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Abstract

The present study investigated prospective memory in patients with Parkinson’s disease (PD) and healthy controls.
In addition, the influence of task importance on participants’ performance was examined. Experimental settings
required participants to focus either on the prospective or the ongoing task. The three main findings are (1) PD
patients performed as well on a prospective memory task as healthy controls when the focus was laid on the
prospective memory task, (2) their prospective memory performance was impaired when the ongoing activity was
stressed, and (3) differences in working memory capacity were related to these differential effects. Results indicate
that PD patients can perform event-based prospective memory tasks to a normal degree if the prospective task
component is prioritized. Data also suggest that a reduced working memory capacity plays an important role

in this process. Findings are discussed in terms of conceptual, methodological, and clinical implications.

(JINS, 2007, 13, 888-892.)
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INTRODUCTION 2000). In line with these findings, PD patients’ memory
deficits have traditionally been attributed to retrieval rather
than encoding difficulties (Higginson et al., 2003), although
some authors (e.g., Higginson et al., 2003; Woods & Troster,
2003) propose that the observed memory impairments result
from executive dysfunction (see, e.g., Muslimovic et al.,
2005, for a different view).

Considering these well-established cognitive deficits in
PD, it seems remarkable that a more complex cognitive
process, which requires both memory recall and executive
functioning, has only recently started to attract attention in
the cognitive neuropsychology of PD—this cognitive pro-
cess is prospective memory (Brandimonte et al., 1996).
Remembering to perform an intended action at a particular
point in the future, that is, prospective memory, is essential
in everyday life because the self-initiated enactment of pre-
viously formed intentions lies at the core of independent
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Individuals with Parkinson’s disease (PD) frequently expe-
rience cognitive decline in various domains (Woods &
Troster, 2003). Several studies indicate a “frontal” impair-
ment in patients with PD, insofar as they are impaired in
executive function tasks such as inhibition, task set switch-
ing, and planning (Lewis et al., 2003; Muslimovic et al.,
2005). Deficits have also been reported with regard to work-
ing memory or attention (Lewis et al., 2003; Muslimovic
et al., 2005). Moreover, individuals with PD evidence ret-
rospective memory problems, showing impaired perfor-
mance on free recall tasks, but spared performance on
recognition and cued recall tasks; this finding contrasts to
patients with Alzheimer’s disease who are impaired in all
three types of retrospective memory task (Whittington et al.,
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are likely to be missed (Einstein et al., 1992). Importantly,
the cognitive components currently assumed to be involved
in prospective memory closely mirror those cognitive func-
tions that are impaired in PD. We will elaborate on this
below.

Conceptually, the similarities and differences of prospec-
tive memory to other memory functions, such as working
memory, are currently under debate (Kliegel et al., 2007).
Whereas some studies indicate that prospective memory in
general requires working memory resources to continu-
ously keep the intention active while being engaged in an
ongoing activity (Smith & Bayen, 2004), others report no
or only weak relations between working and prospective
memory (Martin et al., 2003). These studies assume that
the prospective intention leaves working memory until an
encounter at the relevant moment triggers the retrieval of
the intention and its return to working memory (McDaniel
et al., 2004). Irrespective of its exact mechanisms, there
seems to be a consensus that prospective memory is a sep-
arate and dissociable memory function (Salthouse et al.,
2004); this view is also supported by physiological evi-
dence revealing ERP components (i.e., N300, Prospective
Positivity) that seem to be unique for prospective memory
(e.g., West et al., 2006).

Prospective remembering (e.g., remembering to stop at
the grocery store on the way home to buy meat for dinner),
is currently seen as a multiphase process requiring two essen-
tial components: a retrospective storage component (recal-
ling what it was that had to be purchased at the store) and a
prospective component relying on executive functions, such
as planning (forming and executing the intention to pass by
the store before going home), monitoring for the appropri-
ate moment to initiate the intended action (stop at the store),
inhibition of ongoing activities (driving home), and flexible
switching from ongoing activities to the planned action
(doing the grocery shopping). Hence, successful prospec-
tive remembering requires cognitive functions that seem to
be impaired in individuals with PD. Consequently, a reduced
prospective memory performance in patients with PD in
comparison to controls may be expected.

