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Task engagement in daily life often comes with the need to per-
ceive and evaluate the relation between how difficult a given task 
is relative to one’s own ability level. Being able to judge how 
well one can perform a given task and to choose a task difficulty 
level that corresponds to one’s abilities generally leads to better 
performance outcomes. One example is the selection of a profi-
ciency level for skiing lessons. Choosing a class that is too 
advanced may result in failure and injuries, but choosing a class 
that is too easy may result in lack of progress and boredom. 
Performance and learning levels will be highest if the difficulty 
level of the class is just right. Another example is the selection of 
a suitable height in high jump. If the chosen height is too high, 
the athlete will fail. If the height is too low, mastering it will not 
reveal the actual performance potential of the athlete, due to a 
ceiling effect (for an example for ceiling effects in an educational 
context, see Staus et al., 2021).

To choose a suitable level of task-difficulty, one needs to 
know one’s actual performance level in a given task. Meta-
cognition improves with age throughout childhood and adoles-
cence (e.g., Destan & Roebers, 2015; Forsberg et al., 2021), and 
children become increasingly able to select suitable task-diffi-
culty levels (Niebaum & Munakata, 2020) or adjust their study 

times in cognitive tasks (Dufresne & Kobasigawa, 1989). 
Depending on the context, older adults have shown overconfi-
dence (Crawford & Stankov, 1996; Shing et al., 2009), but also 
underconfidence (Hertzog & Touron, 2011) in cognitive tasks.

In most research paradigms on metacognition, subjects judge 
their learning or predict the outcome of their cognitive opera-
tions, but they do not choose the difficulty level of a task them-
selves. Therefore, individual or developmental differences in the 
discrepancy of performance and task-difficulty selection cannot 
be detected. We argue that over- or underestimations of one’s 
performance potential and resulting miscalibrations of task-
difficulty choices are an interesting research question. Choosing 
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unsuitable task-difficulty levels is likely to result in suboptimal 
performance outcomes. Overestimations lead to failure, and 
underestimations keep individuals from showing their full per-
formance potential. In addition, actual performance of the task 
was rarely measured repeatedly in previous research, such that a 
trial-by-trial tuning of metajudgements could not be addressed 
(for an example, see Forsberg et al., 2021).

In the current study, we investigated age differences in meta-
cognition from a lifespan perspective by asking participants to 
actively choose a suitable level of task-difficulty. Specifically, we 
examined differences in (a) monitoring the discrepancies between 
task difficulty and own task performance and (b) selecting levels 
of task difficulty that correspond to one’s task performance. 
We compared participants of different ages and genders in this 
respect. Informed by the work of Brim (1992), we proposed the 
concept of selection margins to characterize age-graded differ-
ences in difficulty monitoring and difficulty selection (see also 
Riediger et al., 2006). Selection margins are defined as the dis-
crepancy between the task difficulty that an individual can maxi-
mally manage (maximum manageable task difficulty [MMTD]) 
given his or her currently available processing resources, and the 
task difficulty he or she actually chooses to work on. Selection 
margins can be progressive, neutral, and conservative, depend-
ing on whether individuals select task conditions that overtax, 
match, or undertax their current performance levels, respectively. 
We constructed a task in which neutral selection margins are a 
requirement for optimal performance outcomes.

For two reasons, we assumed that children and older adults 
experience greater difficulties in monitoring discrepancies 
between demands and performance than adolescents and younger 
adults. First, cognitive resources are less stable in childhood and 
late adulthood than in early adulthood. Relative to younger adults, 
children and older adults undergo greater age-graded changes  
in several broad abilities of cognitive mechanics (cf. abilities of 
fluid intelligence), such as information processing speed, execu-
tive control, working memory, and episodic memory (e.g., Li 
et al., 2004). In addition, these abilities vary more from moment to 
moment, reflecting greater process fluctuations in these age 
groups (Li et al., 2004; Lindenberger & van Oertzen, 2006; Mella 
et al., 2016; Papenberg et al., 2013; Rutter et al., 2020). Second, 
prior research indicates that cognitive monitoring mechanisms 
operate less efficiently in childhood and old age than in early 
adulthood (e.g., Clawson et al., 2017; Dodson et al., 2007; 
Gajewski et al., 2018; Hämmerer et al., 2011; Kray et al., 2021; 
Schneider, 2008). Taken together, children and older adults show 
larger performance fluctuations from trial to trial, and are less pre-
cise in monitoring their performances over time. Therefore, we 
expected that children and older adults, on average, would moni-
tor the association between performance and difficulty less 
accurately than adolescents and younger adults. We also expected 
that the task choices of children and older adults would deviate to 
a greater extent from their current task proficiency than the 
choices of younger adults. It is possible that the direction of these 
discrepancies reflects a general long-term ontogenetic trend. For 
fluid-cognitive abilities, for example, which are relevant for the 
task that we used in our study, children are on a growth, and older 
adults, on a decline trajectory. Recent experiences of changes in 
performance levels could make children susceptible to over-
estimating their abilities in relation to task difficulty, resulting in 
progressive selection margins, whereas older adults could tend to 

underestimate their own abilities, resulting in conservative selec-
tion margins (see also Hertzog & Touron, 2011).

At the same time, we noted that research on individual differ-
ences in overconfidence among college students would suggest a 
different pattern of findings, with lower performance being asso-
ciated with greater overconfidence, regardless of age (Kruger & 
Dunning, 1999; Serra & DeMarree, 2016). In their seminal paper, 
Kruger and Dunning (1999) found that participants scoring in the 
lowest quartile on tests of either humor, grammar, or logic con-
siderably overestimated their test performance and ability in the 
respective domain. According to this line of reasoning, children, 
teenagers, and older adults could be expected to show more 
progressive selection margins than younger adults, given their 
comparatively more limited cognitive resources.

