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The purpose of this study was to investigate deficits in recognition, recall, and pro-
spective memory among Parkinson’s disease (PD) patients, and to ascertain whether
task difficulty and disease severity moderate these deficits. Comparisons were made
between 41 nondemented PD participants, divided into early-stage and advanced-
stage groups, and 41 matched controls. PD participants exhibited deficits in recogni-
tion, recall, and prospective memory. The advanced-stage PD group produced greater
deficits than the early-stage PD group in all tasks, suggesting that these deficits
increase in step with overall disease severity. The results of the task difficulty manipu-
lation provide a partial explanation for the inconsistencies in the literature concerning
the existence of recognition memory deficitsin PD.

I ntroduction

Until relatively recently, the sole focus of research in Parkinson’s disease (PD) was the
motor symptoms associated with this neurodegenerative disorder. In the last few decades,
however, it has become increasingly apparent that PD involves a variety of cognitive
impairments. Among these are impairments in declarative memory processes. The present
article reports some of the findings of a large-scale study examining deficits in recogni-
tion, recall, and prospective memory among PD patients. The article begins with a discus-
sion of the various memory deficitsfound in PD. Particular attention is paid to recognition
memory, as there is a widespread belief that PD involves little or no impairment in this
form of memory. Following this, we turn to the issue of the moderators of memory impair-
ment in PD, including task difficulty and disease severity.

Recognition and Recall in PD

Although there is some consensus that PD involves cognitive impairments, the nature of
these impairments is controversial. On the one hand, there is good evidence for deficitsin
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recall memory among nondemented PD patients.! These deficits affect both verbal and
nonverbal recall memory, and appear to be independent of antiparkinsonian medication
(Brown & Marsden, 1990; Cooper, Sagar, & Sullivan, 1993; Sahakian et al., 1988).
Beyond this, however, there is less agreement. It is widely held that, although recall is
impaired in people with PD, recognition memory is relatively normal (Breen, 1993;
Brown & Marsden, 1988; Emre, 2003; Ivory, Knight, Longmore, & Caradoc-Davies,
1999; Knight, 1992; Shibuya, Tachibana, Kawabata, & Sugita, 2001; Taylor, Saint-Cyr, &
Lang, 1988). Three studies (Flowers, Pearce, & Pearce, 1984; Lees & Smith, 1983;
Taylor, Saint-Cyr, & Lang, 1986) appear to have been instrumental in establishing this
view. However, the research concerning recognition memory is inconsistent, with various
studies reporting some form of impaired recognition in nondemented PD participants
(Barnes, Boubert, & Harris, 2003; Minamoto, Tachibana, & Sugita, 2001; Owen €t al.,
1992; Sahakian et al., 1988; Stebbins, Gabridli, Masciari, Monti, & Goetz, 1999; Woods &
Troester, 2003).

In an effort to resolve this issue, Whittington, Podd, and Kan (2000) conducted an
analysis of the statistical power of studies investigating PD-related recognition memory
deficits. They discovered that the power of the relevant research has generally been too
low to reliably detect small- to medium-size effects. For instance, in 48 studies investigat-
ing memory functioning in PD, the mean power to detect small effects was just 20%. This
provides at least a partial explanation for the discrepancies in the literature concerning the
existence of deficits in recognition memory in PD: Underpowered studies increase the
likelihood that researchers will conclude that there is no population effect when in fact
there isone (a Type Il error; Schmidt, 1996). (Thisis the case, at any rate, if researchers
rely solely on statistical significance testing, as we discuss later.) To determine whether
there redlly is a population effect, Whittington et a. (2000) ran a meta-analysis of studies
investigating recognition deficits in PD. They found that small deficits in recognition
memory do occur in nondemented PD patients. Thus, the view that PD involves relatively
intact recognition memory may largely be an artifact of underpowered studies. One goal
of the present study was to add to the literature investigating recognition memory in PD.

Prospective Memory in PD

In addition to deficitsin recognition and recall, there is some evidence for PD-related def-
icits in prospective memory. Prospective memory involves remembering to execute a
planned action at some point in the future. Einstein and McDaniel (1990) distinguished
two forms of prospective memory task: time-based tasks (e.g., remembering to turn on the
oven at 5 o'clock) and event-based tasks (e.g., remembering to turn on the oven when an
alarm rings). Little research has investigated prospective memory deficits in PD. Thisis
surprising, first, because of the prevalence in everyday life of activities that require this
capacity (Katai, 1999), and second, because prospective memory is likely to be subserved
by the frontal lobes and their connections to other cortical and subcortical areas, areas
thought to be impaired in PD (Bondi, Kaszniak, Bayles, & Vance, 1993; McDaniel,
Glisky, Rubin, Guynn, & Routhieaux, 1999). Furthermore, prospective memory is likely
to involve both the memory functions and the planning abilities usually associated with
the central executive in working memory, which are also typically impaired in PD (Katali,
Maruyama, Hashimoto, & Ikeda, 2003).

!Participants were assumed to be nondemented if they scored in the normal range on the Orien-
tation-Memory-Concentration Test (OMCT: Katzman et al., 1983).
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Those few studies that have investigated prospective memory in PD have found that it
isindeed impaired. In astudy of deficitsin everyday memory, Katai (1999) found that PD
participants performed notably worse than healthy controls on subtests of the Rivermead
Behaviora Memory Test related to prospective memory. A later study by Katai et al.
(2003) focused specifically on event-based and time-based prospective memory. The PD
participants were impaired in the event-based tasks, although not the time-based tasks. In
light of the paucity of research findings on prospective memory deficits in PD, a further
goal of the present study was to replicate some of the findings of Katai et al. (2003).