To the best of our knowledge, only two studies have
experimentally investigated prospective remembering in indi-
viduals with PD. Katai et al. (2003) applied a time- and an
event-based prospective task. Participants were presented
with an ongoing category judgment task. For the event-
based prospective memory task, participants were instructed
to tap the desk whenever the word “cow” or “orange”
appeared in the category judgment task. A total of four pro-
spective memory cues occurred. For the time-based task,
participants were asked to tap the desk after 10 and 15 min.
Katai et al. found that PD patients were only impaired in
the event-based task; these deficits were attributed to dis-
rupted executive control processes, which are necessary for
the self-initiated retrieval of the delayed intention and for
the required switch from the ongoing to the prospective
task. In contrast, PD patients’ time-estimation abilities
appeared to be intact as they were able to solve the time-
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based task successfully. A second study explored the nature
of PD patients’ deficits using a complex multi-intention
prospective memory paradigm, which allows the disentan-
gling of the four phases of prospective remembering; that
is, intention formation, intention retention, intention initia-
tion, and intention execution (Kliegel et al., 2005). Partici-
pants were required to plan and initiate the delayed execution
of six intentions. PD patients displayed difficulties in the
intention formation phase (they developed less elaborate
intentions). Moreover, they more frequently failed to ini-
tiate their complex intention in response to the prospective
target. However, no group differences were observed in ret-
rospectively remembering the self-generated plans and in
the execution of the plan. Kliegel et al. concluded that PD
patients seem to be impaired in prospective memory and
that this deficit may be due to an impairment in the inten-
tion formation component.

The present study was conducted to extend this line of
research by targeting the deficit in event-based prospective
memory using a different task that includes a demanding
ongoing activity (West et al., 2006). Moreover, we explored
a potential mechanism for compensating a prospective mem-
ory deficit that is currently under debate in the cognitive
literature. Specifically, we tested the hypothesis that stress-
ing task importance in the intention formation phase might
improve prospective memory performance. The rationale
for this assumption rests on studies which have shown that
the perceived importance of the prospective memory task
may enhance performance (Kliegel et al., 2001; Sommer-
ville et al., 1983). The mechanism by which importance is
assumed to influence prospective remembering is as fol-
lows: Prospective memory tasks are generally dual task sit-
uations involving the performance of an ongoing task and
the timely switch of attentional resources to an embedded
prospective task (see, e.g., Einstein et al., 1992); as such,
both tasks compete for attentional resources. It has been
suggested that the task which is perceived as more impor-
tant receives more attention and consequently performance
on this task is enhanced (Kliegel et al., 2001). In the present
study, we explored the influence of task importance on per-
formance deficits in PD by applying an event-based pro-
spective memory paradigm that focused either on the ongoing
or the prospective task. We predicted that, if PD patients’
diminished event-based prospective memory performance
is attributable to impaired intention formation, then exter-
nal aids highlighting the importance of the event-based task
provided in the intention formation phase may help to reduce
or even eliminate performance deficits in the delayed initi-
ation of the intention.

METHOD

Participants

Twenty-six adults participated in the current study: 13
patients with PD (M,,, = 60.2 years; SD = 7.4 and
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M gisease duration = 4.81 years; SD = 3.0) and 13 healthy age-
matched controls (HC; M,,. = 62.0 years; SD = 8.6). All
participants were right-handed, had no history of drug or
alcohol abuse, and had not previously been diagnosed with
any other neurological, psychiatric, or cardiovascular dis-
eases. Participants with depression (Beck Depression Inven-
tory > 10) or dementia (Mini-Mental State Examination <
24) were excluded. Seven patients with PD were Hoehn
and Yahr stage 1, four were stage 2, and for two patients no
classification could be obtained. All patients were treated
with a combination of levodopa and pergolide. No patient
exhibited an “on—off” phenomenon and none were taking
any anticholinergic drugs. Patients were taken off antipar-
kinsonian medication at least 12 hr before testing. Impor-
tantly, PD patients in the present study were comparable to
patients in previously conducted studies of prospective mem-
ory with respect to disease duration, Hoehn and Yahr stage,
and medication type.

All participants gave informed consent, and the study
was approved by the local review board. Any human data
included in this manuscript was obtained in compliance
with the Helsinki Declaration. No significant group effects
were observed with regard to education [PD: M = 10.8
years, SD = 2.5; HC: M = 11.5 years, SD = 1.7; F(1,23) =
.86] or premorbid intelligence [PD: M = 114.6, SD = 14.2,;
HC: M =121.2, 8D = 13.1; F(1,24) = 1.49] as assessed by
a verbal ability test (Lehrl et al., 1991).

Procedure and Materials

Several neuropsychological baseline measures were
assessed. As measures for short-term and working memory,
the digit span forward and backward subscales of the Wech-
sler Adult Intelligence Scale (WAIS) were applied. To assess
participants’ tonic and phasic alertness, that is, their readi-
ness to respond, the corresponding subtests of the Test for
Attentional Performance (TAP Alertness, Zimmermann &
Fimm, 2002) were administered. Tonic alertness refers to
the ability to maintain an elevated level of responsiveness
when anticipating a test stimulus; participants were required
to respond as quickly as possible to a cross presented on a
screen. Phasic alertness measures the sudden enhanced atten-
tiveness after presentation of a warning signal (cued reac-
tion) that announces a test stimulus (Plohmann et al., 1998).
Dependent variables were individuals’ reaction times.

