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ABSTRACT
Prospective Memory (PM), the ability to carry out future intentions at 
a specific time or event, develops in an inverted U-shaped function 
across the lifespan. Most studies have examined age-related changes 
in PM with regard to the role of executive functions. Although more 
recent studies have emphasized the importance of metacognition for 
successful prospective remembering, very little is known about the 
development of metacognitive abilities across the lifespan and their 
impact on PM performance. Therefore, the current study examined 
developmental differences in metacognitive monitoring and PM in five 
age groups in Germany (N = 151): children (9–10 years), adolescents 
(14–15 years), young adults (20–25 years), middle-aged adults (30–50  
years) and old adults (60+ years). Metacognitive monitoring was 
assessed by asking participants to judge their performance before 
(prediction) and after (postdiction) working on a lab-based PM task 
(Virtual Week). PM performance increased from childhood into adoles
cence, remained stable until middle-adulthood and declined again in 
older adults. In terms of metacognitive monitoring, PM performance 
prediction was least accurate in children, and accuracy increased 
across the lifespan into old adulthood; interestingly, older adults’ 
more accurate metacognitive ability did not enable them to show 
better PM. Overall, individuals tended to overestimate their upcoming 
PM performance and to underestimate their past performance. 
Possible strategies to improve especially children and adolescents’ 
metacognitive skills and PM performance are discussed.

Introduction

Being able to remember to carry out a future intention (prospective memory [PM]; Einstein 
& McDaniel, 1990), such as remembering to call the mechanic to make an appointment or 
to hand in schoolwork at the appropriate time, is of crucial importance for developing and 
maintaining day-to-day functioning and an independent life across the lifespan (Hering 
et al., 2018; Mahy et al., 2014). Research categorizes PM tasks based on the type of cue that 
indicates the appropriate moment to initiate the intended action. Time-based PM tasks 
require the individual to remember to execute an intention after a delay on one’s own 
initiative at a certain future time point (e.g., taking medication at 8:00 am) or after a certain 
time period elapsed (e.g., taking the cake out of the oven after 60 minutes). Event-based PM 
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tasks need to be initiated when an event occurs (e.g., buying milk at the grocery store when 
passing by after work; McDaniel & Einstein, 2000). PM comprises four successive stages 
(Process model, Kliegel et al., 2002): intention formation, retention, initiation, and execu
tion. PM tasks have to be initiated and executed while being engaged in a so-called 
“Ongoing Task.” The development of PM across the lifespan follows an inverted 
U-shaped function, with PM beginning to develop around the age of two to 3 years with 
still very limited abilities (e.g., Guajardo & Best, 2000; Somerville et al., 1983), PM perfor
mance increasing steadily throughout childhood (Zimmermann & Meier, 2006), peaking at 
the end of adolescence or young adulthood (e.g., Altgassen et al., 2017; Wang et al., 2011), 
and declining again in older adulthood (Kliegel et al., 2008; Zimmermann & Meier, 2006). 
To date, only a few studies have examined age-related differences in PM performance across 
the lifespan using the same paradigm (Kliegel et al., 2008; Kretschmer-Trendowicz & 
Altgassen, 2016; Mattli et al., 2014; Zimmermann & Meier, 2006; for an overview see; 
Zuber & Kliegel, 2020), and they all found support for an inverted U-shaped development of 
PM across lifespan.

Regarding the cognitive functions underlying the observed increase and later decrease in 
PM performance across the lifespan, most studies to date have looked at the role of 
executive functions (e.g., Guajardo & Best, 2000; Kerns, 2000; Kliegel & Jäger, 2007; 
Kliegel et al., 2002; Mahy & Moses, 2011). Executive functions are high-level prefrontal 
cognitive processes that regulate and control lower-order cognitive processes in the service 
of goal-directed behavior (Ardila, 2008). Similar to PM development (Best & Miller, 2010; 
Zelazo et al., 2004), their development is characterized by an inverted U-shaped function 
across the lifespan. Executive functions are assumed to be involved in planning the intended 
action, in monitoring for the appropriate moment to execute the intention as well as in 
inhibiting performing the ongoing task and switching to executing the PM task (Kliegel 
et al., 2002). Accordingly, numerous studies across the lifespan have found executive 
functions to be critically involved in prospective remembering (e.g., Executive Framework 
of PM development, Mahy et al., 2014; Martin et al., 2003; Schnitzspahn et al., 2013). 
Recently, the impact of another cognitive function, namely metacognition, on successfull 
PM performance has gained some interest (e.g., Cottini et al., 2019, 2021; Lavis & Mahy,  
2021; Rummel & Meiser, 2013).

Metacognition refers to the ability to reflect about one’s own thinking and learning 
process and to choose the appropriate strategies that lead us to achieve our goals based on 
this reflection (Flavell, 1979). Metacognition is an umbrella term comprising two meta
memory components: on the one hand declarative metamemory which refers to the explicit 
knowledge about memory and how memory performance is affected by person (e.g., 
awareness of one’s own cognitive limitations), task (e.g., difficulty level) and strategy 
variables (e.g., rehearsal is a good strategie for learning vocabulary) and on the other 
hand procedural metamemory which describes the strategic application of that knowledge 
in the service of individuals own memory performances (Tauber & Dunlosky, 2016). 
Procedural metamemory can be further divided into metacognitive monitoring (i.e., the 
ability to evaluate one’s own mental states, knowledge, and performance) and metacognitive 
control (i.e., the ability to adjust one’s behavior to monitoring feedback; Koriat et al., 2006; 
Kuhlmann, 2019).

Expectations on children’s ability to independently monitor their memory and strategy 
use to sucessfully remember and execute their future intentions increases with age as the 
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negative consequences of failure of remembering (e.g., forgetting to take essential medica
tion) may increase across childhood and adolescence. For example, accurately assessing 
one’s progress in learning new vocabulary will yield better results on a test, while over
confidence may lead to inadequate study and lower grades. Metacognition has been 
extensively studied in various fields of memory (e.g., retrospective memory; Dunlosky & 
Metcalfe, 2008 or short-term memory; Bertrand et al., 2017); however, only recently have 
PM researchers began to investigate the interplay between metacognition and PM (e.g., 
Cottini et al., 2019, 2021; Gilbert, 2015). To date, the developmental course of metacognitive 
abilities across the lifespan is still somewhat unknown (O’Leary & Sloutsky, 2019). It has 
been suggested that the development of metacognition might follow the age-related trajec
tory of executive functions given the great overlap of shared processes of metacognitive 
abilities and executive functioning (O’Leary & Sloutsky, 2019) and reflecting the develop
ment of prefrontal cortex (Morton et al., 2009). In order to successfully complete a PM task, 
it is of crucial importance to select the right strategy for the respective task demands (e.g., 
setting a reminder at the appropriate time). Highlighting the overlap between metacogni
tion and PM, R. E. Smith (2016) stated in her meta-intentional research framework that 
metacognitive processes (e.g., choosing an appropriate strategy based on past experience in 
the intention formation phase to successfully execute the planned action in the execution 
phase) are inherently part of PM.