To test the selection margins concept and our hypotheses, a 
task was needed that fulfills the following requirements: (a) It 
should be interesting and motivating for participants from differ-
ent age groups varying in age from childhood to older adulthood. 
(b) Task performance should involve fluid-cognitive abilities,  
for which age-related differences informing our hypotheses exist. 
(c) Highest task performance should be achieved only when task 
difficulty is matched with one’s performance potential. Choosing 
higher or lower task difficulty levels should result in considera-
bly lower task performance. (d) The task should lend itself to 
repeated assessments, thus allowing measurement of partici-
pants’ maximum manageable task-difficulty. Pilot testing deter-
mined that a task derived from the well-known BINGO game 
fulfills all of these requirements. Participants are presented with 
cards containing four numbers. Their task is to search all BINGO 
cards for a called-out target number, and mark it when present, 
within a fixed time-window. The task difficulty varies depending 
on the number of BINGO cards, and participants selected the 
number of to-be-played BINGO cards in our study. Task perfor-
mance was determined as the difference between the number of 
correctly marked BINGO cards minus the number of BINGO 
cards that could not be completed. Thus, both underestimations 
(i.e., choosing too few cards) and overestimations (i.e., choosing 
too many cards) led to suboptimal performances. Our version of 
the BINGO task therefore required that participants are optimally 
calibrated to their actual performance level when choosing a suit-
able task-difficulty level.

Two fluid-cognitive abilities that are related to BINGO task 
performance are cognitive speed and reasoning, since participants 
have to choose a suitable number of cards to play with, and find 
the target numbers on their cards as quickly as possible. Cognitive 
speed and reasoning fall into the broad fluid domain of cognitive 
abilities (Horn, 1989), which increase during childhood and ado-
lescence, and decline in the course of normal aging. To assess the 
influence of cognitive resources on these decisions, we included 
measures of speed and reasoning as fluid-cognitive covariates in 
our study. We also included knowledge of vocabulary as a covari-
ate related to crystallized abilities, which is expected to show 
increases well into later adulthood (Li et al., 2004).

In addition, we repeatedly asked our participants to report 
their motivation and emotional reactions to the BINGO game. If 
age groups differ in these dimensions, this may contribute to their 
task-difficulty choices, in addition to age differences in cognitive 
and metacognitive abilities.

When planning the current study, we intended to also look at 
gender differences in selection margins. In general, males tend to 
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be more risk-taking than females. A meta-analysis of 150 studies 
by Byrnes et al. (1999) investigated gender differences in risk-
taking for different types of tasks (e.g., self-reported versus 
observed behaviors), different task contents (e.g., smoking, driv-
ing, drinking and drugs), and at different ages. For most domains, 
males showed higher levels of risk taking than females (see also 
Figner & Weber, 2011; Fisk, 2018). Biological theories refer to 
genetic and hormonal influences when explaining these differ-
ences, arguing that competitiveness and “a taste for risky con-
frontation” will help males to fight for resources (Wilson & Daly, 
1985). The theory by Arnett (1992) argues that personal charac-
teristics (e.g., sensation seeking) and cultural values and expecta-
tions both influence risk-taking.

Empirical studies also investigated gender differences in per-
formance estimations. Gasser and Tan (2005) asked young adults 
to throw darts at targets, with the dartboard being hidden behind 
a screen, such that no performance feedback was provided. 
Subjects were asked to estimate their performance (distance from 
the target) after each throw. Males were more confident, but not 
better calibrated, than females. De Pater et al. (2009) provided 
university students with the opportunity to choose challenging 
tasks in a diagnostic situation claimed to assess their manage-
ment potential. Women chose fewer challenging tasks than men, 
although both genders were aware that choosing a challenging 
task would be more valuable to assess somebody’s management 
potential. The meta-analysis by Byrnes et al. (1999) indicates that 
gender differences in risk-taking are larger in children and teen-
agers than in young adults (see also Abbott-Chapman et al., 2008; 
Katzir et al., 2018; Little, 2006).

Concerning developmental changes over childhood and ado-
lescence, the dual systems perspective predicts that risk-tasking 
and sensation seeking behaviors reach a peak in adolescence. 
This is due to an early-maturing socioemotional-incentive pro-
cessing system, in combination with gradual increases of cogni-
tive control abilities into the early 20s (for a review, see Shulman 
et al., 2016), based on the maturation of underlying brain circuits 
(Casey et al., 2011). In a study by Paulsen et al. (2011), children 
were even less risk-averse than adolescents. In addition, males 
report higher levels of sensation-seeking and risk-taking than 
females, and a more protracted development over adolescence 
(Shulman et al., 2015). In the context of this study, we expected 
that males, and especially boys, would show more progressive 
selection margins than females.

To summarize, this study tested the following set of hypo-
theses. We expected that (a) younger adults would be more likely 
to minimize the mismatch between task performance (operation-
alized as the self-selected difficulty levels) and available 
resources (operationalized as the objectively assessed MMTD) 
than children and older adults; (b) self-selected difficulty levels 
in younger adults would fluctuate less within individuals than the 
self-selected difficulty levels of children and older adults, reflect-
ing a lifespan peak in monitoring efficiency in early adulthood; 
and (c) children would make more progressive selection deci-
sions. For older adults, both types of deviations were considered 
possible: More conservative selection margins may be seen if 
older adults base their decisions on the experience of previous 
ontogenetic resource declines, but more progressive selection 
margins may reflect overestimations related to poorer overall 
performance levels. We decided to test 9-year-old children and 

teenagers (13–14 years), as well as young and old adults, since 
these groups have repeatedly shown clear age differences in cog-
nition and task-monitoring mechanisms (e.g., Li et al., 2004), and 
risk-taking in adolescence has attracted increased research atten-
tion in the past years (Shulman et al., 2016). In addition, we 
included gender as a factor in the analyses. We developed a 
multi-tasking paradigm to test these predictions. The paradigm 
permits participants to simultaneously play and monitor any 
number from two up to twenty BINGO cards. To maximize their 
game scores, participants need to select an appropriate (that is, 
just manageable) number of cards to play. MMTDs were empiri-
cally determined at the beginning and end of the study, and selec-
tion margins were calculated in relation to the performance level 
of each individual.

