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ABSTRACT

Individuals with-Mild Cognitive Impairment (MCI) often complain of difficulty remembering to carry out intended
actions. We investigated the relative efficacy of a different reminder in performing a time-based Prospective Memory
(PM) task. The PM performance of 24 participants with amnesic Mild Cognitive Impairment (aMCI) has been com-
pared with that of 24 healthy controls. As ongoing task, samples of the Attentive Matrices Test were used. In the PM
task subjects were requested to write an “X” every three minutes during a 9 minutes period. Participants received the
task consisting either in a low demand condition (checking number “5”) or in a high demand condition (checking num-
bers “1”, “4”, “9”). In order to be as punctual as possible, participants were asked to simultaneously write the “X” at
task time expiration, using a digital clock. Time monitoring was recorded. Reminder occurring was manipulated in that
participants could receive critical, accidental or completely absent reminder. As expected, high cognitive demand was
negatively correlated with PM performance and time monitoring. Unexpectedly, all the participants did not benefit from
the critical reminder. These findings demonstrated, from a behavioral perspective, that Working Memory (WM) and

PM processes are not based on the same memory system and PM may require WM resources at high demand.
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1. Introduction

Prospective Memory (PM), defined as memory for ac-
tions to be performed in the future, is one of the most
fundamental aspects of everyday activities that have in-
spired a large numbers of researches [1,2]. In particular,
PM impairments in old age and neurological conditions
such as Mild Cognitive Impairment (MCI) have recently
gained a growing interest, seeing that a successful func-
tioning of PM allows an independent living and pre-
serves autonomy in everyday life [3-7]. PM is a complex
process involving at least four steps: 1) intention forma-
tion—the period during which the future activities are
planned (i.e. what to do and when to do it); 2) intention
retention—the period during which the intention is held
in memory while other activities are occurring (i.e. on-
going task); 3) intention initiation, that is the point at
which the appropriate cue triggers an effortful and con-
trolled search of memory for the intention; 4) intention
execution—when the retrieval context actually occurs
and the action of the intended action is performed [8]. In
time-based prospective tasks the intended action has to
be performed at a specific point in time or when an exact
period of time has elapsed [9]. It is therefore un-
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surprising that many laboratory studies focused their at-
tention on PM time-based tasks that seem crucial for in-
dependent living and more adapted to underlie age-re-
lated PM impairment than event-based tasks [10-11].
According to Craik’s theory [12], time-based execution
is more dependent on self-initiated mental activities, such
as active monitoring in that individuals cannot use exter-
nal cues, as in event-based tasks [13]. Thus, it was dem-
onstrated that young and old people progressively in-
crease their time-monitoring during the critical period
(the last few minutes of the interval) and this behavior
seems to determine a successful performance. The same
time-monitoring pattern was showed by young and
healthy old, even if old participants monitoring was less
frequent than young one [13-14]. Moreover, a similar
pattern of time-monitoring is displayed by people’s suf-
fering from Alzheimer’s disease (AD), although their
clock checking was less consistent than that for control
subjects. Time monitoring could be influenced by the
Intention Superiority Effect (ISE) [15]. Indeed, intentions
seem to be represented in a higher state of subthreshold
activation in memory than other kinds of information
[16-17]. Also, ISE could increase the familiarity of to-be-
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enacted materials during the retention interval and when
the action should be executed [18]. Freeman and Ellis
[19] demonstrated that ISE is noticed in young adults and
healthy old people but not in persons suffering from AD
and persons with a diagnosis of Amnesic Mild Cognitive
Impairment (aMCl), label commonly referred to persons
who exhibit a memory impairment even though do not
fulfill criteria for dementia. Further, healthy old, aMCI
and AD, following the action completion, show a failure
in deactivating action representations. Probably this
represents a general characteristic of old age and not a
specific deficit of MCI or AD. In a typical PM task, re-
tention of the action or retrieval context may fail. This is
the common experience of knowing that you have to do
something but not remembering what it is. Conversely,
retrieval of the delayed intention may occur at inappro-
priate time. According to Einstein and McDaniel [2-8],
these situations refer to the retrospective and prospective
components of a PM task, respectively. Although both
components involve conscious episodic recollection,
only the retrospective component (remembering that and
what to do) is characteristically an episodic memory
function mediated by temporal-limbic systems [20]. The
central executive is assumed to allocate resources for
managing the maintenance of information while tempo-
rarily performing other activities. Consequently, one idea
is that the demands of ongoing activities can usurp re-
sources required by the prospective task, resulting in in-
terference. This hypothesis can be addressed by evaluat-
ing whether cue detection during an ongoing activity
requires processing resources (as in PAM model), or can
be done (almost) automatically (as in multiprocess the-
ory). From a neuropsychological perspective, both PM
and WM are considered executive processes, being lo-
calized in prefrontal regions such as the bilateral rostro-
lateral prefrontal areas, the frontopolar cortex, and the
dorsolateral prefrontal cortex (DLPFC). From the gate-
way theory the role of the rostrolateral prefrontal regions
may be related to both maintenance of intentions and
attentional shift from internal thoughts to external acti-
vating stimuli. In addition, the DLPFC is thought to be
connected to the active maintenance of these actions and/
or to inhibitory processes.