Variables Moderating Memory Deficitsin PD

Severa variables may moderate the memory deficitsin PD. Among these are task difficulty
and disease severity. Task difficulty has been used to explain the fact that PD patientstend to
perform less well on recall tests than they do on recognition tests (Breen, 1993; Knight,
1992; Stebbins et a., 1999; Taylor et a., 1988; Weingartner, Burns, Diebdl, & LeWitt,
1984). The ideais that recognition tests require less effort, less self-initiated activity, or less
processing resources than recall tests (Brown & Marsden, 1990; Craik & McDowd, 1987,
Hasher & Zacks, 1979).? Consistent with this view, previous research hints at an association
between task demands and memory impairment in PD, such that tasks that are more difficult
produce greater deficits (Weingartner et a., 1984). The present study sought to confirm this
association. To the best of our knowledge, no one has yet directly tested the impact of task
difficulty on recognition memory performance in PD participants. In the present study, we
varied within-task difficulty. In this way, we were able to avoid the potential confounding of
type of task with level of difficulty when both are s multaneously changed.

Another potential moderator of memory deficitsin PD is disease severity. Although the
relationship between disease severity and cognitive decline is not straightforward (Berger
et al., 1999; Starkstein & Robinson, 1991), there is some evidence that disease severity is
related to memory dysfunction (Huber, Freidenberg, Shuttleworth, Paulson, & Christy,
1989; Mortimer, Pirozzolo, Hansch, & Webster, 1982). For instance, individuals in the
advanced stages of PD show greater deficits in recognition memory than do those in the
early stages. Sahakian et a. (1988) found that nondemented PD patients with advanced
symptoms performed significantly worse in a pattern recognition task that did a matched
control group, but that controls and mild PD patients did not differ. The Whittington et al.
(2000) meta-analysis further supported the possibility that deficits in recognition memory
increase in step with disease severity. Specifically, they found that only those PD patients
who were medicated showed a deficit in recognition memory. At first glance, this would
appear to suggest that the medication caused the deficit. Thisis unlikely, however. Thereis
research suggesting that dopaminergic medication has no effect on memory performance,
and can even improve it (e.g., Cooper, Sagar, Doherty, Jordan, Tidswell, & Sullivan, 1992;
Cooper et a., 1993; see Whittington et al., 2000, for further discussion). Thus, it is more
likely that medicated PD patients exhibited greater deficits on the recognition task because
these patients tend to have more advanced PD. One god of the present study wasto build on
the previous research by seeking to confirm this speculation. A further goal wasto determine
whether symptom severity also moderates deficits in recall and prospective memory in PD.
To date, there has been little research directly examining the impact of disease severity on
these different types of memory.

2A similar issue has been discussed in the literature on age-related decline in memory (e.g.,
Craik & McDowd, 1987) and memory deficits in schizophrenia (e.g., Calev, 1984).



Memory Deficitsin Parkinson’'s Disease 741

Hypotheses

Several hypotheses derive from the foregoing discussion:

Hypothesis 1. Recognition memory will be impaired in PD patients, especialy at the
harder level of task difficulty. This hypothesis derives from the Whittington et al. (2000)
power analysis and meta-analysis, which challenged the view that recognition memory is
relatively intact in PD. It also derived from the observation that the recognition-recall dis-
sociation may be a product of differential task difficulty.

Hypothesis 2. Recognition memory will beimpaired in PD, with greater impairment asso-
ciated with more advanced stages of the disease. This hypothesis derives from the fact that
cognitive deficits in PD tend to increase in step with overall disease severity (e.g., Owen
et a., 1992; Sahakian et a., 1988; Whittington et a., 2000).

Hypothesis 3. Recall will be impaired in PD, with greater impairment associated with
more advanced stages of the disease. Like Hypothesis 2, this hypothesis derives from the
speculation that cognitive deficitsin PD increase in step with disease severity.

Hypothesis 4. Prospective memory will be impaired in PD patients relative to healthy
controls. This hypothesisis based on past PD research (Katai, 1999; Katai et al., 2003).

Hypothesis 5. Deficits in prospective memory will be more pronounced in PD patients
with greater disease severity. Again, this hypothesis derives from the speculation that the
cognitive deficitsin PD increase in step with disease severity.

In order to address these hypotheses, we examined recognition, recall, and prospec-
tive memory in nondemented PD participants. To examine the variable of task difficulty,
we designed a honverbal recognition memory task with two levels of difficulty. To exam-
ine the effects of symptom severity, we categorized the PD participants as early-stage or
advanced-stage. Comparisons were made (with a complete replication six months later)
with controls matched on sex, age, education, and premorbid Q.