Typically, metacognitive monitoring (in PM) is investigated by asking participants to 
predict their upcoming (predictions) or to rate their past PM performance (postdictions; 
Lavis & Mahy, 2021). There are two primary methods for monitoring performance that are 
commonly used: 1) judgements of confidence which entail determining the extent of 
certainty an individual possesses regarding their task performance (e.g. Cottini et al.,  
2021; Gilbert, 2015), and 2) accuracy estimations, where participants are required to indicate 
the proportion of correct answers they expect to provide or have provided, respectively (e.g., 
S. J. Smith et al., 2011). Predictions are based on the premise that the task has either never 
been executed or has only been performed in a trial run which implies the (almost) absence 
of past experience and solely relies on assumptions about future performance. In addition, 
prediction accuracy may be influenced by task familiarity, task difficulty, and motivation 
(Schneider et al., 1998). Conversely, postdictions are made immediately following complet
ing the task and are based on the recent experience of performing the task which might 
allow for a more accurate reflection of the actual performance of the task (Kuhlmann, 2019).

To date only a handful of studies have investigated the relationship between metacog
nitive processes and PM performance. The majority of studies conducted in children have 
focused on very narrow age ranges, such as 4–6 year-olds (Lavis & Mahy, 2021), 5 year-olds 
(Kvavilashvili & Ford, 2014), 7–8 year-olds (Cottini et al., 2018, 2019), or compared specific 
child age groups (e.g., 5–6 vs. 8–10 years; Cottini et al., 2021). Similarly, studies in adults 
have primarily examined metacognitive abilities within specific age groups, like young 
adults (Meeks et al., 2007; Rummel & Meiser, 2013; Schnitzspahn et al., 2011), middle- 
aged adults (Knight et al., 2005), and older adults (S. J. Smith et al., 2011). Gilbert’s (2015) 
study was an exception, as it included a wide age range (18–68 years). Hence, it is unclear if 
age-related differences in metacognitive monitoring across the lifespan affect PM 
performance.

In terms of metacognitive development in children, Kvavilashvili and Ford (2014) 
showed that two-thirds of the examined 5-year-old children were able to accurately 
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predict their upcoming PM performance within a one-trial-PM-task. Lavis and Mahy 
(2021) asked 4–6-year-old children to predict their performance on either an easy 
(salient PM cue) or a difficult PM task (nonsalient PM cue) and to rate their PM 
performance afterward. Regardless of their age, children tended to overestimate their 
upcoming performance but showed more accuracy in their postdictions and were even 
able to consider task-difficulty in their ratings. Cottini et al. (2019) asked 7–8- year-old 
children to rate their PM performance in a picture classification task with five 
embedded event-based PM trials, both before and after performing the task. 
Prediction accuracy and actual PM performance were not related, but metacognitive 
monitoring improved when it was given retrospectively (postdictions).

In another study, Cottini et al. (2021) compared both metacognitive monitoring (pre
dictions and postdictions) and metacognitive control in two groups of children (5–6 year- 
old and 8–10 year-old) also using a picture classification task with three or four embedded 
event-based PM cues. Both age groups rated their PM performance better than it actually 
was, both before and after performing the task, but the accuracy of predictions increased 
with age, indicating better metacognitive abilities in the older age group. Both groups were 
more accurate at rating their PM performance after completing the task as compared to 
predicting their performance, suggesting that already for children task experience improves 
the accuracy of their judgment. So far, no study has investigated PM and metacognition in 
adolescents. Even with regards to the more extensively studied field of retrospective 
memory, there seems to be a research gap for adolescents older than 14 years of age. 
Overall, the limited existing evidence points to adolescents still overestimating their pre
dicted performance, though less strongly than younger age groups (Hoffmann-Biencourt 
et al., 2010; for an overview see:; Godfrey et al., 2023).

Regarding metacognitive performance in adults, Meeks et al. (2007) compared two 
groups of undergraduate students in their metacognitive monitoring abilities (prediction 
and postdiction) in a lexical decision (high vs. low cognitive load) task with an embedded 
event-based task. Overall, students in the high and low cognitive load conditions were 
underconfident in predicting their upcoming performance. Postdictions were more accu
rate for the low cognitive load condition; while underconfidence remained high in the high 
cognitive demand condition even after completing the task. The authors concluded that 
young adults are not well calibrated in their metacognitive awareness of laboratory PM 
tasks, neither before nor after completing a task. Gilbert (2015) investigated the influence of 
metacognitive abilities on PM performance across the adult lifespan (age range 18–66, mean 
age 33) in a web-based intention-offloading-task. Participants were underconfident about 
their upcoming performance (predictions); their postdictions were more accurate, though 
participants were still underconfident about their performance (c.f., Knight et al., 2005; 
Schnitzspahn et al., 2011). S. J. Smith et al. (2011) examined performance predictions in 
older adults (mean age 74 years). Sixteen older adults performed event- and time-based PM 
tasks and were asked to predict how many PM cues they expected to find or had found, 
respectively. In contrast to Gilbert’s results, participants were clearly overconfident about 
their upcoming performance, but postdictions were more accurate than predictions in 
relation to actual performance.

Taken together, it seems that children and adolescents become more accurate in their 
assessments as they age, but often overestimate their upcoming performance, whereas 
young and middle-aged adults seem to underestimate their performance. In old adulthood, 
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there appears to be a shift toward overestimating one’s upcoming performance in 
a laboratory task. With regard to postdictions, overall, all age groups show more accurate 
assessments after actual task performance as compared to pre-task predictions.