Laboratory-based findings indicate that, for both young
and old participants, more the ongoing task involves work-
ing memory processes, fewer resources would be avail-
able to perform PM task [14-21]. Marsh and Hicks [22]
showed that PM performance is impaired only when
performing an ongoing task requires Central Executive
System processes (CES) [23]. Indeed, CES seems to con-
trol the executive processes, like monitoring, planning
and inhibition, necessary to perform a PM task. In par-
ticular, these processes are essential for enacting time-
based PM activities, where CES should inhibit the ongo-
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ing task allowing time-monitoring. A recent study [24]
aimed to assess whether WM and PM share re- sources or
are, alternatively, two distinct mechanism have used tran-
scranial magnetic stimulation (TMS) showing that WM
and PM processes are partially dissociated and PM ap-
pear not compete for the same resources, except at high
level of WM demand (TMS produced interference effects
on the DLPFC only with higher levels of the WM ongo-
ing task). This finding supports a multi-process view of
prospective memory. At least, the use of external re-
minder is another variable that could improve intention
fulfillment especially in old subject. Actually, reminders
benefit prospective performance only when they are dis-
tinctive, clear and strongly associated to intention [2], not
indiscriminately and accidentally presented [25-26] and
when the ongoing task does not require heavy attentive
resources [27]. Further, Guynn, Einstein and McDaniel
[28] demonstrated that a reminder is effective only if it
refers to target event and action to be performed [29].
Cook, Marsh and Hicks [30] showed that reminder im-
proved prospective execution because it increases time
monitoring that was strongly correlated to PM success.
The present study is aimed at providing evidence of
the relative vulnerability of PM to the cognitive impair-
ment in MCI [31] or, more specifically, amnestic MCI
(aMCl-single or multiple domains). The importance of
aMCl is that progression to AD, or at least to non-spe-
cific dementia, has been reported to occur at a rate of
12% - 15% per year as distinct from 1% - 2% in healthy
adults [6]. We hypothesized that aMCI participants will
be able to perform as controls a time-based PM task us-
ing a reminder that appear immediately preceding the
target time. A great amount of research revealed that PM
performance is strongly influenced by prefrontal cortex
processes [32-35]. Consistent with the heterogeneity of
cognitive abilities implied in the correct fulfillment of
delayed intentions, it is generally agreed that a plurality
of neural networks sustain processes that are critical at
the various stages of a PM task. However, which subre-
gions of the frontal cortical mantle are most involved in
specific subcomponents of a PM task (e. g. maintenance
of intention, etc.) is currently a matter of intense experi-
mental study and theoretical discussion. Moreover, it has
also been frequently suggested that other cortical area (e.
g. the mesio-temporal and parietal lobe [36] and the
subcortical structures (e. g. the thalamus) [37] also are
implied in spontaneous retrieval for PM behaviors as
well as different areas within these systems. Other func-
tional imaging studies and lesions investigations [38-39]
have shown consistent activation in rostral PFC (in Broa-
dman area—BA-10) suggesting a possible role for polar
prefrontal structures supporting in time estimation and in
retrieving an intention to act. Questions related to PM
functioning are interesting not only at the theoretical
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point of the view. Indeed, understanding the functional
and anatomical underpinning of PM could congruently
inform both neuropsychological assessment and reha-
bilitative intervention in affected individuals [40]. Indeed,
the prefrontal cortex seems to support executive func-
tioning required for planning and carrying intention into
action, inhibiting the ongoing activity when a PM cue is
encountered or shifting the attention between external
context and internal thoughts such as maintaining the
intention in a heightened state of activation [41-43]. Thus,
a decline of PM performance would be associated to im-
pairment in executive functioning [44-46]. On the other
hand, the memory system of the medial temporal lobes is
assumed to be essential for retrospective component [47].
In order to examine this issue, in the present research a
neuropsychological battery was applied to aMCI subjects
and normal controls to obtain several measures of cogni-
tive abilities (such as processing speed, inhibitory control,
planning or verbal and visual-spatial memory). We ex-
plored the relationship between prospective functioning
and other cognitive processes correlating neuropsycho-
logical tests with PM performance.

