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Summary. Prospective memory proper (ProMP) is required to bring back 
to awareness previously formed plans and intentions at the right place and 
time, and to enable us to act upon those plans and intentions.  This chapter 
defines ProMP and distinguishes it from other subdomains of prospective 
memory (ProM) such as vigilance/monitoring, reviews previous research 
on and presents the results of a quantitative meta-analysis of age-related 
changes in event-cued ProM, and reports on a new study examining the re-
lations between ProMP, retrospective memory (RetM), processing re-
sources, and sensory abilities (visual and auditory acuity).  The review of 
previous research indicates that both ProMP and vigilance show substan-
tial declines with aging, that age-declines in ProMP are larger than in vigi-
lance/monitoring, and these age declines have been underestimated in a 
large portion of the previous studies due to methodological shortcomings 
such as ceiling-limited scores (ceiling effects) and age confounds in re-
search design.  The new study reveals age-related declines in both visual 
and auditory ProMP that are partially mediated by declines in processing 
resources and sensory abilities.  The combined results highlight the impor-
tance of processing resources and sensory functions in mediating age de-
clines in ProMP and delineate the similarities and differences between 
RetM and ProMP. 
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Introduction 

To bring back to awareness previously formed plans and intentions at the 
right place and time, we rely upon prospective memory (ProM).  A typical 
situation requiring prospective memory is to buy groceries en route home 
from work, as modeled and illustrated in Figure 1.  First, we make a plan 
to get the groceries; second, we go about our daily activities and perform 
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Fig. 1. A task analysis of a typical ProMP situation: A plan to buy groceries en 
route from home. 

various tasks unrelated to our plan; third, we commence the ongoing task 
of driving home.  While driving home, the ProM cue, the supermarket, ap-
pears, and the critical question is whether the cue interrupts the ongoing 
activity and we become aware of its relevance to the previously formed 
plan.  If so, we have succeeded on the defining component of prospective 
memory function: becoming aware of the plan.  The success in performing 
the ProM task now depends on retrospective memory, the ability to recol-
lect what groceries to buy.  Accordingly, when we arrive home, we may 
arrive without the groceries due to either a ProM failure or a retrospective 
memory (RetM) failure (i.e., which groceries to buy).  Alternatively, if 
both ProM and RetM functions succeed, we arrive home with all of the 
groceries (or at least those that the supermarket had in stock!). 

The main goal of this chapter is to examine age-related changes in 
event-cued ProM.  Toward this end, the chapter is divided into three sec-
tions.  The first section defines ProM Proper (ProMP; Graf & Uttl, 2001), 
distinguishes it from RetM as well as from other subdomains of ProM such 
as vigilance and monitoring, highlights the dynamic interplay between the 
ongoing task and the ProM cue, and outlines issues in the assessment of 
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ProM Proper.  The second section reviews previous research on ProM and 
aging from both conceptual and methodological perspectives, and presents 
a meta-analysis of age-related changes in ProM Proper as well as in vigi-
lance/monitoring.  The third section presents new research that investigates 
both age-related changes in visual and auditory ProM Proper, and whether 
age declines in visual and auditory ProM are mediated by declines in proc-
essing resources and sensory functions such as visual and auditory acuity.  

Prospective Memory Proper (ProMP) 

Prospective Memory vs Prospective Memory Tasks 

As demonstrated by the example given earlier, ProM tasks have two com-
ponents: prospective and retrospective (Dobbs & Rule, 1987).  Although it 
is widely recognized that only the prospective component involves pro-
spective memory and that the retrospective component is no different from 
recollecting a list of words (e.g., groceries to buy) upon demand, the ma-
jority of previous studies have confounded the two components into a sin-
gle binary measure of prospective memory task success or failure.  How-
ever, as shown in Figure 1, making inferences about the prospective 
component based on task success or failure data alone is not optimal and 
may even be wrong. 

Following Dobbs and Rule (1987), we have argued that the prospective 
component can be measured more directly (Graf & Uttl, 2001; Uttl, Graf, 
Miller, & Tuokko, 2001).  Participants in our study (Uttl et al., 2001) – 133 
community-dwelling older adults from 65 to 95 years of age – were re-
quired to perform a variety of cognitive tasks.  For one of the ProM tasks, 
participants were told that, in the course of the experiment, when I [the ex-
perimenter] say “this is the end of the task, I would like you to ask for a 
pen and a piece of paper, and then I would like you to write your name on 
the paper.”  Participants then performed various tasks and at the end of one 
the experimenter said, “this is the end of the task.”  Participants indicated 
that they recognized this cue as a sign to perform the ProM task by re-
sponding to it with comments such as “we need to stop here for another 
task” or “oh, there is something I have to do now,” by explaining that they 
have to do something, or by asking for the pen and/or the paper.  These re-
sponses to the cue indexed the ProM component success and were inde-
pendent of the RetM component.  Our results showed similar age-related 
declines in both ProMP and RetM and revealed only a weak relationship 
between the indexes of ProMP and RetM. 
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Subdomains of Prospective Memory  

A quick survey of the research that has been conducted under the umbrella 
of prospective memory reveals that the “prototypical” ProM task encom-
passes such diverse behaviors as preventing a kettle from boiling over, 
monitoring air traffic on a radar screen, buying groceries en route home, 
booking an airline ticket, taking medication at prescribed times, and paying 
bills. 

Although all of these situations involve making a plan and performing 
the plan sometime in the future, the tasks differ in important ways.  For 
some tasks, a plan is maintained in consciousness throughout the retention 
interval (e.g., scanning for airplanes) whereas for other tasks, the plan 
leaves consciousness.  The critical question is whether the ProM cue brings 
the plan back to consciousness (Kvavilashvili, 1998; Mantyla, 1996; Graf 
& Uttl, 2001).  We (Graf & Uttl, 2001) have argued that this difference in 
conscious experiences associated with different prospective memory tasks 
is analogous to the experiences that characterize primary and secondary 
memory (James, 1890).  By analogy to William James (1890), we have 
proposed that prospective memory proper requires that “we are aware of a 
plan, of which meanwhile we have not been thinking, with the additional 
consciousness that we had made the plan earlier” (Graf & Uttl, 2001, p. 
444).  This definition distinguishes ProM Proper from vigilance and moni-
toring, that is, from prospective memory tasks that dominate working 
memory and conscious awareness during the retention interval. 

Moreover, some tasks, such as taking medication at bedtime, are re-
ferred to as habitual ProM tasks (Harris, 1984; Meacham, 1982) and in-
volve the execution of the same plan in response to the same cue many 
times over; other tasks, such as buying groceries, are referred to as epi-
sodic ProM tasks and require the execution of the plan only once.  This 
distinction between habitual and episodic ProM tasks is analogous to the 
distinction between semantic and episodic memory tasks (Graf & Uttl, 
2001). 

Table 1 highlights the correspondence between the subdomains of retro-
spective and prospective memory.  Although these distinctions have been 
recognized in the literature, they are frequently ignored.  Only a careful 
reading and analysis of the method section of an article reveals whether a 
particular study is concerned with ProM Proper rather than with vigi-
lance/monitoring or habitual ProM. 
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Table 1.  The subdomains of retrospective and prospective memory. 

Retrospective memory Prospective memory 
Short-term/Working Memory 
Looking up and dialing phone number 

Vigilance/Monitoring 
Preventing a kettle from boiling over 

Long Term Memory 
Encoding and recollecting past events 

ProM Proper 
Buying groceries en route home 

Semantic Memory 
Knowing facts, things, and procedures 

Habitual ProM 
Taking medication every day 

 

ProM vs Retrospective Memory 

One of the distinguishing features of ProM, as opposed to RetM, is the 
recognizing of cues as signs of previously formed plans when the cues ap-
pear as part of ongoing thoughts, actions, or situations (Craik, 1983, 1986; 
Graf & Uttl, 2001). To illustrate, when driving by the supermarket, no one 
alerts us to pay attention to this cue and no one instructs us that we should 
stop there and get the groceries.  These similarities and differences are 
highlighted in Table 2 (adapted from Graf & Uttl, 2001).  As illustrated, 
the critical difference between ProM and RetM tasks is that for all RetM 
tasks participants are alerted to the cues and instructed to work with them 
in a task-relevant manner.  In contrast, for ProM tasks, participants are not 
alerted to the presence of the cues nor are they reminded to work with 
them in the manner relevant to the previously conceived plan. 

