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Abstract 

Objectives: Around the turn of the millennium, the so-called “age – prospective memory (PM) 

paradox” challenged the classical assumption that older adults necessarily evidence a marked 

decline in PM functioning. As previous investigations highlighted ecological validity to be a 

potential explanation, the present study sought to extend established approaches by using novel 

real-world assessment technologies to examine PM unobtrusively in everyday-life conversations.  

Method: Next to a laboratory PM task, real-life PM performance of 53 younger adults (19-32 

years) and 38 older adults (60-81 years) was assessed from three sources: Over nine days, 

participants completed an experimenter-given naturalistic task, a diary-based approach assessing 

self-assigned intentions, as well as an ambulatory assessment with the Electronically Activated 

Recorder (EAR), a device that unobtrusively samples ambient sounds to detect spontaneous speech 

production related to (lapses in) everyday PM.  

Results: Older adults showed mixed patterns in laboratory PM, but performed either equally well 

as (experimenter-given task) or even better than younger adults (self-assigned intentions) in 

everyday PM. With regard to PM performance as captured in real-life ambient audio data, younger 

adults talked more frequently about PM than older adults, but no significant difference between 

younger and older adults was found for speech related to PM errors.  

Discussion: Findings confirmed older adults’ preserved PM performance in everyday life across 

different indicators with increasing ecological validity. Furthermore, as a novel method to assess 

conversational PM in everyday life, the EAR opens new insights about the awareness of PM lapses 

and the communication of intentions in real life. 

 

Keywords: Ambulatory Assessment, Electronically Activated Recorder (EAR), Everyday 

Cognition, Ecological Validity  
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Introduction 

 Prospective Memory (PM) refers to an individual’s ability to remember carrying out 

planned intentions at the accurate moment in the future (Kliegel et al., 2016). Having to 

remember to take one’s medication at a certain time of day or to post a letter when passing by the 

post office are examples that illustrate PM in everyday life. With more than half of all daily 

memory and cognition errors being related to PM in both younger and older adults (Haas et al., 

2020), PM plays a key role for daily living and functional independence, particularly in older 

adults (Haines et al., 2019; Hering et al., 2018).  

The Age-Prospective Memory Paradox 

 Contrary to the established age-related decline in episodic memory (Park & Reuter-

Lorenz, 2009), investigations of age differences in PM performance have revealed an intriguing 

pattern, which has been referred to as the age – prospective memory paradox (Rendell & Craik, 

2000; Rendell & Thomson, 1999; for a detailed outline, see Schnitzspahn et al., 2020). 

Specifically, results from classical laboratory PM paradigms, where the intention is embedded in 

a computerized attention-demanding ongoing activity (cf. Einstein & McDaniel, 2005), align 

with the marked age-related decline across the adult lifespan typically found for different 

cognitive domains (e.g., Kliegel et al., 2008; Tucker-Drob et al., 2019). However, the (internal 

validity) advantage of a highly controlled task setting comes at the potential cost of its ecological 

validity. Indeed, with regard to the dimensions defining ecological validity, a laboratory 

environment, a lower familiarity with the type of PM stimuli, as well as their non-natural 

occurrence are characteristics of a task setting that is rather artificial and less representative of 

everyday PM. Thus, research has aimed at increasing the ecological validity of PM measures by 

embedding PM tasks into participants’ naturally-occurring daily life (e.g., making a phone call, 
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or sending postcards or text messages), or into the script of a laboratory session that is 

characterized by task properties that participants are familiar with from their daily routine (e.g., 

giving back a pencil to the experimenter; see Phillips et al., 2008, for a review on ecological 

validity of PM tasks). In fact, meta-analytic evidence has revealed an overall age benefit in these 

naturalistic tasks (Henry et al., 2004), thus challenging classical assumptions about cognitive 

aging.  

 To date, few studies have investigated the age-PM paradox in and outside of the 

laboratory for both time-based (i.e., to be performed after a certain time has elapsed) and event-

based intentions (i.e., to be performed in response to a certain type of external stimuli) within the 

same sample of younger and older adults (Haines et al., 2020; Niedźwieńska & Barzykowski, 

2012; Rendell & Craik, 2000; Schnitzspahn et al., 2020). Across these studies, results revealed 

the anticipated age deficit in the laboratory and an age benefit for the naturalistic tasks in some 

studies, while no difference between age groups across task environments was observed in others 

(see Haines et al., 2020, for a summary of results). Based on these discordant patterns, it has 

been suggested that one should assume no age-related differences rather than proclaiming a 

general age benefit in everyday PM (Schnitzspahn et al., 2020). However, one possible 

explanation for these inconsistencies may root in the nature of some of the laboratory tasks that 

were used (e.g., red pencil task, Dobbs & Rule, 1987; token task, Zeintl et al., 2007). Although 

these tasks were carried out in a laboratory setting, their interactional, game-like character 

contributed to a more naturalistic-seeming experience of the task, with a presumably higher 

familiarity and thus higher ecological validity than the one of commonly used but more artificial 

(i.e., computerized) laboratory PM paradigms (cf. Phillips et al., 2008). Thus, we aimed to 

examine the age-PM paradox by comparing event-based and time-based PM tasks in different 
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laboratory and naturalistic settings in younger and older adults. Moreover, by systematically 

investigating (real-life) PM tasks with different degrees of ecological validity, the current study 

extends available approaches to assess everyday PM.  