The goal of the current study was to investigate, for the first time, age-related differences 
in prospective metacognitive monitoring and PM performance across the lifespan. To this 
end, five age groups, namely children, adolescents, young, middle-aged and old adults 
completed the same PM task (Virtual Week; Rendell & Craik, 2000) and were requested 
to pre- and postdict their PM performance. In addition, they were asked to rate their 
everyday PM performance and their use of internal and external strategies to remember to 
execute intentions in everyday life (Rummel et al., 2019).

Given previous evidence of PM performance showing an inverted U-shaped pattern 
across the lifespan (Kliegel et al., 2008; Kretschmer-Trendowicz & Altgassen, 2016; Mattli 
et al., 2014; Zimmermann & Meier, 2006, for an overview see; Zuber & Kliegel, 2020), we 
expected children and old adults to show the poorest PM performance (Mattli et al., 2014; 
Zimmermann & Meier, 2006), while adolescents, young adults and middle-aged adults 
would outperform children and old adults (Kretschmer-Trendowicz & Altgassen, 2016; 
Mattli et al., 2014). We further expected no age-related differences between adolescents, 
young adults and middle-aged adults (Kretschmer-Trendowicz & Altgassen, 2016; Mattli 
et al., 2014).

Regarding developmental differences in prospective metacognitive monitoring abilities 
across the lifespan, for prospective judgments (predictions), we hypothesized that children 
(based on PM research; e.g, Cottini et al., 2019, 2021), adolescents (based on retrospective 
memory research; Godfrey et al., 2023) and old adults (based on PM research; e.g, S. J. Smith 
et al., 2011) would overestimate their upcoming PM performance, whereas young- and 
middle-aged adults would underestimate it (based on PM research, Gilbert, 2015; Meeks 
et al., 2007). In contrast, for retrospective judgment (postdictions), we expected all age 
groups to give more accurate judgments after performing the task (Cottini et al., 2019; 
Gilbert, 2015; Meeks et al., 2007; S. J. Smith et al., 2011). As the link between metacognitive 
awareness and the selection of encoding and retrieval strategies is largely unexplored in 
everyday life, but of high importance for successful PM performance, possible associations 
between self-reported everyday PM performance and laboratory PM measures across the 
lifespan will be explored.

Methods

Participants

A statistical power analysis based on a medium effect size (f = .25) was performed with 
G*Power 3.1 (Faul et al., 2007) and indicated a sample size of 150 was required to achieve 
80% power (alpha = .05), resulting in a group size of 30 subjects per age group. Data was 
collected from 155 participants in Germany; however, the data sets of four participants were 
excluded due to technical problems (2 young adults) and difficulties in PM task compre
hension (1 child, 1 old adult). Thus, the final sample comprised 151 native German- 
speaking individuals between the ages of 9 and 75 years belonging to five different age 
groups (for details see Table 1). Participants were recruited from various sources, including 
local schools for children and adolescents, e-mail lists of the local university for young 
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adults, neighborhood apps for middle-aged individuals, and e-mail lists of a study program 
for adults over 50 at a local university. Exclusion criteria for all groups were the presence of 
a psychiatric or neurological disorder, severe visual or hearing impairment, reading dis
orders, present or past drug or alcohol abuse.

Participants’ verbal abilities were assessed using the German version of the vocabulary 
test of the Wechsler Intelligence Scale for Children – Fifth Edition (WISC-V, Petermann,  
2017), and the Wechsler Adult Intelligence Scale Fourth Edition (WAIS-IV; Petermann,  
2012), respectively. Age groups were parallel for age-related scaled scores (F(4, 146) = 2.044, 
p = 0.09). All children attended grade 4 (age-range 9–10) of local primary schools, while 
adolescents (aged between 14 and 15 years) attended grades 8 (20% of adolescents), 9 (50%) 
and 10 (30%) of different local secondary schools. All adult participants were highly 
educated. Young adults were all psychology students at the local university; 43.2% of the 
middle-aged adults and 62.7% of the old adults had at least a master’s degree or a higher 
academic qualification (16.1% of the middle-aged adult group had a PhD). A differentiated 
presentation of participants’ vocational and educational qualifications is provided in the 
appendix.

The study was conducted in accord with the Declaration of Helsinki and was approved 
by the local ethics committee. All participants gave written informed consent prior to study 
participation. Only children and adolescents whose parents had given written informed 
consent were allowed to participate. The study was not preregistered.

Materials

Prospective memory paradigm
The present study used a shortened computerized version of Virtual Week (Rendell & 
Craik, 2000) to assess participants’ PM performance. Virtual Week was presented as a board 
game (see Figure 1) on a laptop and assessed four different types of PM tasks (time- and 
event-based PM tasks, regular and irregular PM tasks). Participants moved a token clock
wise around the board after clicking on a dice sign in the middle of the screen, with each 
circuit representing one waking day. The game featured a virtual clock in the center, which 
was calibrated to the token’s position on the board. Every two squares, 15 virtual minutes 
elapsed. While individuals moved around the board and landed on or passed an E sign (10 
cards per day), they needed to virtually pick an event card and choose one of three options 
that were appropriate for the virtual time (e.g., breakfast at 8:30 a.m. and the participant had 
to select their breakfast out of three options). Depending on participants’ choice, a dice roll 
consequence was revealed (e.g., to move on by rolling an even number), participants then 
had to roll the dice until they met the presented dice roll criterium. Rolling the dice, moving 
around the board, reading the event cards and making decision about the daily activities 

Table 1. Sample characteristics.
N Age-range in years Age M (SD) in years Gender Verbal abilities M(SD)

Children 30 9–10 9.7 (0.4) 16 F, 14 M 9.7 (2.5)
Adolescents 30 14–15 14.5 (0.5) 15 F, 15 M 10.5 (1.9)
Young adults 30 20–25 22.5 (1.9) 27 F, 3 M 9.7 (2.6)
Middle-aged adults 31 30–50 41.6 (4.1) 25 F, 5 M 9.5 (1.5)
Old adults 30 60+ 66.6 (4.7) 14 F, 16 M 9.0 (1.4)

F = Female, M = male.

6 S. STELZ AND M. ALTGASSEN



represented the ongoing task. Into this ongoing task, several time- and event-based PM 
tasks as well as regular and irregular PM tasks were embedded.

Participants completed 2 days of Virtual Week and one trial day (comprising two 
irregular time-based and two irregular event-based PM tasks) beforehand to ensure that 
they understood all features of the game. After completion of the trial day, participants were 
instructed with the regular PM tasks.