In applying the idea of transfer appropriate processing (TAP; Morris, 
Bransford, & Franks, 1977) to the ProM domain, Meier and Graf (2001) 
highlighted another difference between ProM and RetM. For RetM tasks, 
TAP predicts that RetM test performance depends on the degree of proc-
essing overlap between study and test. In contrast, the ProM tasks allow 
for two kinds of processing transfers: a sequential transfer dependent on 
the overlap between planning stage processing and ongoing task process- 

Table 2.  Properties of Explicit, Implicit, and Prospective Memory test 

 
Type of memory 
test 

Cues provided at 
test 

Participants 
alerted to cues at 

test 

Participants 
alerted to rele-
vance of cues 

Explicit  Yes Yes Yes 
Implicit Yes Yes No 
Prospective Yes No No 
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ing, and a concurrent transfer dependent on the overlap between ongoing 
ongoing task processing and ProM cue processing (see Figure 1; see also 
Maylor, 1996; Darby & Maylor, 1998).  Early studies support TAP both 
for sequential transfer (McDaniel, Robinson-Riegler, & Einstein, 1998) 
and for concurrent transfer (Meier & Graf, 2001); they suggest that the 
TAP principle also applies within the domain of ProM. 

Dynamic Interplay Between ProM Cue and Ongoing Task 

As stated earlier, ProM Proper depends critically on whether the cue inter-
rupts the ongoing activity and whether we become aware of its relevance 
to the previously formed plan.  However, whether the ProM cue manages 
to interrupt the ongoing activity is dependent upon the nature and momen-
tum of the ongoing activity.  Thus, ProM depends on the dynamic interplay 
between the ongoing task demands and the ProM cue properties. 

Research has already identified several properties of ProM cues that 
make them more intrusive, more likely to be noticed, and more likely to in-
terrupt the ongoing task.  These factors include the appearance of the ProM 
cue on center vs off center of ongoing task focus (Uttl & Ohta, 2004), 
ProM cue size (Graf, Uttl, & Dixon, 2002; Uttl & Graf, 2000a), ProM cue 
distinctiveness (Brandimonte & Passolunghi, 1994; Einstein, McDaniel, 
Manzi, Cochran, & Baker, 2000; Graf et al., 2002; Uttl & Graf, 1999), and 
ProM cue novelty (Brandimonte & Passolunghi, 1994; Einstein & McDan-
iel, 1990; McDaniel & Einstein, 1993). 

On the other side of this dynamic equation are the properties and de-
mands of the ongoing task.  First, ongoing tasks vary in the degree to 
which they demand resources and, consequently, they leave more or fewer 
resources for processing of ProM cues.  Moreover, participants may decide 
to allocate more or fewer resources to the ongoing task.  To illustrate, Uttl 
and Graf (2000a) required 111 older participants to perform a resource- 
demanding A/B card sorting task (i.e., ongoing task) on three consecutive 
blocks of trials.  Participants performed the ongoing task alone on the first 
block.  On the second block, they performed the ongoing task while vari-
ous photos of common objects appeared on the computer screen at the 
same time as each to-be-sorted card.  The third critical block of trials was 
the same as the second block except that the ProM cue appeared embedded 
among the photos of objects.  Uttl and Graf found that ProM perform-
ance—stopping the ongoing task when the ProM cue was noticed and rec-
ognized as relevant to the previously formed plan—was strongly related (r 
= -.74) to the difference between speed of A/B card sorting on the third vs 
the first block of trials.  Participants who allocated more resources to the 
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ongoing task performed more poorly on the ProM task and vice versa.  
Other researchers have reported similar negative effects of the ongoing 
task demands on ProM performance using a variety of tasks located closer 
to the vigilance/monitoring end of the prospective memory task continuum 
(e.g., Marsh, Hancock, & Hicks, 2002; Kidder, Park, Hertzog, & Morrell, 
1997; West & Craik, 1999). 

Second, ongoing tasks also vary in the flow of ongoing activities, mak-
ing some tasks easier to interrupt than other tasks.  Graf (2004, also see 
this volume) distinguishes between high vs low ongoing task momentum.  
High momentum tasks are smooth and rapid-flowing with minimal unfilled 
pauses whereas low momentum tasks are slow-moving and include many 
unfilled pauses.  To illustrate, in the study by Uttl and Graf (2000a) dis-
cussed earlier, each decision immediately triggered the appearance of the 
next card and the start of the next trial.  Thus, the flow of the ongoing ac-
tivities was rapid and a strong negative correlation was observed between 
the degree of resource allocation to the ongoing task and ProM Proper.  In 
contrast, Uttl & Graf (2002) used the same A/B card sorting task but par-
ticipants had to wait and watch for the start of the next trial that appeared 
several hundred milliseconds later.  The insertion of these inter-trial pauses 
slowed down the flow of the ongoing task and lowered the correlation be-
tween the index of resource allocation to the ongoing task and ProM per-
formance. 

Assessment of ProM Proper 

Despite a growing interest in ProM, progress has been impeded by a lack 
of valid, reliable, and efficient measures of ProM.  As already noted, most 
of the previous investigations have measured ProM by recording either 
success or failure on ProM tasks, thereby confounding ProM and RetM 
components in a single index of performance.  Moreover, the vast majority 
of prior investigations has indexed ProM performance either by a single 
success/failure trial or by an average of multiple success/failure trials.  The 
principal limitation of single success/failure indexes as measures of any 
ability is that they are inefficient; they provide only a very coarse meas-
urement of underlying abilities, and they frequently are limited by ceiling 
and floor effects.  Unfortunately, the averaging of success/failure data 
across multiple trials to obtain a more finely-graded index of ProM per-
formance is also problematic because repeated responding to ProM cues 
ensures that the ProM plan remains in participants’ consciousness and such 
a summary indexes no longer reflects ProM Proper but rather vigi-
lance/monitoring.  Thus, a critical challenge in the assessment of ProM 
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Proper is to develop and validate multiple measures that gauge ProM inde-
pendently of RetM (see above) and yield continuous indexes of perform-
ance. 

We have recently developed a continuous index of Visual ProM Proper 
based on a simple idea.  Our approach employs ProM cues (pictures) 
whose intrusiveness (i.e., size) increases over time to the point of being 
almost impossible not to notice.  The dependent variable is the cue size 
when participants respond to it.  Specifically, participants are shown a 
ProM cue – a picture of a helicopter or a teddy bear – and they are told to 
stop whatever they are doing when they notice the ProM cue anytime and 
anywhere in the experiment.  In the experiment, participants are engaged 
in an attention-demanding ongoing task, the A/B card-sorting task de-
scribed earlier.  While sorting the cards, pictures of common objects ap-
pear in various sizes in the four corners of the screen and the pictures are 
replaced by different pictures with each key press.  The size of each picture 
is determined randomly from trial to trial within the specified range.  At 
some random point, the ProM cue appears among these pictures.  If a par-
ticipant fails to notice the ProM cue, it appears again a few trials later, but 
this time in a larger size.  The cue grows larger across trials until the par-
ticipant responds to it or until the maximum size is reached.  In a series of 
experiments, we have demonstrated that this method provides a valid and 
reliable index of ProM Proper in both young and older adults (Uttl & Graf, 
1999, 2000a, 2000b, 2000c, 2002; Graf, Uttl, & Dixon, 2002). 

Section Summary 

ProM is divided into subdomains of ProMP, vigilance, and habitual ProM. 
Failure to acknowledge the differences between ProMP, vigilance, and ha-
bitual ProM hinders the interpretation of previous research findings, leads 
to contradictory findings, and likely impedes progress in ProM research.  
Moreover, although it has long been recognized that performance on ProM 
tasks reflects both prospective and retrospective components, one of the 
current challenges in measurement of ProM is to measure the prospective 
component uniquely, eliminating or at least reducing the RetM load on 
ProM task performance.  Another challenge is to replace inefficient binary 
success/failure indexes of ProM with reliable and valid continuous indexes 
of ProM. 
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Age-related Differences in Prospective Memory Proper 

Theoretical Expectations  

In his influential account, Craik (1983) proposed that all memory tasks can 
be arranged on a continuum according to the degree to which they provide 
environmental support (e.g., cues).  Moreover, tasks providing little or no 
environmental support require the greatest amount of subject-initiated 
processing.  By this view, augmented by the assumption that aging results 
in a reduction of processing resources, memory tasks providing little or no 
environmental support would be expected to show the largest age-related 
declines.  Craik's view predicts that, in general, ProM Proper will show 
larger age-related deficits than will explicit episodic RetM because by their 
very nature ProM tasks provide little or no environmental support.  Over-
all, the wealth of accumulated research on RetM supports Craik's theoreti-
cal account, but thus far there has been insufficient research to clarify 
whether ProM Proper is consistent with it.  Previous research has revealed 
age-related declines in ProM Proper in adults 65 years and older (Uttl & 
Graf, 1999; Graf et al., 2002) but it is not yet clear whether such declines 
are larger than in RetM. 