Real-life Assessment of Intentions 

 So far, studies have mainly focused on experimenter-administered tasks or self-reports in 

naturalistic settings. The experimenter-given instructions allow to assess PM in participants’ 

daily lives; however, these tasks still do not capture naturally-occurring PM performance. In fact, 

instructing a task to participants may not only have an influence on the importance put into task 

completion, but also on the motivation with which that task is carried out for someone else, 

namely the experimenter (Peter & Kliegel, 2018). Thus, increasing attention has been given to 

the assessment of real-life PM performance by focusing on participants’ own intentions in diary 

studies. In this approach, participants either report memory lapses that occurred during the day in 

an evening assessment, or are instructed to note their upcoming intentions and retrospectively 

report whether these intentions have been successfully performed. Studies using this paradigm 

have revealed either no age differences (e.g., Mogle et al., 2019), or an age advantage for 

everyday PM performance (e.g., Ihle et al., 2012; Schnitzspahn et al., 2016). However, these 

studies did not directly compare diary-reported real-life PM with performance in the laboratory. 

 Although experimenter-given tasks and intention diaries target PM performance that is 

everyday-related, their generalization to actual real-life PM performance is still limited by the 

potentially non-naturalistic content of experimenter-given tasks or the retrospective bias of self-

reports (i.e., many trivial daily PM tasks may simply be forgotten over the course of the day 

relative to the more salient nature of some isolated PM events). With the present study, we 

further explored the age-PM paradox by adding a novel level of unobtrusive assessment of 
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everyday PM functioning. Importantly, by assessing PM performance in a passive observational 

way using the Electronically Activated Recorder (EAR; Mehl, 2017), we aimed to circumvent 

the above-mentioned pitfalls of experimenter-assigned tasks and intention diaries, reaching a 

higher level of ecological validity. 

PM in Real-Life Conversations 

The EAR is a smartphone-based application that records brief samples of ambient sound 

intermittently throughout the day. That way, it constitutes a passive ecological assessment 

method that allows for an unobtrusive measurement of acoustically-encoded aspects of daily life. 

The EAR method has been employed with good acceptance and adherence in both younger and 

older participants (Manson & Robbins, 2017; Ng et al., 2021). Studies using this methodology 

have covered a wide range of domains, such as personality, emotional expression, or behavioral 

sociability (e.g., Farrell et al., 2018; Holtzman et al., 2010; Ramírez-Esparza et al., 2009). In 

relation to memory and cognition, recent studies have applied the EAR to investigate executive 

functions, autobiographical memory, and conversational time-travel, that is, utterances related to 

mental time travel in everyday conversations (e.g., Demiray et al., 2018, 2019; Polsinelli et al., 

2020; Wank et al., 2020). Results from the latter showed that, in their everyday conversations, 

participants tend to talk more often about their past than about their future, which stands in 

contrast to established findings that foreground a prospective bias in mental time-travel (Demiray 

et al., 2018). Considering the novel insights that the EAR method has afforded in different areas, 

we see potential for its application to a broader range of psychological phenomena, and 

particularly phenomena related to cognitive aging as it can be observed in everyday life, such as 

the age-PM paradox. 

Study Goals and Hypotheses 
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The present study was the first to apply the EAR to PM research to assess naturally 

occurring PM passively, without experimenter interference. Analyzing everyday speech with 

regard to PM unfolds the potential to capture (less salient) daily intentions that might remain 

uncovered with other approaches, and thus offers the opportunity to draw an even more detailed 

image of real-life PM. In the current study, we compared performance of laboratory-based PM 

tasks to three different sources of everyday PM varying in their degree of ecological validity 

(i.e., experimenter-given task, self-assigned intentions, and EAR-observed). According to the 

directions suggested by the age-PM paradox, we expected to observe an age deficit on laboratory 

PM tasks and an age benefit (or at least no age deficit) for the naturalistic and self-assigned 

intentions. Moreover, and in line with the increase in the degree of ecological validity, we 

hypothesized that fewer PM errors will be observed for older adults relative to their younger 

peers on real-life PM assessed with the EAR. 