Each Virtual Week testing day included four regular and four irregular PM tasks. The 
regular tasks were the same each day. Participants were informed that they were ill and 
therefore had to take medication regularly. Two regular PM tasks were time-based (i.e., 
remember to take asthma spray at 11:00 a.m. and 21:00 p.m.) and two were event-based (i.e., 
remember to take medication for breakfast and dinner at the appropriate event-cards). The 
irregular PM tasks also consisted of two time-based and two event-based PM tasks; whereby 
two irregular tasks (one time- and one event-based task) were given at the beginning of 
a new day and two irregular (again one time- and one event-based task) tasks later appeared 
during the game.

For the present study, the English adult-version (Rendell & Henry, 2009) was 
translated and adapted into a German adult-version (Aberle et al., 2010) and 
a German child/adolescent version (Henry et al., 2014). The adult and children versions 
differed regarding the content that was presented to make them more suitable to the 
everyday life of each age group. All task instructions were presented in writing within 
the game. For children and adolescents, written instructions were slightly shortened. If 
needed, the children received additional verbal instructions. All children and adolescents 
had to read out the instructions aloud. After the trial day all participants were asked to 
repeat the instructions, ensuring understanding of all instructions. The entire task 

Figure 1. Screenshot of user interface of virtual week, English version.
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(trial day plus two testing days) took about half an hour with each circuit around the 
board lasting about 10 minutes. PM performance for time- and event-based PM tasks 
were measured as number of executed PM tasks over the two days (in total 8 time-based 
PM tasks; comprising 4 regular and 4 irregular tasks) and 8 event-based PM tasks 
(likewise, 4 regular and 4 irregular tasks). A time-based PM performance was considered 
to have been correct, if the task was remembered between passing the field of the correct 
time and realized before the next dice roll.

Metacognitive prospective memory inventory short version (mpmi-s)

The MPMI-s (Rummel et al., 2019) is a self-report assessment of individuals everyday PM 
abilities and everyday PM strategy use. The questionnaire consists of 22 items divided into 3 
subscales: 1.) “Prospective Memory Ability Scale” (PMA, 8 items), 2.) “Prospective Memory 
Internal Scale” (PMSi, 7 items) and 3.) “Prospective Memory External Scale” (PMSe, 7 
items). Participants rated their answer on a 5-point Likert scale ranging from (1) “rarely”, 
(2) “rather rarely”, (3) “sometimes”, (4) “rather often,” to (5) “often.” The original ques
tionnaire was developed for adults (Rummel et al., 2019). To ensure that children and 
adolescents could comprehend and relate to the items of the MPMI-s, we adapted several 
items regarding wording and age-appropriate content. The amended questionnaire was 
piloted in a small sample of children (N = 12, age range: 8–12) and confirmed that it was 
comprehensible for the tested children. For example, we changed the original item: “I forget 
to cancel contracts on time, like trial subscriptions for newspaper” into “I forget to turn in 
announcements from school on time.” The reliability of the MPMI-s scales in the present 
study were high (Cronbach’s alpha from .88 to .91). As the three scales differ in the absolute 
number of items, z-standardized scores were computed to compare age groups across scales.

Metacognitive monitoring

To assess metacognitive monitoring, all participants were asked to answer questions about 
their upcoming PM performance (predictions) after going through the trial day of Virtual 
Week. The first question to answer was: Overall, how well do you think you will do on the 
task? Participants were asked to indicate their performance on a scale from 1 to 6 which was 
presented as reflecting the German school-grade system and is very familiar to German 
citizens. The lower the grade, the better the performance. A second question referred to the 
perceived personal challenge they would face completing the task: “How difficult do you 
think this task is going to be for you?” Participants rated on a 5-point Likert scale ranging 
from 1 – very easy to 5 very difficult.

Similary after completing Virtual Week, participants were asked to rate their perfor
mance (postdictions). The first and second questions (1. Overall, how well do you think you 
did on the task?, 2. How difficult do you think this task was for you?) were similar to the one’s 
described above (predictions) only that performance had to be assessed retrospectively. As 
previous research has shown, that postdictions might be more accurate than predictions 
(Cottini et al., 2019; Gilbert, 2015; Lavis & Mahy, 2021; Meeks et al., 2007; S. J. Smith et al.,  
2011), we added three more questions to get a deeper understanding of retrospective 
performance predictions. We further asked the following: 1.) How many tasks out of 16 
do you think you have completed correctly? 2.) How confident are you about your answer? 3.) 
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Did you use any strategies to remember the task? Participants were asked to rate their 
answers for questions 2 and 3 on a 5-point Likert scale ranging from 1 – not confident at 
all to 5 – completely confident. The final question asked participants to report if any 
strategies were used. The responses were than analyzed by two independent raters and 
categorized into four groups: no strategy reported, rehearsal, mnemonics, or episodic future 
thinking. The versions for children/adolescents and adults differed slightly in language use 
(e.g., more formal wording). To compare prediction and postdiction accuracy between the 
five age groups, the mean differences between metacognitive monitoring and actual PM 
performance were calculated (e.g., Cottini et al., 2019). Therefore, we converted the amount 
of correct PM tasks into a corresponding grade from 1 to 6. The corresponding number of 
correct tasks to grade was the following: 16–14 = 1, 13–11 = 2, 10–8 = 3, 7–5 = 4, 4–2 = 5, 
1–0 = 6. A difference score of 0 indicated that the performance predictions/postdictions 
were exactly as estimated, a score below 0 indicated underconfidence, while a score above 0 
indicated overestimation.

Procedure

The testing session, which lasted between 45 minutes and 1 hour, was administered 
individually to all participants. After giving written informed consent, participants filled 
in a sociodemographic questionnaire which was presented via SoSci-Survey (Leiner, 2019) 
and included questions such as age, gender, education, and occupation, followed by the 
MPMI-s. All participants were encouraged to ask questions at any time if something was 
unclear. Children were repeatedly offered help while filling out the questionnaires ensuring 
comprehension of all items. Then, participants were introduced to Virtual Week and 
completed a trial day of either the children/adolescent- or the adult-version of the task, 
depending on age-related differences in attentional processes and language comprehension. 
During the trial day, the examiner answered any questions about the procedure and rules to 
ensure that participants understood the task. After completing the trial day, participants 
were asked to predict their task performance on Virtual Week, whereupon they completed 
two more days of the task without receiving any feedback or assistance. Finally, after task 
completion, participants were asked to retrospectively assess their performance

Results

All statistical analyses were conducted with IBM SPSS Statistics 27.0.