In contrast to the extensive literature on normal aging
and Alzheimer’s disease (AD) [9-10,48-52], only few
investigations of PM concerned MCI subjects [31,53-56].
It was showed that aMCI participants performed signifi-
cantly poorer than healthy controls on all PM tasks sug-
gesting that time-based PM tasks may be sensitive to the
earliest cognitive changes associated with aMCI, possi-
bly reflecting decreased self initiation, attention switch-
ing and/or inhibition on memory tasks due to early in-
volvement of the frontal system whereas. Karantzoulis et
al. [53] study suggested that PM impairment in aMCI is
associated with deficient cue detection processes. These
difficulties are likely due to a combination of proble-
matic retrospective episodic memory (e. g. reduced en-
coding and/or consolidation of cue-intention pairings)
and executive functioning (e. g. decreased self-initiation,
attention switching, and/or inhibition on memory tasks).
Costa et al. [54] results confirmed that PM is severely
impaired in individuals with aMCI and that failure in
both prospective and retrospective components underlies
the PM impairment. Finally, the finding that a deficit in
executive control does not fully account for the PM defi-
cit suggests the involvement of automatic-reflexive pro-
cesses. Seeing that MCI people show deficits either in
tasks requiring heavy attentive and executive resources
[6,53-54,56], and in maintaining active intentions in
memory [19], we anticipated that, when the cognitive
demand of ongoing task increases, amnesic MCI per-
formance will be impaired in a significant manner re-
spect to that of healthy controls. The evidence regarding
the need for cognitive resources is mixed. This is proba-
bly due to the fact that experimental procedure vary
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widely regarding the nature of the ongoing tasks, the way
that cognitive load is manipulated, and the kind of pro-
spective memory task. For example, some studies, in
agree with the monitoring view, showed that dividing
attention leads to worse prospective remembering [57-
59]. PM also suffers if difficulty of an ongoing task is
increased [25]. Thus, we manipulated the ongoing task
cognitive demand in two conditions: 1) low demand con-
dition, in which the ongoing task required the use of
spare attentive resources and; 2) high demand condition,
in which the ongoing task involved more attentive re-
sources. According to findings of Guynn et al. [28], a re-
minder that refers to the target action and the execution
time was used. Subjects could participate in one of three
different reminder occurrences: critical (the reminder ap-
peared a few of seconds before the target time), accident-
tal (it was randomly presented during the ongoing task)
and absent (no reminder). Seeing that time-based PM
performances are improved by contingent reminder [26-
28], the main aim of the present research was to deter-
mine whether in aMCI patients the WM ongoing task
load produce effect on PM task depending on the amount
of the WM load: being stronger at higher demands of
WM, while PM task at lower levels of WM demand were
not affected. The centrality of DLPFC has been sup-
ported by several studies but the relationships between
WM and PN has not produced conclusive data on the
interaction between WM-ongoing task and PM task.
Furthermore, both accuracy with PM task and reaction
times were essential because the ongoing and prospective
tasks are in competition, as participants were asked to
provide a dual-response elucidating the interaction be-
tween ongoing activity and processing of intentions.

