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Abstract

Objectives: The age-prospective memory paradox states that younger adults perform better than older adults in laboratory tasks, whereas the
opposite has been observed for naturalistic tasks. These terms insufficiently characterize tasks and task settings. We therefore revisited the
age-prospective memory paradox using a newly developed taxonomy to better understand how task characteristics or task settings contribute
to age-related differences in performance.

Methods: \We conducted a meta-analysis of 138 studies, classifying prospective memory tasks according to our newly developed taxonomy.
The taxonomy included 9 categories that considered how close any task or task setting was to daily life.

Results: \When categorizing relevant studies with this taxonomy, we found that older adults did better than younger adults in “close to real-life”
tasks done at home and, particularly, in to-do lists and diary tasks. However, they did worse in “far from real-life” tasks done in naturalistic envi-
ronments or in simulations of real-life tasks in a laboratory.

Discussion: Results of this meta-analysis suggest that the level of abstraction of a task and familiarity with the environment in which the task is
taken can explain some of the differences between the performances of younger and older people. This is relevant for the choice of task settings

and task properties to experimentally address any prospective memory research questions that are being asked.
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Prospective memory is the ability to look ahead in time,
plan when to do what, and then do it (Einstein & McDaniel,
1990; Kliegel et al., 2002). It involves remembering to do
something at a specific time (i.e., time-based), when a spe-
cific event occurs (i.e., event-based), or after a certain activity
has been finished (i.e., activity-based). Prospective memory is
key to living an independent life at all ages (Zuber & Kliegel,
2020). However, the challenges in life may change as people
age. More older people for instance may have health issues
and must remember to take their medication and keep their
health-related appointments. Younger people need to use the
same prospective memory abilities but the challenges they
need to rise to may differ and be more related to their work
environment and family life. Given its relevance for auton-
omy insight into what influences the different aspects of pro-
spective memory function, and how this varies with age, are
key to developing strategies for its preservation and the iden-
tification of differential vulnerabilities with aging.

What matters most is prospective memory functioning
in tasks of daily living. However, the assessment of pro-
spective memory performance experimentally involves

computer-based tasks, tasks that simulate daily living, board
games, observations in daily life, and diaries. These tasks
can more (or less) closely mimic activities of daily living.
Different theoretical frameworks exist to categorize methods
with which prospective memory can be assessed. Phillips et
al. (2008) proposed five categories ranging from low to high
ecological validity. Their categorization considered where the
task took place (i.e., task setting), whether the task was artifi-
cial or natural, and whether it was novel or familiar. Guynn et
al. (2018) distinguished between everyday-life methods (e.g.,
experience sampling and diaries), naturalistic methods (tasks
performed outside a laboratory), laboratory methods (e.g.,
artificial laboratory tasks), and assessments in clinical popula-
tions. Jones et al. (2021) created five categories based on eco-
logical validity from one (self-report/questionnaires) to five
(tasks selected from participants’ daily activities performed
at home). Rummel and Kvavilashvili (2019) proposed a two-
dimensional approach that considered both the ecological
validity of the ongoing task and the prospective memory task.
Using some of these assessments, several studies reported that
younger adults do better in prospective memory tasks in a
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laboratory, whereas older adults do better in naturalistic envi-
ronments. This so-called age-prospective memory paradox
has been confirmed in different meta-analyses (Henry et al.,
2004; Kliegel et al., 2008; Uttl, 2008), which mainly catego-
rized tasks as either “laboratory” or “naturalistic” (Rummel
et al., 2023). It is, however, difficult to categorize paradigms
such as virtual reality tasks or online computer tasks into one
of these categories as they are far from activities of daily liv-
ing, but they can be done in naturalistic environments (Laera,
Hering, et al., 2023). In addition, the terms “laboratory”
and “naturalistic” are somewhat imprecise as they include
computer-based tasks done in naturalistic environments but
also tasks that closely mimic daily living in a laboratory. To
tease apart what exactly leads to worse or better performance
of older adults (i.e., the task, the environment, or both) it is
important to widen the categorization beyond “laboratory”
and “naturalistic.” Hence, a taxonomy is needed that con-
siders the distance between a given task and real-life activity
both for what is done and where. Therefore, we developed a
taxonomy that consists of nine categories. These categories
considered characteristics of the ongoing task, characteristics
of the prospective memory task, and the context in which the
tasks were conducted.