Prospective memory performance (laboratory)

The mean accuracy for correctly performed PM responses overall and separately for correct 
time- and event-based PM trials through all five age groups are displayed in Table 2.

A 2 (PM cue: PM time-based, PM event-based) by 5 (age groups: children, adolescents, 
young adults, middle-aged adults, old adults) mixed analysis of variance (ANOVA) was 
carried out to analyze differences in PM performance in time- versus event-based PM across 
the five different age groups. The results revealed significant main effects of PM cue, F (1, 
146) = 30.3, p < 0.001, ηp

2 = .172 and age group, F (4, 146) = 17.43, p < 0.001, ηp
2 = .323. Post 

hoc Tukey tests indicated that overall, participants showed superior event-based as 
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compared to time-based PM performance (see Table 2). Furthermore, significant differ
ences in PM performance between children and adolescents, children and young adults, as 
well as children and middle-aged adults (all ps < .01), but no significant differences between 
children and old adults (p = 0.99). The performance of adolescents, young adults and 
middle-aged adults did not differ (all ps > .95). The interaction between PM cue x age 
group was not significant, F (4,146) = 1.25, p = .29, ηp

2= .033, indicating no differential age 
effects on time- vs. event-based PM performance.

Everyday prospective memory performance

To assess differences in self-rated everyday PM performance (using z values, see Table 3) 
a second mixed ANOVA with the within-subject factor scale (PM Ability, Internal, 
External) and between-subject factor age group (children, adolescents, young-, middle- 
aged-, old adults) was conducted. There was no significant main effect of scale, F < 1, but 
a significant main effect of age group, F (4, 146) = 13.0, p < 0.001, ηp

2 = .263. Post hoc Tukey 
tests revealed that there was no significant difference between children and adolescents (p =  
0.99), but both children and adolescents differed significantly from young -, middle-aged – 
and old adults (all ps < .01). The interaction between scale × age group was significant, 
F (8,292) = 8.8, p < 0.001, ηp

2 = .194.
To better understand the two-way interaction, follow-up analyses were conducted. 

Analyses of simple effects of age groups separately for each scale revealed the following: 
There was a significant main effect on “PM ability scale,” F (4,146) = 14,29, p < .001, ηp

2 = 
0.28. Children reported significantly better PM performance than adolescents (p < .009) but 
significantly poorer performance than old adults (p < .001). There was no difference 
between children and young adults and middle-aged adults on this scale (all ps > .195). 
Adolescents reported the lowest PM performance compared to all other age groups (all ps < 
.009). In addition, young adults showed significantly lower PM performance compared to 

Table 2. Prospective memory performance in the virtual week.
PM total time-based PM event-based PM

M (SD) M (SD) M (SD)

Children 7.27 (3.9) 2.93 (2.05) 4.33 (2.23)
Adolescents 11.37 (3.0) 5.4 (1.98) 5.97 (1.67)
Young adults 11.97 (2.46) 5.27 (1.82) 6.7 (1.27)
Middle-aged A, 11.35 (3.31) 5.19 (2.12) 6.16 (1.81)
Old adults 6.9 (2.39) 3.2 (2.19) 3.7 (2.18)

Table 3. Summary scores and z-standardized scores for all three mpmi-s scales.
PM Ability Scale Internal Scale External Scale

M (SD) z (SD) M (SD) z (SD) M (SD) z (SD)

Children 29.07 (6.8) −.15 (1.23) 18.6 (6.95) −.64 (1.16) 19.07 (6.05) −.77 (.90)
Adolescents 25.8 (3.01) −.74 (.54) 22.4 (5.83) −.00 (.97) 20.5 (6.04) −.57 (.90)
Young adults 30.67 (4.4) .13 (.79) 24.33 (4.52) .32 (.75) 27.3 (5.03) .44 (.75)
Middle-aged A. 29.23 (5.3) −.13 (.96) 24.19 (5.57) .30 (,93) 26.45 (6.29) .32 (.94)
Old adults 34.87 (3.24) .89 (.59) 22.53 (5.36) .02 (.89) 28.07 (4.58) .56 (.68)
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old adults (p< .001) but no difference to middle-aged adults (p = 0.239). Old adults reported 
the best everyday PM performance compared to all other groups (all ps < .001).

A significant main effect was also shown for the “Internal strategy scale,” F (4,146) = 4,97, 
p <.001, ηp

2 = 0.12. Children reported the lowest use of internal strategies compared to all 
other age groups (all ps < .01), while adolescents, young, middle-aged and old adults did not 
differ in their internal strategy use (all ps > .191). Finally, there was also a significant main 
effect for “External strategy scale,” F (4,146) = 16,44, p < .001, ηp

2 = 0.31. Children and 
adolescents reported significantly lower external strategy use compared to young, middle- 
aged and old adults (all ps < .001). There was no difference between children and adoles
cents (p = 0.327). In addition, all adults groups did not differ in their usage of external 
strategies (all ps > .266).

We further analyzed each scale separately for all age groups and found a significant main 
effect for children, F (2,145) = 6.107, p < .003, ηp

2 = 0.08, showing that the report of everday 
PM performance was significantly higher than the report of both, internal and external 
strategy use (all ps < .009). The report of internal and external strategy use from children did 
not differ (p = 0.384). We also found a significant main effect for adolescents, F (2,145) =  
9.932, p < .001, ηp

2 = 0.12, indicating a significantly lower report of everyday PM perfor
mance compared to internal strategy use (p < .001) but not to external strategy use (p =  
0.331). Adolescents reported a significantly higher internal strategy use than external 
strategy use (p < .001). There was no main effect for the young adult group, F (2,145) =  
1.474, p = 0.232, ηp

2 = 0.02 but for middle-aged adults, F (2,145) = 3.646, p = 0.029, ηp
2 =  

0.05. Middle-aged adults reported significantly lower everyday PM performance than 
internal and external strategy use (all ps < .02) but reported use of internal and external 
strategies (p = 0.866) did not differ. Finally, there was also a significant main effect for old 
adults, F (2,145) = 12.421, p < .001, ηp

2 = 0.15. Old adults reported significantly higher 
everyday PM performance than the use of internal strategies (p = < .001) while external 
strategies use did not differ (p = 0.073). In addition, old adults reported significantly higher 
use of external strategies compared to internal strategy use (p < .001).

