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Abstract
The relation between an individual’s memory accuracy and reported confidence in their
memories can indicate self-awareness of memory strengths and weaknesses. We provide a
lifespan perspective on this confidence-accuracy relation, based on two previously published
experiments with 320 participants, including children aged 6 to 13, young adults aged 18 to 27,
and older adults aged 65 to 77, across tests of working memory (WM) and long-term memory
(LTM). Participants studied visual items in arrays of varying set sizes and completed item
recognition tests featuring six-point confidence ratings either immediately after studying each
array (WM tests) or following a long period of study events (LTM tests). Confidence-accuracy
characteristic analyses showed that accuracy improved with increasing confidence for all age
groups and in both WM and LTM tests. These findings reflect a universal ability across the
lifespan to use awareness of the strengths and limitations of one’s memories to adjust reported
confidence. Despite this age invariance in the confidence-accuracy relation, however, young
children were more prone to high-confidence memory errors than other groups in tests of WM,
whereas older adults were more susceptible to high-confidence false alarms in tests of LTM.
Thus, although participants of all ages can assess when their memories are weaker or stronger,
individuals with generally weaker memories are less adept at this confidence-accuracy
calibration. Findings also speak to potential different sources of high-confidence memory errors
for young children and older adults, relative to young adults.
Keywords. Lifespan, working memory, long-term memory, metamemory, confidence, childhood

development, adult aging
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Public Significance Statement
Our ability to accurately evaluate the strengths and weaknesses of our memories is critical to
how we make decisions and can influence how much confidence other people can place in our
reported experiences, as in eyewitness testimony. The present study reveals a strikingly universal
ability of individuals from young childhood to older adulthood in calibrating their confidence in
their memory with their observed accuracy in recognition. However, young children and older
adults are more susceptible to high-confidence memory errors, but during different phases of
memory retention, with young children’s high-confidence errors arising in working memory and
those of older adults appearing mostly in long-term memory. These findings suggest that
different mechanisms underlie why young children and older adults generally have poorer

memory than adolescents and young adults.
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A Lifespan Study of the Confidence-Accuracy Relation in Working Memory and Episodic
Long-Term Memory

Metamemory refers to our awareness of the strengths and limitations of our memories,
and this awareness can guide how we make decisions (Dunlosky & Tauber, 2016; Flavell, 1971;
Metcalfe & Dunlosky, 2008; Nelson & Narens, 1990), such as deciding not to take a pill because
you are confident that you remember doing so an hour ago. Understanding how capable
individuals are of gauging the strengths and limitations of their memories can have profound
implications for how much certainty we can place in their reported experiences. For example,
understanding whether an eyewitness has a keen awareness of the reliability of their memories
can inform how much confidence a jury should place in their testimony when they claim to be
very certain to have seen something (e.g., Mickes, 2015; Wixted et al., 2015).

In the present study, we concentrate on three key components of the memory-
metamemory relation that previously have not been considered together. The components are:
(1) metamemory for information held in working memory (WM), the temporary store of
information useful for ongoing cognitive operations (Cowan, 2017); (2) metamemory for
information held in episodic long-term memory (LTM), memories for past events occurring in
specific times and places (Tulving, 1983); and (3) lifespan changes, from young childhood
(beginning at age 6) to older adulthood (age 65-80), in metamemory for both WM and LTM. We
provide a synthesis across these content areas, using recent advances (Mickes, 2015; cf., Fleming
& Lau, 2014) in estimating the relation between individuals’ observed memory performance and
their subjective retrospective confidence in their memory decisions (i.e., the confidence-accuracy
relation), applied to lifespan data (Forsberg et al., 2022a, 2022b) from a novel procedure

(Forsberg et al., 2021b) that provides independent tests of WM and LTM in a shared paradigm.
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By independent tests, we mean that this paradigm separately measures memory for information
that can still be held within the capacity constraints of WM and memory for information that
must be retrieved instead from LTM, a point we return to in the ensuing section.

In what follows, we first clarify our definitions of WM and LTM and how they are
related, and we also emphasize why it is important to measure the confidence-accuracy relation.
We then distinguish how our aims diverge from previous studies and describe our analytical
method for measuring the confidence-accuracy relation in tests of WM and LTM in a common
way. Next, we review previous research on the confidence-accuracy relation in WM and in LTM
across young adulthood, childhood development, and adult aging. We end the introduction by
detailing our specific hypotheses both for whether, within an age group, individuals can adjust
their confidence with their memory signals and whether, across age groups, individuals are
equally capable of evaluating the strengths and weaknesses of their memories relative to those of
other groups.

Terminology Used in the Present Study

First, our definitions of WM and LTM are not intended to imply that these are separate
memory systems. According to the embedded processes model (Cowan, 1988, 2019; Cowan et
al., 2024), WM is an activated subset of LTM in which new LTM representations can be formed
(cf., Oberauer, 2002). Due to its limited capacity, WM acts as an encoding bottleneck,
constraining how much information individuals can later access in LTM (Forsberg et al., 2021;
Fukuda & Vogel, 2019; cf. Atkinson & Shiffrin, 1968). Thus, our emphasis on “independent”
tests of WM and LTM is intended to distinguish memory tests that occur during different periods
following encoding. WM tests refer to periods where information can still be active within WM

without having been “transferred” or consolidated into LTM, whereas LTM tests refer to periods
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where information may be retrieved back into WM but must have been, at some point,
transferred into LTM due to severe constraints on the capacity to maintain information in WM
(Cowan, 2001). Some may prefer the distinction of short-term versus long-term memory, but in
the present usage, WM implies a more active form of temporary representation (i.e., it can
involve not only storage but also processing of currently active memoranda) than short-term
memory, which implies passive storage of recently acquired information (Cowan, 2017).

Second, our focus on the relation between retrospective confidence and memory accuracy
means that the type of metamemory ability under investigation here is one that Nelson and Naren
(1990) have classified as a retrieval monitoring process, as opposed to other forms of
metamemory, like judgments of learning that occur during memory encoding or maintenance
(e.g., Son & Metcalfe, 2005). Providing a common metric for studying the confidence-accuracy
relation across the lifespan, as we intend to do, is important given a disconnect between
empirical studies that suggest a strong confidence-accuracy relation (e.g., Winsor et al., 2021;
Wixted et al., 2018; Wixted & Mickes, 2022) and long-standing views that certain individuals,
such as young children or older adults with generally poorer memory capabilities, are unreliable
witnesses due to their ineffective ability to evaluate their memory strengths and weaknesses (e.g.,
Keast et al., 2007; Newcombe & Bransgrove, 2007; Powell et al., 2013). Such views have long
dominated in the courtroom, perhaps in part due to limitations in how the confidence-accuracy
relation has traditionally been measured (Winsor et al., 2021).
Goals of the Present Study and Connections to Previous Studies

There are two key goals of our approach. First, we aim to understand whether individuals
within a given age group are aware of their memory strengths and limitations in both WM and

LTM testing situations. This would be reflected by a confidence-accuracy relation in which
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individuals are, on average, more accurate when they express higher compared to lower
confidence in their recognition responses. Second, we intend to measure whether, across age
groups, individuals are equally capable of evaluating the strengths or weaknesses of their
memories, relative to those of other groups, in both WM and LTM tests. This would be reflected
both in consistent, positive confidence-accuracy relations across age groups and, critically, by an
absence of age-related differences in recognition accuracy at highest confidence levels, even as
such differences may be present at lower confidence levels. Regarding this second criterion, if
individuals with weaker memories (e.g., young children or older adults) are aware that their
memories are more impoverished, relative to those of young adults for instance, and take this
impoverishment into account, they would rarely express high confidence. That is, they would
“downregulate” their retrospective confidence ratings, only expressing high confidence in
situations where they are likely to be accurate. As a result of this downregulating process,
individuals with poorer memories but good subjective awareness of these limitations would
likely be more error prone at lower confidence levels (both because they rate their confidence as
low most of the time and because they commit more recognition errors) but not at higher
confidence levels. Thus, age differences at low confidence levels would not tell us much about
whether individuals of different age groups are equally capable of adjusting their confidence
with their observed memory abilities. However, age differences at high confidence levels would
suggest that some groups are less adept at this confidence-accuracy calibration, overall.
Although numerous studies have examined the confidence-accuracy relation separately
for WM and LTM, no previous studies have examined this relation in a common paradigm that
includes tests of both WM and LTM. Doing so is important given a growing body of evidence

showing that initial WM limitations constrain how much information individuals, from young
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children to older adults, can later access from LTM (Forsberg et al., 2021b, 2022a, 2022b, 2023;
cf., Fukuda & Vogel, 2019).