Another factor that influences how much age matters for
differences in performance is the prospective memory task
itself. In event-based tasks, there is usually an external cue that
helps retrieve an intention. However, the amount of attention
that is required to detect external cues while performing other
tasks (i.e., cue focality) matters. The preparatory attention
and memory processes (PAM) model (Smith & Bayen, 2004)
argues that a certain degree of attention is always required
to monitor for cues in the environment (Smith & Bayen,
2004). Age effects then largely depend on declining attention
or working memory capacity. In contrast, the multi-process
theory (McDaniel & Einstein, 2000) postulates that one fac-
tor that influences age differences in event-based performance
is whether strategic or automated processes support retrieval
(McDaniel & Einstein, 2007). Focal event-based tasks, in
which cues are salient and easily detectable, mainly involve
spontaneous or automated retrieval - hence older adults per-
form well. For example, while watching the news, a person
may intend to make a phone call when commercials begin
(focal cue). The focal cue is part of what they do at that
moment (i.e., watching the news), hence, they will remember
with little additional effort. If cues are not salient or cannot
be processed as part of ongoing activities, strategic monitor-
ing is essential (McDaniel & Einstein, 2000). In the above
example, a non-focal cue would be the intention to call some-
one at dusk. This is not part of what they do at that moment
(watching the news) and requires attentional control as it
must be processed in addition to the current activity. Since
older adults’ attentional control often declines, they tend to
perform worse than younger adults in non-focal tasks (Ihle et
al., 2013; Kliegel et al., 2008; Uttl, 2011). It may be different
in activity-based tasks, where an intention is retrieved when
an activity has been finished (Kvavilashvili et al., 2009; Yang
et al., 2013). Age effects tend to be smaller in such tasks as
older adults perform similarly or even better than younger
adults (Kvavilashvili et al., 2009; Yang et al., 2013).

For time-based tasks, the setting where the task takes place
seems to be important for age differences in performance. In a
laboratory, older adults usually perform worse than younger
adults, possibly because no external cues remind them of an

intention (Henry et al., 2004). They must rely on internal
cues, and they are less well able than younger adults to do
so. In naturalistic environments, however, older adults often
perform better than younger adults, for example, when asked
to send text messages to an experimenter at a specific time
(Schnitzspahn et al., 2011). The degree of difficulty of time-
based tasks may vary in terms of involvement of more or fewer
degrees of freedom in using routines, reminders, and links to
environmental cues such as time of day events or time of day
characteristics (e.g., daylight or darkness). Naturalistic time-
based tasks are mostly appointment-like tasks (e.g., sending
a text message to an experimenter). External memory aids
or environmental cues may facilitate retrieval. For example,
when asked to send a text message at 12 p.m., having lunch
at this time may serve as a reminder to send the text message.
Laboratory time-based tasks are usually time-interval tasks
(e.g., press a key every 2 min) and thus provide few or no
time-relevant environmental cues (and external memory aids
are usually not allowed). Hence, they require effortful cogni-
tive processes (Haines et al., 2020; Henry et al., 2021; Marsh
et al., 2006).

Previous studies mostly examined the influence of cue type
(and its focality) on tasks in a laboratory. It is important to
complement insights gained from laboratory tasks with what
happens to task performance outside of a laboratory. This
may help to better understand which cues (or what kind of
task structure) could be helpful for older adults to improve
their prospective memory performance.

The aims of our study were, therefore, to better understand
what drives age differences in prospective memory perfor-
mance and which prospective memory cues help older adults
to perform better. To this end, we conducted a meta-analysis
of studies that assessed prospective memory in younger and
older healthy adults. We hypothesized that younger adults do
better than older adults in “far from real-life” tasks in a labo-
ratory. In contrast, we hypothesize that older adults do better
in tasks that closely mimic real life, regardless of where they
take place. Finally, we expected that certain prospective mem-
ory cue types would be helpful for older adults also outside
of a laboratory.