The second hypothesis concerned the frequency and
the pattern of time monitoring. According to Harris and
Wilkins’ perspective [12], all the participants should in-
crease their clock checks immediately preceding target
time. Monitoring, as conceptualized in the PM model
[60,61], cannot be completely applied to the time-based
tasks where internal but not external PM cues associated
with planned intention. Specifically, strategic monitoring
is conceptualized to be composed of two independent
mechanisms: retrieval mode and target checking. Re-
trieval mode is a neurocognitive task set to treat either
internal or external stimuli as cues to retrieve intentions;
this is a mechanism based on maintaining the representa-
tion of intention active in memory. In contrast, target
checking is an intermittent mechanism that consists in
monitoring the passage of the time mediated by clock
checking. In time-based tasks the PM cue (i.e. the appro-
priate time) is intrinsically predictable and individuals
are engaged in time monitoring only periodically, as the
occurrence of the PM cue approaches. The strategic
monitoring mechanisms supporting PM were also objects
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of interest for neuroimaging studies. These studies con-
verged in indicating the anterior part of prefrontal cortex
(aPFC, BA-10) as the core brain region in maintaining
active the intention during ongoing activity with a disso-
ciation within aPFC showing the activation of a more
inferior area in the time-based task. A recent investiga-
tion [62] provide the first evidence for the electrophysio-
logical correlates of strategic monitoring. The frontal and
prefrontal distribution of ERP modulation is in line with
the notion that the retrieval mode is mediated by the ac-
tivity in the frontal cortex and also extend the results of
neuroimaging studies suggesting that prefrontal cortex is
involved in maintaining delayed intentions. Furthermore,
it is possible that this frontal activity reflected the en-
gagement of executive resources required for managing
and holding in mind more tasks/goals simultaneously.
Nevertheless, it is unlikely to imagine that this is the only
process related to the ERP modulation. Particularly with
high demanding ongoing tasks, where the cost of man-
aging more tasks concurrently is increased, we cannot
exclude the influence of another process specifically in-
volved in time-based PM, namely the internal time esti-
mation. We expected that time monitoring frequency
would be reduced in high demand condition because of a
non complete availability of executive and attentive re-
sources. In particular, seeing that aMCI are so negatively
influenced in dual-task situations [55,58-59], aMCI par-
ticipants were also expected to show a less frequent clock
checking pattern (reflecting strategic monitoring) and a
decline of performance (i.e. slowing of reaction times
and decrease in accuracy) when an high load ongoing
task is presented.

2. Method
2.1. Subjects

Participants included 24 individuals with aMCI and 24
age- and education-matched healthy controls. The aMClI
participants were recruited from the outpatient memory
clinic (Diagnosis and Care of Cognitive Disorders Unit,
AUSL, Parma, Italy); they were aged between 58 and 82
years (M = 70.54; SD = * 7.13). The Mini-Mental State
Examination (MMSE) and a battery of cognitive func-
tions measures were used to select patients with a diag-
nosis of amnesic MCI or MCI with another impaired
cognitive function more than memory [63]. Adults with
self reported persisted memory problems and MMSE
scores between 20 and 26 were classified as cognitive
impaired. Historical and clinical features were also used
to select patients that have been examined in the last sis
month, without vascular damages or significant anxiety
or depression state, evaluated with The Hospital Anxiety
and Depression Scale (HAD, a score of 8 or more) [64].
Additionally, participants had to be living independently
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in the community. The battery was administered by psy-
chologist and neuropsychiatrist trained and certified for
the instruments administration. The participants had to
demonstrate evidence of Peterson’s [65] criteria for sub-
jective memory complaint, objective memory impair-
ment, normal activities of daily living, and normal gen-
eral cognitive function. Exclusion criteria were: history
of head injury with loss of consciousness for more than
30 min, vascular damages, past or present learning dis-
ability, medical disease, major neurological or psychiat-
ric disorders, significant anxiety or depression state, and
nonnative Italian speaker. All participants (9 men and 15
women) were aMCI. Twenty-four healthy elderly indi-
viduals, matched for age, gender, and years of education,
were recruited from general practitioner’s offices. All
controls subjects performed within the normal range for
their age on all measure in the diagnostic test battery.
The aMCI adults (72.5% female) were individually
matched with controls (M = 68.38; SD = £ 7.86), which
not receive any payment for participating, on gender, age
and years of education. All the subjects of the control
group performed within the normal range for their age on
all measure in the diagnostic test battery. Written in-
formed consent was obtained from all participants. The
aMCI group had a significantly lower score on the
MMSE (p < 0.001) as well as on various measures of
retrospective memory: PM47, Dual-Task, Semantic Flu-
ency, Verbal Fluency, Tower of London, Stroop test
(time and errors), RAVLT (immediate and delayed),
ROCF (immediate and delayed) [66].

2.2. Design

A 2 (Groups) x 3 (Reminder occurrence) x 2 (Cognitive
demand of ongoing task) mixed factorial design with the
last factor within subjects was used. The reminder oc-
currence (critical, accidental or none) varied between
participants and the cognitive demand of ongoing task
(high or low) varied within participants. Every partici-
pant was randomly assigned to each condition.