Moreover, there have been relatively few efforts to measure lifespan developmental
changes, from childhood to older adulthood, in the confidence-accuracy relation (Fandakova et
al., 2013; Shing et al., 2009)*, and none which have measured this relation across the lifespan in
both WM and LTM. Our lifespan approach is especially useful because, typically, multiple
changes across age groups are confounded. Memory improves across childhood (Courage &
Cowan, 2022; Shing et al., 2010) as the result of increases in knowledge and improvements in
both storage and processing. In contrast, memory declines in old age (Light, 1991; Naveh-
Benjamin & Cowan, 2023; Naveh-Benjamin & Old, 2008; Zacks et al., 2000) as the result of
declines in storage and processing, despite the knowledge that has accrued during a lifetime.
Noting differences between childhood development and adult aging therefore provides a
perspective that can shed light on the mechanisms that account for changes across the lifespan.
On Measuring the Confidence-Accuracy Relation

Numerous methods have been used to measure the relation between participants’
retrospective confidence in their memory and their observed accuracy in recall or recognition.
This diversity of methods is particularly notable when comparing how the confidence-accuracy
relation has been measured in studies of WM compared with studies of LTM. In the present
study, we provide a unified approach for both WM and LTM, based on confidence-accuracy-
characteristic (CAC) analyses (Mickes, 2015) that overcome the many shortcomings of

calculating the correlation between confidence and accuracy (for extensive critiques of the

! Hiller and Weber (2013) also measured the confidence-accuracy relation in a LTM associative recognition
paradigm among children and adults, though their study did not include participants over the age of 60 where
memory declines are more pronounced.
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traditional correlational approach, see Busey et al., 2000; Juslin et al., 1996; Mickes, 2015;
Winsor et al., 2021; Wixted & Wells, 2017). Traditional correlational approaches provide no
information about whether individuals over- or underestimate their memory performance (Juslin
et al., 1996) and are subject to both within- and between-subject variations in confidence or
accuracy (Busey et al., 2000). CAC analysis overcomes these limitations by decomposing each
participant’s accuracy at different confidence levels into the proportions of correct and erroneous
responses.

CAC analysis measures whether individuals are capable of gauging how reliable their
memories are, based on how confident they are when claiming that something is “old” or “new.”
Person A with good subjective awareness of their memory strengths or limitations will be highly
accurate in classifying an item as “old” or “new” when they express high confidence in their
classification. That is, Person A would express high confidence recognition responses only when
they are certain that their memory is accurate. In contrast, Person B with poor subjective
awareness of their memory strengths or limitations would be more prone to inaccuracies when
expressing high confidence recognition responses. If Person B forgets an old item that is shown
again as a test probe, they may be highly confident that the test probe is new because they
believe that they would have remembered the item if they saw it previously. That is, Person B
would be unaware of a limitation in their memory and would thus be a poorer judge of their
memory limitations than Person A, even if Person A has worse overall memory than Person B.
We turn now to considering how this type of confidence-accuracy analysis has been applied in
studies with young adults, children, and older adults.

Young Adults’ Confidence-Accuracy Relation in WM and LTM
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We first consider prior research on the confidence-accuracy relation in young adulthood
(usually studied between ages 18 to ~30 years), as this period of the lifespan is typically
associated with more capable memory compared to childhood and older adulthood. Young adults
can hold more information in limited capacity WM compared than young children (Cowan et al.,
2005, 2006, 2018; Riggs et al., 2006; Simmering, 2012) and older adults (Brockmole & Logie,
2013; Gilchrist et al., 2008; Greene et al., 2020; Light & Anderson, 1985; Naveh-Benjamin &
Cowan, 2023; Salthouse & Babcock, 1991; Wingfield et al., 1988). Likewise, in tests of LTM,
young adults tend to be more accurate than young children (Fitzgerald & Price, 2015; Lindsay et
al., 1991; Shing et al., 2010)? and older adults (Fraundorf et al., 2019; Old & Naveh-Benjamin,
2008; Rhodes et al., 2019).

There has been much more focus on young adults’ confidence-accuracy relation in tests
of LTM than in tests of WM. Much of this LTM research has come from the eyewitness memory
literature, primarily from studies using suspect identification line-ups or face recognition
procedures (Busey et al., 2000; Dodson & Dobolyi, 2016; Lindsay et al., 1998; Mickes, 2015;
Palmer et al., 2013; but for studies using more traditional verbal or visual stimuli commonly
encountered in studies of memory, see Mickes et al., 2011; Tekin & Roediger, 2017). Early
studies suggested that young adults’ confidence poorly tracked their accuracy in LTM tests
(Bothwell et al., 1987; Lindsay et al., 1981), but those studies relied on traditional correlational
methods that can over- or underestimate this relation (Busey et al., 2000; Juslin et al., 1996).
Using calibration-based methods and more recently CAC analyses, the prevailing evidence

suggests that young adults’ retrospective confidence is strongly and positively associated with

2 However, there are some surprising instances of “developmental reversals” in LTM, in which young children, with
less acquired knowledge, are less sensitive to semantic false memories than adolescents, young adults, and older
adults (Brainerd & Reyna, 2015; Brainerd et al., 2002).
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their recognition accuracy in tests of LTM (Busey et al., 2000; Mickes, 2015; Wixted & Wells,
2017). However, this positive confidence-accuracy relation is mediated by individual differences
among young adults (e.g., differences in face recognition abilities; Grabman et al., 2019).

There is more limited research on young adults’ metamemory for the contents of their
WM, but a few recent studies have produced some insightful results. Using a modified color
reproduction task (e.g., Wilken & Ma, 2004), Suchow et al. (2017) showed that when young
adults were allowed to reproduce the color of an item from a just-presented visual array that they
remembered best, their accuracy in color reproduction was superior (92% correct) compared to
the standard situation in which they were tasked with reproducing the color of a randomly
selected item from the array (71% correct). These findings suggest that young adults can
evaluate the strengths of different memory representations for items in WM. Studies of WM
using retrospective confidence ratings have shown that, as in LTM, young adults’ confidence
tracks their accuracy on a trial-by-trial basis (Adam & Vogel, 2017; Bona & Silvanto, 2014;
Vandenbroucke et al., 2014), though these studies have not relied upon CAC analyses
recommended in the LTM literature (Mickes, 2015). These studies have also occasionally
documented important limitations in young adults’ abilities to evaluate the contents of their WM.
For example, young adults sometimes express overconfidence in the number of items that they
can effectively remember from a just-presented study set (i.e., they express overconfidence in
their WM capacity; Adam & Vogel, 2017; Cowan et al., 2016; Forsberg et al., 2021a). This
overestimation of one’s WM capacity tends to occur most often on trials where attention lapsed
(Adam & Vogel, 2017) and can lead young adults to erroneously assume that no change in a
display occurred on trials where changes actually occurred (Cowan et al., 2016). Nevertheless,

on average, young adults’ accuracy in WM and LTM recognition improves with increases in



LIFESPAN CONFIDENCE-ACCURACY WM-LTM 12

their retrospective confidence. To date, no study has employed a common metric (e.g., CAC
analyses) for comparing young adults’ confidence-accuracy relation on tests of WM and LTM,
though the present study intends to fill this gap.

Development of the Confidence-Accuracy Relation in WM and LTM

Much of the focus on the development, across childhood to young adulthood, of
metamemory has been limited to studies of LTM. These studies have typically documented
improvements in the LTM confidence-accuracy relation with childhood development (Schneider,
1985; Flavell et al., 1993; Schneider & Pressley, 2013). A long-standing view is that young
children (from about age 3 to 8, and occasionally also reported for children up to age 10)
overestimate how much information they can remember, but this overconfidence in one’s LTM
declines after about age 10 (e.g., Brewer & Day, 2005; Ghetti et al., 2008; Howie & Roebers,
2007; Pressley et al., 1987). However, children up to age 12 also sometimes express
overconfidence in their LTM accuracy, resulting in high-confidence memory errors, when they
are given misleading gquestions about an event or feedback about their performance (Allwood et
al., 2005; Howie & Roebers, 2007; Roebers, 2002; Roebers & Howie, 2003).

This traditional view that young children are poor judges of their memories (e.g., Keast et
al., 2007; Knutsson & Allwood, 2014; Powell et al., 2013) has led legal experts to question the
suitability of children as eyewitnesses. However, many of these studies relied on limited
correlational methods for measuring the confidence-accuracy relation. Using CAC analysis,
Winsor et al. (2021) documented a consistently positive confidence-accuracy relation among
children and adolescents aged 4 to 17, though children younger than 7 were somewhat more
prone to high-confidence recognition errors when making explicit confidence judgments, as

opposed to more implicit measures of confidence (e.g., shrugging when they were uncertain).
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These findings echo those of other studies which have relied on more implicit measures of
assessing children’s confidence in their memories. For example, children as young as 3 are often
highly accurate in their LTM recognition responses when they are able to choose whether to
respond on a given trial (Balcomb & Gerken, 2008; cf., Koriat et al., 2001; Liu et al., 2018).
Such findings suggest that even very young children can monitor the strengths of their LTM
representations under certain conditions.

