3.160

SELF:Depression

(34)

3.900**

FRQ

(1,36)

54.590**

LOC

(1,36)

5.050

FRQ

(1,36)

4.820

GRP X FRQ

(1,36)

4.710

FRQ

(1,36)

36.670**

GRP X FRQ

(1,36)

14.150**

Recognition 2, beta

REP

(1,36)

36.610**

Recall

GRP

(1,36)

FRQ

(1,36)

88.640**

GRP X FRQ X LOC

(1,36)

18.840**

List

(2,72)

79.900**

GRP X List

(2,72)

3.700

FRQ X List

(2,72)

5.490

ANCOVA, BVRT

(1,35)

6.935

ANCOVA, Logical Memory

(1,35)

11.090*

ANCOVA, Recall

(1,35)

5.370

Recognition 1, d'
Recognition 1, beta
Recognition 2, d'

* p <.05
** p <.01

5.910
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Table 25. Significant simple main and interaction effects,
reevaluated against Bonferroni-adjusted critical values. (GRP, Group;
FRQ, Frequency; ICC, Location; cor, comer; ctr, center, LF, low
frequency; HF high frequency; PD, Parkinson's Disease group; CON,
control group).

Variable

Effect

Recognition 2, d'

GRP at LF

(1,36)

12.63*

FRQ at CON

(1,18)

74.90**

GRP X FRQ at cor

(1,36)

91.97**

GRP X FRQ at ctr

(1,36)

82.14**

GRP X LOC at LF

(1,36)

7.44

GRP X LOC at HF

(1,36)

7.80

FRQ X LOC at CON

(1,18)

11.20*

FRQ X LOC at PD

(1,18)

8.65

GRP at LF-cor

(1,36)

26.63**

GRP at HF-ctr

(1,36)

FRQ at PD-cor

(1,18)

38.60**

FRQ at PD-ctr

(1,18)

13.67*

FRQ at CON-cor

(1,18)

12.79*

FRQ at CON-ctr

(1,18)

47.60**

Recall

* p <.05
** p <.01

df

8.90
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Figure 2. Response bias in Parkinsonian
and control groups, as a function of word
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CHAPTER IV

DISCUSSION

Neuropsychological Test Performance
In the present experiment, the PD and age-matched control groups
demonstrated equivalent performance on a measure of intelligence (i.e.,
receptive vocabulary) . This observation is critical, given the clear
differences between groups in recognition and recall performance.
The PD group achieved significantly higher scores on two self-report
depression scales, but the scores did not appear to reflect a clinical
level of depression.

In fact, the depression scores achieved by the PD

group might have been entirely appropriate for a group of elderly medical
outpatients.

Such was the conclusion in a recent study of depression in

PD which included a control group of arthritic patients as well as a
normal elderly control group (Gotham, Brown, & Marsden, 1986).

Using

several widely used self-report assessment instruments, Gotham et al
(1986) found that the PD group achieved significantly higher depression
scores than the normal control group, but did not differ from the
arthritic group.

In the present study, PD patients scored significantly

higher than control subjects on the Beck Depression Inventory after
eliminating somatic items (Zemore & Faroes, 1979) , as well as on the
depression scale from a never instrument, the Self Evaluation of Life
Function Scale (SELF) (Linn & Linn, 1984) . The SELF is made up of items
selected via normalization studies with an elderly population. PD
subjects in the present study achieved an average SELF depression score
of 23.67 (SD = 4.22), which contrasts with scores of 22.8 for elderly
medical outpatients and 26.3 for elderly outpatient psychiatric patients
in the standardization sample (Linn & Linn, 1984) . Control subjects in
the present study achieved an average score of 18.78 (SD = 3.25), v^ich
contrasts with an average score of 20.7 for the standardization sample of
independent elderly living in the comiTunity (Linn & Linn, 1984) .
Although depression has been shown to be related to poorer
performance on cognitive and attentional measures in PD (Brown et al,
1984;