Method

Participants
For the statistical power analysis, we focused on the expected 
differences between age groups in selection margins. In a study 
by Schaefer et al. (2022), the effect size (ES) for the difference in 
selection margins between young and older adults varied between 
Cohen’s d = 1.1 (study 1) and Cohen’s d = 2.3 (study 2). Both 
effects are considered to be very large. However, findings may 
differ by the exact type of task used (Hildenbrand & Sanchez, 
2022). Using GPower 3.1 (Faul et al., 2007) for an analysis of 
variance (ANOVA) on age differences in selection margins in 4 
age groups, with an alpha = .05 and power = 0.80, the projected 
sample size needed for a medium to large ES of f = 0.3 is approxi-
mately N = 128. Thus, our sample size of N = 160 should be more 
than adequate for the main objective of this study.

We tested 9-year-olds (M = 9.5, SD = 0.4), 13- to 14-year-
olds (M = 14.1, SD = 0.6), 20- to 25-year-olds (M = 23.4, 
SD = 1.4), and 70- to 75-year-olds (M = 72.7, SD = 1.5), with 40 
participants in each age group. The sample was stratified by 
sex, with almost equal numbers of males and females in each 
group (children: 21 males/19 females; teenagers: 21/19; young 
adults: 20/20; old adults: 20/20). Participants were drawn from 
the participant pool of the Max Planck Institute for Human 
Development (MPI) in Berlin. The 9-year-olds went to local 
elementary schools. For the teenagers, 29 out of 40 participants 
went to a higher tier school type which prepares them for uni-
versity entrance (= grammar school). Eleven teenagers went to 
other types of secondary schools. Out of the 40 young adults,  
31 had finished grammar school, and 9 had finished another 
(usually lower) secondary school track. Except for 2 partici-
pants with self-employed professions, the older adults were all 
retired. Out of 40 older adults, 18 had finished a university 
degree, 3 had finished grammar school, 13 had finished middle 
school, and 6 had finished lower school tracks. Participants 
were tested in age-homogeneous group sessions with up to five 
participants per group, with each session lasting between one 
and one and a half hours, and they received 60 Euro for their 
participation. The present study was conducted in the context of 
“Research Unit 448, Binding: Functional Architecture, Neural 
Correlates, and Ontogeny,” which was funded by the Deutsche 
Forschungsgemeinschaft (DFG, project number 5468744).  
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The Ethics Committee of the Max Planck Institute for Human 
Development approved of the study.

Several standardized cognitive tests were administered to 
describe the samples. To measure cognitive speed, the “Digit 
Symbol Substitution Test” of the Wechsler Intelligence Scales 
(D. Wechsler, 1981) was administered. Vocabulary was assessed 
with the MWT-A, for which participants have to find the words 
among a selection of pseudo-words (Lehrl et al., 1991). Reasoning 
was tested with the Figural Analogies test (Thorndike et al., 
1954). Table 1 presents the results of these tests. Consistent with 
the developmental literature, cognitive speed and reasoning 
improve during childhood and adolescence and show declines in 
late adulthood, whereas knowledge of vocabulary increases into 
old age (e.g., Li et al., 2004). We also asked participants whether 
they had ever played the Bingo before.

Apparatus and Experimental Task

BINGO cards were presented on WACOM touch screens con-
nected to Macintosh G5 computers (touch screen size 34 cm × 
27 cm). Each BINGO card was 3 cm x 3 cm in size. Up to eight 
cards were displayed in each row of the display. Participants 
used a special pen for touching the screen, and the angle of the 
monitor was adjusted individually to maximize comfort.

Four numbers were presented on each of the cards (see 
Figure 1). The number of cards to be played could differ between 
2 and 20, depending on the phase of the study. In each trial, 20 
to-be-searched for numbers were presented auditorily one after 
the other through earphones and visually on the screen, 10 of 
which were target numbers that were shown on at least one of the 
cards. The interstimulus interval was 7,500 ms, and the response 

Table 1. Cognitive Covariates and Maximum Manageable Task Difficulties (MMTDs) for Sessions 2 and 5 and Selection Margin Scores Based on 
These Values.

Sample

Children Teenagers Younger adults Older adults

N 40 40 40 40
Digit symbol score (correct items)  
M 33.2 50.6 58.5 42.8
SD 6 10.1 9.5 10.1
Range 22–49 29–74 43–79 23–65
Mehrfachwahl-Wortschatztest (MWT-A) (correct items)  
M 13.9 24.9 30.6 32.8
SD 2.9 4.2 3.5 2.5
Range Sep–20 17–33 20–36 21–36
Figural analogies (correct solutions)  
M 12.1 13.7 16.6 10
SD 4.1 4.2 3.2 4.6
Range 0–18 0–21 Oct-21 0–18
Maximum manageable task-difficulty score (MMTD), Session 2  
M 4.2 6.65 7.75 4.85
SD 0.96 1.01 1.36 0.96
Range 2.4–6.0 5.2–9.0 5.0–10.2 3.0–7.2
Selection margin score, MMTD from Session 2  
M 0.77 0.55 0.32 0.83
SD 1.44 1.31 0.20 1.04
Range −2.1 to 5.2 −3.3 to 3.5 -2.7 to 2.6 -1.0 to 3.2
MMTD score, Session 5  
M 4.43 7.33 8.28 5.14
SD 1.03 1.15 1.25 0.84
Range 3.0–7.0 5.8–9.4 5.6–10.2 3.0–7.0
Selection margin score, MMTD from Session 5  
M 0.54 −0.13 -0.21 0.55
SD 1.47 1.19 0.17 0.98
Range −2.1 to 4.6 −3.1 to 2.5 -2.7 to 2.3 -1.6 to 3.1
Prior BINGO experience  
% no 58 80 58 13
% yes 32 20 42 87
% missing 10  