There has been much more limited research on the development of metamemory for WM,
despite the important role of WM in childhood development (Cowan, 2016), due to its relation to
academic success (Gathercole et al., 2004) and knowledge acquisition (Cowan & Alloway,
2008). An early study by Flavell et al. (1970) found that children aged 3 to 10 overestimated
their immediate visual WM spans, but the extent of this overestimation was greatest for children
aged 3 to 6. Similar findings were obtained in a more recent study by Forsberg et al. (2021a).
They found that both children (aged 6 to 13) and young adults (aged 18 to 26) overestimated
how many items they could remember from an array of colored squares, but the extent of this
overestimation (relative to observed capacity limits) was greatest among the youngest children
(up to age 8). Although these results suggest that younger children are less aware of the
limitations of their WM compared to older children and young adults, recent evidence suggests
that children as young as 5 can effectively monitor their WM when incentivized to do so. In a
study by Applin and Kibbe (2021), 5-to-6-year-olds placed bets (e.g., betting candy that could be
earned or lost) on whether they could remember the locations of between two and five just-
presented objects. When children took risky bets (e.g., betting up to three of their candies), they
were more accurate in remembering the locations of the objects compared to trials on which they

made safe bets (e.g., betting only one of their candies). Such findings suggest that there is a
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strong confidence-accuracy relation in WM among young children, at least when reward
incentives encourage careful responding. It remains unknown, however, whether young
children’s confidence tracks their WM accuracy in more standard memory testing situations that
do not incur a risk of winning or losing rewards. Furthermore, as in the young adult literature, in
the development literature, there has not been a common method for measuring the confidence-
accuracy relation in tests of WM and LTM. The present study intends to fill this gap.
Older Adults’ Confidence-Accuracy Relation in WM and LTM

As noted earlier, older adulthood (typically studied from about age 65 to 80) is a period
generally marked with declines in both WM and LTM. Older adults appear to be aware of these
declines (Hertzog & Hultsch, 2000), as is evident by effects of stereotype threat (i.e., reminding
older adults that aging leads to poorer memory) on older adults’ memory performance (Barber &
Mather, 2014; Brubaker & Naveh-Benjamin, 2018; Levy, 1996). Yet, this apparent awareness of
age-related memory declines does not always translate into preserved metamemory processing in
older adulthood. In studies of LTM, older adults exhibit a strong, positive confidence-accuracy
relation (occasionally being even more accurate than younger adults at high confidence levels)
when rating their confidence in memory responses to questions about general knowledge
(Lachman et al., 1979; Marquie & Huet, 2000; Perlmutter, 1978; Pliske & Mutter, 1996), which
presumably involves more semantic rather than episodic memory. Older adults’ confidence in
their recognition for specific episodes (i.e., episodic LTM) also tends to increase with
improvements in accuracy (Colloff et al., 2017), but older adults are often prone to high-
confidence memory errors (Dodson et al., 2007; Dodson & Krueger, 2006; Fandakova et al.,
2013; Greene et al., 2022; Kelley & Sahakyan, 2003; Shing et al., 2009). Typically, these errors

arise when older adults express high confidence that they previously saw something (e.g., a face
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in a line-up) that was never presented (i.e., high-confidence false alarms). To explain this
divergence in older adults’ confidence-accuracy relation for more semantic versus more episodic
LTMs, Dodson et al. (2007) proposed a misrecollection account (cf., Dodson, 2017). According
to this account, older adults struggle to monitor their memories for specific episodes because
they often erroneously bind elements from different episodes (e.g., Naveh-Benjamin, 2000) and
retrieve general features that are shared across multiple similar episodes rather than specific
features belonging to a particular episode (e.g., Henkel et al., 1998; Stark et al., 2013; cf., Greene
& Naveh-Benjamin, 2023). In a recent test of the misrecollection account, Greene et al. (2022)
showed that older adults’ heightened susceptibility to high-confidence errors in tests of
associative LTM occurred only in situations where they needed to remember specifically which
scene was associated with a studied face (e.g., “was it this park, or a different park?”’) but not
when they could rely upon general/gist representations (e.g., remembering that a face was paired
with a nature scene as opposed to an indoor scene).

There is a paucity of research on older adults’ confidence-accuracy relation on tests of
WM. Most of the studies in this domain have assessed how accurate older adults are at predicting
how much information they can hold in mind, with older adults often overestimating their
capacity even more so than younger adults (Bunnell et al., 1999; Murphy et al., 1981). It is
conceivable that older adults may exhibit high-confidence errors in tests of WM that resemble
those in episodic LTM, given that metamemory monitoring can be resource-demanding (Stine-
Morrow et al., 2006). As older adults have more limited attentional resource capacity (Craik &
Bryd, 1982; Hasher & Zacks, 1988), the additional demands placed on their WM by evaluating
the strengths of their memory representations in WM may contribute to high-confidence memory

errors. Alternatively, older adults may be less prone to high-confidence memory errors in tests of



LIFESPAN CONFIDENCE-ACCURACY WM-LTM 16

WM compared to LTM, as older adults are more capable of accessing specific details of a
previous episode immediately after encoding, when the information can still reside within WM
(Greene & Naveh-Benjamin, 2022).
The Present Study

As our review of the literature on the confidence-accuracy relation in young adulthood,
childhood development, and adult aging indicates, several important gaps in our understanding
of this critical relation remain to be filled. First, there have been few efforts to bridge these
literatures with a lifespan approach. The existing studies that have done so have relied solely on
tests of LTM (Fandakova et al., 2013; Shing et al., 2009), leaving unaddressed whether there are
lifespan constancies or differences in the confidence-accuracy relation in tests of WM, the
“gateway” through which new LTMs appear to be formed (Atkinson & Shiffrin, 1968; Forsberg
et al., 2021b, 2022a, 2022b, 2023; Fukuda & Vogel, 2019). Second, there has been no unified
approach for measuring the confidence-accuracy relation in tests of WM and LTM, as with a
CAC analysis (Mickes, 2015) that overcomes limitations of the more widely used bivariate
correlation approach, which remains the most commonly used method in studies of WM. Third,
we have very limited understanding of how the confidence-accuracy relation is manifest in WM
among children and young adults and virtually no understanding of this relation among older
adults. This is an especially glaring limitation in light of developmental and age-related changes
in the capacity of WM that underscore how much information young children and older adults,
compared with young adults, can later access from LTM (e.g., Forsberg et al., 2022a, 2022b).

The present study sought to reconcile these limitations by applying a common method,
CAC analysis (Mickes, 2015), to measure the confidence-accuracy relation across the lifespan

using a novel paradigm (Forsberg et al., 2021b) that provides tests of both WM and LTM. The
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data that informs our aims comes from two previously published studies using this paradigm
(Forsberg et al., 2022a, 2022b), though this specific aspect of the data — the relation between
participants’ reported confidence in their WM and LTM recognition responses and their
observed accuracy in those responses — has not been analyzed previously. Using this paradigm,
we aimed to address two interrelated questions. First, are individuals of various ages (from
childhood to older adulthood) aware of their memory strengths and weaknesses in both WM and
LTM testing situations, such that, within an age group, individuals would be on average more
accurate in their recognition memory when they express higher compared to lower retrospective
confidence? Second, are individuals with generally poorer memory (e.g., young children or older
adults) aware of their more impoverished memories, relative to those of other groups (e.g., young
adults), such that they can calibrate their confidence ratings to ensure equal levels of accuracy at
high confidence levels compared to individuals with stronger memories? In the ensuing, we lay
out our hypotheses for each of these questions.
Hypotheses for the Confidence-Accuracy Relation Within an Age Group

Prior studies of LTM indicates that children and adolescents (Winsor et al., 2021), young
adults (Wixted & Wells, 2017), and older adults (Colloff et al., 2017) all tend to be more
accurate in their LTM recognition responses when they express higher compared to lower
confidence (cf., Fandakova et al., 2013; Shing et al., 2009). Thus, we hypothesized that there
would be a positive confidence-accuracy relation in tests of LTM within each age group of the
present study.

In tests of WM, among young adults, we hypothesized that there would be a positive
confidence-accuracy relation as well, in line with previous studies (Adam & Vogel, 2017; Bona

& Silvanto, 2014; VVandenbroucke et al., 2014). However, because young adults are occasionally
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prone to high-confidence errors (i.e., failing to detect a change when one occurs) when they
overestimate their WM capacity (Cowan et al., 2016), it is possible that, in the present study,
young adults would be more sensitive to high-confidence memory errors as the set size of
encoded memoranda increases beyond their observed capacity limits. A similar, positive
confidence-accuracy relation in WM may be found among children (e.g., Applin & Kibbe, 2021)
and possibly older adults, given that the metamemory failures for WM observed in these groups
(i.e., overestimating WM capacity; Bunnell et al., 1999; Flavell et al., 1970; Forsberg et al.,
2021a; Murphy et al., 1981) mirror those observed in younger adults (albeit, these failures are
more pronounced at the ends of the lifespan). Moreover, older adults can monitor their internal
states during encoding about as well as younger adults (Hertzog et al., 2010), so they may be
able to calibrate their confidence with their accuracy on tests immediately following encoding.
An additional point to consider is whether the magnitude of the confidence-accuracy
relation (i.e., the difference in accuracy between lowest and highest confidence levels), within an
age group, depends on whether the test occurs immediately after encoding (WM) or much later
(LTM). A change in the magnitude of this relation may occur if, as memory signals become
weaker or more contaminated by noise from WM to LTM, individuals are aware of this shifting
quality of their mnemonic representations. If so, then participants may downregulate their LTM
confidence relative to their WM confidence, such that they elicit high confidence ratings less
often in tests of LTM. This does not mean that individuals would necessarily be more accurate
when expressing high confidence in LTM than in WM tests, but rather, as a result of this
potential downregulation in LTM that is less present in WM, there would be a more pronounced
difference in recognition accuracy between lower and higher confidence levels in tests of LTM.