For the ongoing activity of the prospective memory task
participants were presented with a two-back verbal work-
ing memory task (see, e.g., West et al., 2006, for a similar
procedure). Consonants (x, y, z were excluded) were dis-
played one by one on a PC-screen for 200 ms with an inter-
stimulus interval of 2500 ms; half were written in upper
case and half in lower case. Participants were asked to decide
whether or not the present stimulus had occurred two stim-
uli ago and indicated their decision by pressing one of two
highlighted buttons on a keyboard. In the course of the task,
51 two-back items (25.5% of 200 stimuli) were presented.
For the prospective memory task, participants were instructed
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to press a third highlighted button when one of six pre-
defined stimuli (M, m, N, n, F, f) appeared. In total, eight
prospective memory cues were presented. Prospective
memory cues and two-back items never occurred at the
same time. Dependent variables were the accuracy of two-
back task performance and the accuracy of prospective
responding.

Task importance was manipulated during the intention
formation phase. In the prospective focus condition, partici-
pants were told that it was more important to do well in the
prospective memory task than in the ongoing n-back task.
In the ongoing focus condition, participants were told that
the ongoing n-back task was more important than the pro-
spective memory task. All participants completed both exper-
imental conditions in counterbalanced order with a 90 min
delay in-between. After receiving adequate instructions, par-
ticipants completed a practice block (50 ongoing task and 2
prospective memory cue items) following which the first
test condition was administered. Each condition consisted
of 200 stimuli, and only participants with correct retrospec-
tive memory for the instructions and stimuli were included
in the analyses.

RESULTS

All effects were significant at the p < .05 level unless other-
wise noted, and effect size is reported as eta-squared (n?).
Multivariate analyses of variance were conducted to eval-
uate group differences in neuropsychological baseline mea-
sures. A significant effect was found only for working
memory (Table 1). With respect to the alertness measures, a
trend toward significance was observed. (As observed by
an anonymous reviewer, patients appeared to show a greater
improvement in reaction times between the phasic and tonic
alertness conditions; however, this difference was not sig-
nificant. Moreover, covarying the difference score in the
prospective memory task analyses did not change the results.)

Repeated measures analyses of variance (ANOVA) were
calculated to evaluate participants’ performance on the ongo-
ing and prospective memory tasks (Table 2). (Further analy-
ses were conducted to detect possible order effects in the
repeated-measures ANOVA. However, no order effects
emerged.) In the ongoing task, a significant main effect of
group was found [F(1,23) = 15.1; p < .01; %> = .40],

Table 1. Differences in working memory and alertness
(tonic and phasic) between patients with PD and controls

PD patients  Controls
M (SD) M (SD) F(1,24) n?
Digit span forward 7.4 (1.9) 7.0 (2.2) 23 .01
Digit span backward 5.5(1.3) 7.3(1.8) 9.17** 28
Tonic alertness 407.3 (260) 262.8 (47) 3.89" .15
Phasic alertness 345.6 (176) 248.6 (37) 3.79* 14

Note. *¥p < .01; Tp < .06.
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Table 2. Prospective memory and ongoing task performance

Prospective

memory task Ongoing task

Prospective  Ongoing Prospective ~ Ongoing
focus focus focus focus
PD patients M (SD) 6.31(1.7) 3.46(3.0) 63.1(18.3) 65.0(16.7)
Controls M (SD) 6.08(1.8) 5.46(1.8) 82.2(79) 81.7(7.1)

indicating a reduced two-back performance in PD patients.
Neither the main effect of task importance [F(1,23) = .08;
12 = .00] nor the interaction between group and task impor-
tance [F(1,23) = .19; n? = .01] were statistically reliable.

Regarding prospective memory performance, a signifi-
cant main effect for task importance was revealed [ F(1,24) =
18.2; p < .01, n*> = .43]; participants showed better pro-
spective memory performance under task conditions stress-
ing prospective memory importance. In addition, a significant
interaction between task importance and group emerged
[F(1,24) = 7.6; p < .01; n? = .24]: in the condition stress-
ing the importance of the prospective memory task, PD
patients’ performance did not differ from that of healthy
controls, whereas their performance was impaired in the
other condition. No significant overall group effect was found
[F(1,24) = 1.4; »*> = .06].