Material and methods

Search Strategy

We conducted a meta-analysis following PRISMA guidelines
(Moheretal.,2015) and registered the study before data coding
(Open Science Framework pre-registration DOI: https://osf.io/
ew2f9/?view_only=6dd78ea76bb04{65b9550846a3771495).
First, we searched PyscInfo and Pubmed databases for studies
from the earliest available date to the 15th of December 2022.
We used the following search terms: (a) “Prospective mem-
ory” OR “memory for intentions” OR “delayed intention”
OR “intentional memory” OR “future memory,” (b) “aging”
OR “ageing” OR “age,” (c) “old” OR “older” OR “elderly,”
(d) “young” OR ‘younger’, combined with the AND operator.
Second, we screened references from previous meta-analyses
(i.e., Henry et al., 2004; Uttl, 2008, 2011) for relevant studies.
The search yielded 480 results.

Inclusion and Exclusion Criteria

Figure 1 (PRISMA flowchart) provides an overview of the
applied search and screening steps. We included studies if (a)
at least one prospective memory task and/or questionnaire
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Identification of studies
Yy
Studies identified (N = 480)
§ from: Studies removed before screening:
- >
g PSYCINFO (n = 245) Duplicates removed (n = 168)
s PUBMED (n=211)
o Previous meta-analyses (n
=24)
99 studies excluded :
A 4
No PM task (n = 37)
Studies screened (n = 312) P No older and younger group (n = 43)

Screening

A
Full-text studies assessed for

No mean age younger group (n = 2)
Not peer-reviewed (n = 2)
Not an original study (n = 15)

eligibility (n = 213)

A 4

Studies included in this meta-
analysis (N = 138)

75 studies excluded:
No PM task (n= 1)
No older and younger group (n = 13)
Not the same PM task in both age groups (n = 3)
No mean age older group (n = 15)
No mean age younger group (n = 5)
Not peer-reviewed (n = 11)
Not an original study (n = 3)
No control or neutral condition (n = 5)
Not available (n = 3)
Incomplete data (n = 16)

Figure 1. PRISMA flow chart of the current meta-analysis. PM = prospective memory.

was used in younger and older healthy adults, (b) task per-
formance was reported as sum or proportion of correctly
retrieved intentions, prospective memory failures (i.e., forgot-
ten intentions), or as scores for self-reports, (c) the same task
was used in both age groups, (d) older adults were 60 to 75
years old and younger adults 18-40 years, (e) the study was
published in English in a peer-reviewed journal. We excluded
studies if they (a) manipulated any experimental factor or
condition (e.g., motivation, stimulus valence) without pre-
senting control group data, (b) included only clinical popula-
tions, (c) included an intervention, or (d) reported results that
were already considered in another study.

Study Selection

We screened abstracts of 312 studies and excluded 99. Then,
we screened 213 full texts and excluded another 74 (Figure
1). In several studies, data was not reported but could be
obtained by figure digitalization using Digitizelt (version
2.5). This software has been used in a previous meta-analysis
(Laera, Hering, et al., 2023) and values obtained with that
software did not differ from real data (Wojtyniak et al.,
2020). In other cases, we checked whether data were reported
in previous meta-analyses, or we contacted the corresponding
author. If nothing of the above was possible, we excluded the
study (Figure 1). Screening and study selection were done by
NS, MMG, and AC. We calculated inter-rater reliability using
kappa statistics (McHugh, 2012) and found substantial to
almost perfect agreement (Cohen‘s kappa > 0.61; see Table
S1 in Supplementary Material 1; Landis & Koch, 1977).

Taxonomy: Classification of Prospective Memory
Tasks

We developed a taxonomy based on previous studies (Guynn et
al., 2018; Jones et al., 2021; Rummel & Kvavilashvili, 2019).
The taxonomy consisted of nine categories that included
abstract tasks "far from real life" (i.e., computerized tasks) or
tasks very close to daily life (i.e., to-do lists or observational
studies (see Figure 2 and Table 1 for a detailed description).
We then categorized all included prospective memory stud-
ies based on our taxonomy. Whenever possible, we rated the
type and focality of prospective memory cues as focal event-
based, non-focal event-based, time-based, or activity-based. If
no information was provided to categorize focality of the cue,
we rated the task as “event-based unspecified.”