Methods 

Participants 

The sample consisted of 53 younger adults (Mage = 23.29, SD = 2.27, age range 19 – 32, 

41 women) and 38 older adults (Mage = 68.20, SD = 5.77, age range 60 – 81, 25 women). The 

two age groups did not differ with respect to gender distribution (χ²(1) = 1.48, p = .22), but 

showed significant differences in measures of verbal abilities (Mill Hill; Deltour, 1993: F(1,89) 

= 14.35, p < .001) and fluid reasoning (Matrix Reasoning; Wechsler, 2008: F(1,89) = 42.99, p 

< .001), with older adults (M = 25.50, SD = 4.67) attaining higher scores on verbal abilities 

compared to younger adults (M = 22.00, SD = 4.07), but younger adults (M = 21.17, SD = 2.76) 

outperforming older adults (M = 15.84, SD = 4.95) on fluid reasoning.  
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All participants were volunteers and provided informed consent to participate in this 

study, which was approved by the ethics committee of the University of Geneva (decision 

protocol: PSE.20170803.27). Younger adults were mostly undergraduate psychology students 

that received course credits and 20 Swiss francs (≈ USD 20) for their participation. All other 

non-student younger adults as well as all older adults received 30 Swiss francs (≈ USD 30) for 

their participation.  

Material 

Laboratory PM 

 A paradigm embedding PM cues in a 2-back picture task adapted from Jäger and Kliegel 

(2008) was used to assess PM in the laboratory. The 2-back ongoing task involved judging 

whether the picture displayed on the screen is identical (right arrow key) or not (left arrow key) 

to the one shown two trials before. Participants were given a short practice of the 2-back task (14 

trials) out of which 10 trials had to be correct before advancing, and had to perform this task 

once at the beginning and once at the end of the laboratory PM task (48 trials each block). In 

between these two ongoing-task-only blocks, participants were presented with additional PM 

instructions including a time-based and an event-based block. In the time-based block, they had 

to press the Enter key every two minutes (i.e., 02:00, 04:00, 06:00, 08:00, and 10:00 min) and 

were able to monitor the time elapsed since the beginning of the block by pressing the space bar 

displaying a digital clock. In the event-based block, participants had to remember to press the 

Enter key every time the image displayed on the screen showed a piece of clothing (e.g., a pair of 

trousers, a dress, a shirt). Both PM blocks consisted of 120 trials each including five PM cues, 40 

2-back targets and 80 non-targets. The stimuli were presented for 4000ms, followed by a 1000ms 

inter-stimulus interval. The order of the time-based and event-based blocks was counterbalanced 
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across participants. Performance on the event-based task was scored as correctly answered PM 

cues out of the total number of PM stimuli; performance on the time-based task was given for 

any correct response within a time window of six seconds or less around the target times 

(Schnitzspahn et al., 2011).  

Real-life PM 

Experimenter-given. The time-based naturalistic PM task was adapted from 

Schnitzspahn et al. (2011) and required sending six text messages at specific times, one in the 

morning and one in the afternoon for the duration of three consecutive days. At the end of the 

laboratory session, participants were given a sheet containing task instructions and six blank 

spaces to define those times in the presence of the experimenter. They could set the times 

according to their own schedule with the constraint to choose different hours and minutes for 

every message (i.e., if they had chosen 14:10 on one day, the options 14:xx or xx:10 were no 

longer possible for any of the other days). Times were not constrained to be either always regular 

(i.e., xx:00/:15/:30/:45), or always irregular (e.g., xx:18/:33/:51, or never on the hour). Messages 

that were sent within a time window of six minutes or less around the target time were 

considered as a correct PM response. 

Additionally, we included an event-based task for which participants were asked to take a 

photo of their pillow each time they would go to sleep and each time they woke up. They were 

explicitly instructed that these moments could also include short naps during daytime. To parallel 

the number of events to the time-based task, we only looked at events occurring at regular 

bedtimes (i.e., the last photo taken at night, and the first photo taken in the morning). An activity 

tracker bracelet (MiBand 2, xaomi) allowed to confirm whether the photo was taken within a 

reasonable delay preceding/following the time at which the participant fell asleep/woke up. For 
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both tasks, participants were instructed not to use any external aids such as alarms or visual 

reminders. Task performance was based on the number of photos taken or messages sent out of 

the six possible events. 

Intention diary. For three consecutive days, participants were asked to fill out a 

smartphone-based intention diary, adapted from Ihle et al. (2012). Every evening, participants 

were asked to note their personal intentions for the following day. A push notification reminded 

them to list all their personal intentions and tasks for the next day in a questionnaire in the 

smartphone application movisensXS (movisens GmbH, Karlsruhe, Germany). On the following 

day, participants were presented with their reported intentions and were asked to state whether 

the intention had been completed. The diary form was sent every evening at 8:00 p.m. 

automatically and arrival was signaled by a phone alarm. Hence, participants did not have to 

remember by themselves to fill out the diary. During the day, participants had no possibility to 

refer to the intentions they had noted. PM performance was based on the percentage of intentions 

reported as being completed.   