Finally, analyses of covariance were calculated to further
investigate the cognitive processes underlying group differ-
ences in prospective memory. Covariates were variables
that either showed a significant difference between groups
or revealed a trend toward significance. When ongoing two-
back task performance was covaried (mean performance in
both ongoing conditions), the interaction between task impor-
tance and group was no longer significant [ F(1,23) = 3.69;
p >.05; n? = .12] and the effect size was reduced by 50%.
A similar result was obtained when digit span backward
was covaried [F(1,23) = 2.82; p > .05; n*> = .11], an effect
size reduction of 64.2%. The covariation of the two mea-
sures of alertness reduced the size of the interaction effect
t0 29.2%, but it remained significant [tonic: F(1,22) = 4.56;
p < .05 (.044); > = .17; phasic: F(1,22) = 4.38; p < .05
(.048); »*> = .17].

DISCUSSION

The present study is only the second investigation of event-
based prospective memory performance in individuals with
PD. Moreover, the influence of task importance on partici-
pants’ performance was explored for the first time.

The results showed that patients with PD can perform as
well as controls in event-based prospective remembering
when they are asked to concentrate on the prospective task.
Hence, planning and the successful execution of a previ-
ously formed intention can be improved in PD patients when
importance is externally emphasized. This finding is in line
with previous findings which suggest that specific task
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importance manipulations can help boost performance in
general (see Kliegel et al., 2001). Recently, this effect has
been demonstrated to be beneficial in groups showing
impaired prospective memory performance such as adoles-
cents (Wang et al., 2006) and older adults (Kliegel et al.,
2004, April). The beneficial effect of importance observed
in the present study is all the more remarkable when we
consider the complexity of our prospective memory task
compared with that of Katai et al. (2003), whose PD patients
evidenced event-based prospective memory impairments on
a less complex task. Our two-back task can be regarded as
much more demanding than the self-paced category judg-
ment task of Katai et al. (2003), and the eight prospective
stimuli used in the present study place far greater demands
on retrospective memory than the two prospective stimuli
used by Katai et al. (see also Einstein et al., 1992, who
reported that age differences between older and younger
adults only emerged in a task version with four distinct but
not with one single prospective memory targets).

In line with previous studies, PD patients were inferior to
controls in prospective remembering when the ongoing task
was stressed. This finding suggests that PD patients will
(possibly only) differ from control participants in event-
based prospective memory paradigms where the prospec-
tive task component is not highlighted or even down-graded.

Importantly, participants’ ongoing task performance did
not interact with task importance. At first glance, this find-
ing seems contrary to the hypothesis that the importance
effect operates through a trade-off in attentional resources
between prospective memory and the ongoing task. In the
present study, it is possible that this trade-off was present
but not detectable in the accuracy scores we used and unfor-
tunately response times (which may be more sensitive to
this effect) were not recorded. An alternative explanation is
that the importance effect may not operate in the perfor-
mance phase, through redirecting processing resources from
the ongoing task to the prospective memory task; but rather
at the intention formation phase. The intention-superiority
literature (e.g., Goschke & Kuhl, 1993) assumes that inten-
tions are encoded in memory with higher activation than
other to-be-remembered material. In this conceptual frame-
work, the importance effect could be explained by impor-
tance instructions leading to especially high activation of
the prospective cues at the time of encoding (intention for-
mation phase). This way, retrieval of the cues would be
enhanced in the performance phase through increased acti-
vation of the intention without needing to affect ongoing
task performance. These possible alternatives should be
addressed in future studies.

The present pattern of results has important methodolog-
ical implications. While Katai et al. (2003) appear to have
instructed participants to perceive the prospective compo-
nent as an equally important aspect of the entire test pro-
cedure, some cognitive researchers tend to introduce
prospective memory tasks rather casually as a “secondary”
aspect of the test session (for an overview, see Kliegel &
Martin, 2003). The current study demonstrates that the way
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of presenting the prospective memory task will affect out-
come enormously and suggests that the casual introduction
of prospective memory tasks could significantly underesti-
mate PD patients’ prospective memory performance.

Of conceptual relevance is the question of which cogni-
tive processes may be underlying these effects, and the
present study offers some initial evidence with regard to
this question. A first possible process differentiating patients
with PD and controls is their working memory capacity.
The current results revealed a reduced capacity in PD patients
compared with healthy controls, which corroborates previ-
ous findings suggesting that working memory deficits might
underlie PD patients’ impairment in prospective memory
planning (Kliegel et al., 2005). Consistently, covarying work-
ing memory performance (assessed in two distinct ways)
reduced the effect of task importance on prospective mem-
ory performance to a nonsignificant level. Alertness was
tested as a second cognitive processing resource potentially
underlying the group differences observed; however, the
critical interaction remained significant even when covary-
ing for attentional resources.

Clinical implications of these findings suggest that PD
patients are not generally impaired in executing previously
formed intentions. When told that prospective remember-
ing is especially important, they can perform this task as
well as healthy controls, even under demanding conditions.
Therefore, interventions should be targeted toward structur-
ing the daily demands made upon PD patients and helping
to maintain their autonomy by explicitly prioritizing to-be-
performed intentions during the intention formation phase.
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