Statistical Analyses

We extracted the task performance of older/younger adults
from each study and calculated Hedges’ g (i.e., estimated
effect sizes that consider each study’s sample size; see
Supplementary Material 1). We then calculated the percent-
age of studies reporting better performance in younger adults
than in older adults (effect size = positive), no difference
between younger and older adults’ task performance (effect
size = zero), or better performance in older adults (effect
size = negative). This gave us a descriptive impression of how
many studies report better/worse task performance in older
adults. Next, to examine whether age differences were pos-
itive, zero, or negative, we used a three-level random effects
model, which accounts for interdependencies (Assink &
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Figure 2. Taxonomy used in this study. Each prospective memory task (and each ongoing task) was classified according to its distance from real life. The
taxonomy included computer-based tasks in a laboratory (1), everyday activities (e.g., a phone call) in a laboratory (2), simulations of daily activities or
board games in a laboratory (3), questionnaires answered in a laboratory (4), computer-based tasks at home (), diaries at home (6), everyday activities
at home (7), to-do lists at home (8), and observations of daily activities at home (9).

Table 1. Taxonomy used in our meta-analysis.

Description

Task properties  Proximity to daily life

Task setting ~ Ongoing task Intention
Far from real-life Laboratory =~ Low-middle Low
Close to real-life  Laboratory ~ Low-middle Middle
Simulation Laboratory ~ Middle Middle
Questionnaire Laboratory  High High
Far from real-life Home/lab Low-middle Low-middle
or simulation
Diary Real-life High High
Close to real-life  Real-life Middle-high Middle
To-do list Real-life High High
Observation Real-life High High

Participants need to do paper-pencil or computer tasks and, simultane-
ously, remember intentions (e.g., press a button). Tasks and intentions
are determined by an experimenter.

Participants need to solve a task or fill-in a questionnaire and to remem-
ber intentions that resemble their daily live (e.g., make a phone call).
Tasks and intentions are determined by an experimenter.

Ongoing and prospective memory task simulate real-life tasks (e.g.,
virtual week task). Tasks and intentions are determined by an experi-
menter.

Participants rate the number of prospective memory failures in their daily
live using questionnaires

Participants perform “far from real-life” tasks or simulations at home.
This includes studies that assessed older adults at home and younger
adults in a lab. Tasks and intentions are determined by an experimenter.

Participants report prospective memory failures retrospectively for each
day (usually in the evening).

Participants need to retrieve intentions that resemble daily live activities
(e.g., make a phone call) during their usual daily activities. Intentions
are determined by an experimenter.

Participant first list intentions for the coming days. Then, they report
which of those intentions were carried out. Activities and intentions are
determined by participants.

Prospective memory failures are observed in daily lives. Participant-
generated activities and intentions.

Wibbelink, 2016; Cheung, 2014). Level 1 contains the par-
ticipants tested in studies, who are nested in individual effect
sizes (level 2), which in turn, were part of several studies
(level 3). Then, we examined whether age differences would
depend on how close any task is to real life by including our
taxonomy as a moderator in the same random effects model.
Finally, we analyzed whether age differences would depend
on prospective memory cue type (and its focality) by includ-
ing this variable as a moderator. In case of a significant main
effect, we first evaluated beta-values to examine in which
category of our taxonomy older adults perform significantly
better (or worse) than younger adults. Second, we conducted
pairwise comparisons (Bonferroni corrected) to determine
whether age differences were particularly pronounced in a
category of our taxonomy. Third, we re-ran the three-level
random effects model for each category of our taxonomy

separately (only for the moderator cue type). For each model,
we de-composed heterogeneity to account for within- and
between-study heterogeneity (1% Cheung, 2014). In addition,
we used Q-statistic (Cochran, 1954) to evaluate whether
heterogeneity was evident or not and I? statistic (Higgins
& Thompson, 2002) to quantify heterogeneity within- and
between studies (Huedo-Medina et al., 2006). If heteroge-
neity was present (i.e., t> > 0, regardless of the results of the
O-test), we provided prediction intervals for the true out-
come (Riley et al., 2011). We performed an outlier analysis
to detect other factors that may account for heterogeneity
within and between studies (Viechtbauer & Cheung, 2010).
If we found outliers, we used sensitivity analysis to examine
the contribution of each outlier to heterogeneity and then
we tested whether these outliers have common characteris-
tics that may explain heterogeneity. Hence, we performed
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additional three-level random-effect models for those outliers
only. To control for publication bias, we used Egger regres-
sion and a funnel plot (Borenstein et al., 2009, Chapter 30).