Mayeaux et al, 1981; Taylor, Saint-Cyr, Lang, & Kenny, 1986),
77
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depression was not related to any measure of retention employed in the
present study. This is consistent with the results of studies utilizing
elderly normal subjects, in which depression was not related to memory
performance, but rather to a perceived decline in performance (Niederehe
& Camp, 1985; West et al, 1984).
Neuropsychological test performance was similar to the reported for
PD subjects in other studies. Textual recall, as assessed using the
logical Memory subtest of the Wechsler Memory Scale, was markedly
inferior in the PD group. This is consistent with several reports in
the literature (Halgin et al, 1977; Pirozzolo et al, 1982; I^lland,
1962) . The analyses enployed in the present study contributed new
information regarding the rate of decline in recall of paragraphs.
Both groups exhibited the typical decline in retention over time, but
performance tended to decline at the same rate for both groups. Group
differences in delayed textual recall, therefore, largely reflect the
initial differences in recall as assessed in the imnediate test. This
is in contrast to the report that some neurologically impaired
populations may be more susceptible than normal populations to the
effects of delay on textual recall (Schear, in press).
The results of the present experiment support the hypothesis that
immediate visual recall is impaired in PD. PD subjects produced more
errors on a primary visual recall test, the Benton Visual Retention Test,
replicating findings reported by Boiler et al (1984).

The poorer primary

visual recall exhibited by the PD group was probably not confounded by
the presence of visuoconstructional deficits, v^ch theoretically could
have interfered with responding.

In the present study

visuoconstructional abilities accounted for approximately 25% of the
variance in visual recall errors in both groups, but no differences in
visuoconstructional ability vere detected between groups. Furthermore,
after adjusting for the effects of visuoconstructional ability by
analysis of covariance, the differences in visual recall were still
obtained.
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Recognition
In a previous study, in v^ich a list of high frequency words was
presented, no differences between PD and control subjects were detected
on single recognition test (Lees & Smith, 1983).

In the present

investigation, subjects in the PD and age-matched control groups
responded to jb«^ word recognition tests, as well as a final free recall
test.

The vords used in the tests varied systematically in

Thomdike-Iorge (1944) frequency and in presentation location, in order
to investigate the influence of semantically (low frequency) and
spatially (comer location) distinctive contexts on retention. The
results indicated that Parkinsonian deficits in recognition accuracy
were limited to low frequency words, and then only on a subsequent
test.
As revie^i^ed previously, low frequency words are easier to recognize
than high frequency words (Gillund & Shiffrin, 1984) . The general
recognition advantage for low frequency words has been interpreted in
terms of the relative associability of high and low frequency words
(Glanzer & Bowles, 1976) . Low frequency words presumably are accompanied
by fever implicit associations than high frequency words are, thereby
making them more distinctive relative to a background of implicit
associations. Thus semantic distinctiveness is defined according to the
presumed frequency of occurrence of implicit associations. Similarly,
spatial distinctiveness in the present study is based upon relative
frequency of occurrence in particular locations. Each comer location
receives one fourth the number of words as presented in the center,
making each comer location relatively distinctive in comparison to the
center.
In a recognition test, the subject must execute a judgment about
whether or not a given item had been encountered previously in a
particular tenporal context. Temporally associated features serve as the
sole basis for discriminating between target and distractor word lists.
According to the distinctiveness hypothesis, this discrimination should
be aided by the presence of distinctive semantic and spatial contexts.
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It was hypothesized that PD subjects would exhibit a deficit in retention
of semantically and spatially distinctive contexts, relative to control
subjects.
The results of the first recognition test were consistent with a
distinctiveness interpretation.

For both groups of subjects, recognition

accuracy (d') was greater for words v^ich were either semantically or
spatially distinctive. The results indicated that both groups of
subjects vere able to utilize distinctive contextual features to inprove
recognition performance. This also supports the validity of the spatial
manipulation utilized in the present study, based upon the Hunt and
Elliott (1980) operational definition of distinctiveness.
Althou^ no differences in recognition accuracy were detected
between PD and control subjects on the first recognition test, the PD
subjects did exhibit a frequency-dependent shift in strategy. PD
subjects vere more cautious for low frequency words and less cautious
for high frequency words.

In other words, they were less likely to

report having recognized vords that vere semantically distinctive. They
were more likely to report having recognized high frequency words,
which—in addition to being less distinctive semantically—can be
considered to be relatively familiar. Control subjects responded in an
equivalent manner regardless of word frequency, at a level of
cautiousness intermediate between the criterion levels for high and low
frequency words shown by the PD group.
On the second recognition test, test conditions were markedly
different. The first test in essence had assessed the subjects' ability
to discriminate repetitions (i.e., the second presentation of target
items) from nonrepetitions (i.e., distractor items).