In related theoretical accounts, Pichora-Fuller, Schneider, and Daneman 
(1995) and Schneider and Pichora-Fuller (2000) have argued that age-
related declines in performance on a variety of cognitive tasks may be the 
result of impoverished stimulus representations due to age-related declines 
in sensory functions (Anstey, Stankov, & Lord, 1993; Baltes & Lindenber-
ger, 1997; Lindenberger & Baltes, 1994; Salthouse, Hancock, Meinz, & 
Hambrick, 1996).  By this view, declines in sensory functions (e.g., visual 
acuity, auditory acuity) lead to impoverished or inaccurate representations 
of stimuli, and in turn, the impoverished representations demand more top-
down processing, deplete limited processing resources, and in turn lead to 
degradation in other resource-demanding cognitive processing.  Cast in 
Craik’s (1983) framework, age declines in sensory functioning result in 
less environmental support for older adults and demand more self-initiated 
processing.  Given the age declines in sensory functioning and the neces-
sity for the ProM cue to be noticed and to interrupt the ongoing activity, 
we may expect large age declines on ProM tasks and a strong relation be-
tween sensory functioning and ProM task performance. 

It is also possible, however, that declines in both cognitive and sensory 
functioning are caused by a third factor, such as widespread neural degen-
eration, decrements in the vascular system, or a loss of temporal synchrony 
(Lindenberger & Baltes, 1994; Salthouse et al., 1996).  According to this 
perspective, for example, age-related changes in neuronal matter serving 
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both peripheral and central processing cause declines both in sensory abili-
ties such as visual and auditory acuity and in cognitive abilities such as 
memory and reasoning.  Regardless of which theoretical view ultimately 
prevails, all accounts predict age declines in performance on ProM tasks, 
and all emphasize the relation between sensory functioning and ProM per-
formance.   

Review of Prior Research and Methods 

The starting point for the majority of research on age-related changes in 
prospective memory has been Craik’s (1983) prediction that age effects 
would be particularly large on prospective vs other memory tasks.  Surpris-
ingly, in one of the early attempts to examine Craik’s prediction, Einstein 
and McDaniel (1990) found no age-related deficits in prospective memory 
and proposed that “prospective memory seems to be an exciting exception 
to typically found age-related decrements in memory” (p. 724).  In the 
flurry of studies that have followed their unexpected discovery, Einstein, 
McDaniel, their colleagues and others who adopted Einstein and McDan-
iel’s prospective memory task (Cherry & LeCompte, 1999; Cherry et al., 
2001; Einstein et al., 1995; Kliegel, McDaniel, & Einstein, 2000; McDan-
iel, Einstein, Stout, & Morgan, 2003) continue to find no age-related de-
clines in prospective memory.  Yet other researchers continue to find sub-
stantial age-related declines on ProM Proper as well as on other 
prospective memory tasks (e.g., Uttl & Graf, 1999; Graf et al., 2002; Hup-
pert, Johnson, & Nickson, 2000; Park, Hertzog, Kidder, Morrell, & May-
horn, 1997; Rendell & Craik, 2000; Uttl et al., 2001).  What could account 
for these discrepant findings and contradictory claims? 

Age effects are limited by ceiling effects  

Figure 2 reviews the size of age effects found in various experimental con-
ditions in studies that have investigated age-related differences in event-
cued prospective memory.  This figure shows the magnitude of age de-
clines (i.e., young minus older adults’ performance) as a function of older 
adults’ performance.  The figure highlights that (a) older adults performed 
more poorly than younger adults in the vast majority of conditions, and (b) 
older adults’ performance strongly predicts, in linear fashion, the size of 
age-related declines:  The closer the older adults are to the ceiling, the 
smaller are the age-related declines.  In the extreme, when older adults 
reach maximum scores, age declines are predicted to be zero.  This is not 
because of the lack of age-related decline in any ability, however, but  
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Fig. 2. The size of age declines (i.e., performance of younger minus performance 
of older adults) in prospective memory as a function of older adults’ performance.  
Each data point is based on mean performance of younger and older adults ex-
pressed as proportion correct in one experimental condition.  The figure is based 
on data from 40 published studies with 133 experimental conditions. 

rather because of ceiling effects in performance due to ProM tasks that are 
too easy. 

Figure 2 highlights that ceiling effects in measurement likely reduce 
age-related differences in the majority of studies that have investigated 
age-related changes in ProM and are responsible for at least some of the 
null findings.  Although some researchers acknowledge that their ceiling-
limited data should not be used to make inferences about the lack or size of 
age-related differences in performance (e.g., Maylor, Smith, Della Sala, & 
Logie, 2002; Uttl et al., 2001), others have nevertheless interpreted them as 
indicating that age does not impact the abilities necessary for performance 
on prospective memory tasks.  Such interpretation of ceiling-afflicted data 
is unwarranted. 
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Fig. 3. The cumulative proportion of experimental conditions as a function of 
number of participants in each age group. 

Low statistical power ensures null age effects 

The review of previous research indicates that many studies have used 
such small numbers of participants in various experimental conditions that 
the chance of finding even a large age effect (0.8 SD) has been smaller 
than that of flipping heads on a fair coin.  If we assume that age declines in 
ProM are as large as 0.8 SD, we need at least 26 participants per age group 
to find such a large effect statistically significant 80 times out of 100 
(Cohen, 1988, 1992a, 1992b).  However, the review reveals that experi-
mental conditions rarely have included more than 26 participants per age 
group. 

Figure 3 shows a cumulative proportion of experimental conditions as a 
function of the number of participants in each age group and in each ex-
perimental condition.  This figure shows that more than 70% of all com-
parisons in prior research were based on fewer than 26 participants in each 
of the two age groups, and that a substantial proportion of studies (40%) 
used 16 or fewer participants per group.  Thus, the null effects of age ob-
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served in some of the smaller-sized studies may be due to low statistical 
power.  Any claims that aging does not affect performance on prospective 
memory tasks based on such small sample sizes are not warranted by exist-
ing data. 

Binary success/failure measures are inefficient and imprecise 

To measure an individual’s performance on prospective memory tasks, al-
most all previous investigations of ProM have used either a single suc-
cess/failure trial (with a success scored as 1 and a failure scored as 0) or an 
average across multiple success/failure trials.  As discussed earlier, the 
principal limitation of a single success/failure index as a measure of any 
ability is that it provides only a very coarse measurement of any underly-
ing ability and is unable to measure fine individual differences in relevant 
abilities. 

In the absence of continuous measures of prospective memory, many 
investigators have chosen to present participants with a ProM cue repeat-
edly and to average success/failure data over repeated ProM cue presenta-
tions.  To illustrate, Einstein and McDaniel (1990) presented each partici-
pant with three ProM cues and averaged the three success/failure 
observations to obtain less coarse performance estimates for each partici-
pant.  However, even this measurement gradation, combined with only 12 
participants in each condition, results in large jumps in condition means 
caused entirely by a single participant’s performance: one participant’s 
poor performance could lower the mean proportion in an experimental 
condition by as much as 0.08.   

To obtain a finer gradation in measurement, other investigators have 
presented examinees with as many as 20, 30, or even more ProM cues 
(e.g., Martin, Kliegel, & McDaniel, 2003; McDermott & Knight, 2004; 
Rendell & Craik, 2000; Vogels, Dekker, Brouwer, & de Jong, 2002).  To 
illustrate, Rendell and Craik (2000) engaged participants in a board game 
called “virtual week.”  During the course of the game, participants moved 
a token around the board according to the number shown on a simulated 
die.  Each circuit of the board represented one day and was completed by 
participants in 5 to 10 minutes.  Each “day,” participants were to perform 
ten ProM tasks including four irregular (event-based) tasks.  Accordingly, 
on average, participants were to perform one ProM task every 30 to 60 
seconds.  Similarly, participants in the Martin et al. (2003) study were en-
countering a ProM cue every 120 seconds.  As explained earlier, the diffi-
culty with this approach is that repeated responding to ProM cues ensures 
that the ProM plan remains in participants’ consciousness and that the per-
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formance index no longer reflects ProM Proper but rather vigi-
lance/monitoring. 