Prediction and postdiction accuracy

A 2 (time: prediction accuracy, postdiction accuracy) × 5 (age group: children, adolescents, 
young, middle-aged, old adults) mixed ANOVA was conducted to explore the effects of 
time of judgment on age groups’ assumed PM performance (see Figure 2). There was 
a significant effect of time of judgment, F (1, 146) = 42.9, p < 0.001, ηp

2 = .227. Overall, 
participants overestimated their upcoming performance, while they underestimated their 
past performance. There was also a significant main effect of age group, F (4, 146), p < 0.001, 
ηp

2 = .322. Post hoc Tukey test revealed significant differences between children and all 
other age groups (all ps < .02), as well as between old adults and all other age groups (all ps < 
.02) for predictions and postdictions. Except for young adults who tended to underestimate 
their upcoming performance, all other age groups overestimated their predicted PM 
performance. In contrast, only children and old adults overestimated their past perfor
mance, while adolescents, young adult and middle-aged adults underestimated their per
formance in postdictions. The interaction between time of judgment × age group was not 
significant, F (4, 146) = 0.201, p < 0.94, ηp

2 = .005.
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Confidence judgements of postdictions

We analyzed the confidence of judgments for postdictions across the five age groups. The 
mean confidence ratings are displayed in Table 4. A one-way ANOVA showed a significant 
effect of age groups, F (4, 146) = 4.709, p < 0.001, ηp

2 = .114. Post hoc analyses showed 
significant differences between children and old adults (p = 0.02), middle-aged adults and 
young adults (p = 0.04), and between middle-aged adults and old adults (p = 0.01). Overall, 
middle-aged adults demonstrated the highest level of confidence in their retrospective 
judgments, closely followed by children, while old adults trusted their judgments the least.

Table 4. Descriptive statistics for pre- and postdictions across the age groups.

Children Adolescents
Young 
Adults

Middle-aged 
Adults

Old 
Adults

M (SE) M (SE) M (SE) M (SE) M (SE)

Predictions
(1) Overall, how well do you think you will do the task? 

(max. 6*)
1.77 

(0.73)
2.07 (0.69) 2.17 (0.74) 2.19 (0.65) (0.82)

(2) How difficult do you think this task is going to be for 
you?(max 5)

2.10 
(0.92)

2.33 (0.76) 2.47 (0.86) 2.23 (0.56) 2.87 
(0.86)

Postdictions
(1) Overall, how well do you think you completed the 

task? (max. 6)
2.13 

(0.82)
2.53 (0.73) 2.5 (0.77) 2.52 (0.63) 3.23 

(0.79)
(2) How difficult did you experienced this task?(max.5) 2.37 (1.0) 2.83 (0.87) 2.97 (0.89) 2.52 (0.96) 3.5 

(0.78)
(3) How many tasks out of 16 do you think you’ve 

completed correctly?
11.97 
(2.37)

12 (2.27) 12.17 
(2.26)

11.52 (3.23) 10.23 
(2.46)

(4) How confident are you about your answer? (max. 5) 3.77 
(0.68)

3.57 (0.82) 3.37 (0.81) 3.87 (0.62) 3.2 
(0.55)

* We used the German grading system; a lower number indicates a better performance..
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Figure 2. Prediction and postdiction accuracy scores across the five age groups. Note: Error bars are 
presented as standard errors.
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Correlation between metacognitive monitoring and prospective memory

Separately for each age group, correlational analyses were carried out to analyze the 
relationships between PM performance (total), PM prediction accuracy, PM postdiction 
accuracy, postdiction confidence judgment and MPMI-s scales (see Table 5). For all age 
groups, predictions accuracy correlated negatively with PM performance, indicating that 
better PM performance is associated with better PM prediction accuracy (CAVE: the lower 
the accuracy value, the greater the agreement between prediction and actual performance). 
Similarly, for postdiction accuracy across all age groups, better PM performance was 
associated with better judgment of PM performance after completing the PM task. In 
addition, there was a highly significant positive correlation between PM prediction accuracy 
and PM postdiction accuracy across all age groups, indicating that individuals that had 

Table 5. Correlational analyses.
prediction 
accuracy

postdiction 
accuracy

postdiction 
confidence

PM Ability 
Scale

Internal 
Scale

External 
Scale

Children
PM total −.85** −.80** −.07 .21 −.10 −.12
prediction 

accuracy
.91**

postdiction 
accuracy

.43*

PM Ability Scale 69** .70**
Internal Scale .76**
Adolescents
PM total −.83** −.73** .17 .11 .17 33
prediction 

accuracy
.85**

postdiction 
accuracy

.25

PM Ability Scale .02 −.11
Internal Scale .38*
Young adults
PM total −.66** −.52* .42* .10 −.14 −.07
prediction 

accuracy
.74**

postdiction 
accuracy

.02

PM Ability Scale .50** .06
Internal Scale .27
Middle-aged 

adults
PM total −.78** −.81** .28 −.05 −.03 .22
prediction 

accuracy
.67*

postdiction 
accuracy

−.07

PM Ability Scale .27 .27
Internal Scale .62**
Old adults
PM total −.66** −.76** .38* .01 −.08 .05
prediction 

accuracy
.74**

postdiction 
accuracy

−.21

PM Ability Scale .14 .32
Internal Scale .40*

*= p < 0.05, **= p < 0.01.
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a higher accuracy in predicting their upcoming performance also had a better accuracy in 
their retrospective assessment.

PM performance in the laboratory and everyday PM performance did not correlate in 
any age group. Similarly, there was no correlation between laboratory PM performance and 
the reported use of internal or external strategies in everyday life, measured with the 
Internal and External Scale of the MPMI-s. For children self-reported everyday PM 
performance and the use of internal or external strategies was significantly related. 
Similarly, young adults showed a significant correlation between everyday PM performance 
and internal strategy use (r = .50, p < .01). For all other age groups, there were no significant 
relations between reported everyday PM performance and the use of internal or external 
strategies.

Except for young adults, there were significant correlation between the reported use of 
internal and external strategies.

Strategy use

While only 20% of children (n = 6) reported to have spontaneously applied strategies while 
completing the Virtual Week task, strategy use increased with age [adolescents: 53,3% (n =  
16); young adults: 100% (n = 30); middle-aged adults: 35,5% (n = 11); old adults: 70% (n =  
21)]. Overall, children and middle-aged adults reported the least use of spontaneous 
strategies whereas all young adults indicated to have used strategy. Answers are displayed 
in Table 6. The responses were assigned into three categories: rehearsal, mnemonics, and 
episodic future thinking, whereby rehearsal and mnemonics were selected most frequently 
across all age groups.