Note. SD = standard deviation. Cognitive covariates included cognitive speed (Digit Symbol), vocabulary (MWT-A), and reasoning (Figural Analogies). Maximum 
manageable task-difficulty scores (MMTD) represent the average number of cards played to achieve the five highest scores of the session. Selection margin 
scores refer to the deviation of the number of cards played from one’s MMTD score. Positive values indicate progressive selection margins, and negative 
values conservative selection margins.
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interval was 5,500 ms. The end of the response interval was sig-
naled by a tone. The participants’ task was to touch the called 
numbers as fast as possible on all the cards that contain the num-
ber, and to touch the “Done” button when all numbers on a given 
card had been crossed out. Participants were instructed to search 
for the number by going through all the cards in a left-to-right 
fashion, like in reading. After touching a specific number, the 
number was crossed out. When all the numbers of a card had 
been crossed and the “Done” button had been touched, the entire 
card changed its color from white to light gray. A point was given 
only when all numbers on a card had been crossed, and the 
“Done” button had been touched. For all the cards that were not 
completed, either because participants had missed at least one of 
the numbers on the cards, or because they forgot to touch the 
“Done” button, one point was deducted from the overall perfor-
mance score. Throughout a trial, all numbers displayed on the 
cards were actually presented, such that the score for perfect per-
formance was equal to the number of cards played. Participants 
were instructed to optimize their score while playing the BINGO 
game, but they did not receive any additional incentives (like 
money or gifts) depending on their BINGO performances.

Procedure
Each participant took part in five sessions. In Session 1, a battery 
of cognitive covariates and several computerized questionnaires 
were administered. The following sessions assessed performance 
on the BINGO task. Sessions 2 and 5 used fixed difficulty levels 
to estimate the MMTD of each participant. In Sessions 3 and 4, 
participants self-selected the number of cards to play. They could 
choose any number from 2 to 20 cards.

Session 2 started with the instruction how to play BINGO and 
a practice trial with three cards. Participants played 21 trials of 
the BINGO game with fixed difficulty levels in a pseudo-rand-
omized order. Pilot experiments revealed pronounced age differ-
ences in the number of cards that can be played successfully. 
Therefore, children and older adults played 2 to 8 cards, whereas 
younger adults and teenagers played 5 to 11 cards, with 3 trials 
per condition.

The dynamic phase of the study took place in Session 3 and 4. 
In each of the sessions, participants played eight blocks of 

BINGO, each block consisting of two trials. Participants chose 
the to-be-played number of cards for each block, with the instruc-
tion to maximize their score. The score could only be optimized 
if the chosen task-difficulty level was neither too low nor too 
high. To assess the accuracy of participants’ performance moni-
toring in the dynamic phase, participants reported the number of 
played/completed/uncompleted cards after each trial (for details, 
see supplement 1). One of the sessions in the dynamic assess-
ment phase (i.e., Session 3 or 4 in counterbalanced order) was 
administered with veridical performance feedback, and the other 
one without feedback. In conditions without feedback, partici-
pants did not receive any information about their performance. In 
conditions with feedback, participants received auditory feed-
back on whether or not they had found all numbers after each 
response interval, and how many cards had been played/com-
pleted/not completed and the score for each trial. Throughout the 
study, participants were also asked questions about their emo-
tional reaction to the BINGO game (see supplement 2 for details).

The assessment in Session 5 was identical to the one in 
Session 2.

Overview of Analyses
Fluctuations in the number of cards chosen during the dynamic 
phase of the study are analyzed with a mixed-design ANOVA 
with age group (4) and gender (2) as between subjects-factors. 
MMTDs are analyzed with a mixed-design ANOVA with age 
group (4) as between-subjects factor and session (2) as within-
subjects factor. Selection margin scores are analyzed with an 
ANOVA with age group and gender as between-subjects factors, 
for the overall selection margins as outcome variable, as well as 
for the selection margins assessed in the session with and without 
feedback. X2 tests are run to compare the incidence of choosing 
far too many cards across age groups and gender. Regressions 
address whether selection margin scores can be predicted by 
ability level, age, gender, or a combination thereof.

For all ANOVAs, F values and partial Eta square values for 
ESs are reported (small effect η²p = .01, medium effect η²p = .06, 
large effect η²p = .14). To follow up significant interactions in 
the ANOVAs, independent samples t-tests were used. The alpha 
level used to interpret statistical significance was p < .05. 
Analyses were run with SPSS version 26.

Results

BINGO Performance: Fluctuations in Number 
of Cards Played
Table 2 presents descriptive information on the BINGO per-
formance in the various sessions, age groups, and gender.1 An 
ANOVA with age group (4) and gender (2) as between subjects-
factors revealed significant differences between age groups in 
the intraindividual standard deviations of the number of cards 
chosen, F(3, 152) = 34.18, p < .001, η²p = .403, with a strong lin-
ear trend of decreasing standard deviations with increasing age, 
p < .001 (children: M = 3.2, SD = 1.5; teenagers: M = 2.1, SD = 1.3; 
younger adults: M = 1.3, SD = 0.9; older adults: M = 0.9, SD = 0.6). 
There was also a significant effect of gender, F(1, 152) = 4.93, 
p = .028, η²p = .031, and a significant interaction of age group and 
gender, F(3, 152) = 4.48, p = .011, η²p = .071, due to 9-year-old 

Figure 1. Example of the BINGO Task With 8 Cards.
Note. The number shown on top needs to be currently searched.
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Table 2. BINGO Performances as a Function of Session, Age Group and Gender.