M ethod

Participants

Fifty-eight PD patients volunteered for the present study. On first contact, volunteers were
screened via atelephone interview. Exclusion criteriaincluded: a poor response to antipar-
kinsonian medication, any significant history of psychiatric or neurological disorder not
related to their diagnosis (e.g., stroke or head trauma with loss of consciousness greater
than one hour), past or present alcohol abuse or other drug abuse, neurosurgery, and any
other serious medical condition. Seven individuals were excluded in light of these criteria
The remaining participants were screened for dementia using the Orientation-Memory-
Concentration Test (OMCT; Katzman, T. Brown, Fuld, Peck, Schechter, & Schimmel,
1983).2 Three participants scoring greater than 10 on this instrument were excluded from
further analysis. Finally, another seven participants were excluded from the final sample
because they could not take part in the second testing session. The final sample consisted

3The OMCT is particularly suitable for use with PD participants, because it does not include a
copying task that may be affected by the physical symptoms of PD independently of dementia.
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of 41 PD patients (16 females and 25 males). The initial diagnosis of idiopathic PD had
been made by each participant’s General Practitioner, and in 93% of cases had subse-
quently been confirmed by a neurologist.

Symptom severity was assessed using the Hoehn and Yahr (1967) disability rating
scale. There are a number of potential objections to the use of this scale that must be
addressed. Firgt, the scale isrelatively coarse. However, as there were only 41 participants
in the study, a scale with just four categories was sufficient. Second, the scale is not an
ideal measure of severity, asit isaclassification of disease symptoms, only some of which
are associated with disease severity. Nonetheless, we chose the Hoehn and Yahr scale
over other measures, such as the Unified Parkinson’s Disease Rating Scale (Fahn, Elton,
& Members of the UPDRS Development Committee, 1987), because it can be adminis-
tered rapidly and efficiently. Another advantage of the scaleisthat it is relatively insensi-
tive to motor fluctuations caused by drug therapy (Diamond & Markham, 1983).
Nonetheless, an attempt was made to avoid problems caused by drug-induced side effects
by testing participants at their time of optimal therapeutic response.

The pool of PD participants was divided into two groups based on the severity of their
clinicd symptoms. Participants were classed either as early-stage (Stage | or Il) or as
advanced-stage (Stage |11 or V). A subset of the classifications was double checked by a neu-
rologist; in every case, the neurologist’s classification agreed with that of the researchers. The
early-stage PD group consisted of 21 of the 41 PD participants (10 females, 11 males). Five of
these participants had a Hoehn and Y ahr rating of Stage |, and 16 had arating of Stage I1. At
the time of testing, a mgjority (80%) of the early-stage PD participants was receiving L-Dopa
preparations, and 29% were receiving anticholinergic medication. The mean age at symptom
onset for the early-stage group was 59.64 years (SD = 8.24), and the mean duration of symp-
toms was 8.60 years (D = 6.34). The advanced-stage PD group consisted of the remaining
20 participants (6 femaes, 14 males). Seventeen of these participants had a Hoehn and Y ahr
rating of Stage 111, and three had a rating of Stage IV. At the time of testing, 95% of the
advanced-stage PD participants were receiving L-Dopa preparations, and 20% were receiving
anticholinergic medication. The mean age at symptom onset for the advanced-stage group was
61.35 years (SD = 9.16), and the mean duration of symptomswas 9.45 years (SD = 5.08).

Forty-one healthy control participants (18 females, 23 males) were chosen to match
the PD participants as closely as possible with respect to sex, age, education, and premor-
bid 1Q.* The same exclusion criteria were applied to the control group as were applied to
the experimental group. Table 1 presents a summary of characteristics of each group. Sta-
tistical analyses confirmed that both PD groups were well matched with the control group.

Materials and Procedure

The assessment procedures were conducted in the participants homes. Each testing
session began with an invitation for participants to read an information sheet and a brief
overview of the tasks, and to sign a consent form. Several of the tasks were computer-
administered. Computerized testing provides consistency and uniformity of stimulus pre-
sentation, and automates scoring which reduces the effects of experimenter expectancy
(Youngjohn, Larrabee, & Crook, 1992). The positioning of the computer was adjusted to

“Premorbid 1Q was estimated using the National Adult Reading Test (NART; Nelson &
O'Connell, 1978). There is good evidence that this test of an individual’s ability to pronounce a
series of uncommon words serves as a useful indicator of premorbid intelligence (Christensen,
Hadzi-Pavlovic, & Jacomb, 1991; Nelson & O’ Connell, 1978; Ryan & Paolo, 1992).
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Tablel
Characteristics of the early-stage Parkinson’s disease (early-stage PD) group, the
advanced-stage Parkinson’ s disease (advanced-stage PD) group, and the control group

Early-stage PD Advanced-stagePD Control
(N=21) (N=20) (N=41)
Variable M SD M sD M sD
Age (years) 68.24 6.19 70.80 5.82 69.80 5.31
Premorbid IQ 108.69 8.13 110.20 12.58 110.88 8.94
OMCT 3.52 3.68 4.35 2.96 2.39 2.38
L-Dopa? 436.11 202.91 407.89 239.98 - -

Note. Premorbid 1Q = Premorbid full-scale 1Q (WAIS-R) estimated from National Adult Reading
Test; OMCT = Orientation-Memory-Concentration Test; L-Dopa = mean daily levodopa dose in
milligrams.

&N = 18 (early-stage PD), 19 (advanced-stage PD).

suit the participant. Generally, the screen was centered approximately 0.5 m away from
the seated participant at eye-level. Each participant was taken through a series of auto-
mated tasks using both standardized verbal instructions and instructions presented on the
computer screen. Practice trials were given where necessary to alow participants to
become familiar with the test procedures. If a participant required clarification of the task
instructions, or appeared initially to misunderstand them, standardized verbal prompts
were provided. The order of tasks was arranged to avoid interference from tasks of asimi-
lar nature and to minimize fatigue.