Discussion

The current study set out to investigate the impact of metacognitive monitoring on the 
development of PM performance across the lifespan. To this end, we examined age-related 
differences in PM performance in five age groups ranging from childhood to old adulthood 
using the same paradigm (Virtual Week; Rendell & Craik, 2000) and investigated develop
mental differences in prospective and retrospective metacognitive monitoring on PM 
performance.

In line with our expectations and previous studies that found PM to develop in an 
inverted U-shaped function across the lifespan (Kliegel et al., 2008; Kretschmer-Trendowicz 
& Altgassen, 2016; Mattli et al., 2014; Zimmermann & Meier, 2006), our results revealed 

Table 6. Spontaneous strategy use while performing virtual week.
No strategy reported Rehearsal Mnemonics Episodic Future Thinking

n (%) n (%) n (%) n (%)

Children 24 (80%) 2 (6.7%) 5 (16.7%) -
Adolescents 14 (46.7%) 10 (33.3%) 5 (16.7%) 2 (6.7%)
Young Adults - 18 (52.4%) 16 (47.1%) -
Middle-aged Adults 19 (66.3%) 5 (16.7%) 8 (26.7%) -
Old adults 9 (30%) 9 (30%) 10 (33.3%) 2 (6.7%)

Multiple answers per person were possible.
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children and old adults to show the poorest PM performance, while adolescents, young 
adults and middle-aged adults all performed at a similar level and outperformed children 
and old adults. The increase and later decrease of PM performance across the lifespan has 
been linked to the parallel development of executive functions and retrospective memory 
which are both critically involved in prospective remembering (Mahy et al., 2014; Martin 
et al., 2003).

Regarding the assessment of developmental differences in prospective metacognitive 
monitoring, in line with our hypothesis, children overestimated their upcoming PM 
performance but contrary to our expectations, only young adults underestimated their 
upcoming PM performance, while adolescents, middle-aged adults and old adults also 
overestimated their upcoming performance. Regarding participants’ retrospective PM per
formance judgments (postdictions), overall, as hypothesized, accuracy judgments given 
after task performance were more accurate than those given before performing the task 
(cf. similar results, Cottini et al., 2019; Gilbert, 2015; Lavis & Mahy, 2021; Meeks et al.,  
2007). Overall, children and old adults overestimated their past PM performance, while 
adolescents, young adults and middle-aged adults underestimated it.

Regarding the children group, the observed overestimation of their future and past PM 
performance was in line with the current literature (Cottini et al., 2021; Lavis & Mahy,  
2021). Cottini and colleagues compared younger (5–6 years) and older (8–10 years) chil
dren in their metacognitive monitoring in an event-based PM task (three targets for young 
children and four targets for older children). Both groups overestimated their upcoming 
performance, but older children were significantly better at predicting their performance 
compared to younger children. Cottini’s results (2021) concur with developmental studies 
in the area of retrospective memory research which indicate that 9- to 10-year-old children 
become more accurate and less overconfident than younger children aged 6–7 years 
(Schneider et al., 2000). The children group of the current study was of a similar age as 
the older children group of Cottini’s study. Descriptively, children in our study were more 
overconfident in predicting their performance than Cottini’s sample, possibly due to the 
different tasks used and the larger amount of PM targets. The current study comprised 16 
PM tasks (both, time- and event-based tasks, including both regular and irregular tasks) 
which represents a significant increase compared to the three, respectively, four PM tasks in 
the Cottini study, and may have made it harder for children to accurately predict their 
performance. Future studies should vary the number of PM tasks to investigate its impact 
on children’s ability to assess their future performance. Consistent with Cottini et al. (2021) 
results,’ we found children’s performance judgments given retrospectively (postdictions) to 
be more accurate than those given prospectively (predictions).

This was the first study to investigate metacognitive monitoring in PM in adolescents. 
Notably, studies on retrospective memory are also scarce (Godfrey et al., 2023). The limited 
research available indicates that children aged 10–13 years tend to become more accurate in 
predicting their past memory performance, approaching the accuracy of adults. Consistent 
with these findings, our study-observed adolescents were significantly more accurate in 
predicting their performance than children (while adolescents were on average about 4.5 
PM tasks more positive in their prediction than they actually performed, children over
estimated their performance by about 5.5 PM tasks); though they were still rather optimistic 
about their future performance compared to all adult groups (adults overestimated or 
underestimated themselves in their predictions by about 1 to 1.5 PM tasks). Given that 
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the used PM task Virtual Week tries to mirror everyday like demands – and despite using 
the adapted child version of the task -, it is possible that children and adolescents had more 
difficulties with assessing their abilities as both children and adolescents may not have not 
been fully exposed yet to the various demands of life. Possibly, children tend to be less 
accurate in their assessments than adolescents who already show more responsibility for 
different aspects of their lives and may therefore be better equipped to provide more 
accurate assessments. In addition, during the testing session children often reported that 
they were generally very good at computer games, so possibly the presentation of the task as 
a board game may have led children to assume that their performance in Virtual Week will 
be as good as their perceived everyday game experience. Another possibility is that children 
did not realize that they should predict their memory performance and not their game 
performance, resulting in their assessment being influenced by their gaming experience 
rather than their memory performance.

Regarding the adult groups, our predictions were confirmed for young and old adults, 
but not for middle-aged adults who slightly overestimated their upcoming performance. 
Interestingly, among all age groups, young adults showed the most accurate prospective 
assessment of their upcoming performance, but were even more underconfident in their 
retrospective assessment than they were initially. On the other hand, middle-aged and older 
adults showed a comparable level of accuracy in their performance assessments, although 
the direction of their assessment in middle-aged adults changed from overestimation 
(predictions) to underestimation (postdictions). A possible explanation for individuals’ 
tendency to underestimate their retrospective performance could be participants’ modesty 
or their attempt to give answers that are socially desirable. Adults appear to exhibit greater 
caution and reservation in their retrospective performance assessments while demonstrat
ing slightly more confidence before completing the task, these differences in performance 
pre- and postdictions could potentially be due to the absence of prior experience with the 
task and resulting difficulties to assess their upcoming task performance. Another possible 
explanation for this observation could be participants’ modesty or social desirability given 
that typically in society it is better to downplay one’s performance than to boast about it.