We used R with Rstudio (version 4.2.1; R Core Team,
2022) and the packages metafor (Viechtbauer, 2010) and meta
(Balduzzi et al., 2019). We considered p < .05 statistically sig-
nificant. Data is available within the Open Science Framework
(Open Science Framework pre-registration DOI: https://osf.io/
ew2f9/?view_only=6dd78ea76bb04f65b9550846a3771493).

Results

We included 138 studies, in which younger adults were on
average 22.7 years old (range 18-35) and older adults were
on average 69.7 years old (range 61-75).

Younger Adults Perform BetterThan Older Adults in
Almost 80% of Studies

We included k=301 effect sizes from 138 studies (see
Supplementary Material 2 for an overview of the included
studies). The effect sizes ranged from -1.52 to 4.83 (Figure
3). 78.7% of them were positive, indicating better task per-
formance in younger adults. 1.7% of them were zero, indi-
cating similar performance of older and younger adults.
19.6% of them were negative, indicating better task perfor-
mance in older adults. The pooled effect size (i.e., g = 0.615;
95% ClI: 0.497-0.733) was significantly different from zero
(z=10.29, p <.001) which indicates better task performance
in younger adults (Figure 3). Effect sizes were highly heteroge-
neous (Q ;. =2812.05, p <.001), particularly within-studies
(t2=0.363, I? = 54.65 %), whereas between-studies hetero-
geneity was moderate (72 =0.238, I?=35.73%). The 95%
prediction interval for the true outcome (-0.922 to 2.152)
included 0. Hence, it cannot be expected in future studies that
younger adults perform better than older adults. Egger statis-
tic was significant (z = 4.347, p <.001), but the distribution
of effect sizes in the funnel plot was symmetrical (Figure S1 in

=301)

Number of effect sizes (N

B B ;
Estimates

——Older adults performed better ——Younger adults = Older adults —— Younger adults performed better

no-{ S

4

Figure 3. Forest plot of estimated effect sizes (and their confidence
intervals) in a meta-analysis of prospective memory task performance

in younger and older adults. Notes. Positive values indicate better
performance of older adults than younger adults, negative values indicate
the opposite.

Supplementary Material 1). With p-curve analysis (Simonsohn
etal., 2014), we found no evidence to suggest publication bias
or p-hacking (test for right-skewness p, .<.001, p,  <.001;
test for flatness p | .>.99,p, > .99).

OurTaxonomy Explains Which Tasks Are Difficult to
Solve for Older Adults

Next, we repeated the random effects model and included our
taxonomy as a moderator. The moderator reached significance
(Oy o= 366.48, p<.001) and reduced heterogeneity that
was, however, still significant between and within studies (Q
(o) = 1554.07, p <.001; between: 7°=0.128, I* = 32.62%;
within: 72=0.201, I?=51.11%). Beta estimates indicated
that older adults performed better than younger adults in
diary tasks (8 = -0.895, SE = 0.446, z = ~2.004, p = .045),
to-do lists (8 = -0.532, SE =0.270, z=-1.970, p =.049),
and in “close to real-life” tasks done in naturalistic environ-
ments (B = -0.555, SE =0.120, z = -4.625, p < .001; Figure
4; Table S3 in Supplementary Material 1). In contrast, they
performed worse than younger adults in “far from real-life”
tasks (8= 0.712, SE = 0.061, z = 11.755, p < .001), “close to
real-life” tasks (8=0.700, SE =0.121, 2 =5.777, p <.001),
and simulations (8 = 1.056,SE =0.100,z =10.511,p <.001)
done in a laboratory as well as in “far from real-life” tasks
or simulations done by half of the sample at home and the
other half in a laboratory (8 =1.010, SE = 0.209, z = 4.842,
p <.001; Figure 4; Table S3 in Supplementary Material 1).
For questionnaires and everyday life observations, no differ-
ence in task performance was observed. Pairwise comparisons
revealed that age effects were smaller in tasks that were closer
to real-life (Table S4 in Supplementary Material 1).