2.3. Material and Procedure

Subjects participated individually in sessions lasting ap-
proximately 90 minutes after giving informed consent
and providing social-demographic information. Every
participants underwent a neuropsychological battery that
included: Raven’s progressive matrices (PM 47) [67] to
evaluate visual-spatial and logic abilities; Mini-Mental
State Examination [63] to estimate cognitive impairment;
Digit Span forward [63] and back (WAIS) [66] as work-
ing memory index; Dual-task [69] to study executive
functions and the ability to perform simultaneously two
different tasks; Stroop Test [70] to assess attentive capa-
bilities and inhibitory functioning; Tower of London
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[71,72] to evaluate mental planning, problem solving and
procedural memory; phonemic fluency [68] and semantic
fluency [72,73] to assess capabilities to enter vocabulary
by phonemic and semantic categories. At last, we used
Rey Auditory Verbal Learning Test [13] to examine short
and long-term verbal memory and Rey-Osterrieth com-
plex figure [74] used as index of praxis abilities and
memory for visual-spatial material. Neuropsy-chological
battery scores of all participants are showed in Table 1.
To index PM a classical laboratory measure was used
that was based on Einstein and McDaniel [75] paradigm.
As on-going task we used some copies of Attentive Ma-
trices Test [76]. Participants were tested individually under
all testing conditions (see Figure 1). They were told that
we were interested in determining their ability to com-
plete a series of matrices and that a number of ma- trices
copies would individually be presented for a brief period
of time. To control for differences in information process-
ing-speed the number of matrices copies was variable for
the subjective speed to check the numbers but sufficient to
employ the participants throughout nine minutes.
Following the practice trials, participants were given
PM task instructions. With the aim of creating a task that

placed a differential degree on strategic attentive re-
sources, two variables were manipulated: cognitive de-
mand of the ongoing task, and reminder occurrence. At-
tentional cognitive demand was manipulated by varying
the number of action needed to perform in order to de-
termine the appropriate response at the ongoing task.
Cognitive load conditions were counterbalanced. Par-
ticipants were told to keep the instructions in mind and
were asked to repeat back the instructions to ensure their
learning. Subjects were told that we were also interested
in studying their ability to remember to do something in
the future. They were told that they should check number
“5” (in low demand condition) and numbers “1”, “4”
and “9” (in high demand condition) during the all ex-
perimental session (each one is protracted for nine min-
utes). To minimize the demands of the task, the intended
action was held constant. Specifically, participants were
asked to simultaneously mark an X in the back side of
the latest paper of the Attentive Matrices Test, every
three minutes (PM task), verifying the time elapsing on a
digital clock (digital clock checks were recording by the
examiner). The digital clock indicated minutes and sec-

Table 1. Scores obtained at neuropsychological battery for aMCI participants and controls.

N Min Max Average SD N Min Max Average SD
woomom o DR g W g
PM47 24 16 33 2458 4.898 24 17 34 28.71 3.8
MMSE 24 20 30 26.04 2.368 24 25 30 28.12 1.65
Digit Span (forward) 24 4 7 5.17 0.816 24 4 6 4.95 0.80
Digit Span (back) 24 2 4 3.38 0.770 24 2 5 3.62 0.77
Dual-task 24 56 100 83.62 14.004 24 67 120.5 92.82 13.37
Semantic Fluency 24 7 42 28.08 10.337 24 13 50 39.45 8.63
Verbal Fluency 24 11 43 23.71 9.796 24 17 55 30.29 9.23
Tower of London 24 16 33 26.83 4.824 23 24 33 28.9 2.78
Stroop (interference time) 24 7 59 33.10 11.687 24 14 74.5 29.39 13.06
Stroop (interference errors) 24 -1 10 1.88 3.080 24 -0.5 3 0.64 1.09
RAVLT (immediate recall) 24 12 37 23.67 6.545 24 27 59 41.66 8.77
RAVLT (delayed recall) 24 0 8 2.46 2.105 24 3 14 8.5 2.6
ROCF (copy) 22 14 33 26.75 4.61 24 21 35 29.37 3
ROCF (delayed copy) 23 0 31 9.16 7.405 24 5 20 12.40 3.68
Copyright © 2013 SciRes. OJMP
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Figure 1. Representation of the experimental setting.

onds and it was situated beside the participants to make
easier their time checking. The clock’s digital display
was large 5 cm x 2 ¢cm and the exact distance of the clock
was adapted until participants reported that they could
read it. The position of the clock required participants to
turn their heads to monitor the clock (about 90°) and this
allowed experimenter to record the number of times the
participants monitored the clock. It was specified that the
clock did not ring at the target times but the subjects
must monitor time elapsing to their own. In our study, as
the naturalistic task and in order to minimize the likely-
hood of floor effects, the number of prospective re-
sponses was increased (at third, sixth, ninth minute expi-
ration). After the instructions, participants were given the
opportunity to ask questions about the task. When they
had no further questions, they were told that they are
receiving a reminder during the ongoing task, that con-
sisted in a PowerPoint slide, presented by a portable PC,
suggesting the PM task “Remember to write the X every
three minutes” (typeface: capital Arial, dimension: 80).
Participants were not told when the PM cue would ap-
pear. Reminders’ manipulation consisted in their tempo-
ral occurrence: it could be critical, accidental or com-
pletely absent. In the critical occurrence the slide ap-
peared 40 seconds before time expiration (at 2'20" min,
5'20" and 8'20" min, respectively). In the accidental oc-
currence the reminder appeared randomly (during the
high load condition at 1'17" min, 4'56" min, and 7'09"
min while during the low load condition at 48" sec, 4'33"
min and 7'4,0" min, respectively). The slide was accom-
panied by a sound to attract attention on the reminder. At
the end of the instructions, the clock was started, begin-
ning with a display of 0 minutes and 0 seconds. Follow-
ing the PM task it was verified that 100% of individuals
remembered the instruction. At the end of the session,
participants were debriefed.