Participants were tested on two separate occasions. The intersession interval was
approximately six months, with little difference between groups in the mean intersession
interval. Every effort was made to keep the time of day constant between Time 1 and Time 2
for each participant.

Nonverbal Recognition Memory Task

Two recognition tasks were designed specifically for this study: anonverbal task with two
levels of difficulty, and a verbal task. Both tasks were computer- administered, and
designed using Experimental RunTime System (ERTS) software (Beringer, 1995). ERTS
software operates with millisecond accuracy to control response registration and event
timing. Stimuli were presented in yellow on a blue background, using a 24 cm color
screen. The participants’ responses were registered using two large metallic keys mounted
8 cm apart in the center of aresponse console.

The first task, the Nonverbal Recognition Memory Task (NRMT), was based on a
pool of 80 abstract stimuli, modeled on those used in the Embedded Figures Test (Witkin,
Oltman, Raskin, & Karp, 1971).° Half of the stimuli served as targets, and the remaining
half were used as distracters. An effort was made to select stimuli that were difficult to
encode verbally. Although no explicit attempt was made to examine the modality of
encoding, post-test feedback indicated that most participants found it difficult to assign

SModification and reproduction of stimuli from the Embedded Figures Test by Herman A.
Witkin was by special permission of the publisher, Consulting Psychologists Press, Palo Alto, CA.
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verbal labels to the stimuli. Two levels of difficulty were created within the NRMT. This
was done by pairing half the targets with similar distracters and half with dissimilar dis-
tracters. The dissimilar distracters differed in terms of both form and color, whereas the
similar distracters differed only in terms of form.® A pilot study confirmed that the two
levels of the task produced scores as predicted, and with scores above chance for both
tasks.

The NRMT consisted of two phases. an exposure phase and a test phase. In the expo-
sure phase, participants viewed a single list of 40 abstract target stimuli. The stimuli were
presented one at atime on the computer screen at arate of one every 3 s. The second (test)
phase consisted of atwo-alternative, forced-choice recognition test. Two figures appeared
side by side in the center of the screen, with the target appearing equally often on the left
or right, for a maximum of 6 s or until a response was made. Participants pressed the | eft
key if they thought the stimulus on the left was the target, or the right key if they thought
the stimulus on the right was the target. They were told that, if neither stimulus seemed
familiar to them, they were to guess, with the proviso that they try to use both response
keys equally often for guesses. The order of presentation of stimuli in both the exposure
phase and the test phase was randomized for each participant.

Verbal Recognition Memory Task

The computer-administered Verbal Recognition Memory Task (VRMT) was also
designed specifically for the present study. A pool of 80 nouns (three to six letters each; M
= 4.35, D = .74) was created, with half the words serving as targets and the remainder
serving as distracters. Administration of the VRMT followed exactly the same procedure
as that described for the NRMT. In the test phase, target words were paired with distract-
ers of equal word length. There was little difference in the frequency of usage of the dis-
tracters (M = 35.38, SD = 39.93) versusthe target words (M = 28.63, SD = 44.49), 1 (38) < 1.

Kendrick Object Learning Task

The Kendrick Object Learning Task (KOLT) was used to assess recal memory. Although
originally designed for use as part of a battery to screen for dementiain the elderly, Kendrick
(1985) suggested that it could also be used independently as ameasure of recall. It seemed par-
ticularly suitable for the present study because it has two equivalent forms and is relatively
quick to administer. It also has the advantage that raw scores can be converted to age-scaled
quotients (based on a mean of 100 and a standard deviation of 15), thus avoiding the potential
confounding effect of age. Administration and scoring of the KOLT was conducted in the
manner outlined by Kendrick (1985). Briefly, the experimenter showed four large cards with
pictures of everyday objects to participants. Each card had 10, 15, 20, or 25 objects and the
time alowed for inspection of each card was based on a 3 s viewing time per object. After
viewing acard, participants were asked to recall as many objects as possible, in any order.

Prospective Memory Tasks

The two event-based prospective memory tasks used in the present study were adapted
from Huppert and Beardsall (1993), who demonstrated that these tasks are sensitive to mild
forms of cognitive impairment in people with dementia. The first task was the Prospective

8A similar manipulation was used by Craik & Jennings, 1992.
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Memory for a Question Task (PMQT). Participants were told that an alarm would sound
in 5 min, at which point they should stop what they were doing and ask the experimenter
two prescribed questions (e.g., “when will the next session be?’). If participants failed to
ask both prescribed questions spontaneously within 15 s of the alarm, they were prompted
with the question: “What were you supposed to do when the alarm sounded?’ Participants
scored one point for each question they recalled and an additional point for each response
made without a prompt. The maximum score was four. Different questions were used at
each of the two testing sessions.