Low reliabilities ensure null effects and small effect sizes 

In general, a large measurement error associated with unreliable measures 
increases the variability of observed scores, decreases the likelihood of 
finding statistically-significant effects, and results in smaller variability-
based indexes of effect size. Whereas reliabilities of many standard word 
list memory tests have been established and are generally high, typically 
ranging from 0.70 to 0.80, reliabilities of the various prospective memory 
tasks are mostly unknown.  Only a few studies have attempted to examine 
the reliability of prospective memory scores, and the results of these stud-
ies are not encouraging.  To illustrate, Einstein et al. (1997) found that reli-
ability, assessed by a correlation between two blocks of trials, each based 
on two ProM cue presentations, was only 0.46.  However, this correlation 
was computed using all participants regardless of specific experimental 
conditions and reflects not only the reliability of measurement but also 
large differences in performance among experimental conditions.  The ac-
tual reliability of Einstein and McDaniel’s task is unknown; it may be 
higher, lower, or even the same.  Thus, the extent to which observed scores 
on most of the prospective memory tasks reflect random measurement er-
ror or variability in true abilities is unknown. 

If prospective memory measures are less reliable than retrospective 
memory measures, age-related differences (indeed, differences due to any 
manipulations) in prospective memory will be more difficult to find due to 
larger standard deviations and greater dispersions of observed scores.  
Moreover, the error-inflated variability in observed scores will reduce ef-
fect size indexes based on variability (i.e., d, r, r2, η2, etc.) and underesti-
mate the magnitude of age-related declines in prospective memory.  Fi-
nally, a lack of reliability will underestimate any relation between 
performance on prospective memory tasks and other measures of cogni-
tion, such as indexes of processing resources, measures of frontal func-
tions, and intelligence.  In turn, unknown reliabilities of prospective meas-
ures make many interpretations of the magnitude of age effects (except 
those expressed as a simple difference between two proportions) and 
strengths of relations between prospective memory and other aspects of 
cognition superfluous and any derived theoretical claims questionable. 
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Many studies include age-related confounds 

A number of studies frequently cited as evidence of no age decline in 
ProM have incorporated into their design age-related confounds that most 
likely improve performance of older adults, decrease performance of 
younger adults, and consequently minimize age-related differences on 
ProM tasks (studies with age confounds).  First, many investigators have 
made the ongoing task easier for older adults (e.g., Cherry & LeCompte, 
1999; Cherry et al., 2001; Einstein et al., 1990, 1992, 1995, 2000; McDan-
iel et al., 2003; Reese & Cherry, 2002).  Second, Cherry and LeCompte 
(1999) and Reese and Cherry (2002) compared highly intelligent older 
adults with low intelligence younger adults.  To the extent that intelligence 
is positively related to performance on ProM tasks as observed by these 
authors, any claims about effects of age in these studies are confounded by 
an intelligence difference between the age groups. 

Moreover, several studies have failed to ensure that the experimental 
conditions were the same for both younger and older adults and that 
younger and older adults were comparable on important participant charac-
teristics (studies with other confounds).  In several studies (Cockburn & 
Smith, 1994; Martin et al., 2003; Kliegel et al., 2000), participants were to 
ask for their belonging at the end of the experiment, and different partici-
pants gave experimenters different items.  Mantyla and Nilsson (1997) 
conducted a population-based study of ProM, and inspection of participant 
characteristics reveals that those in their older groups frequently scored 
within the impaired range on the Mini Mental State Examination (MMSE; 
Folstein, Folstein, & McHugh, 1975). 

These age-related confounds are certain to reduce the magnitude of the 
observed age-related declines; failing to recognize such confounds will re-
sult in incorrect conclusions about the size of age-declines (see discussion 
below and Figure 4). 

Age declines are larger on ProM Proper than on vigilance 

Based on the theoretical distinction between ProM Proper and vigi-
lance/monitoring, we might expect larger age effects on tasks indexing 
primarily ProM Proper than on tasks indexing primarily vigi-
lance/monitoring, at least to the extent to which noticing and recognizing 
the relevance of the ProM cue to the previously formed plan requires proc-
essing resources. 

Any quantitative analysis of previous research, however, is complicated 
by severe ceiling effects as well as by other methodological problems al-
ready discussed.  To the extent that ceiling effects are more frequent in 
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Fig. 4. Mean age declines observed in previous research.  The left panel shows the 
mean age decline observed in conditions that incorporated a delay between ProM 
instructions and ProM test phase (Delay) vs conditions that included no such in-
struction-test delay (No-Delay) and did not confound age with other experimental 
or participant variables.  The right panel shows the mean age decline observed in 
conditions that included an instruction-test delay but also included age-related 
confounds benefiting older adults (Delay with age confounds) and conditions that 
included other confounds (Delay with other confounds).  Three means for each 
type of condition are shown:  The first mean includes all age comparisons; the 
second mean includes only conditions where performance of older adults was 
equal to or below 0.70; and the third mean includes only conditions where per-
formance of older adults was equal to or below 0.50. 

studies focusing on either ProM Proper or vigilance/monitoring, the com-
parison of age effects in these two subdomains of ProM may be con-
founded by ceiling-limited scores. 

The left panel of Figure 4 shows the mean age decline observed in con-
ditions that incorporated a delay between ProM instructions and the start of 
the ProM test phase (Delay) vs conditions that included no such instruc-
tion-test delay (No-Delay) and did not confound age with other experimen-
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tal or participant variables.  The Delay group includes conditions that al-
lowed the plan to leave consciousness, and therefore, are the most likely to 
measure ProMP (Cohen et al., 2001; Dobbs & Rule, 1987; Einstein et al., 
1995; Graf et al., 2002; Huppert et al., 2000; Kliegel et al., 2000; Martin et 
al., 2003; Rendell & Craik, 2000; Rendell & Thomson, 1999; Tombaugh et 
al., 1995; Uttl et al., 2001; West, 1988).  The No-Delay group includes 
conditions that most likely measure vigilance/monitoring rather than 
ProMP (Cohen et al., 2003; d’Ydewalle et al., 1999; d’Ydewalle et al., 
2001; Einstein et al., 1997; Kidder et al., 1997; Logie et al., 2004; 
McDermott & Knight, 2004; Mantyla, 1993; Maylor, 1994, 1996, 1998; 
Maylor et al., 2002; Park et al., 1997; Vogels et al., 2002; West et al., 
2003; West & Craik, 2001). 

Figure 4 shows three means for each type of task: the first mean in-
cludes all age-comparisons, the second mean includes only conditions 
where performance of older adults was equal to or below 0.70, and the 
third mean includes only conditions where performance of older adults was 
equal to or below 0.50.  As expected from the analyses shown in Figure 2, 
age declines are larger when condition means are less limited by ceiling ef-
fects, giving age effects a chance to emerge.  More importantly, the figure 
shows that age declines are larger on ProMP than on vigilance, highlight-
ing the distinction between the two ProM subdomains (see also 
Brandimonte, Ferrante, Feresin, and Delbello, 2001). 

The right panel of Figure 4 shows the mean age decline observed in 
conditions that have included an Instruction-Test Phase Delay (i.e., index-
ing primarily ProMP) but have also included age-related confounds bene-
fiting older adults, as well as other confounds (see the earlier section).  As 
expected, age declines are smaller in conditions with age confounds bene-
fiting older adults (Delay w/age confounds) than in Delay (ProMP) condi-
tions.  The mean age declines in Delay with other confounds conditions are 
difficult to interpret for at least two reasons. First, the effect of these con-
founds is unclear and second, only a few conditions are included in this 
group of conditions. 