Copyright © 2013 SciRes.

3. Results
3.1. PM Performance

SPSS Statistical Software (15.0 Version) was used for all
statistical analyses. The considered dependent variables
were: accuracy (frequency of PM correct execution) and
reaction time memory RTs (i.e., the sum of the time
elapsed to write the “X” on the sheet of paper at the time
targets, maximum 180 sec) of PM task and pattern of
time-monitoring. A mixed 2 (Groups) x 3 (Reminder
occurrence) x 2 (Cognitive demand of ongoing task)
analysis of variance (ANOVA) model was used to evalu-
ate the accuracy in the PM task. The effect of Groups
was significant (F (1, 42) = 5.99, p = 0.019, #* = 0.12).
Mean accuracy among each condition revealed less
clock-checks for aMCI participants (see Table 2). The
ANOVA on the mean accuracy of the PM task showed
no significant effects of Reminder occurrence (F (2, 42)
= 1.46, p = 0.245, 4* = 0.06), Cognitive demand (F (1, 42)
= 1.837, p = 0.183, #* = 0.042), Groups x Reminder oc-
currence (F (2, 42) = 0.29, p = 0.748, #* = 0.01), Groups
x Cognitive demand (F (1, 42) = 0.015, p = 0.903, #* =
0.00), Reminder occurrence x Cognitive demand (F (2,
42) = 0.015, p = 0.985, #* = 0.001), and Groups x Re-
minder occurrence x Cognitive demand (F (2, 42) =
0.289, p = 0.715, #* = 0.014).

A mixed 2 (Groups) x 3 (Reminder occurrence) x 2
(Cognitive demand of ongoing task) analysis of variance
(ANOVA) model was used to evaluate the reaction time
in the PM execution. The ANOVA on RTS showed a
significant effect of Group (F (1, 42) = 8.905, p = 0.005,
#? = 0.175), Reminder occurrence (F (2, 42) = 3.938, p =
0.027, »* = 0.158), and Cognitive demand (F (1, 42) =
6.912, p = 0.012, 42 = 0.141). The ANOVA showed no

Table 2. Mean accuracy (standard deviation in parenthesis)
in PM execution are presented separately for different re-
minder occurrence (rows) and cognitive demand in ongoing
load (columns).

Highload ~-OWload
ongoing task ongoing
task

Reminder critical

aMCl occurrence 0.75(1.39) 0.88 (1.36)
Reminder acci-

dental occurrence 150 (1.20) 1.88 (1.25)

Reminder absent 1.00 (1.31) 1.25(1.28)
Reminder critical

Controls occurrence 1.50 (1.41) 1.88 (1.25)
Reminder acci-

dental occurrence 2.13(0.99) 213 (1.13)

Reminder absent 2.00 (1.31) 2.25(0.89)
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significant effects of Group x Reminder occurrence (F (2,
42) = 0.967, p < 0.389, #* = 0.044), Group x Cognitive
demand (F (1, 42) = 0.174, p = 0.678, 5* = 0.004), Re-
minder occurrence x Cognitive demand (F (2, 42) =
0.251, p = 0.779, * = 0.012), and Group x Reminder
occurrence x Cognitive demand (F (2, 42) = 0.163, p =
0.850, #° = 0.008). The post hoc comparisons (Bon-
ferroni) indicated that latency on PM execution with the
critical reminder occurrence (M = 87.53, £ 73.69) dem-
onstrated significantly higher than with the accidental
one (M = 36.38, £ 32.20). Inspection of the means indi-
cated that participants with the high cognitive demand in
the ongoing task (M = 70.83, = 56.74) performing sig-
nificantly worse than those with the low cognitive de-
mand (M = 51.02, + 49.22). Moreover no significant dif-
ferences between the reminder occurrence were found,
both in high and low load cognitive demand of ongoing
task, in controls as in MCI patients (respectively X° =
1.674, p = 0.433; X*= 0.256, p = 0.880 X*= 3.28, p =
0.194; X*=1.95, p = 0.377). Inspection of the means (see
Table 3) shows that the demand effect decreased linearly
(reflecting increasing costs) from the control condition to
the high load ongoing task. In particular, the aMCI par-
ticipants improved their accuracy on the PM task when
the accidental reminder was present in both high (M =
53.00 + 41.32) and low cognitive demand (M = 34.38 +
29.92) conditions. When reminder was absent, aMCI
participants showed a strong effect of interference (M =
103.00 £ 76.66). It is therefore striking that both controls
and aMCI subjects performed equally well on PM task
when directed to use the accidental reminder.