The second prospective memory task was the Prospective Memory for an Object Task
(PMQT). Thisinvolved remembering to ask for an object when the testing session concluded.
Around a third of the way through the session, participants were asked to hand over a small
persona belonging. They were told that, when the session finished, they were to ask that the
item be returned, and to remember where it was put during the session (it was placed in one of
several available equipment boxes). At the end of the session, it was made clear that the session
was over and the equipment was packed away. If the participant did not ask for theitem during
thistime, they were prompted with the question: “Was there something you were going to ask
for now that we have finished?’ Participants scored one point for remembering to ask for the
object, and another if they remembered the location of the object. They aso received an addi-
tiona point for each response made without a prompt. Again, the maximum score was four.
Note that the PMOT involved alonger time delay than the PMQT.

Results

Our original hope was to document deterioration in cognitive performance across the two
testing sessions separated by a six-month period. However, preliminary analysesindicated
that there were no significant interaction effects involving the variable of testing session.
Consequently, we combined the results from the two sessions.

The main analyses were planned comparisons using one-way ANOVAs. In addition to
traditional tests of significance, the results were interpreted by examining point estimates of
effect size (ES) and their 95% confidence intervals. The Whittington et a. (2000) meta-
analysis (described in the Introduction) highlighted the danger of relying solely on statistical
significance testing when using individual studies to assess the existence of specific cogni-
tive deficits in PD. Small-sample studies often have insufficient power to detect small or
medium effects, which opens the door to Type Il errors. For this reason, in the interpretation
of individual studies, Schmidt (1996) recommends de-emphasizing statistical significance
and focusing instead on ESs, which are likely to provide a more reliable estimate of the true
population effect (Wilkinson et a., 1999). Although greater confidence can be placed in a
result that is statistically significant, results that are only marginally significant should not be
discarded if the size of the effect is reasonable. We use Cohen's (1988) d statistic as a mea-
sure of ES, and adopt his guidelinesfor interpreting this statistic: small: d = .20, medium: d =
.50, large: d =.80. When an ES for a between-group comparison was equal to or greater than
.20, it was judged potentially important, even if the result was only marginally significant.

To provide additiona tests of the relationship between memory and disease severity,
correlations were calculated between scores on the various memory tasks and the Hoehn and
Yahr stage. Correlations were determined with the Pearson product-moment coefficient, r.”

It might be objected that, because the Hoehn and Y ahr scale is not a true interval scale, Pear-
son product-moment correlations could provide misleading results. However, when the equivalent
non-parametric correlations were calculated, the same pattern of results emerged.
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Again, Cohen’ s (1988) conventions were used to interpret the size of the effects: small: r =.10;
medium: r =.30; large: r = .50.

Hypothesis 1

The first hypothesis was that recognition memory would be impaired in PD patients rela-
tive to controls, particularly at the more difficult level of the task. The dependent variable
used to assess this hypothesis was the percentage of correct responses on the NRMT.
Looking first at the easy level of the NRMT, an ANOVA revealed that the combined
early-stage and advanced-stage PD participants had poorer nonverbal recognition abilities
(M =69.21, SD = 9.95) than did the controls (M = 72.73, SD = 8.32), F(1, 80) = 3.03, p = .09,
d = .38 (95% CI = -.06 — .83). This result was only marginally significant. However, the
ES indicated a small-to-medium effect and it is quite possible that the result would have
been significant given a larger sample size. Thus, the result should be judged potentially
important. Clearer evidence was found on the harder level of the NRMT. Again, the com-
bined early-stage and advanced-stage PD participants had poorer performance (M = 62.07,
D = 9.77) than did the controls (M = 66.79, SD = 8.84). However, in this case the result
was significant, F(1, 80) = 5.26, p = .02, d = .51 (95% CI = .06 — .95). Overal, these
results confirm Hypothesis 1. For both levels of difficulty on the NRMT, PD patients per-
formed worse than controls, with small-to-medium deficits on the easy level and medium
deficits on the harder level.

Hypothesis 2

The next two hypotheses dealt with the possible moderating effect of disease severity in
PD-related memory deficits. Hypothesis 2 stated that deficits in recognition memory
would be more pronounced in PD participants with greater disease severity. The depen-
dent variables used to assess this hypothesis were the percentage of correct responses on
the NRMT and the percentage of correct responses on the VRMT. The results are pre-
sented in Table 2. We begin with the nonverbal recognition task. (Note that performance
was above chance for al groups at both levels of difficulty on the NRMT, suggesting that
the difficult level of the task was not unduly difficult.) On the easy level of the NRMT, the
early-stage PD group produced normal performance relative to the control group, F < 1. In
contrast, the advanced-stage PD group were notably impaired on the easy level, with an
ES approaching a large effect, F(1, 59) = 7.58, p = .008, d = .75 (95% Cl = .22 — 1.28). A
different pattern emerged for the harder level of the task: Both the early-stage PD group
and the advanced-stage PD group performed worse than the controls, F(1, 60) = 1.59, p = .21,
d=.34(95% Cl =-.17 — .85), and F(1, 59) = 6.30, p = .02, d = .69 (95% CI = .16 — 1.21),
respectively. The result for the early-stage PD group was not significant, but the ES was
small-to-medium and it can therefore be judged potentially important. In comparison, the
advanced-stage group had a significant, medium-to-large deficit. Thus, for both levels of
the task, the advanced-stage PD group exhibited greater deficits than the early-stage PD
group. Note that the advanced-stage group had medium-to-large deficits regardless of the
level of task difficulty.