Section Summary 

In light of the preceding review and the evidence summarized in Figures 2 
and 4, the notion that older adults perform as well as younger adults on 
prospective memory tasks is incorrect.  Rather, the previous research indi-
cates that both ProMP and vigilance show substantial declines with aging, 
and that these declines have been underestimated in a large portion of the 
previous studies due to methodological shortcomings such as ceiling-
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limited scores and age confounds in research design.  Indeed, based on the 
data in Figure 2, one might wish to claim that the strongest predictor of age 
declines is researchers’ ability to avoid ceiling effects in measurement 
(Uttl, in press)! 

Aging and Visual and Auditory Cued ProM Proper 

The previous research on aging and ProMP has focused exclusively on 
visually cued ProMP.  The new study described below examines age-
related changes in both visually and auditorily cued ProMP.  The motiva-
tions for this study were three-fold: (1) to generalize the previous findings 
to a new modality, (2) to examine the notion that age-declines on cognitive 
tasks are related to declines in sensory functions (e.g., Anstey, Stankov, & 
Lord, 1993; Baltes & Lindenberger, 1997) within ProMP domain, and (3) 
to examine predictions about ProMP and aging using a stronger, multivari-
ate design. 

The specific aims were to examine the prediction that ProMP is more 
sensitive to aging then RetM, to determine if age declines in visually and 
auditorily cued ProMP are comparable, to examine the relation between 
sensory functions and ProMP, and to determine the extent to which age 
declines in ProMP can be explained by age declines in sensory functions 
and processing resources.  To examine these questions, the study employed 
a continuous index of Visual ProMP developed in our recent research (Uttl 
& Graf, 1999, 2000a, 2000b, 2000c; Graf et al., 2002) and a newly devel-
oped continuous index of Auditory ProMP (Uttl & Graf, 2002). 

Participants and Design 

Participants were 29 younger (M =19.5 years, range = 18 to 22) and 36 
older (M = 74.1 years, range = 46 to 94) adults.  The younger adults were 
undergraduate student volunteers who participated for course credit.  The 
older adults were volunteers recruited via newspaper advertising and word 
of mouth. 

Table 3 shows the design of the study.  Younger adults participated in 
only one session whereas older adults participated in two sessions sepa-
rated by a one-week delay.  In each session, participants' ProM was as-
sessed once with an Auditory ProMP task and once with a Visual ProMP 
task. 
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Table 3. The study design and the sequence of critical tasks.  Younger adults 
participated in only one session whereas older adults participated in two sessions 
separated by a one-week delay. 

Younger Older 
Session 1 Session 1 
... ... 
ProM Instructions ProM Instructions 
VLT/U VLT/U 
A/B Card Sorting + Auditory ProMP A/B Card Sorting + Auditory ProMP 

... ... 
ProM Instructions ProM Instructions 
... ... 
A/B Card Sorting + Visual ProMP A/B Card Sorting + Visual ProMP 
... ... 

 Session 2 (one week after Session 1) 
 ... 
 ProM Instructions 
 VLT24/RA 
 A/B Card Sorting + Auditory ProMP 
 ... 
 ProM Instructions 
 ... 
 A/B Card Sorting + Visual ProMP 

 

Procedure 

Participants were tested individually as part of a larger study on cognitive 
aging.  Testing took place in a quiet room with ambient noise levels below 
45 dB.  All visual stimuli were presented on a 17-inch Sony Trinitron Flat 
Screen monitor and all auditory stimuli (except pure tones for testing audi-
tory acuity) were presented using a pair of high-quality Yamaha speakers.  
Young participants were tested in a single session lasting about 1.5 hours 
whereas older participants were tested in two 1.5 to 2 hour long sessions 
scheduled one week apart.  The order of critical tasks was fixed as shown 
in Table 3 only the assessment instruments relevant to the present report 
are described below. 

Visually Cued ProMP.  The index employs ProM cues (pictures) 
whose intrusiveness (i.e., size) increases over time to the point of being 
almost impossible not to notice and the dependent variable is the cue size 
when a participant responds to it.  During the ProM instruction phase, 
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Fig. 5. An example of the material displayed for the A/B Card Sorting task and for 
assessing ProM on Visual ProMP.  In the actual experiment, pictures were pre-
sented in color. 

participants are shown the ProM cue and told to stop whatever they are do-
ing when they notice the ProM cue anytime and anywhere during the ex-
periment.  During the ProM test phase, participants are engaged in an at-
tention-demanding ongoing task – sorting cards displayed on a computer 
monitor by pressing either left or right arrow keys.  While sorting the 
cards, pictures of common objects appear in various sizes in the 4 corners 
of the screen; the pictures are replaced by different pictures with each key 
press.  The size of each picture is determined randomly from trial to trial 
within the specified range.  The ProM cue appears at random among these 
pictures.  If a participant fails to notice the ProM cue, it appears again a 
few trials later, but this time in a larger size.  The cue grows larger across 
trials until a participant responds to it or until a maximum size is reached.  
A sample display is shown in Figure 5.  In a series of experiments, we 
have demonstrated that this method provides a valid and reliable index of 
ProM Proper in both young and older adults (Uttl & Graf, 1999, 2000a, 
2000b, 2000c; Graf et al., 2002). 
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Auditorily Cued ProMP.  A newly-developed continuous index of 
Auditory ProMP is based on the same idea: The ProM cues are sounds 
whose intrusiveness (i.e., loudness) increases over time to the point of be-
ing difficult not to notice, and the dependent variable is the cue loudness 
when a participant responds to the cue.  Specifically, participants are 
played a ProM cue – a camera clicking or the sound of a car horn – and are 
told to stop whatever they were doing when they notice the ProM cue any-
time and anywhere during the study.  In the experiment, participants are 
engaged in the same card sorting task used for assessment of Visual ProM 
Proper.  While sorting the cards, digitized natural sounds (e.g., water run-
ning, door bell) are played from the speakers via a SoundBlaster card.  The 
loudness of the sounds is determined at random within the specified range.  
The ProM cue appears at random among these sounds.  If a participant 
fails to respond to the ProM cue, the cue appears again a few trials later, 
but this time louder.  The cue becomes louder across trials until the subject 
detects it or until the maximum loudness is reached.  Preliminary findings 
with undergraduate students showed that this new Auditory ProM Proper 
index is reliable (test-retest reliability r = .81) and only weakly correlated 
with measures of retrospective memory (r < .30), thereby demonstrating 
divergent validity in college students (Uttl & Graf, 2002). 

Explicit RetM.  Explicit RetM was assessed using two verbal learning 
tests (VLT) patterned after the Rey Auditory Verbal Learning Test 
(RAVLT; Rey, 1964; Spreen & Strauss, 1998).  The first VLT included 
lists of 20 unrelated words (VLT/U); the second VLT included lists of 24 
related words selected from four different categories (VLT/R).  Both tests 
were administrated according to the instructions for the RAVLT published 
in Spreen and Strauss (1998) except that only three study-test trials were 
given instead of five. 

Visual Acuity.  Far and Near visual acuity was assessed with standard 
Snellen charts.  Far Visual Acuity (FVA) was measured from a distance of 
3m; Near Visual Acuity (NVA) was measured at reading distance of 40cm.  
All measurements were taken with participants’ presenting optical correc-
tions and converted to LogMar equivalents (Holladay, 1997).  

Auditory Acuity.  Air-conducted auditory pure-tone thresholds (dB) 
were obtained for five different frequencies: 250, 500, 1000, 2000, and 
4000 Hz.   

Processing Capacity. Processing capacity was measured by the A/B 
card sorting task (Uttl, Graf, & Cosentino, 2000). 

Vocabulary.  Participants’ vocabulary knowledge was assessed using a 
shorter version of the North American Adult Reading Test called 
NAART35 (Uttl, 2002) that requires participants to pronounce 35 English 
words with irregular spelling. 
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Fig. 6. Mean cue loudness required for ProMP response on Auditory ProMP (left 
panel) and mean cue size for Visual ProMP (right panel).  Error bars represent one 
standard deviation. 

Results and Discussion 

Two sets of analyses were conducted.  The first set of analyses compares 
performance of younger and older adults (between-groups analyses). The 
second set of analyses focuses on correlational analyses within the older 
adult group that take advantage of more reliable measurement of ProMP 
due to multiple assessments of both Auditory and Visual ProM within the 
older adult group (within older-group analyses). 