3.2. Associations between PM, Time Monitoring
and Neuropsychological Variables

No significant correlation was found between prospec-
tive memory and neuropsychological battery in controls.
Instead, high demand condition performances in aMCI
was positively correlated with delayed recall of ROCF (r
=0.589, p = 0.006) and immediate recall of RAVLT (r =
0.473, p = 0.035). Good performance in low load condi-
tion was also positively associated to delayed recall of
RAVLT (r=0.467, p = 0.038).

3.3. Time Monitoring

The mean clock checking responses are presented in Ta-
ble 4, and the pattern of time monitoring across all period
is shown in Figures 2 and 3. The dependent variable was
represented by the clock-checking frequencies in the
minute immediately preceding the three time targets. A
mixed 2 (Groups) x 3 (Reminder occurrence) x 2 (Cog-
nitive demand of ongoing task) analysis of variance
(ANOVA) was used. The main effect of Group (F(1, 46)
= 13.202, p < 0.001, * = 0.223), Reminder occurrence
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Table 3. Mean response times (standard deviation in pa-
renthesis) are presented separately for different reminder
occurrence (rows) and cognitive demand in ongoing load
(columns).

High load Low load

ongoing task ongoing task

amc) ~ Reminder —critical o7 55 76 81y 104,00 (82.15)
occurrence

Reminder accidental 53.75 (41.32) 34.38 (29.92)
occurrence

Reminder absent 103.00 (76.66)  76.75 (78.92)

Controls Reminder —critical 2, 55 (7400)  44.88 (62.68)
occurrence

Reminder accidental 32.13 (34.09) 25.25 (23.47)
occurrence

Reminder absent 34.88 (37.52) 20.88 (18.05)

Table 4. Mean clock checking responses (standard deviation
in parenthesis) are presented separately for different Re-
minder occurrence (rows) and cognitive demand in ongoing
load (columns).

Low load
ongoing task

High load
ongoing task

Reminder critical oc-

aMCl 0.63(0.924)  1.29 (1.488)
?:C'L“r?ggze accidental ) o6 (1 g53) 333 (2.239)
Reminder absent 5.96 (4.486) 7.79 (4.736)

Controls?jrn:é?gsr critical 0C- 4 671 6g5)  2.46 (2.216)
Reminder  accidental 5.13 (2.953) 5.08 (2.062)

occurrence

Reminder absent 10.63 (5.852) 11.50 (4.086)

(F (2, 92) = 159.963, p < 0.001, #* = 0.777), Cognitive
demand (F (1, 46) = 14.696, p < 0.001, #* = 0.242) were
confirmed indicating that clock checking was more fre-
quent for the controls, in ongoing task with low load and
without reminder.

The Group x Reminder interaction was significant (#
(2, 92) = 57.323, p < 0.002, 5p* = 0.125) revealing that
the frequency of clock checks in aMCI participants is
different from that of controls participants along the
different reminder occurrences. All comparisons for re-
minder occurrences between groups were significant (ps
< 0.05), as within groups (ps < 0.01). No interaction be-
tween Cognitive demand x Reminder occurrence (F (2,
92) = 1.467, p < 0.236, 7p* = 0.031), and between Group,
Cognitive demand x Reminder occurrence (F (2, 92) =
1.590, p < 0.209, np* = 0.033) achieved significance.
Time-monitoring pattern increased in the minute preced-
ing the target time, both in low and high cognitive de-
mand (“J curve”), even if controls, as expected, were
used to monitor time much more frequently, than aMClI
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Figure 2. Time monitoring of aMCI and controls during the low cognitive demand ongoing task.
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Figure 3. Time monitoring of aMCI and controls during the high cognitive demand ongoing task.

participants. In low load condition the two groups showed
a similar time-monitoring pattern during the whole period,
even if in the latest minute healthy participants seemed to
check the clock more frequently than aMCI. In high load
tasks significant differences were found during the sec-
ond minute: controls time-monitoring progressively in-
creased from the beginning to the end of every time sec-
tion, while aMCI patients maintained a steady frequency
of time-monitoring during the first and second minutes,
improving only in the latest one.