CueType (and its Focality) Matter for Age
Differences Only in the Laboratory

As a third step, we included cue type (and its focality) as a
moderator. Again, the moderator reached significance (O,
5= 125.56, p <.001) and reduced heterogeneity, which was
still significant between- and within-studies (O ., =2352.47,
p <.001; between: 72=.212, I> = 34.32%; within: 72 =.342,
I?=55.26%). Beta estimates revealed a significant effect for
each cue type (Table S5 in Supplementary Material 1), indicat-
ing that younger adults perform better than older adults regard-
less of cue type (all B ~.6,all p < .05; Table S5 in Supplementary
Material 1). Pairwise comparisons between the different levels
of the moderator indicated that age effects did not differ sig-
nificantly between event-based non-focal, event-based focal,
event-based unspecified, time-based, or activity-based prospec-
tive memory tasks (Table S6 in Supplementary Material 1).

To further specify which cue type (or focality) may be helpful
in each category of our taxonomy, we repeated the moderator
analysis for each category (Table S7-S16 in Supplementary
Material 1). The results indicate that the closer a task was
to real life, the smaller the effect of cue type on age effects.
Hence, we found no evidence to suggest that cue type matters
for differences in performance in older and younger adults—
only for tasks that were done in a laboratory. All results are
summarized in Table S3-516 (in Supplement 1).

Outlier and sensitivity analysis

So far, we found that our taxonomy reduced heterogeneity
in our statistical model. However, heterogeneity was still
moderate to high. In an exploratory analysis, we there-
fore examined whether some of this heterogeneity was
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Figure 4. Estimated effect sizes and their confidence intervals when including our taxonomy as a moderator in a three-level random-effects model
comparing younger and older adults’ prospective memory performance.Positive values indicate better performance in younger adults, negative values
indicate better performance in older adults. Asterisks indicate significant post-hoc tests (older adults vs. younger adults). Significant at p < .05*, or

p < .001%%,

explained by outliers and whether those outliers have
something in common (i.e., whether factors beyond our
taxonomy reduce heterogeneity). We found that 125 effect
sizes were outliers. When excluding them, between-studies
heterogeneity was reduced by 14.35% (from I*=35.73%
to I? = 21.38%) and within- study heterogenelty by 45.11%
(from =54.65% to =9.54%; =257.565,
p <.001). In a sensitivity analy51s we founcf that three
other factors reduced heterogeneity within studies (see
Supplementary Material 1): The first factor, “repetition of
an intention” (i.e., whether an intention had to be retrieved
several times) reduced heterogeneity by 7.4%. The second
factor, closeness of the ongoing task to everyday activities,
reduced heterogeneity by 4.0%. The third factor, whether
participants could decide what they wanted to remem-
ber, reduced heterogenity by 2.4%. Between-studies, three
factors significantly reduced heterogeneity. Our taxon-
omy reduced heterogeneity by 25.2%. Other factors were
"length of the delay between instruction and retrieval of
intentions" (24 % reduction) and where the task took place
(14% reduction).

Hence, factors beyond our taxonomy influenced how
pronounced performance differences were between younger
and older adults. These factors included how close to real-
life ongoing activities were, whether participants were able
to decide what to remember, the delay between instruction
and retrieval of an intention, whether external reminders
were allowed, and whether intentions were to be retrieved
several times.

Discussion

The current study revisited the age—prospective memory par-
adox which states that younger adults perform better in lab-
oratory tasks, whereas older adults do better in naturalistic
tasks as these tasks are usually done in naturalistic environ-
ments or are closer to real-life. However, these terms confuse
task properties and task setting. Hence, for our meta-analysis,
we used a taxonomy that considered whether a task was dis-
tant or close to what people do in real life and where it was
done, that is, in a familiar environment or in a laboratory.
Our results indicate that older adults indeed perform better
n “close to real-life” tasks done in naturalistic environments
and, particularly, in to-do lists and diary tasks. However, they
were not better when “far from real-life” tasks were done at
participants’ homes or in simulations of real-life tasks in a

laboratory. We will discuss these findings and their implica-
tions below.