Session Measure Sample

Children  
(n = 40)

Teenagers  
(n = 40)

Younger Adults 
(n = 40)

Older Adults 
(n = 40)

 Male 
(n = 21)

Female 
(n = 19)

Male 
(n = 21)

Female 
(n = 19)

Male 
(n = 20)

Female 
(n = 20)

Male 
(n = 20)

Female 
(n = 20)

2 Number of cards played  
 M 4.9 4.9 7.8 7.8 7.8 7.8 4.9 4.9
 SD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Filled cards without “Done” (%)  
 M 3.9 3.2 4.1 2.8 2.5 1.7 5.6 6.9
 SD 4.1 2.4 2.3 2.2 2.6 1.1 3.3 5.3
 Range 0–20 0–8 0–8 1–8 0–5 0–10 2–23 1– 16
 Score  
 M −0.2 0.4 0.2 1.3 3.8 2.4 1.3 1.3
 SD 1.6 1.4 2.4 2.4 1.9 2.9 1.3 1.3
 Range −4 to 2 −3 to 3 −4 to 5 −3 to 5 −1 to 7 −5 to 7 −2 to 3 −1 to 4
3 Number of cards played  
 M 5.9 4.8 7.1 7.5 8.1 7.7 5.9 5.7
 SD 1.6 1.5 1.6 1.5 1.1 1.8 1.1 1.2
 Range 3–7 3–9 3–10 5–11 3–10 5–11 4–8 3–8
 SD of cards played  
 M 4.5 2.5 2.3 2.0 1.2 1.2 1.1 0.8
 SD 1.9 1.8 1.8 1.5 0.6 1.1 1.0 0.4
 Range 1–6 0–6 0–6 1–6 0–3 0–5 0–5 0–2
 Filled cards without “Done” (%)  
 M 0.8 1.5 2.3 1.4 1.3 1.6 4.6 6.1
 SD 0.9 2.0 2.3 1.6 1.5 1.7 3.3 5.9
 Range 0–5 0–8 0–8 0–4 0–3 0–7 0–18 1–20
 Score  
 M −0.8 0.8 1.9 3.3 5.4 4.6 2.0 1.7
 SD 2.4 1.3 2.2 1.4 1.8 1.9 1.5 1.8
 Range −4 to 4 −7 to 4 −2 to 6 1 to 6 0 to 9 0 to 9 −1 to 4 −4 to 5
4 Number of cards played  
 M 4.7 4.3 6.6 7.6 8.4 8.1 5.5 5.6
 SD 1.6 1.5 1.2 1.4 1.4 1.9 1.0 1.4
 Range 2–7 2–8 4–9 5–11 4–7 3–8 4–7 3–8
 SD of cards played  
 M 2.5 1.4 1.3 1.7 1.2 1.0 0.5 0.7
 SD 1.8 1.6 1.4 1.3 1.1 0.9 0.4 0.4
 Range 0–6 0–6 0–6 0–5 0–4 0–4 0–1 0–2
 Filled cards without “Done”(%)  
 M 2.3 1.5 2.3 1.1 1.2 1.2 3.2 7.7
 SD 2.9 1.8 2.3 1.2 1.4 1.4 3.4 17.8
 Range 0–6 0–9 0–6 0–9 0–3 0–5 0–81 0–15
 Score  
 M 0.2 1.4 3.0 3.4 5.1 5.0 2.9 2.4
 SD 1.9 1.8 2.1 1.9 1.9 1.8 1.0 2.2
 Range −3 to 2 −5 to 5 −1 to 6 −1 to 7 1 to 8 1 to 9 1 to 5 −4 to 6
5 Number of cards played  
 M 5.0 5.0 8.0 8.0 8.0 8.0 5.0 5.0
 SD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Filled cards without “Done” (%)  
 M 2.8 3.2 4.6 2.2 1.3 2.1 3.7 4.1
 SD 2.1 2.7 3.6 2.0 1.2 2.5 3.2 2.8
 Range 0–5 1–12 0–11 0–13 0–4 0–10 0–12 0–9
 Score  
 M −0.2 0.3 0.5 2.9 4.8 3.7 1.8 1.9
 SD 1.6 1.8 3.3 2.8 2.0 2.6 1.3 1.3
 Range −3 to 3 −3 to 4 −6 to 6 −3 to 6 −2 to 7 −2 to 8 −1 to 4 −1 to 4

Note. SD = standard deviation. Sessions 2 and 5 used predetermined difficulty levels. Participants chose the number of cards in Sessions 3 and 4. “Filled cards 
without “Done” (%)” refers to the percentage of completed cards for which participants did not hit the “Done” button in time. “Score” is the number of 
completed cards minus cards that could not be completed.
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boys (M = 3.88, SD = 1.21) fluctuating more in the number of 
cards played than 9-year-old girls (M = 2.51, SD = 1.49), 
t(38) = 3.16, p = .003, d = 1.0, but comparable fluctuations across 
males and females in all the other age groups. Concerning devel-
opmental trends, our hypothesis received only partial support. 
Whereas children and teenagers showed higher standard devia-
tions than younger adults, older adults actually fluctuated less 
than younger adults in the choice of their task difficulties, 
t(68.7) = 2.35, p = .022, d = .52.

Supplement 4 reports additional block-by-block analyses on 
the number of cards played over the course of sessions 3 and 4.