Hypotheses for Age Differences in the Confidence-Accuracy Mapping
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We expect that certain groups (namely, young children and older adults) would have
poorer overall memory performance than other groups, especially young adults. However, if
individuals in groups with poorer memory are aware of their more impoverished memories and
take this into account, then we would expect to find no age-related differences in recognition
accuracy at high confidence levels, though such differences would likely be present at lower
confidence levels. This would be so because these individuals would often downregulate their
retrospective confidence, rarely expressing high confidence and only doing so in situations
where they are likely to be accurate. As a result, the presence of an age difference at low
confidence levels (e.g., young adults being more accurate than children or older adults) would
provide misleading information as to whether there are age-related differences in confidence-
accuracy calibration.®

Although studies of LTM have documented positive confidence-accuracy relations across
the lifespan (e.g., Fandakova et al., 2013), young children (e.g., Winsor et al., 2021) and older
adults (e.g., Dodson et al., 2007) are more prone to high-confidence memory errors than
adolescents and young adults. Among older adults, these high-confidence LTM errors are
characterized by overconfidence in erroneous recognition responses to new, unstudied
information, particularly on tests of episodic rather than semantic content (i.e., tests requiring the
retrieval of a specific prior episode; Dodson et al., 2007; Dodson, 2017; Greene et al., 2022).
Because the LTM tests of the present study pertain to episodic memories (i.e., remembering
specific items encountered in a specific time and place; Tulving, 1983), we hypothesized that

older adults would be more prone to high-confidence LTM recognition errors than younger

3 Relatedly, individuals who are less accurate at low confidence ratings may be said to have better metamemory
(i.e., when they know their memory for a given item is unreliable, they express low confidence in whether they
responded accurately on the basis of that memory), compared to individuals who are more accurate at low
confidence ratings and thus may be unaware of the strengths of their memories.
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adults. A similar tendency toward high-confidence LTM errors may also be found among young
children in the present study, particularly those aged 7 and younger (e.g., Winsor et al., 2021) but
potentially also for children up to age 10 (e.g., Brewer & Day, 2005; Howie & Roebers, 2007). It
is conceivable that these age-related high-confidence memory errors may not appear in tests of
WM, where young children or older adults may be better able to access their specific
representations of recently encoded information (e.g., Greene & Naveh-Benjamin, 2022).
Alternatively, because metamemory monitoring can be resource demanding (Stine-Morrow et
al., 2006), it is possible that young children and older adults, with more limited attentional
resource capacities (e.g., Cowan et al., 2006; cf., Craik & Bryd, 1982; Hasher & Zacks, 1988),
may be as susceptible to high-confidence errors in WM as in LTM.
Method

Transparency and Openness

The two experiments on which the present study is based were pre-registered. However,
the analyses for the present study were not pre-registered. Data and analysis scripts are available

at https://osf.io/vfe9q/ (Greene et al., 2023).

Participants

Data from 320 participants from across the lifespan who participated in the experiments
by Forsberg et al. (2022a, 2022b) were included in the analyses. This included 160 participants
from Forsberg et al. (2022a), with 40 participants from each of four age groups: 1%-and-2" grade
children, 3'-and-4™ grade children, 5"-through-7"" grade children, and young adults. In addition,
160 participants (80 young, 80 older adults) from Forsberg et al. (2022b) were included. Given
the similarity in the procedures between the experiments, we combined the two samples of

young adults, as both samples were similarly aged — M’s of 19.6 years (Forsberg et al., 2022a)
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and 21.5 years (Forsberg et al., 2022b) — and were composed of a similar proportion of
participants identifying as female or male (47.5% and 51.2% of young adult participants
identified as female in Forsberg et al. (2022a) and Forsberg et al. (2022b), respectively).

Demaographic information is provided in Table 1.

Table 1. Demographic Statistics of the Sample

Age Group n Mean (SD) Age Age Range %Female, %Male
152" Graders 40 7.9(0.72) 6-9 50.0%, 50.0%
394" Graders 40 9.8 (0.73) 8-11 47.5%, 52.5%
5171 Graders 40 11.9 (0.89) 10-13 47.5%, 52.5%
Young Adults 120 20.82 (2.38) 18-27 50.0%, 50.0%

Older Adults 80 69.0 (3.23) 65-77 67.5%, 32.5%

Note. Age is listed in years. %Female, %Male lists the percentage of participants who selected female or
male as their preferred gender to a multiple-choice question; this question also included the options

“Other” or “Prefer not to say,” but no participants endorsed these options.

Materials, Design, and Procedure

Stimuli were 454 unique images from Microsoft Office Icons, which were automated for
online experimentation via PsyToolkit (Stoet, 2010, 2017). All images were black and presented
on a gray background. Participants studied a random 288 of these items; the remaining items
were used as new test probes. There were two independent variables: the Set Size of the encoded
memoranda (two, four, or six items presented concurrently at study) and the type of Memory

Test (WM or LTM), both manipulated within-subject.
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Both experiments used virtually identical procedures, with a few minor differences. All
participants completed the experiment online, but participants in the study by Forsberg et al.
(2022a) first met with the experimenter via Zoom, whereas participants in the study by Forsberg
et al. (2022b) participated on the crowd-sourcing platform Prolific (Prolific, n.d.), without
meeting the experimenter. Each experiment consisted of tasks presented in the following fixed
order: (1) a WM probe-recognition task, (2) an interpolated activity unrelated to the WM task,
and (3) a LTM probe-recognition test, assessing memory for items previously studied (but not

tested) during the WM task (see Figure 1).

Figure 1. Schematic Representation of the Procedure
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Note. An outline of a typical trial in working memory (WM; panel A) and long-term memory (LTM:

panel B). In the WM task, items were presented around a central fixation cross in arrays of 2, 4, or 6 items
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(Memory Array in panel A). The presentation duration of a study array was n x 250ms, where n denotes
the number of items in the array. Following a 2000ms delay, a WM probe-recognition test occurred
(Response Phase in panel A), with one item appearing at the top of the display that was either the same as
an item from the previous array or was different. A 6-point rating scale appeared below the item, and
participants selected one of the options corresponding to their confidence in whether the item was old or
new. After completing all WM trials and following an additional 60 second period of interpolated
activity, participants completed LTM probe-recognition tests (panel B), which consisted of a mix of old
items from WM arrays which had not been tested on during the WM probe-recognition tests and new

items. See online article for color version of figure.

Working Memory (WM) Task

Participants studied 288 unique items, with 96 items per encoding set size (i.e, the
number of items presented concurrently in an array, which was either two (SS2), four (SS4), or
Six (SS6)). The set size manipulation produced conditions where the number of items to be
encoded either fell within or outside a participant’s actual WM capacity (the number of items
that one can maintain in WM; see Cowan, 2001). The highest estimated capacity limits (k) for
each group were as follows (see Forsberg et al., 2022a, 2022b): 1%-and-2" grade children (k ~
3.3 items), 3"-and-4" grade children (k ~ 3.7 items), 5""-through-7" grade children (k ~ 4.0
items), young adults (k ~ 4.5 items), older adults (k ~ 3.2 items).

In each array, items were presented randomly in one of eight equidistant locations in an
imaginary circle around a central fixation cross (see Figure 1A). Each trial began with a 250ms
fixation period. The array was then presented for 250ms x n, where n represents the number of
items in the array (e.g., in the SS6 condition, the memory array was presented for 1500ms). This

was followed by a 2000ms blank delay. Then, a single probe appeared at the top of the display
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that was either an old item from the just presented array or a new item that had not been
presented at any point previously. There were an equal number of old and new test probes in the
WM tests. Participants selected one of six response options appearing below the test probe,
rating their confidence in whether they thought each test probe was old or new, from “I’m sure I
saw it” (high-confidence “old” response) to “I’m sure I didn’t see it” (high-confidence “new”
response). Participants completed 88 WM trials (48, 24, and 16 trials at SS2, SS4, and SS6,
respectively).
Long-Term Memory (LTM) Tests

After completing all 88 WM trials, participants completed an interpolated activity task
for 60 seconds (see Forsberg et al., 2022a, 2022b for more details). Then they completed LTM
probe-recognition tests, in which their memory for untested items from the earlier WM trials was
assessed (see Figure 1B). Old LTM test probes were items from earlier studied arrays from the
WM task; none of these items appeared as probes during the WM test trials. New LTM test
probes had not appeared in either the WM study or test phases. The number of test items in the
LTM task differed between Forsberg et al. (2022a) and Forsberg et al. (2022b). In the former,
there were 168 LTM tests, composed of 46 new items, 36 old items sampled from SS2 arrays, 42
old items sampled from SS4 arrays, and 44 old items sampled from SS6 arrays. In Forsberg et al.
(2022Db), the number of new items was increased to 122, with no changes to the number of old
items from each set size, resulting in 244 LTM test trials.
Analyses

The primary analysis of the present study was a CAC analysis (Mickes, 2015) designed
to measure the relation between participants’ reported confidence in their old/new recognition

responses and their observed accuracy in their responses. First, however, we assessed the
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memory discrimination abilities of individuals from the different age groups using receiver-
operator-characteristic (ROC) analysis to provide a common framework for comparing
performance on WM and LTM across the lifespan.
ROC Analyses

ROC analysis provides a bias-free metric of memory discrimination in old/new
recognition tasks (Swets, 1988; Swets et al., 2000) and was applied to the present study using
formulas for computing the ROC from confidence-ratings data (see Koen et al., 2016; Yonelinas
& Parks, 2007). Memory discrimination was assessed with the area under the curve (AUC)
metric, which ranges from 0 to 1, with values closer to 1 indicating near perfect memory
discrimination, and values around 0.5 indicating chance-level discrimination.
CAC Analyses

We used CAC analyses to measure the confidence-accuracy relation (see Mickes, 2015;
Wixted & Wells, 2017). In a CAC analysis, a participant’s memory accuracy at a given
confidence rating i is obtained by dividing the sum of their correct responses at the ith rating by
the joint sum of their correct and incorrect responses at this rating. However, we relied instead on
the proportion of responses at each rating for a given memory probe (e.g., what proportion of
responses to old items from SS2 arrays in tests of LTM were erroneous high-confidence “new”
responses). This was necessary to ensure that the CAC functions were placed on a common scale
across age groups, given different number of new items in the LTM tests (see Procedure).* We

split the 6-point confidence scale into two tripartite scales, one for “old” and one for “new”