Between Group Analyses 

Consistent with extant results from prior RetM research, older adults re-
called fewer words than younger adults on all trials; older adults also re-
called fewer words (M = 6.1, SD = 3.6) than younger adults (M = 8.7, SD = 
2.8) after a 20-minute delay, t(63) = 3.24, p = 0.002.  More importantly, 
Figure 6 shows participants’ performance on the two indexes of ProMP.   

 

0

2

4

6

8

10

12

14

16

18

Younger Older

C
ue

 L
ou

dn
es

s 
(M

ax
 =

 1
9)

0

2

4

6

8

10

12

14

16

18

Younger Older

C
ue

 S
iz

e 
(M

ax
 =

 1
9)



Age-related Changes in Event Cued Prospective Memory Proper      295 

Table 4. Correlations within older adults. 

 

1. 
Age 

 

3. 
FVA 

 

4. 
NVA 

 

5. 
Hear 

 

6. 
Aud 

ProM 

7. 
Vis 

ProM 

8. 
VLT/U 
LDR 

1. Age        
3. FVA 0.29       
4. NVA 0.40 0.57      
5. Hear 0.62 0.29 0.21     
6. Aud. ProM 0.62 0.44 0.33 0.39    
7. Vis. ProM 0.57 0.47 0.31 0.16 0.63   
8. VLT/U LDR -0.47 -0.36 -0.53 -0.42 -0.59 -0.39  
10. CS 0.65 0.40 0.43 0.49 0.61 0.49 -0.52 
Note:  FVA = Far Vision Acuity (logMar); NVA = Near Vision Acuity (logMar); 
Hear = better ear Hearing Level (dB); VLT/U LDR = Verbal Learning Test with 
unrelated words, 20-min. Long Delay Recall (#correct); CS = A/B Card Sorting 
(ms).  Correlations printed in bold are significant with p < 0.05. 
 
Compared to younger adults, older adults required larger cues on the Vis-
ual ProMP tests, t(63) = 3.26, p = 0.002, and louder cues on the Auditory 
ProM test, t(63) = 2.59, p = 0.012. 

Within older-group analyses 

Visual ProMP, Auditory ProMP, RetM, and Aging.  Table 4 shows 
correlations between age, visual and auditory acuity, Visual and Auditory 
ProMP, RetM, and processing resources.  Consistent with well-established 
prior research findings, free recall of unrelated words after a 20-minute de-
lay was negatively correlated with age, r = -.47.  This age-related decline 
in retrospective memory was obtained on all recall trials.  More impor-
tantly, the analyses of ProMP performance revealed strong age-related de-
clines in both Visual and Auditory ProMP, r = 0.57, p < 0.05, and r = 0.62, 
p < 0.05, respectively.  In combination, these findings suggest that age-
related declines on the indexes of ProMP are larger than age-related de-
clines on free recall retrospective memory tests. 

ProMP, RetM, and Processing Resources.  Table 5 shows the results 
of hierarchical regression analyses aimed to elucidate the relative contribu-
tion of processing resources to age declines on ProMP indexes vs RetM. 
The data in the table show that A/B Card Sorting, an index of processing 
resources, explained similar proportions of overall variability in RetM and 
Visual ProMP but a larger proportion of variability in Auditory ProMP.   
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Table 5. Hierarchical regression analyses. 

 Visual 
ProM 

Auditory 
ProM 

RetM 

 ∆ r2 R2 ∆ r2 R2 ∆ r2 R2 

Age only       
Age .32 .32 .39 .39 .23 .23 

       
Resources + Age       
1. A/B Card Sorting .24 .24 .37 .37 .27 .27 
2. Age .11 .35 .09 .46 .03 -- 
       
   % Age 66  77  87  

       
Sensory systems + Age       
1. Vision .23 .23     
2. Hearing -- .23     
    1. Hearing   .16 .16 .17 .17 
    2. Vision   .12 .28 .20 .37 
3. Age .21 .43 .19 .47 .02 -- 
       
   % Age 34  51  91  

Note:  Values printed in bold are significant with p < 0.05. 
 
More importantly, A/B card sorting explained the largest amount of age-
related variability on RetM and smaller amounts on Auditory ProMP and 
Visual ProMP. 

ProM, RetM, and Sensory Functions.  The next set of analyses was 
designed to elucidate the contribution of sensory functioning to perform-
ance on ProM Proper and RetM.  Consistent with extant prior research 
(Botwinick, 1967; Fozard, 1990), the hearing data revealed substantial age-
related declines in pure tone auditory acuity; the tones had to be louder for 
older adults than for younger adults, r = 0.62.  Similarly, the visual acuity 
data showed large age-related declines in both Near and Far Visual Acuity, 
with older adults requiring larger print than younger adults, r = 0.29, and r 
= 0.40, respectively (see Table 4). 

Table 5 shows the results of hierarchical regression analyses aimed at 
determining whether these age-related declines in sensory functions medi-
ated age declines in Visual and Auditory ProMP as well as in RetM.  
These analyses show that although sensory functions explained all or al-
most all age-related variability in RetM, they explained only 34% and 51% 
of age-related variability in Visual ProMP and Auditory ProMP, respec-
tively. 
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Section Summary 

The findings from this study demonstrate that both Visual and Auditory 
ProMP decline with age and suggest that the magnitude of age-related de-
clines in Visual and Auditory ProM Proper are larger than declines in 
RetM.  Although processing resources explain all or almost all age-related 
declines in RetM, they explain only a part of age declines in ProMP.  Simi-
larly, whereas age-related declines in sensory functions account for all or 
almost all of age-related declines in RetM, they account for only 34% of 
age declines in Visual ProM and only about 51% of age declines in Audi-
tory ProM. 

Conclusions 

Graf and Uttl (2001) have argued that ProM is best divided into several 
subdomains, with ProMP, vigilance, and habitual ProM as parallels to epi-
sodic, short-term, and semantic memory in the RetM domain. The quanti-
tative review of prior research shows substantial age-related declines on 
both ProMP and vigilance/monitoring tasks.  Moreover, the review reveals 
more pronounced age declines on ProMP than on vigilance/monitoring 
tasks, supporting the distinction between these two subdomains of ProM 
and illuminating one possible source of confusion regarding the magnitude 
of age-related declines on ProM.  Consistent with the dynamic competition 
for limited processing resources between ProM and ongoing task demands, 
the research review also revealed that age declines were smaller when the 
ongoing task was made easier for older vs younger adults or when studies 
compared much more intelligent older vs younger adults.  These findings 
are similar to those observed in the RetM domain showing that age de-
clines in RetM can be minimized when older vs younger adults are given 
more study time or when more intelligent older adults are compared to less 
intelligent younger adults.  

Perhaps the most striking new finding showed that the best predictor of 
age declines in ProM is researchers’ success in avoiding ceiling effects.  
Of course, this finding tells us little about processes involved in ProM but 
it calls (or should call) our attention to the methods we are using in this 
relatively new research field.  The finding underscores the necessity to de-
velop better methods for assessing ProM. 

The new research findings showed large age-related declines on Visual 
ProMP and extended the previous research by showing large age-related 
declines in Auditory ProMP.  Moreover, similar to the RetM domain, por-
tions of these age declines in ProMP can be explained by processing re-
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sources and by sensory functions.  In contrast to RetM, however, a sub-
stantial portion of age declines in ProMP remains unexplained by process-
ing resources or by sensory functions.  In combination, the review of prior 
research and the new research findings are consistent with Craik’s (1983, 
1986) prediction of substantial age declines on ProMP tasks, and they 
highlight the importance of processing resources and degradation in sen-
sory functions in mediating age declines in ProMP. 

Author Notes 

I thank Christina Newman, Jason Crow, Amy Severson, Sarah Henshaw, 
Luke Deavers, Amber Webb, and John Bacon II for help with data collec-
tion, Amy L. Siegenthaler for careful reading and comments on the manu-
script, and Peter Graf for many insightful and elucidating conversations on 
the topic of prospective memory.  The research was supported by grants to 
Bob Uttl from Oregon State University, USA, and from University of Tsu-
kuba, Japan.  Correspondence may be addressed to Bob Uttl at 
bob.uttl@alfalab.com. 

References 

Anstey, K. J., Stankov, L., & Lord, S. R. (1993).  Primary aging, secondary aging, 
and intelligence.  Psychology and Aging, 8, 562-570. 