Maximum Manageable Task Difficulty 
(MMTD) Scores
For Sessions 2 and 5, the trials of every participant were rank-
ordered by the score that had been achieved, and the average 
number of cards played for the five best scores of the session was 
calculated. Table 2 presents the values by age group and session, 
aggregated over gender, since males and females did not differ in 
their MMTD scores, and there was also no interaction of gender 
and age group. A mixed-design ANOVA with age group as 
between-subjects factor and session as within-subjects factor 
revealed significant differences in MMTD scores between age 
groups, F(3, 156) = 119.69, p < .001, η²p = .697, with younger 
adults showing higher performances than teenagers, who had 
higher scores than older adults and children. Participants achieved 
higher MMTDs in Session 5 compared to Session 2, F(1, 
155) = 40.74, p < .001, η²p = .207, and there was no interaction of 
session and age group (p = .067).

Selection Margin Scores
Since MMTD scores increased over the course of the study, two 
selection margin scores were calculated for each individual, one 

in relation to the MMTD score of Session 2, and the other one in 
relation to the MMTD score of Session 5 (see Table 2). Figure 2 
presents the selection margins scores for males and females in the 
four age groups, averaged across the MMTDs from Sessions 2 
and 5. Positive values indicate progressive selection margins, 
whereas negative values conservative selection margins.

An ANOVA with age group and gender as between-subjects 
factors revealed significant differences in the selection margin 
scores of the four age groups, F (3, 152) = 3.01, p = .032, 
η²p = .056, and the quadratic trend for this effect reached signifi-
cance (p = .004). As expected, younger adults’ selection margins 
were very accurate, while children’s selection margins were 
progressive. Older adults also showed progressive selection 
margins. The main effect of gender did not reach significance 
(p = .197), but there was a significant interaction of age group 
and gender, F(3, 152) = 3.32, p = .021, η²p = .062, reflecting pro-
nounced gender differences in selection margin scores among 
children, with boys (M = 1.22, SD = 1.36) showing higher scores 
than girls (M = .03, SD = 1.15), t(38) = 2.98, p = .005, d = .73. In 
the other three age groups, differences between males and 
females were not reliable.

To investigate whether receiving objective performance feed-
back during the dynamic phase of the study influenced selection 
margin decisions, we conducted a mixed-design ANOVA on 
selection margin scores with age group and gender as between-
subjects factors and feedback condition (2) as a within-subjects 
factor. As for the overall selection margin scores, the main effect 
of age group and the interaction of age group and gender were 
significant. There was no main effect of feedback condition, F(3, 
152) = .01, p = .91, η²p = .000, and there was also no interaction of 
this effect with age group (p = .940) or gender (p = .549), and no 
three-way interaction of age group, gender, and feedback 
(p = .774). Objective performance feedback failed to influence 
selection margin decisions.

To obtain a better picture of influences on task-difficulty 
choices, we additionally investigated the incidence of extreme 
choices, that is, how many times participants chose a number of 
cards to play with that was 8 or more cards higher than one’s 
MMTD. Figure 3 presents these data by age group and gender. 
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Age group differences in extreme choices were highly reliable, 
X2(3, N = 160) = 53.0, p < .001. In the sample of 9-year-olds,  
boys chose far too many cards more often than girls, X2(1, 
N = 40) = 10.17, p < .01. In all other age groups, gender differ-
ences did not reach significance.

Children and older adults showed lower performance levels 
than teenagers and younger adults, and were more progressive in 
their selection margin scores. These findings can be related to 
studies reporting a greater overconfidence in people who tend to 
perform poorly (Kruger & Dunning, 1999). To follow this up, we 
conducted a hierarchical regression investigating the extent to 
which selection margin scores could be predicted by MMTDs, by 
the age contrasts comparing children and older adults to teenag-
ers and younger adults (contrast 1), children to older adults (con-
trast 2), and teenagers to younger adults (contrast 3), or by 
gender, and whether the interaction of these factors improved 
prediction quality. Throughout all the models that were run, per-
formance in the BINGO game (MMTDs) was the only predictor 
that consistently showed significant β-values (e.g., β = -.31, 
p < .01, R2 = .098 for the first model), supporting the findings by 
Kruger and Dunning (1999) that people with poor performances 
tend to overestimate their abilities. The inclusion of the age con-
trasts, or gender, or the interactions of the predictors did not 
result in significant ß-values that were consistent across models.

To shed further light on potential influence on task-difficulty 
choices in the BINGO task, supplement 2 reports age differences 
in emotional reactions to the BINGO game over time, and sup-
plement 3 reports the correlations of cognitive covariates, 
BINGO performances and selection margins.

Discussion
This study investigated age- and gender-related differences in 
monitoring discrepancies between task difficulty and task perfor-
mance, and in selecting task difficulties that optimize perfor-
mance outcomes. An experimental paradigm modeled after the 
popular BINGO game was designed to address these goals. Since 
participants decided on suitable task-difficulty levels repeatedly 
over the course of several sessions, we could assess their strate-
gic choices in a fine-grained manner, and also investigate trial-
by-trial tuning of metajudgements (see also Forsberg et al., 2021, 
and Supplement 4). As expected, younger adults were more suc-
cessful in playing the game than teenagers, older adults and 
children.

In line with our predictions, children fluctuated more in their 
task-difficulty choices. However, contrary to expectations, older 
adults, rather than younger adults, were the age group that fluc-
tuated the least. Age group differences in this measure were 
strongly influenced by some individuals occasionally choosing 
far too many cards, a tendency that was absent among adults, but 
present in children and teenagers. This may be related to higher 
tendencies of risk-taking and sensation seeking in younger age 
groups (Paulsen et al., 2011; Shulman et al., 2015). Apparently, 
older adults acquired a stable perception of how many cards they 
should be playing, and made their choices accordingly. Future 
research should add measures on personality traits to the selec-
tion margins paradigm.