EAR. Using the Android version of the EAR application (Mehl, 2017), 30 seconds of 

ambient sound were recorded at random times, on average every 12 minutes, from 7:00 a.m. to 

9:00 p.m., thus covering about five percent of participants’ wake times. At any time, participants 

could request 30 minutes of guaranteed non-recording by pressing the privacy button on the apps 

lock screen (and were instructed about how to do so at the end of the laboratory session). 

Additionally, all participants were given the opportunity to listen to their recordings before 

“handing them over” to the investigators so that they could request for recordings to be 

permanently deleted from study before the research staff listens to them. All EAR sound files 

containing speech were transcribed by trained research assistants. They were instructed to 
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transcribe the participant’s voice only (based on a short speech sample recorded at the end of the 

laboratory session). All transcripts were then coded by two trained coders for various contextual 

psychological variables, among which we also coded for PM and PM errors. Recordings were 

coded as containing PM when the conversation was referring (directly or indirectly) to PM (i.e., 

any kind of future directed action or intention, such as “I will have to call my brother to ask 

him.” or “I must not forget to give you 20 francs.”). A PM error was coded for when 

conversations indicated a problem related to an intention (e.g., “I forgot to call my mother.”).  

Procedure 

 After signing the informed consent, the laboratory session started with the background 

cognitive testing, including vocabulary and reasoning tests. Participants then had to work on the 

laboratory PM tasks. At the end of the laboratory session, and before the start of the real-life 

phase, participants were provided with a smartphone for the study (Motorola g5 for younger 

adults; Motorola g4 Plus with a larger screen for older adults) and necessary instructions for 

completing the tasks. All participants were given time to test the smartphone and its 

functionalities until they felt comfortable to use the phone and the applications. During the nine-

day home phase, participants completed the experimenter-given task, the intention diary, and the 

assessment with the EAR described in the foregoing one after the other for three days each, with 

task orders being fully counterbalanced across participants. To ensure equal task conditions and 

retention delays, participants received a smartphone-based reminder to consult the instruction 

sheet with times on the evening prior to start of the experimenter-given tasks. 

Results 

Performance on the laboratory and experimenter-given naturalistic PM tasks 
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 Firstly, we analyzed age-related differences of PM performance for laboratory-based and 

experimenter-given naturalistic PM tasks to examine the age-PM paradox in the same sample of 

younger and older adults. Results of a 2 (age group) x 2 (task setting) x 2 (cue type) repeated 

measures ANOVA on laboratory and naturalistic PM task performances are shown in Figure 1. 

Analyses did not reveal a significant main effect of age (F(1,89) = .01, p = .92, ηp
2 = .00), 

indicating that, overall, older adults (M = .74, SD = .16) performed comparably to younger adults 

(M = .74, SD = .16). Further, a significant main effect of task setting (F(1,89) = 34.60, p < .001, 

ηp
2 = .28) was obtained, showing that participants performed better on the laboratory tasks (M 

= .82, SD = .19) than on the naturalistic tasks (M = .66, SD = .22). A significant main effect of 

cue type was observed (F(1,89) = 73.72, p < .001, ηp
2 = .45). Overall, participants performed 

better on the event-based tasks (M = .86, SD = .17) than on the time-based tasks (M = .62, SD 

= .24).  

 Moreover, a significant interaction between age group and task setting revealed that 

younger adults (M = .87, SD = .19) performed better on laboratory tasks than older adults (M 

= .77, SD = .19), but that older adults (M = .71, SD = .22) outperformed younger adults (M = .62, 

SD = .22) on the naturalistic PM tasks (F(1,89) = 12.86, p = .001, ηp
2 = .12). 

A significant interaction between age group and cue type was obtained (F(1,89) = 19.75, 

p < .001, ηp
2 = .18). Younger adults (M = .69, SD = .23) showed a higher performance on time-

based PM1 than their older peers (M = .56, SD = .23); however, older adults (M = .92, SD = .17) 

performed better on the event-based PM tasks than younger adults (M = .80, SD = .17).  

 Furthermore, a significant interaction between task setting and cue type was observed 

(F(1,89) = 5.24, p = .02, ηp
2 = .06). Overall, participants showed a higher mean difference 

between cue types in the naturalistic setting (ΔM = -.30, SE = .04; Cohen’s d = .49) than in the 
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laboratory (ΔM = -.18, SE = .04; Cohen’s d = 0.29). Additionally, the difference in mean 

performance between task settings was higher for time-based tasks (ΔM = .22, SE = .04; Cohen’s 

d = .37) than for event-based tasks (ΔM = .10, SE = .04; Cohen’s d = .17). The triple interaction 

between age group, task setting, and cue type only showed a trend towards significance (F(1,89) 

= 3.19, p = .07, ηp
2 = .04). Bonferroni correction was applied to all analyses for adjustment of 

multiple comparisons by adapting the alpha level to the number of comparisons. 