4 In the WM tests, whether the CAC functions relied on proportions of responses at each confidence rating or on the
counts of responses at each rating, the analyses were on a common scale across age groups as there were no
differences in the number of old and new test probes at each set size between experiments (Forsberg et al., 20223,
2022b). However, in the LTM tests, relying on the counts of responses at each rating could bias age-related
comparisons given that young and older adults in Forsberg et al. (2022b) responded to 122 new items, whereas all
groups of children and the 40 young adults from Forsberg et al. (2022a) responded to only 46 new items.
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recognition responses, each with high, medium, and low confidence ratings. We separately

computed a CAC function for “old” and “new” recognition responses, using the formulas:

p(Correct “old”); = p(“old”|O1d)i / (p(“old”|O1d); + p(“old”|New))

p(Correct “new”)i = p(“new”’|New)i / (p(‘“new”|New); + p(“new”|O1d);)

That is, at the ith confidence level, the proportion of correct “old” responses was
computed by dividing the proportion of hits (“old” responses to old items) by the summed
proportion of hits and proportion of false alarms (“old” response to new items) at this confidence
level. Similarly, the proportion of correct “new” responses at the ith confidence level was equal
to the proportion of correct rejections (“new” responses to new items) divided by the summed
proportion of correct rejections and proportion of misses (“new” responses to old items) at this
confidence level. These proportions served as outcome variables in our statistical models.

We conducted a series of linear mixed effects models in the Ime4 package in R (Bates et
al., 2015; R Core Team, 2023) to test our two core sets of hypotheses. Each model included a
random intercept for each participant, as this was the maximal allowable random effects
structure. Fixed effects varied across models, depending on the hypothesis being tested. To test
our first set of hypotheses regarding within- age group relations between confidence and
accuracy, we fit linear mixed effects models to the data from each age group separately for WM
and LTM tests. For both types of memory tests, we tested for a main effect of Confidence Rating
(low, medium, high). In tests of WM, we assessed whether the effect of Confidence Rating on
accuracy depended on the Recognition Response (“old”, “new’) and/or the Set Size (SS2, SS4,
SS6), within each age group. In tests of LTM, we combined these two factors into a single
variable “Recognition Response by Probe Type,” which included four levels created by

combining the type of recognition response (“old” or “new”) with the type of memory probe (old
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items from SS2, SS4, or SS6; or new items). We also conducted analyses across memory tests,
within each age group, to assess whether the change in memory accuracy from lowest to highest
confidence levels differed between WM and LTM. This analysis was limited to “old” recognition
responses and included fixed effects of Memory Test (WM, LTM) and Set Size.

For our second set of hypotheses, concerning age-related differences in high-confidence
accuracy, we ran a separate linear mixed effects model for tests of WM and LTM. Each model
included a fixed effect of Age Group (1%-and-2" graders, 3"-and-4™" graders, 5"-through-7%"
graders, young adults, older adults). In WM, we tested whether this Age Group effect interacted
with Recognition Response (“old”, “new’) and/or Set Size (SS2, SS4, SS6). In LTM, we tested
whether Age Group interacted with the four-level “Recognition Response by Probe Type” factor
defined previously.

To derive F-statistics and associated p-values for the fixed-effects terms in each model,
we used the Satterthwaite approximation in the ImerTest (Kuznetsova et al., 2017) package to
compute degrees of freedom based on Type 11l sum of squares, as recommended by Luke (2017).
For significant main effects, we followed up with general linear hypothesis tests implemented via
the multcomp package (Hothorn et al., 2008), using a Holm-correction for multiple comparisons.
For significant interactions, we followed up with post-hoc comparisons in the emmeans package
(Lenth, 2023), using Tukey adjustments for multiple comparisons.

Results
Memory Discrimination on Tests of WM and LTM Across the Lifespan: ROC Results

Figure 2 depicts the average empirical ROC curves for each age group obtained under

each encoding set size, separated by tests of WM (top panels) and LTM (bottom panels). ROC

curves that quickly approach 1.0 on the Y-axis (cumulative hit rate) for values near 0 on the X-
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axis (cumulative false alarm rate) indicate near-perfect discrimination, whereas ROC curves that
lie closer to the diagonal indicate near-chance discrimination. A visual inspection of Figure 2
suggests that discrimination was generally better in tests of WM than LTM and for smaller rather
than larger encoding set sizes. As a reminder, at the largest encoding set size (SS6), the number
of items to be encoded exceeded the average WM capacity limits of all age groups, which ranged
from k ~ 3.2 items (for older adults) to k ~ 4.5 items (for younger adults; see Method). Age-

related differences in discrimination appeared to be more prominent in WM than in LTM.

Figure 2. Empirical Receiver Operating Characteristic (ROC) Curves
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Note. Receiver operating characteristic (ROC) curves that lie closer to the solid diagonal line indicate
near-chance discrimination of old and new items, whereas ROC curves that rapidly approach a
cumulative hit rate of 1 for low cumulative false alarm rates (near 0) indicate near-perfect discrimination
of old and new items. SS2 = set size 2; SS4 = set size 4; SS6 = set size 6; WM = working memory tests
(top panels); LTM = long-term memory tests (bottom panels). Participant ages were as follows: 1%'-2"
Graders (6-to-8 years old), 3'-4" Graders (8-10 years old), 5"-7"" Graders (10-13 years old), Young

Adults (18-27 years old), Older Adults (65-77 years old). See online article for color version of figure.

To confirm these visual trends, we computed analyses on the AUC metric, which indexes
memory discrimination, with higher AUC (near 1) corresponding to better discrimination. For
each participant, a separate AUC was computed for each set size and in both WM and LTM.
AUC metrics are listed in Table S1; all were reliably above chance (AUC of 0.50). The AUC
metrics were submitted to a linear mixed effects model, with random by-subject intercepts,
which detected significant main effects for each of the fixed effects of Age [F(4, 315) = 14.07, p
<.001], Memory Test [F(1, 1575) = 4679.82, p < .001], and Set Size [F(2, 1575) = 509.40, p <
.001]. However, because these main effects were qualified by significant two-way interactions
involving each factor (all p <.031) and a significant Age x Memory Test x Set Size interaction
[F(8, 1575) = 2.52, p = .01], for brevity, we concentrate on the post-hoc tests of the highest order
interaction. Our aim was to measure age-related differences in mnemonic discrimination
abilities, so we report post-hoc tests for assessing whether age differences depended on the
Memory Test and Set Size.

On the WM tests, 1%-and-2"? grade children had lower AUC than young adults for SS2

arrays (prukey = .032) and lower AUC than all groups (all prukey < .012), except for older adults

(PTukey > .111), for SS4 and SS6 arrays. Older adults had lower AUC than the 5-through-7"
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grade children (prukey = .006) on WM tests at SS4 and lower AUC than both the 5"-through-7"
graders and young adults (both prukey < .001) on WM tests at SS6. Finally, the 3"-and-4™ grade
children had lower AUC than the young adults (prukey = .044) on WM tests at SS6. Thus, in WM,
the youngest children generally had the poorest memory discrimination abilities at all set sizes,
while the oldest children and the young adults had the best memory discrimination abilities.
Older adults” memory discrimination abilities did not significantly differ from the youngest
children but were worse than those of the oldest children and young adults at larger set sizes.

On the LTM tests, 1%t-and-2"? grade children had lower AUC at SS2 than all groups (all
PTukey < .018), except for older adults (prukey = .188). However, at SS4, their AUC was only
lower than that of young adults (prukey = .024). Older adults’ AUC on LTM tests at SS4 was
marginally lower than that of younger adults (prukey = .050). At SS6, there were no significant
age-related differences in AUC on LTM tests (all prukey > .576). Thus, age differences in
memory discrimination abilities were less present in tests of LTM than in WM. The youngest
children and occasionally the older adults had poorer LTM discrimination abilities than young
adults. The youngest children also had poorer LTM discrimination abilities relative to the two
older groups of children for items encoded under the smallest set size.
Confidence-Accuracy Relation in WM: CAC Results

Figure 3 shows the proportion of responses at each confidence rating (ranging from 1 =
high-confidence “new” responses to 6 = high-confidence “old” responses) to old and new items
at each encoding set size in tests of WM, split by age group. Strikingly, participants of all ages
responded with similar confidence patterns to old and new items at each set size. CAC curves

based on these data are presented in Figure 4.
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Figure 3. Proportion of Responses at Each Confidence Rating for Each Probe in Working
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Figure 4. Confidence-Accuracy Characteristic (CAC) Curves for Working Memory Tests
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are measured on a discrete scale. Set Size refers to the number of items (2, 4, or 6) studied concurrently in

the study phase of the working memory trial. The confidence rating corresponds to how certain

participants were when responding “old” or “new” to test probes in the recognition test. Memory accuracy

at each confidence level was computed separately for “old” and “new” recognition responses. For “old”

recognition responses, accuracy at each confidence level was calculated as the sum of hits (correct “old”

responses to old items) divided by the joint sum of hits and false alarms (incorrect “old” responses to new
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items) at the respective confidence level. For “new” recognition responses, accuracy at each confidence
level was calculated as the sum of correct rejections (correct “new” responses to new items) divided by
the joint sum of correct rejections and misses (incorrect “new” responses to old items) at the respective

confidence level. See online article for color version of figure.