We also expected that younger adults would be most accurate 
in choosing task difficulties that correspond to their proficiency 
level. The data were consistent with this prediction. In fact, on 

average, younger adults’ selection margins did not deviate sig-
nificantly from zero. They skillfully calibrated their choices in 
relation to their task proficiency. The average selection margins 
of teenagers were less progressive than those of children, sug-
gesting a developmental progression in the ability of choosing a 
difficulty level that is in line with one’s task proficiency. Self-
perceptions of competence in different domains of functioning 
become more realistic as children get older (Destan & Roebers, 
2015; Forsberg et al., 2021; Jacobs et al., 2002). Supplement 3 
addresses whether cognitive performances are correlated with 
BINGO performances and the selection margins decisions. Fluid 
intellectual abilities (i.e., cognitive speed and reasoning) corre-
late with BINGO MMTDs, but the relationships between cogni-
tive covariates and selection margins are less consistent. This 
suggests that the miscalibration observed in children and older 
adults cannot be entirely explained by differences in cognitive or 
metacognitive abilities.

Supplement 2 adds to this by showing that age groups differ 
in some of their emotional reactions to the BINGO task. For 
example, older adults consistently report to be more motivated to 
play the BINGO game, as compared to the other age groups. This 
may have influenced their “progressive” tendency in the BINGO 
task. Future research should investigate the influence of emo-
tional and motivational factors on task-difficulty choices in more 
detail, and it should also consider using different sets of cognitive 
tasks to address the generalizability of our findings.

Two recent studies have used the selection margins approach 
in the context of physical tasks. Schaefer and colleagues (2021) 
asked participants who were in the age range from childhood to 
young adulthood to perform rope skipping, soccer dribbling, 
and manual tracing tasks. Instead of choosing a specific task-
difficulty level, participants were asked to predict their perfor-
mance of the upcoming trial. To succeed, participants needed 
to deliver accurate performance predictions. Overestimations 
were discouraged, since participants lost all their points of the 
respective trial if they failed to reach their predicted perfor-
mance. Across all tasks, there was a consistent decrease of 
overestimations with increasing age: Selection margins became 
less progressive, and participants overestimated their perfor-
mance in a lower number of trials.

Another study based on the paradigm (Schaefer et al., 2022) 
used two motor tasks—carrying a tray with cube-towers, and 
stepping over a cross-bar—in younger and older adults. Partici-
pants were instructed to choose a suitable level of task-difficulty, 
by adjusting the height of the cube-tower and the bar. Again, 
overestimations (cube-towers collapsing or the bar falling down) 
led to the loss of all points of the respective trial. Task strategies 
were influenced by the physical risk of the respective task: For 
the tray-carrying task, older adults were more risk-tolerant in 
their task-difficulty choices. When stepping over the crossbar, 
older adults left a larger “safety-buffer” than young adults. This 
may be an adaptive strategy, because in real life, stepping over 
on obstacle involves a larger risk of physical harm than carrying 
an object. Wearing an age simulation suit, which mimics the 
sensory-motor declines of old adulthood, made young adults 
adopt a more careful strategy in the stepping-over task, similar 
to old adults.

Older adults of the current study showed a progressive 
selection bias, choosing too many cards on average. In fact, the 
average overestimation of about half a card across all trials was 
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comparable for 9-year-olds and older adults. However, the type 
of choices associated with progressive selection margins differed 
markedly between age groups. Children and teenagers were 
much more likely than adults to occasionally make choices that 
exceeded their proficiency level by far, whereas older adults con-
sistently chose difficulty levels in slight excess of their MMTD. 
Over- or underestimations also depend on physical risk (Schaefer 
et al., 2022). In the current study, playing a computerized BINGO 
game did not involve any risk of physical harm. Although play-
ing unsuitable difficulty-levels resulted in suboptimal scores, 
this loss of points may not have been perceived as very frustrat-
ing by our participants. Increasing the salience and importance of 
the task by offering rewards for successful performances should 
be tested in future research with the paradigm. However, the 
emotional reactions to the BINGO game presented in supplement 
2 indicate that all age groups were rather motivated to play the 
game. Interestingly, children consistently reported that their 
scores were lower than expected, and this tendency did not 
change throughout the study.

One limitation of the current study is that changes in perfor-
mance cannot be investigated over time in Sessions 3 and 4. 
Choosing too many cards to play with puts participants under a 
pronounced time-pressure, and some numbers will be missed. 
This means that 1 point for each uncompleted card is subtracted 
from their score. “Filled cards” or “points” cannot be interpreted 
as meaningful performance measures under these circumstances. 
However, Supplement 4 presents a block-by-block analysis of 
the number of cards played over the course of Sessions 3 and 4. 
Age differences in the number of cards played became more 
pronounced over time in the current study. It is possible that the 
decision to expose participants to different difficulty levels in 
Sessions 2 and 5 (depending on the to-be-expected performance 
range of each age group) may have led to anchoring effects in 
some of our participants. Future research with the paradigm 
should use tasks with more readily interpretable performance 
outcomes for each trial (like in the study by Schaefer et al., 2022), 
and consider confronting each participant with all possible task-
difficulty levels.

In the current study, we found gender differences in the selec-
tion margins of the 9-year-olds, with boys occasionally showing 
strong overestimations. When making such extreme choices, 
boys may have approached the task in a more playful way and 
simply wanted to “see what happens.” Risk-taking and sensation 
seeking show a peak in adolescence for computerized tasks (see 
Shulman et al., 2016, for a review). In addition, there is evidence 
for rather high levels of risk-taking during childhood in situations 
involving a risk for physical harm (Little, 2006; Morrongiello & 
Dawber, 2004). Although most of the studies on children’s physi-
cal risk-taking focus on possibilities to prevent them from taking 
risks, it also has been argued that risk engagement is an important 
resource through which children learn from their own mistakes 
(Christensen & Mikkelsen, 2008). In the cognitive domain, a 
study by Shin et al. (2007) suggested that more progressive 
choices are adaptive in childhood. The authors had Kindergarten, 
first- and third-grade children work on a multi-trial sort-recall 
task, and asked them to predict how many items they would 
recall prior to each trial. Children who overestimated their recall 
more strongly showed greater gains in recall over the lists than 
children who overestimated their performance less drastically, 
supporting the adaptivity of children’s overestimation of their 

cognitive abilities (see also Bjorklund, 1997). On the other hand, 
a recent study by Destan and Roebers (2015) showed that 6-year-
olds who underestimated their performances in a memory task 
(as compared to “realists” and “over estimators”) were better  
in allocating study times, showed a more adequate control of 
incorrectly recognized items and more accurate confidence 
judgments.