Baltes, P. B., & Lindenberger, U. (1997).  Emergence of a powerful connection 
between sensory and cognitive functions across the adult life span:  A new 
window to the study of cognitive aging?  Psychology and Aging, 12, 12-21. 

Botwinick, J. (1967).  Cognitive processes in maturity and old age.  New York: 
Springer. 

Brandimonte, M. A., Ferrante, D., Feresin, C., & Delbello, R. (2001).  Dissociat-
ing prospective memory from vigilance process.  Psicologica, 22, 97-113. 

Brandimonte, M. A., & Passolunghi, M. C. (1994).  The effect of cue-familiarity, 
cue-distinctiveness, and retention interval on prospective remembering.  The 
Quarterly Journal of Experimental Psychology, 47A, 565-587. 

Cherry, K. E., & LeCompte, D. C. (1999). Age and individual differences influ-
ence on prospective memory.  Psychology and Aging, 14, 60-76. 

Cherry, K. E., Martin, R. C., Simmons-D'Gerolamo, S. S., Pinkston, J. B., Giffing, 
A., & Gouvier, W. D. (2001).  Prospective remembering in younger and older 
adults:  Role of the prospective cue.  Memory, 9, 177-193. 

Cockburn, J., & Smith, P. T. (1994).  Anxiety and errors of prospective memory 
among elderly people.  British Journal of Psychology, 85, 273-282. 



Age-related Changes in Event Cued Prospective Memory Proper      299 

Cohen, A.-L., Dixon, R. A., Lindsay, D. S., & Masson, E. J. (2003).  The effect of 
perceptual distinctiveness on the prospective and retrospective components of 
prospective memory in young and old adults.  Canadian Journal  of Experi-
mental Psychology, 57, 274-289.  

Cohen, A.-L., West, R., & Craik, F. I. M. (2001).  Modulation of the prospective 
and retrospective components of memory for intentions in younger and older 
adults.  Aging, Neuropsychology, and Cognition, 8, 1-13.  

Cohen, J. (1988).  Statistical power analysis for the behavioral sciences (2nd ed.).  
New York: Academic Press. 

Cohen, J. (1992a).  A power primer.  Psychological Bulletin, 112, 155-159. 
Cohen, J. (1992b)  Statistical power analysis.  Current Directions in Psychological 

Science, 1, 98-101. 
Craik, F. I. M. (1983).  On the transfer of information from temporary to per-

mananent memory.  Philosophical Transactions of the Royal Society of Lon-
don, B302, 341-359. 

Craik, F. I. M. (1986).  A functional account of age differences in memory.  In F. 
Klix & H. Hagendorf (Eds.), Human memory and cognitive capabilities:  
Mechanisms and performances  (pp. 409-422).  New York:  Elsevier Science. 

Darby, R. J., & Maylor, E. A. (1998, April).  Effects of the relationship between 
background and prospective memory task requirements on age differences in 
prospective memory.  Presented at the Seventh Cognitive Aging Conference, 
Atlanta, GA. 

Dobbs, A. R., & Rule, B. G.  (1987).  Prospective memory and self-reports of 
memory abilities in older adults.  Canadian Journal of Psychology, 41, 209-
222. 

d'Ydewalle, G., Bouckaert, D., & Brunfaut, E. (2001).  Age-related differences 
and complexity of ongoing activities in time- and event-based prospective 
memory.  American Journal of Psychology, 114, 411-423.  

d'Ydewalle, G., Luwel, K., & Brunfaut, E. (1999).  The importance of on-going 
concurrent activities as a function of age in time- and event-based prospective 
memory.  European Journal of Cognitive Psychology, 11, 219-237. 

Einstein, G. O., & McDaniel, M. A. (1990).  Normal aging and prospective mem-
ory. Journal of Experimental Psychology: Learning, Memory, and Cognition, 
16, 717-726. 

Einstein, G. O., Holland, L. J., McDaniel, M. A., & Guynn, M. J. (1992).  Age-
related deficits in prospective memory:  The influence of task complexity.  
Psychology and Aging, 7, 471-478. 

Einstein, G. O., McDaniel, M. A., Manzi, M., Cochran, B., & Baker, M. (2000).  
Prospective memory and aging:  Forgetting intentions over short delays.  Psy-
chology and Aging, 15, 671-683. 

Einstein, G. O., McDaniel, M. A., Richardson, S. L., Guynn, M. J., & Cunfer, A. 
R. (1995).  Aging and prospective memory:  Examining the influences of self-
initiated retrieval processes.  Journal of Experimental Psychology:  Learning, 
Memory, and Cognition, 21, 996-1007. 



300      Uttl 

Einstein, G. O., Smith, R. E., McDaniel, M. A., & Shaw, P. (1997).  Aging and 
prospective memory:  The influence of increased task demands at encoding 
and retrieval.  Psychology and Aging, 12, 479-488. 

Folstein, M., Folstein, S. E., & McHugh, P. R. (1975).  Mini-Mental State: A prac-
tical method for grading the cognitive state of patients for the clinician.  Jour-
nal of Psychiatric Research, 12, 189-198. 

Fozard, J. L. (1990).  Vision and hearing in aging.  In J. E. Birren & W. Schaie 
(Eds.), Handbook of the psychology of aging (3rd ed., Vol. 2, pp. 150-170).  
San Diego: Academic Press.  

Graf, P., & Uttl, B. (2001).  Prospective memory:  A new focus for research.  
Consciousness and Cognition, 10, 437-450. 

Graf, P., Uttl, B., & Dixon, R. (2002).  Pro- and retrospective memory in adult-
hood.  In P. Graf & N. Ohta (Eds.), Lifespan memory development (pp.257-
282).  Cambridge, MA:  MIT Press. 

Graf, P. (2004, March).  Prospective memory: Representations of intentions.  Pa-
per presented at the 5th Tsukuba International Conference on Memory, Tsu-
kuba, Japan. 

Harris, J. E. (1984) Remembering to do things: A forgotten topic.  In J. E. Harris 
& P. E. Morris (Eds.), Everyday memory: Actions and absentmindedness (pp. 
71-92). London: Academic Press. 

Holladay, J. T. (1997).  Proper method for calculating average visual acuity.  
Journal of Refractive Surgery, 13, 388-391. 

Huppert, F. A., Johnson, T., & Nickson, J. (2000).  High prevalence of prospective 
memory impairment in the elderly and in early-stage dementia:  Findings from 
a population-based study.  Applied Cognitive Psychology, 14, S63-S81. 

James, W.  (1890).  Principles of psychology.  New York:  Holt. 
Kidder, D. P., Park, D. C., Hertzog, C., & Morrell, R. (1997).  Prospective mem-

ory and aging:  The effects of working memory and prospective memory task 
load.  Aging, Neuropsychology, and Cognition, 4, 93-112. 

Kliegel, M., McDaniel, M. A., & Einstein, G. O. (2000).  Plan formation, reten-
tion, and execution in prospective memory:  A new approach and age-related 
effects.  Memory & Cognition, 28, 1041-1049. 

Kvavilashvili, L. (1998). Remembering intentions:  Testing a new method of in-
vestigation.  Applied Cognitive Psychology, 12, 533-554. 

Lindenberger, U., & Baltes, P. (1994).  Sensory functioning and intelligence in old 
age:  A strong connection.  Psychology and Aging, 9, 339-355. 

Logie, R. H., Maylor, E. A., Della Sala, S., & Smith, G. (2004).  Working memory 
in event- and time-based prospective memory tasks:  Effects of secondary 
demand and age.  European Journal of Cognitive Psychology, 16, 441-456. 

Mantyla, T. (1993).  Priming effects in prospective memory.  Memory, 1, 203-218. 
Mantyla, T. (1994).  Remembering to remember:  Adult age differences in pro-

spective memory.  Journal of Gerontology: Psychological Sciences, 49, P276-
282. 

Mantyla, T. (1996).  Activating actions and interrupting intentions:  Mechanisms 
of retrieval sensitization in prospective memory.  In M. Brandimonte, G. O. 



Age-related Changes in Event Cued Prospective Memory Proper      301 

Einstein,  & M. A. McDaniel (Eds.), Prospective memory: Theory and appli-
cation (pp. 99-113).  Mahwah, NJ: Erlbaum. 

Mantyla, T., & Nilsson, L-G. (1997).  Remembering to remember in adulthood:  A 
population-based study on aging and prospective memory.  Aging, Neuropsy-
chology, and Cognition, 4, 81-92. 