The CAC curves in Figure 4 generally depict increases in WM accuracy with increases in
confidence, with highest accuracy observed under high confidence responses. This positive
confidence-accuracy relation was manifest in each age group, with some variations. To address
our first set of hypotheses about within-group relations between confidence and accuracy in tests
of WM, we turn now to the results of our linear mixed effects models, fitted to the data from
each age group separately. Each model tested the effect of Confidence Rating on WM accuracy
and whether this effect depended on the Recognition Response (“old” versus “new’’) and/or on
the Set Size (SS2, SS4, or SS6) of the WM array.>
WM Confidence-Accuracy Relation Across Childhood Development

Among each of the children groups, there were significant main effects of Confidence
Rating on WM accuracy: 1%-and-2"? grade children [F(2, 523.29) = 29.84, p < .001], 3"9-and-4"
grade children [F(2, 527.48) = 63.21, p < .001], and 5"-through-7"" grade children [F(2, 510.75)
=73.09, p <.001]. WM accuracy was superior at high than both medium and low confidence
among the 1%-and-2"? graders and the 5"-through-7"" graders, all indicated post-hoc pairwise
comparisons yielded prom < .010. However, among the 3™-and-4" graders, WM accuracy was
only superior at high than low (but not medium) confidence, proim = .001. Among all three

groups, WM accuracy did not significantly differ between low and medium confidence, all proim

5 Throughout, we do not report on the main effects of Set Size or Recognition Response, as these were not germane
to our hypotheses. We do, however, report on whether the main effect of Confidence Rating was qualified by
significant interactions involving these factors.
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>.220. Nevertheless, these results showed that there was some improvement in WM accuracy
with increasing confidence, particularly between low and high confidence, in each group.
Notably, among the 3-and-4™ grade children, the main effect of Confidence Rating was
not qualified by any significant interactions with the remaining factors, all p > .121. Thus, this
group of children had a similar confidence-accuracy relation for “old” and “new” responses in
WM tests that did not differ by encoding set size. However, among the 1%-and-2"? grade
children, there were marginally significant interactions of Confidence Rating x Recognition
Response [F(2, 502.51) = 2.55, p =.079] and Confidence Rating x Set Size x Recognition
Response [F(4, 501.14) = 2.17, p = .072]. Although neither interaction was significant, we
followed-up on both, but we report only on the post-hoc tests of the highest-order (three-way)
interaction. The main effect of Confidence Rating on 1%-and-2"? graders’ WM accuracy reported
earlier ((low = medium) < high) held for both “old” and “new” recognition responses at SS2. At
SS4 and SS6, 1%-and-2"! graders” WM accuracy for “new” recognition responses did not differ
across confidence ratings (all prukey > .175), but their accuracy for “old” recognition responses
was superior at high relative to low confidence at SS4 (ptukey = .003) and improved with each
increase in confidence at SS6 (all prukey < .014). Thus, the youngest children were somewhat
more capable of calibrating their confidence with their memory accuracy for items in WM tests
that they believed were old rather than new, especially as the encoding set size increased.
Among the 5"-through-7" grade children, there was a significant Confidence Rating x
Recognition Response interaction [F(2, 502.26) = 7.39, p < .001] and marginally significant
interactions of Confidence Rating x Set Size [F(4, 501.80) = 2.16, p = .072] and Confidence
Rating x Set Size x Recognition Response [F(4, 498.91) = 2.25, p = .062]. We report first on the

post-hoc tests of the significant two-way interaction before discussing those of the marginally
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significant three-way interaction. For “new” recognition responses, the earlier-reported main
effect on 5"-through-7" graders” WM accuracy held ((low = medium) < high), but for “old”
recognition responses, there were improvements in WM accuracy with each increase in
confidence, all prukey < .001. Post-hoc tests of the three-way interaction indicated that this pattern
for “new” recognition responses was obtained at SS2 and SS4, but at SS6, the only difference in
“new” recognition accuracy was between high and low confidence (prukey = .015). For “old”
recognition responses, although 5"-through-7" graders” WM accuracy improved with each
increase in confidence at SS2 (all prukey < .023), their accuracy did not differ between high and
medium confidence at SS4 (prukey = .100) nor between medium and low confidence at SS6 (Prukey
=.617). Thus, there were some fluctuations across recognition responses and encoding set sizes
in the pattern of the oldest children’s confidence-accuracy relation in WM, but they were always
more accurate at high relative to low confidence.

These interactions should not obscure the fact that children ranging in age from 6 to 13
were usually most accurate in WM recognition at their highest expressed confidence levels and
least accurate at their lowest expressed confidence levels. We computed the difference in WM
accuracy (A) between the highest and lowest endorsed confidence levels for each participant,
separately for “old” and “new” recognition responses at each set size. For most participants, this
difference score was computed as high-confidence accuracy minus low-confidence accuracy.
However, if a participant’s highest or lowest confidence level was medium, the difference was
computed as medium-confidence accuracy minus low-confidence accuracy or high-confidence
accuracy minus medium-confidence accuracy, respectively. Difference scores are depicted in

Figure 5. The only instance where there was no observed improvement in WM accuracy from
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lowest to highest endorsed confidence levels was for “new” recognition responses in SS6 tests

among the youngest children (1%-and-2"¢ graders), t(37) = 0.43, p = .670.

Figure 5. Change in Working Memory Accuracy from Lowest to Highest Endorsed Confidence
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Note. Values depict the mean difference in working memory recognition accuracy for “old” (left side) and
“new” (right side) responses between the highest and lowest endorsed confidence levels. Error bars
represent +/- 1 standard error of the mean. Dashed line at 0.0 corresponds to a point null. SS denotes the

set size of the studied array (2, 4, or 6 items). See online article for color version of figure.

WM Confidence-Accuracy Relation in Young and Older Adulthood
As with the children groups, the linear mixed effects models also detected significant

main effects of Confidence Rating on WM accuracy among young adults [F(2, 1548.3) = 165.17,
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p <.001] and older adults [F(2, 1039.0) = 104.80, p < .001]. In both groups, WM accuracy
improved with each increase in confidence, all post-hoc pairwise comparisons yielded proim <
.001. However, these main effects were qualified by significant three-way Confidence Rating x
Set Size x Recognition Response interactions among young adults [F(4, 1506.1) = 6.51, p <
.001] and older adults [F(4, 1005.1) = 4.60, p = .001]. Among young adults, the same main effect
of Confidence Rating (low < medium < high) was obtained in most conditions, except for “old”
recognition accuracy at SS2, which did not differ between low and medium confidence, prukey =
465. Older adults’ WM accuracy did not significantly differ between low and medium
confidence ratings for “old” recognition responses at both SS2 and SS6 and for “new”
recognition responses at SS4 (all prukey > .168). Nevertheless, among young and older adults
alike, WM accuracy was always superior at high compared to low confidence (see Figure 5).
Confidence-Accuracy Relation in LTM: CAC Results

Next, we address whether a similar confidence-accuracy relation was found in tests of
LTM, with increases in accuracy as participants’ subjective confidence increased. Figure 6
shows the proportion of responses, split by age group, at each confidence rating (ranging from 1
= high-confidence “new” responses to 6 = high-confidence “old” responses) in tests of LTM to

new items and to old items initially encoded under each set size.



LIFESPAN CONFIDENCE-ACCURACY WM-LTM

38

Figure 6. Proportion of Responses at Each Confidence Rating for Each Probe in Long-Term

Memory Tests
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Unlike in the WM tests (see Figure 3), in the LTM tests, there were unique age-
dependent patterns of responses. The two youngest groups of children (up to the 4" grade)
responded often with high-confidence “new” (rating 1) responses to all probes. Meanwhile, the
older groups, especially the older adults, responded more often with high-confidence “old”
(rating 6) responses, particularly to old items. Indeed, collapsed across probe type, separate one-
way ANOVAs detected significant main effects of Age Group on high-confidence “new”
responses [F(4, 315) = 13.90, p < .001] and high-confidence “old” responses [F(4, 315) = 5.81,
p <.001]. The 1%-through-4" grade children had a significantly higher proportion of high-
confidence “new” responses than all other groups (all prukey < .033). Meanwhile, young and
older adults both had a significantly higher proportion of high-confidence “old” responses than
1%t-and-2"! grade children (both prukey < .037), and older adults additionally had a higher
proportion of high-confidence “old” responses than 3-and-4" grade children (prukey = .011).
Thus, children up to about age 10 expressed higher confidence that items in the LTM tests were
new, whereas adults (especially older adults) expressed higher confidence that items in the LTM
tests were old, consistent with previous reports of age changes in bias (e.g., Cowan et al., 2006).

Despite these differences, the CAC curves depicted in Figure 7 show similar confidence-
accuracy relationships (with increases in accuracy as confidence increases) in LTM across age
groups, but the strength of this relation depended on the type of recognition response. For “old”
recognition responses, there were greater improvements in accuracy with increases in
confidence, relative to changes in accuracy across confidence levels to “new” recognition
responses, in each age group. Indeed, across age groups, participants had low accuracy in “new”

recognition responses, but “new” recognition accuracy still appeared to rise with increasing
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confidence. Because in the LTM tests, new items did not map on to specific set sizes like old
items did, our linear mixed effects models included a single fixed-effect factor combining Set
Size and Recognition Response (“Recognition Response by Probe Type”), with four levels

distinguishing old items from each set size (§S2, SS4, and SS6) and new items.