In the present study, performance improvements over the 
course of the study (as reflected as changes in MMTD scores 
from Session 2 to Session 5) were not reliably associated with 
selection margins, neither for the entire sample (r = .04) nor for 
any of the age groups (children: r = -.04; teenagers: r = .15; 
younger adults: r = .19; older adults: r = .08). Partial correlations 
controlling for the influence of gender revealed the same pattern 
of findings. We additionally separated the children and teenagers 
into two groups, depending on whether the individual had chosen 
far too many cards at least once (“risk-takers,” n = 38) or never 
(“risk-avoiders,” n = 42). There were no significant differences  
in performance improvements between the two groups (risk- 
takers: M = 0.32, SD = 0.91; risk-avoiders: M = 0.57, SD = 0.81), 
t(78) = 1.27, p = .210. Nevertheless, boys’ tendency to occasion-
ally choose a number of cards far beyond their MMTD may have 
long-term benefits, as it exposes them to a larger range of 
experience.

When planning the study, we were unsure whether older 
adults would show progressive or conservative selection mar-
gins. On average, they chose difficulty levels that were slightly 
higher than their MMTD in the current study. These findings 
are in line with other empirical studies on the ability to accu-
rately judge one’s performance, in which older adults overesti-
mated rather than underestimated their performance (Crawford 
& Stankov, 1996; Dodson et al., 2007; Shaw & Craik, 1989;  
K. Wechsler et al., 2018). Older adults participating in the pre-
sent study may have had an optimistic attitude toward their own 
present and future performance potential. They also evaluated 
their own current functioning as being better than that of their 
typical age peers (Riediger et al., 2014), and they reported to be 
highly motivated to play the game (see Supplement 2). Future 
research should also include middle-aged adults.

Hierarchical regression analyses revealed that task profi-
ciency predicted selection margin scores. This is consistent with 
the observation that less well performing individuals tend to 
overestimate their performance (Kruger & Dunning, 1999). But 
why do people ever choose too many cards if their estimation  
of how many cards were completed on previous trials is rather 
accurate (see supplement 1)? A phenomenon called “planning 
fallacy” might have influenced selection margin decisions. As 
described by Buehler et al. (1994), people tend to underestimate 
their task completion times, probably because they focus on plan-
based scenarios rather than on relevant past experiences when 
generating their predictions. In the context of the BINGO game, 
this could be reflected in an overly optimistic attitude (“This 
time, I will pay attention to all the numbers, and I will not miss a 
single one.”).

Children were the only group in which males were more risk-
taking than females. Genetic and/or hormonal differences 
between boys and girls might underlie these behaviors (Slutske 
et al., 2011), in addition to gender-role specific cultural expecta-
tions (Cárdenas et al., 2012; Guiso et al., 2008; Morrongiello 
et al., 2010). In the motor domain, Mondschein et al. (2000) had 
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mothers of 11-month-olds judge how steep a slope could be that 
their child would be able to crawl down. Mothers of girls under-
estimated their performance, and mothers of boys overestimated 
their performance, although girls’ and boys’ actual performance 
levels did not differ. With the current data set, we cannot disen-
tangle the influences of genes, hormones, and socialization on 
gender differences in our BINGO game. In any case, the influ-
ence of these factors seems to have diminished in the teenagers, 
who are generally more realistic about their performance poten-
tial, independent of gender. Future research should consider tak-
ing the pubertal status of the adolescents into account.

Summary and Outlook
When given the opportunity to choose the number of to-be-
played cards, younger adults were most accurate in choosing dif-
ficulty levels that optimized their scores, whereas participants in 
the other age groups showed progressive selection margins by 
choosing too many cards, especially 9-year-old boys. Further-
more, children and teenagers occasionally selected far too many 
cards, thereby showing high fluctuations in selection margins. In 
contrast, older adults fluctuated the least. Gender differences 
were only reliable in children, with higher levels of risk taking in 
boys than in girls. Older adults’ tendency to overestimate their 
performance, on average, might have been influenced by motiva-
tional factors, or by the lack of danger for physical harm when 
taking risks in the current task. Future research should investigate 
how task-difficulty choices can contribute to positive and nega-
tive developmental outcomes. When does being overly optimistic 
about one’s performance potential lead to beneficial consequen-
ces for future performance (e.g., when learning a new skill as a 
child or teenager), and when is being careful and risk-avoidant a 
better strategy (e.g., when crossing a slippery street intersection 
as an old pedestrian)? Since the current study cannot clearly dis-
entangle the influence of meta-cognition and risk-taking factors 
as mechanisms underlying our findings, future research should 
address this issue. In addition, performing in front of an audience 
may influence task strategies, since levels of risk-tasking in ado-
lescence have been shown to increase when peers are present 
(Albert et al., 2013; Silva et al., 2015). Investigating such influ-
ences across the lifespan would be an interesting avenue for 
future research.
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Note

1. Since the difficulty levels for Sessions 2 and 5 of the study 
were predetermined, the number of cards played is identical 
for children and older adults (two to eight cards) and teen-
agers and younger adults (five to eleven cards). Session 2 
includes an additional practice trial with three cards.
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