Task Setting orTask Properties Alone Do Not Predict
Older Adults’ Task Performance

In line with our hypothesis and previous studies ( Schnitzspahn
et al., 2020), “close to real-life” tasks were easier to solve for
older adults in naturalistic environments than in a laboratory.
In contrast, in “far from real-life” tasks, older adults per-
formed worse than younger adults, regardless of where the
task was done (i.e., in naturalistic environments or in a labo-
ratory). Phillips and colleagues concluded in their theoretical
framework in 2018 that “the most critical factor in determin-
ing the direction of age effects in prospective memory is the
task setting”. We add to their framework that the analysis
of actual data shows that both task setting (i.e., familiar-
ity of the environment) and level of abstraction of the task
are important. Hence, older adults need a familiar environ-
ment and “close to real-life” tasks to perform at their best.
However, if true, they should have performed well in tasks
that simulate real-life activities and are done at participants'
home, but that was not the case. Hence, factors other than
task setting and task properties seem to play a role. In task
simulations, for example, older adults may be less familiar
with the virtual reality devices that are being used as part
of the task set-up (Chen et al., 2017). Hence, it may be that
the experimental set-up rather than task properties (or task
setting) affect performance. In addition, how often an inten-
tion needs to be retrieved may be important (see also Laera,
Borghese, et al., 2023). Intentions are usually retrieved several
times a day as part of a well entrained daily routine (e.g.,
take medication each day at 9:00 a.m.) while simulations take
place in shorter time periods and intentions are only retrieved
once or a few times. Hence, a routine seems to be helpful
for older adults (see also Blondelle et al., 2016; Rose et al.,
2010). This assumption is supported by our outlier analysis
which indicates that repetition of an intention matters for
age differences in performance. The time lag between when
instructions were given and when retrieval was required may
also be important—as indicated by our outlier analysis (see
also Laera, Borghese, et al., 2023). This is related to the con-
cept of dividing time-based tasks into short-delay tasks (e.g.,
taking the cake out of the oven in 2 minutes), or longer-delay
tasks (e.g., remembering to meet a friend in 5 days; Haines
et al., 2020). In simulations, this lag is—at most—1 hour.
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In “close to real-life” tasks or in to-do lists, there is usually
a longer delay (e.g., from several hours to days), and older
adults may have developed strategies to remind them of their
intentions (such as agendas, see also Henry et al., 2012; Jones
et al., 2021). Reminders are usually not possible (or even not
allowed) in simulations. In addition, performance in simu-
lations is time-sensitive, which means that one indicator of
performance is the speed with which participants respond.
The faster people need to respond the more they must rely on
factors like processing speed or attention that are known to
decline with age (Nettelbeck & Burns, 2010; von Krause et al.,
2022). Processing speed is less relevant in “close to real-life”
tasks or in to-do-lists, in which an accurate response depends
on the completion of an intention rather than on speed. All
these factors do also play a role in “far from real-life” tasks
performed in a laboratory, which is why older adults seem to
do worse in such tasks than younger adults.

Our findings raise the question of how we should con-
tinue to assess prospective memory in a laboratory as it may
not resemble prospective memory abilities in everyday life,
even if tasks in a laboratory are close to real life. It could be
that lab-based tasks are too dependent on processing speed
or attention, which declines in older adults. Hence, any defi-
cit in these cognitive domains may have a disproportionate
influence on prospective memory performance. It could also
be that tasks in naturalistic environments are too easy for
older adults; hence subtle cognitive deficits (i.e., that may be
detected under pressure in a laboratory) cannot be found in
a naturalistic environment. It could also be that subtle defi-
cits can be compensated for in real-life as older adults can use
strategies, reminders, or simply because they better prepare
for it and take their time. On the other hand, there are several
advantages of using “far from real-life” tasks in a laboratory.
If one were, for example, interested in the neural substrates
of prospective memory, this needs neuroimaging. Another
advantage of laboratory-based studies is the systematic and
standardized approach, which is difficult to implement in nat-
uralistic environments. Perhaps sometimes a combination of
tasks is useful, as well as complementary measures that can
influence prospective memory performance, such as process-
ing speed and attention, among others, that may help to dis-
cern whether participants have attentional deficits that may
cause prospective memory problems in a laboratory task, but
not a deficit in prospective memory itself.