A similar pattern of results was found for verbal recognition memory, as mea-
sured by the percentage of correct answers on the VRMT (see Table 2). Both the
early-stage PD group and the advanced-stage PD group were impaired relative to the
control group, F(1, 60) = 2.90, p = .09, d = .45 (-.07 — .96), and F(1,59) =7.93, p =
.007, d = .77 (.19 — 1.24), respectively. The early-stage PD participants exhibited
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Table2
Mean scores on the recognition, recall, and prospective memory tasks for the early-stage
Parkinson’ s disease (early-stage PD) group, the advanced-stage Parkinson’s disease
(advanced-stage PD) group, and the control group

Early-stage PD Advanced-stage

(N=21) PD (N = 20) Control (N =41)
Variable M SD M SD M SD
NRMT Easy (PC% 72.62 6.85 65.62 1151 72.73 8.32
NRMT Hard (PC) 63.90 7.87 60.15 11.32 66.79 8.84
VRMT (PC) 81.57 7.73 79.21 7.23 85.02 7.73
KOLTQ 95.79 15.99 91.80 8.00 104.50 9.73
PMQT 2.84 0.80 2.00 123 3.09 0.88
PMOT 343 0.66 3.18 0.69 3.42 0.66

Note. NRMT = Nonverbal Recognition Memory Task; VRMT = Verba Recognition Memory
Task; KOLTQ = Kendrick Object Learning Task — age-scaled quotients;, PMQT = Prospective
Memory Question Task; PMOT = Prospective Memory Object Task.

8PC = percentage correct.

small-to-medium deficits in verbal recognition, whereas the advanced-stage PD par-
ticipants exhibited medium-to-large deficits. Again, the ANOVA for the early-stage
PD group is only marginally significant, but the ES indicates a potentially important
result. Overall, the planned comparisons for both verbal and nonverbal recognition
memory support Hypothesis 2.

To further evaluate the relationship between recognition memory and disease sever-
ity, correlations were calculated between each of the recognition memory scores and
the Hoehn and Yahr stage. As Table 3 shows, disease stage was negatively correlated
with scores on the NRMT and on the VRMT. Although only the NRMT result was sig-
nificant, the correlations for both recognition memory tasks were small-to-medium

Table3
Zero-order correlations between the Hoehn and Y ahr (H & Y) stage and scores on the rec-
ognition, recall, and prospective memory tasks

H & Y stage
Variable r 95% CI?
NRMTP —.32x -62—-.02
VRMT -2 —-50-.06
KOLTQ -.05 -33-.24
PMQT —.34* -.60—-.08
PMOT -.35* —-.61—-.09

Note. NRMT = Nonverbal Recognition Memory Task; VRMT = Verba Recognition Memory
Task; KOLTQ = Kendrick Object Learning Task — age-scaled quotients; PMQT = Prospective
Memory Question Task; PMOT = Prospective Memory Object Task.

295% confidence interval of r(N = 41). "Averaged across difficulty level.

*p<.05.
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in magnitude, providing further support for Hypothesis 2. Taken together with
the results of the ANOVAs, this provides strong evidence that recognition memory
(both verbal and nonverbal) deteriorates in step with increases in overall disease
severity.

Hypothesis 3

Hypothesis 3 stated that recall memory would be impaired in PD, and that greater
impairment would be associated with greater disease severity. The dependent variable
used to assess this hypothesis was the age-adjusted KOLT score. As Table 2 shows,
both the early-stage PD group and the advanced-stage PD group had significantly
impaired recall relative to the control group, F(1, 60) = 7.11, p=.01,d =.72 (.19 -
1.24), and F(1, 59) = 25.58, p < .001, d = 1.38 (.81 — 1.95), respectively. Furthermore,
as predicted, the impairment was greater in the advanced-stage PD group: Advanced-
stage PD participants had large deficits in recall memory, whereas early-stage PD par-
ticipants had medium-to-large deficits. To further evaluate the relationship between
recall memory and disease severity, a correlation was calculated between the recall
memory scores and the Hoehn and Y ahr stage. Contrary to our expectations, disease
stage was not significantly correlated with scores on the KOLTQ and the ES was neg-
ligible (see Table 3).

Hypothesis 4

The next two hypotheses dealt with prospective memory. Hypothesis 4 stated that pro-
spective memory would be impaired in PD participants relative to healthy controls. For
the PMQT, the combined early-stage and advanced-stage PD participants had signifi-
cantly poorer performance (M = 2.43, SD = 1.10) than did the controls (M = 3.09, SD =
0.88), with the ES indicating a medium effect, F(1, 80) = 9.16, p = .003, d = .67 (95% ClI
= .22 — 1.12).8 In contrast, there was no evidence of a deficit on the PMOT, F < 1. Thus,
there was support for a PD-related deficit in prospective memory, but only on the PMQT.