4. Discussion

The present study was designed to explore how the per-
formance in the prospective task might be influenced by
the execution of the ongoing task in aMCI participants
manipulating ongoing load and reminder occurrence. In
particular, we are able to compare performance with a
critical reminder occurrence versus an accidental occur-
rence and a control condition where reminder was absent.
We supposed that critical reminder could improve PM
for aMCI participants particularly when cognitive load of
ongoing task was high because should release subjects
from self-initiated time monitoring and continuous
heightened activation of intention in memory. Con-
versely, we expected that the accidental occurrence did
not influence task execution and that healthy elderly con-
trols would outperform individuals with aMCI, given the
neuropathology affecting polar prefrontal structures su-
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pporting in time estimation and in retrieving an inten-
tion to act. Our findings showed no support to the first
hypothesis in that all the participants did not benefit from
the critical reminder. These findings are likely due to a
combination of impaired retrospective episodic and ex-
ecutive functions. As discussed previously, it is believed
that executive functions, which are involved in the initial
encoding, maintenance and retrieval of intentions, have
an important role in sustaining this PM component. Nev-
ertheless, it was suggested that when the experimental
conditions are such that the characteristics of the ongoing
task promote the processing of the PM cue, the retrieval
of the intention may occur through the activity of reflex-
ive-associative mechanisms with a relatively low demand
on the attentional/executive system. In this case, the abil-
ity to store and maintain the associative link between the
PM cue and the intended intention is crucial to allow the
cue to trigger retrieval of the intention. Probably, in our
experimental situation this is not guaranteed. The ma-
nipulation of WM load on ongoing task was effective for
all participants: decreased performance, in terms RTs in
PM task, was observed when WM load in the ongoing
task was high, particularly for aMCI participants. An
increased WM demand produced increasing RTs of the
PM task, but not affect the accuracy. The second hy-
pothesis concerned the pattern of time monitoring. We
anticipated that clock checking frequency would be re-
duced for aMCI and in high demand condition because of
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a non complete availability of executive and attentive
resources. Data confirmed this hypothesis showing that
the pattern of time-monitoring resulted significantly pre-
vailing in controls than in aMCI patients and that its pat-
tern was not influenced by reminder occurrence or cogni-
tive demand of ongoing task. The marginal number of
correlations between neuropsychological variables and
PM performance for aMCI participants confirmed that
the differences obtained were not due to the encoding of
prospective stimuli, but rather to the experimental ma-
nipulation of the independent variables. It appears that
the cost of an intention affected the PM task by means of
a slower response. These findings are consistent with
previous investigations suggesting a cost of prospective
intentions indicating the dorsolateral prefrontal cortex
(DLPFC) and the anterior part of prefrontal cortex (aPFC,
BA, 10) as the core brain region in maintaining active the
intention during ongoing activity under high demand
conditions. Our data suggest that the modulation of the
WM and PM systems is not symmetrical: when faced
with higher demand of the task, a specific amount of
WM should be devoted to maintain the prospective
stimulus. The two systems do not appear compete for the
same resources, except at higher levels of WM cognitive
load, supporting a multiprocess view of the prospective
memory.

5. Conclusion

The PM functioning of patients with aMCI has also been
recently investigated, possibly because of the suggestion
that PM failure may be a more sensitive neuropsy-
chological marker of intervening dementia than more
traditionally investigated declarative memory deficits.
The findings of our study clearly showed that an inten-
tion affect a concurrent activity under particular condi-
tion such as when demand was high, supporting the idea
of a partial dissociation of WM and PM derived also
from neurofunctional studies. In summary, we can con-
clude that PM is severely impaired in individuals with
aMCI and that failure of both prospective and retrospect-
tive components underlies the PM impairment. Finally,
the finding that a deficit in executive control does not
fully account for the PM deficit suggests the involvement
of automatic-reflexive processes confirming other results
showing the evidence of activation in rostral prefrontal
cortex (BA-10) and lateral and medial cortical areas in
this region likely play differential roles, the former in
keeping an intention active during performance of an
ongoing task, the latter in attending stimuli in the sensory
environment related to the ongoing task or PM perform-
ance. Indeed, this is an important question to answer be-
cause planning an efficient therapeutic approach requires
clarification of the cognitive mechanism involved in the
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PM failure.
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