Performance on self-assigned intentions 

 Next, we analyzed age differences for self-assigned PM tasks from the intention diaries. 

For each participant, the sum of all self-assigned intentions was calculated for the three 

subsequent days of the diary task. Overall, younger (M = 6.40, SD = 2.76) and older adults (M = 

7.52, SD = 2.99) did not differ significantly in the number of real-life planned intentions they 

reported (F(1,84) = 3.21, p = .08). With regard to content, participants mentioned a broad range 

of intentions such as meal arrangements with friends or relatives, plans for grocery shopping, or 

intentions related to work (papers to hand in, classes to attend) or household chores (laundry, 

ironing).  

In terms of PM performance, results of a one-way ANOVA showed a significant main 

effect of age on the completion of real-life intentions, F(1,587) = 8.20, p = .004, ηp
2 = .02, 

revealing that older adults (M = .86, SD = .18) completed significantly more self-assigned 

intentions than younger adults (M = .75, SD = .23). 

PM in EAR-sampled real-life ambient audio data 

 Finally, we analyzed the occurrence of PM tasks and failures in the EAR ambient audio 

recordings in younger and older adults. The EAR-sampled real-life ambient audio data was 

analyzed from 43 younger adults and 38 older adults only, as some younger participants had to 



NATURALISTIC SAMPLING OF AGE-RELATED PROSPECTIVE MEMORY  

 14 
be excluded due to technical problems with the application (n = 8) and non-compliance with the 

study protocol (n = 2). Table 1 shows the descriptive statistics of the EAR data. Participants from 

both age groups made use of the privacy button similarly often (t(79) = 0.691, p = .56), and 

younger adults and older adults  did not differ significantly in the overall number of sound files 

recorded (t(79) = 0.60, p = .55). 

Recordings were excluded if the audio information was bad or insufficient to perform 

coding, as well as if participants were sleeping or deemed not wearing the EAR. Overall, about 

25.1% of all valid recordings contained speech. Relative to their number of valid waking sound 

files, younger adults (M = .24, SD = .12) and older adults (M = .27, SD = .10) were similarly 

talkative (t(79) = 1.04, p = .30). 

 The interrater reliability for the coding of PM in speech files showed strong agreement 

between the two coders (Cohen’s κ = .84, p < .001). Discrepancies in coding were settled by 

discussions among coders and the authors to get to a mutual agreement. In sum, speech files of 

younger adults had more PM-related content than those of older adults (χ2(1, N = 3,629) = 12.73, 

p < .001).  

With regard to PM errors, 14 recordings have been identified. Interrater reliability 

showed strong agreement between coders (Cohen’s κ = .88, p < .001). Younger (n = 6) and older 

adults (n = 8) did not differ significantly in the frequency of real-life PM errors (χ2(1, N = 267) = 

1.26, p =.26). Examples of transcribed EAR-sampled real-life audio data for PM (Table A) and 

PM errors (Table B) can be found in the supplementary material. 

Discussion 

The present study is the first to investigate naturally occurring PM in sampled real-life 

conversations using the EAR method. Further, it contributes to the quest of solving the age-PM 
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paradox by comparing three sources of everyday PM differing in their degree of ecological 

validity in the same sample of younger and older adults. We hypothesized that younger adults 

would outperform older adults on the laboratory PM tasks, but that older adults would excel in 

everyday PM compared to younger adults.  

In terms of the naturalistic side of the paradox, our findings are mostly in line with 

previous studies suggesting no age differences or even an age benefit (e.g., Schnitzspahn et al., 

2020). First, in the experimenter given task, we obtained an age benefit for the event-based, but 

no age difference for the time-based task. Second, in line with for instance Haas et al. (2020) and 

Schnitzspahn et al. (2020), an age benefit was revealed for the intention diary as older adults 

completed significantly more self-assigned intentions than younger adults. Third, the EAR 

analyses demonstrated that younger and older adults did not differ in the number of PM errors 

mentioned in their everyday conversations.  

In terms of the laboratory side of the paradox, our results are only partially in line with 

previous findings as they showed the expected age deficit only for the time-based task, but not 

for the event-based task. However, this may be explained by the ongoing-task performances. In 

fact, exploratory analyses showed that older adults were slower and less accurate in performing 

the ongoing task of the PM blocks compared to the ongoing task-only blocks (see Table C of the 

supplementary material). This may indicate that older adults have prioritized the PM intention 

over the ongoing task performance, leading to a trade-off between the ongoing task and the PM 

task. Further, although older adults had a significantly lower performance than younger adults, 

both age groups were descriptively still at a very high level of performance, leaving thus 

sufficient cognitive resources to perform well on both the ongoing task and the PM intention. A 

possible explanation may be that the relatively long presentation intervals allowed participants to 
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increase their target checking. Future studies could investigate the impact of adapted ongoing 

task performance on the paradox (i.e., whether the paradox is replicated when task performance 

is matched among age groups; see Voigt et al., 2014, for a similar approach used in 

schoolchildren). 