Figure 7. Confidence-Accuracy Characteristic (CAC) Curves for Long-Term Memory Tests
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are measured on a discrete scale. SS = Set Size, the number of items (2, 4, or 6) studied concurrently
during an earlier study trial. The confidence rating corresponds to how certain participants were when
responding “old” or “new” to test probes in the recognition test. Memory accuracy at each confidence
level was computed separately for “old” and “new” recognition responses. For “old” recognition
responses, accuracy was computed separately based on the set size from which old items were drawn. At
each confidence level, accuracy to old items from a given set size was calculated as the proportion of hits
(correct “old” responses to old items) at that confidence level divided by the sum of the proportion of hits
and proportion of false alarms (incorrect “old” responses to new items) at that confidence level. For
“new” recognition responses, accuracy at each confidence level was calculated as the proportion of
correct rejections (correct “new” responses to new items) at that confidence level divided by the summed
proportion of correct rejections and proportion of misses (incorrect “new” responses to old items,
summed across old items from all encoding set sizes) at that confidence level. See online article for color

version of figure.

LTM Confidence-Accuracy Relation Across Childhood Development

As in WM, there was significant a main effect of Confidence Rating on LTM accuracy
among 1%-and-2" grade children [F(2, 383.41) = 38.92, p <.001], 3"-and-4" grade children
[F(2, 399.49) = 63.28, p < .001], and 5"-through-7"" grade children [F(2, 404.69) = 140.45, p <
.001]. In all groups, LTM accuracy increased with each increase in confidence (all proim < .041).

This main effect was qualified by a significant Confidence Rating x “Recognition
Response by Probe Type” interaction among 1%-and-2"? grade children [F(6, 379.91) = 2.79, p =
.011], 3"-and-4™ grade children [F(6, 396.59) = 3.14, p = .005], and 5""-through-7" grade
children [F(6, 401.93) = 6.63, p < .001]. The youngest children’s (1%-and-2"? graders) LTM
accuracy for “old” recognition responses improved with each increase in confidence for

responses to old items from SS2 and SS4 arrays (all prukey < .041) but was only superior at high



LIFESPAN CONFIDENCE-ACCURACY WM-LTM 42

relative to low confidence for responses to old items from SS6 arrays (prukey < .001). Meanwhile,
their LTM accuracy for “new” recognition responses did not significantly differ across
confidence ratings (all prukey > .365). Thus, as in WM, the youngest children were better at
calibrating their confidence with their memory accuracy when they believed that items in the
LTM tests were old rather than new.

Among 3"-and-4" grade children, LTM accuracy for “old” recognition responses
similarly improved with each increase in confidence for responses to old items from SS2 arrays
(@ll prukey < .042) but was not significantly different between medium and low confidence for
responses to old items from SS4 and SS6 arrays (both prukey > .479). For “new” recognition
responses, 3'%-and-4" grade children had superior LTM accuracy at high compared to low
confidence (prukey = .041). Thus, this group of children generally knew on which trials their LTM
recognition, like their WM recognition, was most or least accurate, regardless of whether they
responded “old” or “new.”

Finally, the oldest children’s (5"-through-7" graders) LTM accuracy for “old”
recognition responses improved with each increase in confidence for responses to old items from
SS2 and SS4 arrays (all prukey < .001) but was not significantly different at medium and low
confidence ratings for responses to old items from SS6 arrays (prukey = .091). For “new” LTM
recognition responses, 5"-through-7" grade children were more accurate at high compared to
both low and medium confidence (both prukey < .044). Thus, as in WM, the oldest children were
generally aware of when their LTM recognition responses were most or least accurate.

These results show that children ranging in age from 6 to 13 were generally more in tune
with which of their LTM recognition responses were the most accurate and which were the least

accurate when they claimed to have previously seen an item, compared to when they claimed
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that items were new (see Figure 8). In the latter case, the youngest children had the poorest
insights into the reliability of their memories, as they were no more accurate in “new” LTM
recognition responses at their highest relative to their lowest expressed confidence level. That is,
their estimate of A (the change in LTM accuracy from lowest to highest expressed confidence)
for “new” recognition responses did not differ significantly from 0, t(37) = 1.16, p = .255. This
finding is consistent with the earlier-reported null effect of confidence ratings on 1%-and-2"¢
graders’ WM accuracy to “new” recognition responses in the hardest encoding condition (i.e.,
SS6; see Figure 5). The older groups of children also had a weaker confidence-accuracy relation
for “new” relative to “old” LTM recognition responses (Figure 8) but were nonetheless more

accurate at their highest than lowest confidence levels.

Figure 8. Change in Long-Term Memory Accuracy from Lowest to Highest Endorsed
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Note. Values depict the mean difference between highest and lowest endorsed confidence levels in long-
term memory recognition accuracy for “old” responses to old items from each set size (SS2, SS4, or SS6)
and “new” responses to new items. Error bars represent +/- 1 standard error of the mean. Dashed line at
0.0 corresponds to a point null. Formulas for calculating accuracy are listed in Figure 7 caption. See

online article for color version of figure.

LTM Confidence-Accuracy Relation in Young and Older Adulthood

There were significant main effects of Confidence Rating on LTM accuracy among
young adults [F(2, 1276.0) = 201.51, p < .001] and older adults [F(2, 808.0) = 167.26, p < .001]
alike. Among both groups, LTM accuracy increased with each increase in confidence (all proim <
.001). This main effect was qualified by a significant Confidence Rating x “Recognition
Response by Probe Type” interaction among young adults [F(6, 1271.1) = 12.47, p <.001] and
older adults [F(6, 791.63) = 7.65, p <.001]. Among both adult groups, “old” recognition LTM
accuracy improved with each increase in confidence for old items from SS2 and SS4 arrays (all
PTukey < .013) but did not significantly differ between low and medium confidence responses to
old items from SS6 arrays (both prukey > .052). Similarly, young and older adults’ “new”
recognition LTM accuracy did not significantly differ between low and medium confidence
ratings (both prukey > .558). Nevertheless, much as in WM tests, young and older adults alike
generally knew which of their LTM recognition responses were the most accurate and which
were the least accurate. Indeed, as depicted in Figure 8, young and older adults were more
accurate in their LTM recognition responses at their highest compared to their lowest endorsed
confidence levels, though the magnitude of this effect was smaller for “new” recognition

responses.
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Confidence-Accuracy Relation: Comparing the Magnitude of the Relation between WM
and LTM

We next assessed whether the magnitude of the confidence-accuracy relation (A, the
accuracy difference between lowest and highest confidence levels) within an age group differed
between tests of WM and LTM. We concentrated only on A for “old” recognition response
accuracy because “new” recognition responses could not be split by encoding set size in LTM
tests as they were in WM. Figure 9 shows within-age group changes between WM and LTM in A
for “old” recognition responses.

We submitted the “old” recognition A scores to a separate linear mixed effects model in
each age group. Each model included fixed-effects of Memory Test (WM vs LTM) and Set Size,
plus their interaction. The only significant main effect of Memory Test was obtained among
older adults [F(1, 372.39) = 6.24, p = .013], with a greater A in LTM than WM (for all other
groups, p > .166). Among the youngest children (1%-and-2"? graders) and the oldest children (5""-
through-7™" graders), the Memory Text x Set Size interaction was also not significant (both p >
.247), such that the magnitude of the confidence-accuracy relation for “old” recognition
responses was comparable in tests of WM and LTM at all set sizes among these groups.
However, there was a significant Memory Test x Set Size interaction among the 3-and-4" grade
children [F(2, 180.59) = 4.20, p = .016], the young adults [F(2, 522.65) = 16.84, p < .001], and
the older adults [F(2, 359.39) = 4.40, p = .013]. In each of these age groups, the magnitude of the
confidence-accuracy relation was greater in tests of LTM than tests of WM only for recognition
of items encoded in SS2 arrays (all prukey < .009). That is, under the most favorable encoding
conditions (i.e., in SS2, which fell within all groups’ average capacity limits), participants in

these age groups exhibited a smaller difference in “old” recognition accuracy between their
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lowest and highest confidence levels when their memory was tested immediately after encoding
(WM tests) compared to much later (LTM tests). Young adults, however, had a weaker
confidence-accuracy relation (i.e., smaller A) in tests of LTM than tests of WM for old items

from SS6 arrays, prukey < .001.

Figure 9. Change in Memory Accuracy for “Old” Recognition Responses from Lowest to

Highest Endorsed Confidence in Tests of Working Memory versus Long-Term Memory
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mean. Lines are intended to convey direction of change in A between tests of WM and LTM within an age
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group. SS indicates the encoding set size of the items, with 2, 4, or 6 items per set. See online article for

color version of figure.

We also assessed whether, at the individual level, “old” recognition A significantly
correlated between tests of WM and LTM. In most groups, we did not detect significant
relationships between WM A and LTM A (see Figure S1 in the online supplement), with one
exception. For “old” recognition responses to SS4 items, WM A was significantly positively
correlated with LTM A among the 1%-and-2"¢ grade children (r = 0.38, p = .033).

Age-Related Differences in Memory Accuracy at High Confidence Levels

The preceding CAC analyses showed that participants of all ages had some insights into
the strengths and weaknesses of their memories in both WM and LTM tests, as recognition
accuracy was generally highest at each participant’s highest endorsed confidence level (see
Figures 5 and 8). This positive confidence-accuracy relation was obtained across groups that
varied in their observed memory discrimination abilities, which was generally poorest for the
youngest children and older adults and best for the oldest children and young adults (see ROC
results). Were individuals in age groups with poorer memory discrimination abilities able to take
their weaker memories signals into account, “downregulating” their confidence ratings to obtain
an equivalent level of accuracy at high confidence levels relative to individuals in age groups
with superior memory discrimination abilities? To address this second core question of our
study, we turn now to the results of our linear mixed effects analysis of age differences in high-
confidence accuracy, with a separate analysis in tests of WM and LTM.