On the second

recognition test, however, some of the distractor items from the previous
test were repeated as well as target items. The inclusion of repeated
distractors required the subjects to make a subtle tenporal
discrimination between targets and distractors. The recognition judgment
was based no longer on whether the item had been seen previously, but
rather on v±ien it had been seen previously.

On the second recognition

test, repetition served as a general feature shared by both target and
distractor words. The effect of this manipulation would be to increase
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the familiarity of both target and distractor items. Accordingly,
recognition performance is likely to be impaired due to the increased
familiarity, via a probable increase in the percentage of false alarms.
With increased familiarity of both targets and distractors, response
bias was altered in both PD and control groups. As might be expected,
both groups of subjects were significantly more likely to report having
recognized vords that vere repeated, relative to nonrepeated words.
Repetition was not accompanied by a change in recognition accuracy.
An interesting pattern of differences emerged between groups in
recognition accuracy, depending upon the availability of a semantically
distinctive context. The PD subjects no longer showed a facilitation in
recognition accuracy for semantically distinctive words. Control
subjects, on the other hand, continued to maintain superior recognition
accuracy for semantically distinctive words, as demonstrated by both
groups on the prior test. Thus PD subjects vere less efficient than
control subjects in utilizing distinctive semantic features to inprove
recognition accuracy, but only on a second recognition test.
In addressing the issue of v^y differences were detected on the
second, but not the first recognition test, several alternative
explanations must be considered.

Obviously, the differences must be

attributable to some difference in task conditions between the two
recognition tests. Such interpretations, however, would have to
recognize that the group difference on the second recognition test was
limited to low frequency words.
One possibility is that underlying group differences exist in
retention of semantically distinctive context, but are only made apparent
under repeated distractor conditions. When repeated distractors are
enployed, tenporally associated features are no longer sufficient to
permit successful discrimination between target and distractor lists.
With increased familiarity of both target and distractor lists, the PD
subjects may have been less able to take advantage of distinctive
contextual cues to maintain superior recognition performance.
The second recognition test differed from the first recognition test
in several other respects in addition to the use of repeated distractors.
For one thing, the second test was administered at a longer interval from

82
the initial target list presentation. According to this possibility, the
PD group could have been more susceptible to the effects of delay with
regard to the retention of semantically distinctive features. Without
considering the distinctiveness of context, analysis of recall data from
the present experiment does not indicate that PD subjects recall any less
than control subjects after a delay. The measure of paragraph recall
(logical Memory subtest, Wechsler IVtemory Scale) showed the typical
effects of delay on recall, but performance declined at the same rate for
both groups.

Similarly, v^ile both groups recalled more words from the

second recognition test (recent) than from the first recognition test
(delayed), no group differences in recall vere detected for recently
presented words, nor for words presented earlier. Thus the decline in
word recall over time did not seem to differ between groups.

It should

also be noted that delay effects were limited to high frequency words.
No differences in recall vere detected for low frequency words over time,
although this coiiLd have been due to a floor effect. Yet the groups'
recall performance did not appear to differ in the way that frequency
interacted with delay, as indicated by a nonsignificant Group by
Frequency by List interaction in word recall. Again, the possible
presence of floor effects with regards to recall of low frequency words
may have mitigated against such differences being detected.
In addition to repeated distractors and a longer delay, the second
recognition test situation differed from the first in that it was
preceded by a prior recognition test. Several investigators have
demonstrated that intervening recognition tests can inprove subsequent
recognition and recall performance (^ndler & Rabinowitz, 1981; McDaniel
& Masson, 1985).

Potentially PD subjects could be differentially

susceptible to the effects of intervening tests on siobsequent retention.
The results of the first recognition test seem to indicate that both
groups are able to utilize distinctive contextual features to improve
recognition accuracy.

Yet perhaps PD subjects differ from normal

subjects in some other process involved in recognition performance, which
does not become evident except when multiple tests are given.
One possibility is that PD subjects are more susceptible to
interference from prior attempts to retrieve the to-be-remembered
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material.