Conceptually, the present study reveals convergent evidence across multiple data sources 

that in situations where individuals have to deploy natural PM performance (in contrast to 

laboratory maximum performance settings), older adults do not show any sign of an age-related 

deficit in PM functioning – this holds for experimenter-given everyday tasks, self-reports of 

daily intentional behavior, and the analyses of PM-related daily talk. Especially, with regard to 

the latter approach, the current study may contribute to launching a novel methodology that 

might help understanding how PM functions in everyday life and where age-related (or possibly 

any other – clinical – population-related) differences may occur. Present analyses revealed that 

younger adults talked more about PM in their everyday lives than older adults, but participants 

from both age groups talked equally often about PM errors. As younger adults talked more about 

PM in their everyday lives, one may think that they have a high awareness of tasks that need to 

be accomplished. However, this did not reflect in their self-reported performance. Indeed, 

findings from the EAR seem diametrically opposed to the results from participants’ diary 

performance, where no difference in the number of reported intentions was observed, but 

younger adults showed a lower completion rate than older adults. Differences between these 

findings can (to some extent) be explained by the different focus of these two methods, in the 

sense that three days of EAR observation only covering five percent of a participant’s day do not 

fully map the information grasped by a retrospective diary approach. In fact, some intentions 

may possibly not be noted by participants, either because they would not consider it to be related 
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to PM, or because it may seem too insignificant to be reported. Moreover, other intentions may 

only come up during the day as a consequence of some events and performance on these tasks 

would therefore not appear in the diary, but they might be captured by the EAR instead.  

Yet, these differences in results raise a more fundamental question, notably about the 

functional purpose of communicating certain intentions (or errors) and not communicating 

others. Previous research has already pointed to that PM is tightly linked to interpersonal 

relations (Meacham, 1988). Thus, communicating PM and PM errors to others could fulfill 

different functional goals, such as rehearsal, offloading, or shared cognition (for general 

communication on PM), or emotion regulation and coping due to irritation, interference and 

consequences of PM errors (see Mogle et al., 2019). Analogous to the terminology of 

conversational time travel used for functional communication of mental time travel (Demiray et 

al., 2018), we propose the concept of conversational PM to describe PM in everyday 

conversations. Future studies may further investigate the functional purposes of conversational 

PM and potential age differences therein. 

 

Limitations and Methodological Considerations 

Although we used a standard laboratory procedure, one limitation concerns the laboratory 

task, as performance levels were high for both task types (Einstein & McDaniel, 2005; Jäger & 

Kliegel, 2008). Yet, our analyses suggest that older adults may have prioritized PM over ongoing 

task performance therefore masking the expected PM deficit. Another limitation can be seen in 

the differences in cognitive load between tasks in the laboratory and the naturalistic setting, 

particularly for time-based PM (i.e., short vs. appointment-style intervals). Future studies need to 

bear in mind that these performances are not obviously comparable and that the interpretation of 
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results may depend on the analytic approach1 used. Further, results concerning the real-life audio 

data should be interpreted with caution, as a direct comparison to performances from the other 

tasks is not possible as we do not have any information about the total number of daily 

intentions. As discussed above, some things may just not be communicated at all for some reason 

and would thus not be detected by the EAR either. Employing self-reports on everyday 

intentions complementary to the EAR would allow to capture important information in order to 

approach a more complete measure of everyday PM.  

A final possible limitation concerns the sampling of study days and whether they 

represent an average day in terms of real-life PM load. The use of self-reports may provide 

complementary information to compare the daily PM load across participants. Additionally, 

differences in lifestyles between younger and older adults may play a role. For example, students 

spending time at university or studying usually have a lower number of interaction partners 

during the day, but may be very social and have tendency to meet more people in their free time. 

Older adults, if already retired, can spend time more freely and possibly have a higher number of 

contacts, but they also spend a lot of time at home (alone) with socially passive activities (e.g., 

TV, reading, household). However, all those factors are likely also involved in the entire 

literature on the age-PM paradox. Future studies could directly address these factors, as well as 

the impact of partnerships or whether living on one’s own or not may influence the results by 

combining different methodologies (i.e., ambulatory assessment and experience sampling) to 

expand the range of possibilities for studying daily life in more detail.  