Hypothesis 5

It isimportant to note, though, that thisresult is qualified by planned comparisons examin-
ing the relationship of disease severity and prospective memory. Hypothesis 5 stated that
deficits in prospective memory would be more pronounced in PD participants with greater
disease severity. Looking first at the PMQT, the advanced-stage PD group were clearly
impaired, asindicated by alarge ES, F(1, 59) = 15.91, p<.001, d = 1.09 (95% Cl = .54 —
1.64). The evidence was less clear in the case of the early-stage PD group. Although rela
tive to the control group they were mildly impaired, the difference was not significant,
F(1, 60) =1.27, p=.26, d = .30 (95% CI = —.21 — .81). Nonetheless, the difference repre-
sented a small ES, and one cannot rule out the possibility that there is a small but genuine
population difference. In any case, it is clear that the advanced-stage PD group exhibited
greater impairment. Turning to the PMOT, the early-stage PD group performed normally
on thistask relative to the control group, F < 1. In contrast, the advanced-stage PD group

8Because of the possibility that the score distribution was skewed given the limited response
range on the prospective memory tasks, we also carried out the equivalent non-parametric tests for
hypotheses related to these tasks. The tests yielded precisely the same pattern of results, justifying
the use of ANOVA for these data.
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showed some signs of impairment, F(1, 59) = 1.76, p = .19, d = .36 (95% CIl =-.15- .88),
a non-significant result but a small-to-medium ES. Thus, for both prospective memory
tasks, the advanced-stage PD participants showed greater evidence of impairment than the
early-stage PD group. To further evaluate the relationship between prospective memory
and disease severity, correlations were calculated between the two prospective memory
task scores and the Hoehn and Y ahr stage. As Table 3 shows, disease stage was negatively
correlated with scores on both the PMQT and the PMOT, with statistically significant,
small-to-medium correlations in both cases. Taken together with the between-group com-
parisons, these results provide support for Hypothesis 5.

Discussion

Severa important conclusions can be drawn from the results of the present study. The
main oneisthat PD involves deficits in various aspects of recall, recognition, and prospec-
tive memory. Although the effect sizes for the deficits in recognition and prospective
memory may not be clinically significant, they may be of theoretical interest, helping to
establish how the central nervous system deteriorates as the disease progresses. The defi-
citsin recognition memory are particularly noteworthy asit iswidely held that recognition
memory remains largely intact in PD (Brown & Marsden, 1988; Emre, 2003; Knight,
1992; Shibuya et al., 2001; Taylor et al., 1988). The finding that early-stage PD partici-
pants had no deficit in recognition at the easy level of the task is also important, as it may
help to explain some of the discrepancies in the literature concerning the existence of def-
icits in recognition memory among PD patients. Another major conclusion of the present
study is that the progression of memory deficits in PD increases in step with the overall
level of disease severity. This was demonstrated by the fact that the advanced-stage PD
group had larger deficits than the early-stage PD group in all memory tasks, and the fact
that scores on most of the memory tasks were negatively correlated with the Hoehn and
Y ahr stage.

Deficitsin Recall, Recognition, and Prospective Memory

The results of the present study reveal aclear pattern of deficitsin recognition, recall, and
prospective memory in PD. These deficits emerged relatively consistently across several
memory tasks. The least surprising finding was the deficit in recall, which isin line with
previous research on this topic (Brown & Marsden, 1990; Cooper et al., 1993; Sahakian
et al., 1988). The present study also confirmed previous research suggesting that thereisa
deficit in prospective memory in PD (Katai, 1999; Katai et al., 2003). Arguably, though,
the most important result of the present study was the deficit in recognition memory. This
finding is consistent with the conclusion of Whittington et a. (2000) that nondemented PD
participants suffer from deficits in recognition memory. However, it contrasts with the
findings of Lees and Smith (1983), Flowers et al. (1984), and Taylor et a. (1986), who
reported that their PD participants did not have impaired recognition memory. How can
we explain these apparently contradictory results?

In the case of the Lees and Smith (1983) study, the contradiction may be explicablein
terms of sample differences. Lees and Smith’s participants were, on average, 10 years
younger than the participants in the present study, had shorter disease duration, and were
more likely to be in earlier stages of PD. This may explain why they found no recognition
memory deficits; after all, the present study found no recognition deficits in the early-
stage PD participants at the easier level of the task. Thus, the findings of Lees and Smith



750 C.J. Whittington et al.

may be consistent with those of the present study. On the other hand, sample differences
cannot account for the conclusions of Flowers et al. (1984) and Taylor et al. (1986). How-
ever, areanaysis of these researchers’ datain terms of ES indicates that their participants
may actualy have had impaired recognition memory, but the studies had inadequate
power to detect the impairment (Whittington et al., 2000). Thus, re-couching the Flowers
et al. (1984) and Taylor et a. (1986) data in terms of ESs brings them into line with the
results of the present study. In short, the present study provides further support for the
view that PD does commonly involve deficits in recognition memory, challenging the
commonly held view that recognition is largely intact whereas recall isimpaired.

Nonetheless, the general trend appears to be that the deficits in recognition are less
severe than those found in recall. According to some theorists, the fact that researchers
consistently find deficits in recall but not in recognition is a product of task difficulty
(Stebbins et a., 1999; Weingartner et al., 1984). Breen (1993) suggested that if recogni-
tion tasks were made more difficult, PD participants would show consistent deficits rela-
tive to controls. The results of the present study are consistent with this view. The early-
stage PD participants did exhibit deficits of an important magnitude (with a medium-to-
large ES), but only at the more difficult level of the nonverbal recognition task. In con-
trast, the advanced-stage PD participants had medium-to-large deficits regardless of diffi-
culty level. It may be that a task must reach a certain threshold of difficulty before it
affects a participant’s performance, and that as the severity of the participant’s condition
increases, this threshold becomes lower. The threshold of the early-stage PD participants
was presumably lower than that of the control group; however, the easy level of the
NRMT task was beneath the threshold and thus the performances of the two groups were
indistinguishable. However, on the more difficult level of the task, the threshold of the
early-stage PD group was reached, and their impairment became apparent. The threshold
of the advanced-stage PD group was presumably lower than that of the early-stage PD
group, and even the easy level of the task was sufficiently taxing to reveal their memory
difficulties.