During the process of remembering, according to the

feature-processing approach, a larger set of items is thought to be
retrieved, from which the target items are identified (Gillund &
Shiffrin, 1984; Tulving, 1984).

Perhaps during subsequent attempts to

retrieve the material to be remembered, it may become increasingly more
difficult for PD subjects to differentiate previously identified target
items from additional nontarget items, that had been part of intervening
retrieval sets.

This would predict an increasing decline in memory

performance with multiple tests. Other investigators have found that PD
subjects may have a greater problem with interference from previously
presented, semantically related material (Tweedy et al, 1982).

The

present hypothesis would extend the problem of interference to include
semantically related nontarget items which vere retrieved during prior
attenpts to remenber the target items. This is an intriguing possibility
which can be addressed in future research. However, it is difficult to
see how the effects of interference would be limited to low frequency
words.
Altematively, a memory decline with multiple tests can be related
to the consistency of associations made to target items on repeated
occasions.

As evidence, the consistency of autobiographical associations

over time has been shown to be related to enhanced recognition
performance (Groninger & Groninger, 1985) . Theoretically, at least, it
might be possible for memory to be disrupted due to an inconsistent
sanpling of relevant features on repeated occasions. According to Estes'
(1955) stimulus sanpling theory, successful reconstruction of an item in
memory depends upon an optimal degree of overlap between features sampled
at presentation and test. Could it be possible that PD subjects produce
more variable implicit associations than normal control subjects, but
only to low frequency words?

Less consistent associations could result

in poorer recognition performance for low frequency words on multiple
recognition tests. This possibility is not that remote, since the
consistency of associations generated to unconmonly used words may be
sensitive to age (Bowles, Williams, & Poon, 1983).

If such a process

were exaggerated in PD, then this could explain the results of the
present study.

The hypothesis can be raised, then, that PD subjects may
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generate less consistent associations to low frequency words on repeated
occasions than shown by normal control subjects. On the other hand, a
group difference in the consistency of associations to low frequency
words theoretically should have produced a difference in recognition
performance on the first recognition test as well as the second.
Obviously, certain test conditions were responsible for revealing
the PD subjects' inferior recognition accuracy for semantically
distinctive words on the second test. Several possible explanations were
discussed, including the use of repeated distractors, the difference in
tenporal intervals, and the effect of prior tests on subsequent
recognition performance.

It appears most likely that the critical

conditions involved the use of repeated distractors, which increased the
familiarity of both targets and distractors, and thereby rendered the
discrimination judgment more difficult. The different tenporal intervals
between the initial presentation and the respective tests were not likely
to be the source of the performance differences, based upon available
recall data. There is a remote possibility that Parkinsonian subjects
are more susceptible to interference from prior attenpts to retrieve the
material to be remembered.

It is difficult, however, to see how such

interference woiiLd be limited to semantically distinctive words.
Altematively, Parkinsonian subjects may be less consistent in making
inplicit associations to target items on repeated occasions.

If this

vere the case, however, then group differences in recognition accuracy
should have emerged on the first test as well.

In conclusion, the

results of the two recognition tests suggest that in PD there is a
decline in retention of semantically distinctive features, v^ich is made
apparent v^en the recognition judgment is based upon a subtler tenporal
discrimination between targets and distractors.

Recall
As discussed previously, recall should be enhanced by the presence
of general features, presumably by increasing the accessibility of a
subset of words containing the words to be remembered (Hunt & Einstein,
1981).

Such words can be considered to be highly familiar.

In the
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present study, such vords would have included high frequency words and
words v M c h were repeated on the two recognition tests. In addition,
recall of these highly accessible words should have been enhanced by the
presence of distinctive features. Theoretically, distinctive features
should enhance discriminability with the retrieved subset, facilitating
the subsequent identification of words to be remembered.

Such a pattern

was observed in the effect of distinctive orthographic structure on
recall of highly meaningful words (Hunt & Elliott, 1980) . In the
present experiment, a spatially distinctive context should have improved
recall of high frequency words and words which were repeated.
Distinctive ^jatial features could conceivably have improved retention
of low frequency words as well, but these words are presumably less
accessible, and the effect of distinctive contextual featiires on recall
may not have been noticeable (except possibly for low frequency words
which vere repeated) .
For words considered to be highly accessible, i.e., high frequency
words and repetitions, both PD and control groups demonstrated
significantly higher recall. These results were consistent with the
model outlined above.
The fact that both groups recalled more high frequency words than
low frequency words in contradictory to the Gillund-Shiffrin (1984)
hypothesis that high frequency words lose their recall advantage v^en a
mixed list of high and low frequency words is utilized.