Conclusion 

In conclusion, the present study provided robust evidence that older adults may perform 

equally well as, if not even better than younger adults, consolidating these patterns across 
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laboratory tasks1 and three independent everyday PM indicators (i.e., experimenter-given, self-

assigned, and real-life conversations). More importantly, the finding supports the urge for more 

ecologically valid measures, as maximum-performance (laboratory-based) approaches may 

underestimate older adults’ actual cognitive capacities. . Beyond that, results from the EAR open 

a novel understanding of how people communicate about their intentions and how they are aware 

of their own PM failures in everyday life.  
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Footnotes 

1 When considering the absolute deviation from target times in the time-based PM tasks 

instead, younger adults (M = 35.60, SD = 51.40) and older adults (M = 22.97, SD = 26.67) 

showed no difference (i.e., deviation in minutes) on the naturalistic PM task (F(1,87) = 1.83, p 

= .18), but descriptively younger adults (M = 3.84, SD = 9.04) tended towards a more precise 

response (i.e., deviations in seconds) compared to their older peers (M = 7.48, SD = 7.69) on the 

laboratory PM task (F(1,85) = 3.75, p = .05). No interaction between age group and task setting 

was obtained that way (F(1,82) = 2.38 , p = .12) 
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Table 1 

Descriptive Statistics of the EAR Data in the Overall Sample and by Age Group 

 Overall sample Younger adults (n = 43) Older adults (n = 38) 

 n M (SD) n Range M (SD) n Range M (SD) 

Privacy button use 72 0.89 (2.71) 31 0 - 10 0.72 (1.71) 41 0 - 20 1.08 (3.54) 
        

Recorded sound files 16,799 207.40 (21.49) 8,936 133 - 247 196.33 (15.77) 7,863 116 - 273 198.55 (17.63) 

Excluded sound files 2,327 28.73 (30.01) 1,530 133 - 214 35.58 (31.26) 797 116 - 214 20.94 (26.84) 

Insufficient quality 812 10.02 (12.26) 494 0 - 42 11.49 (12.04) 318 0 - 66 8.37 (12.45) 

Non-compliance 391 4.83 (14.54) 231 0 - 91 5.37 (15.20) 160 0 - 63 4.21 (13.93) 

Sleeping 1,124 13.88 (18.61) 805 0 - 86 18.72 (22.69) 319 0 - 40 8.39 (10.31) 
         

Valid waking files 14,472 178.67 (29.23) 7,406 63 - 205 172.23 (32.89) 7,066 116 - 209 185.95 (22.72) 

Speech present 3,629 44.90 (20.21) 1,707 9 - 82 39.70 (17.79) 1,930 7 - 110 50.79 (21.37) 

PM 267 3.30 (3.42) 153 0 - 21 3.56 (3.79) 114 0 - 13 3.00 (2.96) 

PM errors 14 0.17 (0.41) 6 0 - 1 0.14 (0.35) 8 0 - 2 0.21 (0.47) 

Note. Mean number of sound files and mean number of privacy button use are presented with their respective (standard deviations). 

Recorded sound files = total number of recordings obtained per participant. Sound files have been excluded if audio quality was 

insufficient to perform any transcription, when participants were deemed not compliant with the study protocol (i.e., not carrying the 

EAR), or when participants were sleeping. Valid waking files = all recording that transcription where transcription could be obtained 
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and where participants are deemed compliant (i.e., carrying the telephone and not sleeping). PM = transcription was referring to 

prospective memory; PM errors = transcription was containing a reference to a prospective memory error.  
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Figure 1 

Mean Performances on Laboratory and Naturalistic PM Tasks Depending on Task Type in 

Younger and Older Adults 
 

 

Note. Performances are depicted as accuracies for the laboratory tasks (left) and naturalistic tasks (right). 

Higher values indicate better performance. Error bars represent the standard error of mean (SE). For reasons 

of clarity, only significant differences between age groups within the individual tasks are presented. Refer 

to the text for all other main effects and interactions between age, task setting, or/and cue type.  

*** p < .001. ** p < .01.  
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Supplement 

Table A 

Examples of PM in EAR-sampled real-life audio data 

(i) Shall I leave you here, or over there? – (friend) – I’ll pick you up here? Will you 
be coming here? Ok, but hurry then, that’ll be nice. 8 p.m., ok? – (friend) – Ok, 
have a nice match! 

(ii) (while walking in the apartment) Take out the cauliflower, the cauliflower, the 
cauliflower 

(iii) I will have to make an appointment with my gynecologist. – (friend) – Probably on 
Tuesday 24. – (friend) – The tights? I bought them when they were on sale. 

(iv) Yes, absolutely. I will do it. You know how it is, either now or on another day. – 
(on the phone) – Perfect, yes that (date) is convenient for us, and we won’t forget 
that way. Because, if you start changing dates now, we might forget. 