Overall, all adult groups were generally rather accurate in their performance assessments, 
whether made prospectively or retrospectively. This contrasts with earlier studies that 
suggested that adults are not good at predicting their upcoming performance (Kuhlmann,  
2019). One reason for this contrasting result could be the design of the task used. The PM 
tasks of Virtual Week aim to reflect everyday tasks that should be familiar to most adults 
(e.g., remembering to call a friend at a certain time or to buy a certain item when passing the 
supermarket), making it easier for them to predict their performance. This would also 
explain why the retrospective judgments were only slightly better than those given 
prospective.

Taken together, our results suggest that – with the exception of children – individuals 
seem to be able to assess their PM performance in the laboratory, thus showing accurate 
metacognitive abilities. Interestingly though, being able to accurately predict one’s success 
and failures does not automatically lead to better PM performance as seen in our older adult 
group who accurately predicted a poor PM performance. A possible explanation for this 
could be that older adults are aware of their deficits, but in order to compensate for them, 
the use of more external strategies is needed (e.g., setting reminders or writing notes) which 
they were prevented from using in this laboratory task setting. Possibly, a greater use of 

16 S. STELZ AND M. ALTGASSEN



compensatory strategies in everyday life by older adults may also explain the findings of the 
age-PM paradox (Henry et al., 2004; Rendell & Thomson, 1999), namely that older adults 
perform worse in laboratory-based PM measurements than young adults, but show spared 
or even better performance in more naturalistic settings. Similarly, it remains unclear if 
older adults did not use any internal strategies in the present study or if they could not use 
them efficiently to cope with the demands of the lab-based task. Future studies should 
address the impact of internal and external strategies on PM performance in the lab and in 
everyday life.

In addition to developmental differences in prediction and postdiction accuracy, we also 
investigated differences in retrospective confidence judgments across the lifespan. Middle- 
aged adults were most confident in their postdictions, followed by children, adolescents and 
young adults. Old adults were least confident; which is in line with previous evidence 
reporting a tendency of older adults to rely less on their cognitive abilities (e.g., Bouazzaoui 
et al., 2016; Lineweaver & Hertzog, 1998).

Two key findings emerged across all age groups. Firstly, it seems that the timing of the 
performance judgment may not be as critical as previously found; at least in PM tasks that 
are closer to everyday tasks. A high correlation was found between prediction accuracy and 
postdiction accuracy, indicating that individuals who made more accurate predictions of 
their future performance also made more accurate postdictions afterward. This could 
suggest that with regard to more naturalistic laboratory-based PM tasks individuals may 
have a good understanding of their PM abilities. Second, better PM performance was 
associated with higher levels of prediction and postdiction accuracy for all age groups. 
More research is needed to disentangle whether PM and metacognition develop in parallel 
or whether they are mutually dependent in their development.

The current results align with theoretical perspectives suggesting that metacognitive 
abilities, such as understanding one’s cognitive strengths or selecting effective strategies, 
are essential for the success and development of PM (Kuhlmann, 2019; R. E. Smith, 2016). 
Effective metacognitive monitoring skills can aid individuals in completing a PM task by 
allowing them to monitor, reflect on, and evaluate their cognitive abilities, and select the 
most suitable strategy for implementing their intention. In contrast, poor metacognitive 
skills such as individuals’ overconfidence about their performance (e.g., children and 
adolescents) may lead to poor prospective remembering as individuals may invest less 
effort (e.g., monitoring, strategy use) than is necessary for successful intention completion. 
Providing children and adolescents with information on internal and external metacogni
tive strategies could enhance their PM performance, leading to greater success and inde
pendence in various aspects of their lives (e.g. learning for school or preparing for a sports 
competition).

Finally, we explored self-reported everyday PM performance across all five age groups. 
Results revealed a different developmental pattern compared to the laboratory PM assess
ment. Adolescents who demonstrated descriptively the best performance in the lab-based PM 
task, reported the lowest everyday PM performance. On the other hand, old adults who 
showed the lowest performance in the laboratory PM task reported the best everyday PM 
performance. Interestingly, children reported comparable everyday PM to young adults and 
middle-aged adults, which is in strong contrast to their lab-based PM performance where 
children showed significantly lower performance compared to young and middle-aged 
adults. Possibly, children did not fully understand the content of the items of the 
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questionnaire which could have affected the validity of the results. However, it is worth 
noting that regarding the two scales assessing strategy use, both internal and external 
strategies, children reported the least use of these strategies. This is consistent with previous 
studies suggesting that children may be less adept at using strategies to achieve their goals 
(Cottini et al., 2019). Importantly, laboratory-measured PM performance may not be con
sistent with everyday PM performance (e.g, Rummel et al., 2019; Schnitzspahn et al., 2016).

Overall, the use of questionnaires to assess PM in everyday life is still under debate. 
While most studies do not find a correlation between self-report data and laboratory 
measures and thus question the validity of questionnaires for PM measurement (Kliegel 
& Jäger, 2007; Uttl & Kibreab, 2011), Rummel et al. (2019) emphasize the importance of 
self-report measures, especially for clinical settings when a quick assessment of self- 
perceived PM skills and strategy use is required. Importantly, our findings indicate that 
the self-perception of individuals of their accomplished PM performance (at least from 
adolescence onwards) seems to be well calibrated. This could indicate that retrospective 
self-assessments of one’s own PM performance could be more accurate than sometimes 
assumed. However, future research is needed to investigate whether people are also accurate 
in their retrospective assessment of their everyday PM performance, not only just when 
assessing an everyday-like laboratory task.

This study set out to gain, for the first time, a better understanding of the development of 
prospective metacognitive monitoring and PM performance across the lifespan. By exam
ining five age groups, we confirmed the previously observed inverted U-shaped trajectory of 
PM performance across the lifespan. With regard to metacognition, children tended to 
strongly overestimate their PM performance, whereas, the accuracy of metacognitive 
monitoring abilities increased than from adolescents into old adulthood, both prospectively 
and retrospectively. Overall, retrospective assessments of PM performance were more 
accurate than prospective assessments. It can therefore be concluded that from adolescence 
onwards, individuals are very well able to assess their laboratory PM performance. 
Nevertheless, for old adults accurate knowledge of future performance in the lab-based 
assessment does not appear to lead to the selection of appropriate internal strategies that 
result in an increase in performance. More research is needed to further understand the 
relationship between metacognitive monitoring and PM performance.
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