Martin, M., Kliegel, M., & McDaniel, M. A. (2003).  The involvement of execu-
tive functions in prospective memory performance of adults.  International 
Journal of Psychology, 38, 195-206. 

Marsh, R. L., Hancock, T. W., & Hicks, J. L. (2002).  The demands of an ongoing 
activity influence the success of event-based prospective memory.  Psy-
chonomic Bulletin & Review, 9, 604-610. 

Maylor, E. A. (1993). Aging and forgetting in prospective and retrospective mem-
ory tasks.  Psychology and Aging, 8, 420-428. 

Maylor, E. A. (1996a).  Age-related impairment in an event-based prospective-
memory task.  Psychology and Aging, 11, 74-78. 

Maylor, E.A. (1996b). Does prospective memory change with age? In M. 
Brandimonte, G. O. Einstein, & M. A. McDaniel (Eds.), Prospective memory: 
Theory and application (pp. 173-197).  Mahwah, NJ:  Erlbaum. 

Maylor, E. A. (1998).  Changes in event-based prospective memory across adult-
hood.  Aging, Neuropsychology, and Cognition, 5, 107-128. 

Maylor, E. A., Smith, G., Della Sala, S. D., & Logie, R. H. (2002).  Prospective 
and retrospective memory in normal aging and dementia:  An experimental 
study.  Memory & Cognition, 30, 871-884. 

McDaniel, M. A., Einstein, G. O. (1993).  The importance of cue familiarity and 
cue distinctiveness in prospective memory.  Memory, 1, 23-41. 

McDaniel, M. A., Einstein, G. O., Stout, A. C., & Morgan, Z. (2003).  Aging and 
maintaining intentions over delays:  Do it or lose it.  Psychology and Aging, 
18, 823-835. 

McDaniel, M. A., Robinson-Riegler, B., & Einstein, G. O. (1998).  Prospective 
remembering:  Perceptually driven or conceptually driven?  Memory & Cog-
nition, 26, 121-134. 

McDermott, K., & Knight, R. G. (2004).  The effects of aging on a measure of 
prospective remembering using naturalistic stimuli.  Applied Cognitive Psy-
chology, 18, 349-362.  

Meacham, J. A. (1982).  A note on remembering to execute planned actions.  
Journal of Applied Developmental Psychology, 3, 121-133. 

Meier, B., & Graf, P. (2000).  Transfer appropriate processing for prospective 
memory tests.  Applied Cognitive Psychology, 14, S11-S27. 

Morris, C.D., Bransford, J.D., & Franks, J.J. (1977).  Levels of processing versus 
transfer appropriate processing.  Journal of Verbal Learning and Verbal Be-
havior, 16, 519-533. 

Park, D. C., Hertzog, C., Kidder, D. C., Morrell, R. W., & Mayhorn, C. B. (1997).  
Effect of age on event-based and time-based prospective memory.  Psychol-
ogy and Aging, 12, 314-327. 



302      Uttl 

Pichora-Fuller, M. K., Schneider, B. A., Daneman, M. (1995).  How young and 
old adults listen to and remember speech in noise.  Journal of the Acoustical 
Society of America, 97, 593-608. 

Reese, C. M., & Cherry, K. E. (2002).  The effects of age, ability, and memory 
monitoring on prospective memory task performance.  Aging, Neuropsychol-
ogy, & Cognition, 9, 98-113. 

Rendell, P. G., & Craik, F. I. M. (2000).  Virtual week and actual week:  Age-
related differences in prospective memory.  Applied Cognitive Psychology, 12 
(SI), S43-S62. 

Rendell, P. G., & Thomson, D. M. (1999).  Aging and prospective memory: Dif-
ferences between naturalistic and laboratory tasks.  Journals of Gerontology:  
Psychological Sciences, 54B, P256-P269. 

Rey, A. (1964).  L’examen clininique en psychologie.  Paris: Presses Universi-
taires de France. 

Salthouse, T. A., Hancock, H. E., Meinz, E. J., & Hambrick, D. Z. (1996).  Inter-
relations of age, visual acuity, and cognitive functioning.  Journal of Geron-
tology:  Psychological Sciences, 51B, P317-P330. 

Schneider, B. A., & Pichora-Fuller, M. K. (2000).  Implications of perceptual de-
terioration for cognitive aging research.  In F. I. M. Craik & T. A. Salthouse 
(Eds.), The handbook of cognitive aging (2nd ed., pp. 155-219).  Mahwah, NJ: 
Erlbaum. 

Spreen, O., & Strauss, E. (1998).  A compendium of neuropsychological tests (2nd 
edition). New York: Oxford University Press. 

Tombaugh, T. N., Grandmaison, L. J., & Schmidt, J. P. (1995).  Prospective 
memory:  Relationship to age and retrospective memory in the Learning and 
Memory Battery (LAMB).  The Clinical Neuropsychologist, 9, 135-142. 

Uttl, B. (2002).  North American Adult Reading Test:  Age norms, reliability, and 
validity.  Journal of Clinical and Experimental Neuropsychology, 24, 1123-
1137. 

Uttl, B. (in press).  Measurement of individual differences:  Lessons from memory 
assessment in research and clinical practice.  Psychological Science. 

Uttl, B., & Graf, P. (1999, November).  Pro- and retro-spective memory. Paper 
presented at the annual meeting of the Psychonomic Society, Los Angeles, 
California. 

Uttl, B., & Graf, P. (2000a, July).  Event-cued ProM Proper differences in old 
age.  Paper presented at the 1st International Conference on Prospective Mem-
ory, Hatfield, U.K. 

Uttl, B., & Graf, P. (2000b, July).  Modeling age-related changes in prospective 
and retrospective memory.  Paper presented at the XXVII International Con-
gress of Psychology, Stockholm, Sweden. 

Uttl, B., & Graf, P. (2000c, November).  ProM is a distinct component of memory.  
Paper presented at the annual meeting of the Psychonomic Society, New Or-
leans, LA. 

Uttl, B., & Graf, P. (2002, June). Individual differences, task demands, and re-
source allocation mediate ProM performance.  Paper resented at the annual 



Age-related Changes in Event Cued Prospective Memory Proper      303 

meeting of the Canadian Society for Brain, Behaviour, and Cognitive Science, 
Vancouver, BC, Canada. 

Uttl, B., & Ohta, N. (2004, March).  Cue centrality and repetition enhance event-
cued prospective memory.  Paper presented at the 5th Tsukuba International 
Conference on Memory, Tsukuba, Japan. 

Uttl, B., Graf, P., Miller, J., & Tuokko, H. (2001).  Age-related changes in pro- 
and retro-spective memory.  Consciousness and Cognition, 10, 451-472. 

Uttl, B., Graf, P., & Cosentino, S. (2000).  Exacting assessments:  Do older adults 
fatigue more quickly?  Journal of Clinical and Experimental Neuropsychol-
ogy, 22, 496-507. 

Vogels, W. A., Dekker, M. R., Brouwer, W. H., & de Jong, R. (2002).  Age-
related changes in event-related prospective memory performance: A com-
parison of four prospective memory tasks.  Brain and Cognition, 49, 341-362. 

West, R. L. (1988).  Prospective memory and aging.  In M. M. Gruneberg, P. E. 
Morris, & R. N. Sykes (Eds.), Practical aspects of memory: Current research 
and issues (pp. 119-125).  New York:  John Wiley & Sons. 

West, R., & Covell, E. (2001).  Effects of aging on event-related neural activity re-
lated to prospective memory.  Neuroreport, 12, 2855-2858. 

West, R., & Craik, F. I. M. (1999).  Age-related decline in prospective memory: 
The roles of cue accessibility and cue sensitivity.  Psychology and Aging, 14, 
264-272. 

West, R., & Craik, F. I. M. (1999).  Effects of aging, cover task demands, imme-
diacy of response, and cue characteristics on event-based prospective mem-
ory.  Brain & Cognition, 39, 25-28. 

West, R., & Craik, F. I. M. (2001).  Influences on the efficiency of prospective 
memory in younger and older adults.  Psychology and Aging, 16, 682-696.  

West, R., Herndon, R. W., & Covell, E. (2003).  Neural correlates of age-related 
declines in the formation and realization of delayed intentions.  Psychology 
and Aging, 18, 461-473. 

 



 