(v) (singing then stops) Ah, I will have to go over these later, they’re very dusty. 
(vi) He’ll arrive either tomorrow or the day after - (mother) – I will ask Dad to pick me 

up on Sunday.  
(vii) Do we get off the streetcar at [tram stop]? – (friend) – We need to buy some 

cigarettes, too.  
(viii) I am giving a private lesson. – (friend) – Thursday afternoon. – (friend) – At 5 

p.m., so you can come over afterwards. 
(ix) I don’t really know on what date it will be. – (others) – Don’t know, never heard of 

it. But I will ask him. Anyway, I meet him there 2-3 times a year. – (others) 
(x) I will have a look and will call you back. Keep your phone close, will you? – (on 

the phone) - Bye. 
Note. Additions to the transcripts have been marked in brackets and in italics. Some excerpts 

would not be evident for the reader otherwise, as the meaning only becomes clear from the parts 

of the conversation that have not been transcribed. Examples (ii), (iv), (v), and (ix) are 

transcriptions of real-life audio data sampled in older adults.     
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Table B 

Transcriptions of all EAR-sampled PM errors  

(1) [...] but even there I have to be careful not to get stains on it. Oh, but I have all the 
laundry…well, that’s perfect you can put it to the dryer, I completely forgot. 

(2) Oh, yes, yes. – (other) – The bag. – (other) – Wait, we forgot to take the bag. 
(3) Yes, until next Wednesday. – (other) – Nothing. Listen, I forgot to ask him. But you’ll 

ask him for the results, I forgot to ask him.  
(4) [...] yesterday evening for today, but then I completely forgot. This, here. But it starts 

today already.  
(5) (other) – Yes, but I forget to take my phone with me all the time. When I put to charge, 

I often leave without it. 
(6) But what was it in the end? – (other) – Forgot about it. – (other) – oh, yes, I had to tell 

her if it was right or not. [...]  
(7) Okay, I have the car keys in my pocket… ah, nope, I’ve left them there, okay. 
(8) [...] Yesterday, I took a shower and I forgot to put the watch back on all day long.  
(9) [...] Yesterday, I took a shower and I forgot to put the watch back on all day long. 
(10) What do we need to buy for the sauce? Coconut milk. – (other) – Yep, you could have 

put it together, but don’t worry. – (other) – I also forgot to do it, but it’s okay. 
(11) [...] Oh, darn, I hope he didn’t leave yet, I didn’t text him back. Well, we’ll see. – 

(other) – Oh, yes, but I didn’t see that he’ll pick me up, I didn’t see he texted me, I 
don’t know if he’s already left. – (other) – Yes, I’ll ask him. 

(12) [...] Yes. – (other) – I forgot (to do it). – (other) [...]  
(13) You know, this morning I had to go back because I forgot to take the form. Later, 

when I arrived there, they told me I didn’t need the form. – (other) – I hadn’t gone far, 
so I just came back.  

(14) I’m bringing you the reports, ehm, well, these are all the reports that we’ve prepared. 
– (professor) – We had to hand in other reports before. – (professor) – Hm, I apologize 
for my forgetting. – (professor) – So, does that mean we cannot get the best mark? 

Note. Additions to the transcripts have been marked in brackets and in italics. Some excerpts 

would not be evident for the reader otherwise, as the meaning only becomes clear from the parts 

of the conversation that have not been transcribed. Transcriptions of prospective memory errors 

are grouped for older adults (1 - 8) and younger adults (9 - 14). 

Table C 

Laboratory Prospective Memory Task Performances and Reaction Times of Younger and Older 

Adults 
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 Younger adults Older adults 

Ongoing-only block   

OT Accuracy .96 (.05) .93 (.04)* 

Reaction time 966.43 (373.50) 1151.39 (294.21)* 

Time-based block   

PM Accuracy .87 (.26) .60 (.37)*** 

OT Accuracy .95 (.04) .91 (.09)** 

Reaction time 989.04 (302.99) 1265.85 (277.73)*** 

Event-based block   

PM Accuracy .88 (.23) .95 (.17) 

OT Accuracy .96 (.05) .89 (.12)* 

Reaction time 1011.75 (346.80) 1308.38 (325.21)*** 

Note. Mean accuracy and mean reaction times from the ongoing task (OT) in the ongoing-only 

task block, the time-based block, and the event-based block are presented with their respective 

(standard deviations). Significant differences between younger and older adults are marked with 

an asterisk. Additionally, but not depicted here, older adults were less accurate (t(37) = 2.72, p < 

.01) in the ongoing task of the event-based block and tended towards a less accurate performance 

in the time-based block (t(37) = 2.03, p = .05) compared to the ongoing-only block. Moreover, 

they were slower in the ongoing task of both the event-based (t(37) = -3.83, p < .001) and the time-

based block (t(37) = -3.58, p = .001), but did not differ significantly in their reaction times between 

both PM blocks (t(37) = 1.13, p = .27). Ongoing task performances and reaction times did not 

differ between blocks in younger adults (all ps > .36). Data were analyzed in two independent 2 

(age group) x 3 (task block) repeated measures ANOVA with reaction time and accuracy as 
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dependent variables. Bonferroni correction was applied for adjustment of multiple comparisons by 

adapting the alpha level to the number of comparisons. 

*p < .05. ** p < .01. *** p < .001. 