The present

results are consistent with results reported by Rybarczk and Harkins
(1984) , however, suggesting that the effect of word frequency on recall
depends upon more than the use of pure or mixed lists.
Despite the fact that both groups exhibited significantly greater
recall for highly accessible words, PD subjects tended to recall
significantly fever words than control subjects. This was true for
repetitions, as well as for high frequency words not associated with a
spatially distinctive context. When spatially distinctive cues were
available, however, PD subjects recalled just as many high frequency
words as control subjects.
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At first glance it appears that PD subjects were able to utilize
distinctive spatial features to inprove recall of highly accessible
vords, while control subjects vere not. On the other hand, the control
subjects demonstrated an equivalently high level of recall for high
frequency vords, regardless of the presence of a spatially distinctive
context.

Perhaps, in the absence of spatially distinctive cues, control

subjects vere better able to utilize other sources of information, such
as interitem associations, to inprove recall.
As discussed above, PD subjects recalled significantly fewer words
than control subjects for words that had been repeated. No group
differences vere detected in recall of nonrepeated words. Possibly, the
low levels of recall exhibited by both groups for nonrepeated words might
have obscured any underlying group differences.
When the words to-be-remenbered were relatively less accessible
(i.e., low frequency), PD subjects recalled significantly fewer words
than control subjects, but only when the words had been presented in a
spatially distinctive context. PD subjects also recalled fewer low
frequency words than control subjects in the absence of spatially
distinctive cues, but this difference was not significant.
Finally, the effects of recency and repetition on recall perfoonnance
of both groups vere consistent with the model outlined above.
Repetition, v^ich should facilitate accessibility, significantly enhanced
recall of both high and low frequency words.

Recency, vMch has been

described in terms of tenporal distinctiveness (Greene, 1986) ,
significantly enhanced recall of high frequency (highly accessible)
words.

These effects, v^ile not figuring in the difference between

groups, are interesting in their own right and merit further
investigation.
Summary and Conclusions
The sample of PD patients enployed in the present study was fairly
typical in age of onset and pharmacological treatment. The PD and
age^natched control groups vere equivalent in intelligence and education.
PD patients achieved higher depression scores than control subjects, as
suggested in the literature, but such scores may have been appropriate
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for an elderly medical outpatient population. Depression scores were not
related to performance.
Neuropsychological test performance corroborated reports in the
literature that in PD there are deficits in paragraph recall and in
primary visual recall. The groups did not appear to differ in the
decline in paragraph recall over time. No visuoconstructional deficits
were detected in the sanple of PD patients relative to control subjects,
supporting the notion that the observed deficits in primary visual recall
were attributable to memory and not to motor requirements of the task.
It appears that under certain conditions there may be deficits in
recognition and recall performance in idiopathic PD. The results of the
present investigation suggest that in PD there is a selective decline in
memory for distinctive contextual features of items to-be-remembered.
Such deficits became apparent under repeated distractor conditions, when
the recognition judgment entailed a subtle tenporal discrimination
between targets and distractors. There is also a remote possibility that
the Parkinsonian decline in memory for distinctive context might have
been due to seme process occurring during intervening attenpts to
retrieve the material to-be-remenbered.
PD subjects did exhibit a frequency-dependent shift in strategy on
the initial recognition test, despite the lack of differences in
recognition accuracy.

The possible relationship of this change in

response bias to subsequent recognition deficits needs to be explored
further.
The effect of a distinctive context on group differences in recall
appeared to be a function of the accessibility of words to-be-remembered.
When the words to-be-remenbered were relatively inaccessible, PD subjects
recalled fever words than control subjects, despite the presence of
spatially distinctive cues.

When the words to-be-remembered were

relatively accessible, both groups shoved significantly enhanced recall
performance, as would be expected.

Yet PD subjects demonstrated

significantly poorer recall than control subjects, except v^en spatially
distinctive cues were available. The possibility was raised that control
subjects vere better able to utilize unidentified sources of distinctive
contextual information to improve recall performance.
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