An Effect of Prospective Memory CueType Can
Only Be Found in Abstract, “Far From Real-Life”
Tasks in a Laboratory

Based on studies using “far from real-life” tasks in a labo-
ratory, we hypothesized that prospective memory cue types
(and their focality) moderate age differences both in a labo-
ratory and in naturalistic environments. We expected that age
differences would be most pronounced in time-based tasks,
followed by event-based nonfocal tasks, event-based focal
tasks, and then activity-based tasks (Jager & Kliegel, 2008;
Yang et al., 2013). Contrary to our expectations, we did not
find evidence to suggest that cue types have any effect in tasks
other than “far from real-life” tasks in a laboratory. There
are several possible explanations. In a laboratory, an ongoing
task is defined by the experimenter and hence, whether an
event-based prospective cue is focal or nonfocal is very clear
and standardized. This is different outside of a laboratory. If
an experimenter, for example, asks participants to call them

when they see a bus, focality of the cue depends on what the
participant is doing at that moment. In other words, here,
any ongoing activity is determined by the participant (or the
context/setting the person is in at that moment) and not the
experimenter and hence, the task is less well standardized.
Moreover, the use of external help is usually not allowed in
“far from real-life” tasks in a laboratory. In contrast, partici-
pants can mostly use external help in “close to real-life” tasks
or tasks done in a naturalistic environment. Whether or not
external help is allowed changes the type of the prospective
memory cue and its focality (see also Haines et al., 2020). An
external reminder such as setting an alarm clock, for example,
may transform a time-based task into an event-based task. In
other words, cue type and focality may not be as distinct in
“close to real-life” tasks or tasks performed in a naturalis-
tic environment, because experimenters have limited control
over the task. This is supported by our sensitivity analysis that
shows that the use of external help is one factor that influ-
ences how much age matters for performance differences in
prospective memory.

Limitations and Future Directions

This meta-analysis has several limitations. First, we deliber-
ately included younger adults (20-40 years old) and older
adults (60-75 years old) to reveal differences between, and
commonalities in, two homogenous age groups. This, how-
ever, limits the generalizability of our results to all other age
groups. Second, ratings of task category, cue type (and focal-
ity) depend on the individual rater. Although there was suf-
ficient agreement between raters, determining cue type and
focality was sometimes difficult as a detailed description of
task instructions was not provided. For example, authors
of a study may have simply noted that participants needed
to remember an intention at the end of a testing session. If
they were asked to recall the intention when the experimenter
said goodbye, this would be referred to as an event-based
cue. If they were instead asked to remember the intention
when opening a laboratory door, this would be referred to
as an activity-based cue. Third, we did not further subdivide
time-based tasks. Ellis (1996), for example, differentiated
between step-intentions (carried out within a time-window,
e.g., next week) and pulse-intentions (carried out at a specific
time), whereas Haines and colleagues (2020) distinguished
between time-of-day tasks (carried out at a specific time) and
time-interval tasks (carried out after a time interval has
elapsed). Finally, we included only cross-sectional studies.
Hence, we cannot say anything about the dynamics of how
prospective memory abilities change with age in an individ-
ual. This requires longitudinal studies, which would be an
important addition to prospective memory research.

Conclusion

Our study revisiting the age-prospective memory paradox
revealed several important factors that influence performance
in prospective memory tasks. The level of abstraction of a
task, from very close to real life to far from it, familiarity with
the environment in which the task is taken, and what consti-
tutes task performance, can all explain some of the differences
between performance of younger and older people. It may be
less important to know whether an age-prospective memory
paradox exists than being mindful of choosing task setting and
task properties to experimentally address the question that
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is being asked and control for instance for processing speed
or attention. Performance assessments relevant to day-to-day
functioning require tasks close to a naturalistic environment.
Wanting to gain insight into mechanisms underlying prospec-
tive memory performance requires laboratory experiments.
There does not seem to be a one-size-fits-all for experimental
set-up or task properties. Perhaps sometimes a combination
of tasks is useful, and the results of this meta-analysis can
provide some guidance for what to choose.
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Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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