This finding may shed further light on the discrepancies in the literature concerning
the existence of deficits in recognition memory among PD patients. We have already
argued that many such discrepancies are the result of researchersrelying solely on statisti-
cal significance testing to draw conclusions from underpowered studies. Flowers et al.
(1984) and Taylor et a. (1986) fal into this category. However, the finding that early-
stage PD participants exhibited no deficits at the easy level of the NRMT suggests that, at
least in some cases, the discrepancies may have another explanation. In such cases, the
null finding may be valid, not because recognition memory isintact but because the tasks
used are not sufficiently difficult to reveal the impairment when early-stage PD patients
are used. The Lees and Smith (1983) study fallsinto this category.

To date, there has been little research on how PD might affect prospective memory.
Katai et al. (2003) carried out one of the few studies showing that PD participants have
prospective memory impairments for an event-based task. We found some evidence for a
deficit in both of the event-based tasks we used, at least for cases where PD was more
advanced. The evidence for a deficit in prospective memory was stronger in the case of the
PMQT than the PMOT, perhaps because the former was a more cognitively taxing task.
Unfortunately, though, there is another interpretation of this result. It is possible that no
deficits were found on the PMOT because this task involved participants remembering an
object of their own. In contrast, the PMQT did not involve anything of comparable per-
sonal significance. Future research should seek to replicate our result while eliminating
this potential confound.
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Overdll, the findings of the present study corroborate earlier research suggesting that
patients in the advanced stages of PD have more severe memory deficits than those in the
early stages (Lees & Smith, 1983; Owen et al., 1992; Sahakian et al., 1988; Whittington
et a., 2000). For instance, the advanced-stage PD participants exhibited greater deficits
than did the early-stage PD participants in verbal recognition (medium-to-large vs. small-
to-medium deficits) and in recall (large vs. medium-to-large deficits). Furthermore, the
present study extends previous research by suggesting that prospective memory may also
deteriorate in step with increases in disease severity. The advanced-stage PD participants
exhibited greater deficits than the early-stage PD participants both on the PMQT (large vs.
small deficits) and on the PMOT (small-to-medium vs. no deficits). In addition to the
between-group comparisons, correlational analyses revealed that, with the exception of
the recall task, scores on the memory tests were negatively associated with disease sever-
ity. Overal, then, the progression of deficits in verbal and nonverbal recognition, recall,
and prospective memory appears to relate closely to disease severity.

Future Directions

There are various directions that future research in this area could profitably take. First,
the present study makes it clear that disease severity is an important factor in assessing
cognitive decline in PD. Most studies evaluate the degree of severity in each PD partici-
pant but few go on to analyze the results using severity as an independent variable. Thisis
understandable; after all, even dividing the PD group into just two subgroups can reduce
the power of a study to detect effects. Nonetheless, our study demonstrates that disease
severity can be an important variable in understanding cognitive declinein PD.

Second, almost all PD studies use a control group matched with the PD group for age,
IQ, years of education, and so on. The problem with this simple design is that, although it
certainly allows for conclusions to be made about the effects of PD relative to controls, it
does not allow one to quantify that part of any cognitive decline that is due to aging (see,
e.g., Kausler, 1991). An additional matched control group of young people might help in
ascertaining the true degree of cognitive decline independent of the effects of aging. Fur-
thermore, we believe there is justification for studies comparing PD participants with
older healthy participants. In our own current research, we have been struck by the simi-
larity in performance on recognition, recall, and prospective memory tasks between an
older healthy group, with an average age of 87.7 years, and a PD group. If healthy old age
causes afunctionally equivalent decline in memory types asin PD, then further investiga-
tion will be required to find out whether the same or different parts of the neural systems
underlying these types of memories are affected.

Finally, athough little is known about the rate of memory decline in PD, we had
hoped that an interval of six months would be long enough to show afurther deterioration
in some aspects of memory in the PD participants. It is interesting that this was not the
case. Longitudinal analyses of memory decline in PD, ideally beginning in the earliest
stages of the disorder and ending in the latest stages, are conspicuously absent in the PD
literature, but would be an important contribution to this area.

Conclusion

The major conclusions of the present study are that PD involves deficits in various aspects
of memory, and that these deficits increase in step with increases in overall disease sever-
ity. The present study provides further confirmation that recognition memory is impaired
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in PD, and replicates the recent finding of a PD-related impairment in prospective mem-
ory. The results of the task difficulty manipulation may help to explain why some studies
fail to detect recognition deficits: Some recognition tasks may not be sufficiently chal-
lenging to reveal deficits in early-stage PD patients. Finally, the present study supports
and extends previous research suggesting that patients in the advanced stages of PD have
more severe memory deficits than do those in the early stages (Lees & Smith, 1983; Owen
et a., 1992; Sahakian et al., 1988; Whittington et a., 2000). A general theory of cognitive
dysfunction in PD must take into account not only the fact that deficits in recognition,
recall, and prospective memory can occur in this neurodegenerative disorder, but also that
these deficits may grow with disease severity.
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