Age-Related Differences in High-Confidence Accuracy in Working Memory
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Figure 10 depicts age-related differences in accuracy at high confidence ratings in tests of
WM, separately for “old” and “new” recognition responses at each encoding set size. There was
a significant main effect of Age Group, F(4, 325.72) = 15.45, p < .001, but post-hoc tests failed
to detect any significant age-related differences (all proim > .524). There was also a significant
Age Group x Set Size interaction F(8, 1500.51) = 3.11, p = .002. At SS2, there were no
significant age-related differences in high-confidence WM accuracy (all prukey > .369), which
was high (>90% correct) among all groups. At SS4 and SS6, however, the youngest children (15
and-2"¢ graders) had lower high-confidence WM accuracy than all other groups (all prukey <
.022). Meanwhile, older adults were less accurate at high confidence levels than younger adults
at SS4 (prukey = .037) but not at SS6 (prukey = .238). Thus, participants in the age groups with the
worst memory discrimination abilities in WM (namely, the youngest children and occasionally

the older adults) were somewhat more error-prone at high confidence levels than other groups.

Figure 10. Age-Related Differences in High-Confidence Accuracy in Working Memory
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Note. Error bars represent +/- 1 standard error of the mean. Figure depicts how accurate participants were
at the highest endorsed confidence rating when responding “old” (left panel) or “new” (right panel) in the

working memory tests at each set size (x-axis). See online article for color version of figure.

Age-Related Differences in High Confidence Accuracy in Long-Term Memory

Figure 11 shows high-confidence accuracy in tests of LTM as a function of age group,
separately for “old” responses to old items from each encoding set size and for “new” responses
to new items. There was a significant main effect of Age Group, F(4, 311.41) =5.09, p <.001,
but as depicted in Figure 11, age-related differences in high-confidence LTM accuracy were
dependent on the type of recognition response (i.e., Age Group x “Recognition Response by

Probe Type” interaction), F(12, 902.32) = 6.09, p < .001.

Figure 11. High-Confidence Accuracy in Long-Term Memory
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Note. Error bars represent +/- 1 standard error of the mean. Figure depicts how accurate participants were
at the highest endorsed confidence rating when responding “old” or “new” in tests of long-term memory.
For each type of recognition response, the value in parentheses corresponds to the type of recognition
probe for which the response was correct, with “old” recognition responses split by the encoding set size

under which old items were studied (SS2, SS4, SS6). See online article for color version of figure.

For “old” recognition responses across all set sizes, there were no significant differences
in high-confidence accuracy among the three groups of children (all prukey > .243) nor between
young and older adults (all prukey > .115). However, older adults were less accurate at high
confidence levels for “old” recognition responses than the 3-and-4" grade children and the 5%
through-7™ grade children at each set size (all pruey < .004), and they were also less accurate
than the 18-and-2"? grade children at SS4 and SS6 (both prukey < .006) but not at SS2 (Prukey =
.730). Young adults were significantly less accurate than the 3"-and-4™ grade children (prukey =
.032) and marginally less accurate than the 5"-through-7'" grade children (prukey = .058) in high-
confidence “old” recognition accuracy only at SS6. Meanwhile, for “new” recognition responses,
there were no significant differences in high-confidence accuracy among the children (all prukey >
.083) nor between young and older adults (prukey = 1). However, young and older adults alike
were more accurate than the youngest children (1%-and-2"? graders) when rating their “new”
recognition responses with high confidence (both prukey < .006).

It is worth acknowledging here that we did not detect a significant adult age-related
difference in LTM high-confidence accuracy when such differences are usually obtained in
cross-sectional studies comparing young and older adults (e.g., Dodson et al., 2007; Dodson &
Krueger, 2006; Fandakova et al., 2013; Greene & Naveh-Benjamin, 2022; Kelley & Sahakyan,

2003). Typically, these studies have found that older adults are more sensitive to high-confidence
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false alarms (i.e., erroneously endorsing new items as “old” with high confidence). A visual
inspection of Figure 11 suggests that older adults may have had a somewhat greater tendency
than young adults toward high-confidence false alarms in the present data as well, as reflected by
their generally lower accuracy in “old” recognition responses in tests of LTM. It is conceivable
that any true adult age-related difference in high-confidence accuracy for “old” recognition
responses may have been obscured by the large number of post-hoc comparisons that made tests
of such differences more conservative. There is, however, a priori grounds to consider a more
focused analysis limited to adult age-related differences in high-confidence “old” recognition
accuracy, given the extensive prior literature on this specific analysis. Thus, we conducted a
more constrained analysis, examining differences in high-confidence “old” recognition accuracy
between young and older adults only in a 2 (Age Group) x 3 (Set Size) linear mixed effects
analysis. There was a significant main effect of Age Group, F(1, 194.46) = 8.86, p =.003, with
young adults outperforming older adults, but no significant interaction with the encoding set size,
F(2, 386.85) = 0.01, p = .986. This more focused analysis replicated the traditional findings of
adult age-related differences in high-confidence accuracy in tests of episodic LTM, but it is
important to interpret these results with caution, given the failure to detect such differences under
more conservative testing situations involving comparisons across all age groups.
Discussion

Results of the present study revealed strikingly universal relations between observed
memory accuracy and subjective confidence in one’s memory recognition across the lifespan.
Children aged 6 to 13, young adults aged 18 to 27, and older adults aged 65 to 77 were almost
always on average more accurate in their recognition responses when they expressed higher

compared to lower confidence in those responses. Positive confidence-accuracy relations within
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each age group were obtained both immediately after encoding, when items could still be
maintained within capacity-constrained working memory (WM), and following a much longer
sequence of events, when information had to be retrieved from long-term memory (LTM). Our
results replicate those of earlier findings in childhood development (Winsor et al., 2021), young
adulthood (Wixted & Wells, 2017), and older adulthood (Colloff et al., 2017) documenting
positive confidence-accuracy relations in LTM, albeit with variations in the strength of these
relations across the lifespan (cf. Fandakova et al., 2013; Shing et al., 2009). Extending on these
earlier studies, we found that similar confidence-accuracy relations arise in WM, the “gateway”
through which new LTMs are formed (Forsberg et al., 2021b, 2022a, 2022b, 2023; Fukuda &
Vogel, 2019; cf., Atkinson & Shiffrin, 1968, Cowan, 1988, 2019; Cowan et al., 2024). Moreover,
the magnitude of the confidence-accuracy relation within an age group (i.e., the difference in
recognition accuracy between lowest and highest confidence levels) was usually comparable in
WM and in LTM, with rare exceptions.

The pervasiveness of the confidence-accuracy relation across the lifespan and across
memory tests that varied in their difficulty (in terms of number of items to be encoded) and
timing (relative to encoding) speaks to a robust ability of individuals to evaluate the contents of
their memories to determine when they feel more or less certain that they have previously
experienced an episode. Yet, age-related differences in confidence-accuracy calibration were
present in some conditions. Specifically, a few important differences in high-confidence
accuracy emerged among the groups with generally poorest memory discrimination abilities
(children aged 6 to 8, and older adults) relative to the groups with the best memory
discrimination abilities (children aged 10 to 13 and young adults), but there were also some

surprising cases in tests of LTM where children outperformed young and older adults. In tests of
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WM, the youngest children (6-to-8-year-olds) were more error-prone at high confidence levels
than most other groups (with the exception of older adults) when the encoding set sizes exceeded
their WM capacity of approximately 3.3 items (i.e., in the SS4 and SS6 conditions). Older adults
were also occasionally less accurate than young adults at high confidence levels in tests of WM,
but only in cases where the encoding set size (SS4) exceeded older adults’ WM capacity (k ~ 3.2
items) but was within the capacity limits of younger adults (k ~ 4.5 items). When the encoding
set size was within (SS2) or exceeded (SS6) the capacity limits of both young and older adults,
adult age-related differences in high-confidence WM accuracy were not present.

Meanwhile, in tests of LTM, older adults appeared to be somewhat more prone to high-
confidence false alarms (endorsing new items as “old”) than younger adults were, replicating
prior work (Dodson, 2017; Dodson et al., 2007; Fandakova et al., 2013; Greene et al., 2022). It is
important to acknowledge, however, that these adult age differences were only detected under
very focused comparisons between young and older adults but not under more conservative
statistical tests involving comparisons of all age groups. Older adults were also generally less
accurate than all groups of children when endorsing high confidence in their “old” recognition
responses in tests of LTM. Strikingly, even the young adults were occasionally overconfident in
their “old” recognition responses in tests of LTM, relative to children aged 8 to 13, but only in
discriminating new items from old items encoded under the most extreme conditions (i.e., in the
SS6 condition). Participants of all ages had rather low accuracy in their “new” recognition
responses in tests of LTM, but “new” recognition accuracy did improve with increasing
confidence across age groups, except among the 6-to-8-year-old children. At high confidence
levels, young and older adults were more accurate in their “new” LTM recognition responses

than the youngest children were.
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These results provide new insights into age-related differences in metamemory across the
lifespan that have important implications for understanding the source of memory failures for
young children and older adults, relative to young adults with generally more optimal memory
capabilities (e.g., Cowan et al., 2006; Naveh-Benjamin & Cowan, 2023). Before discussing these
implications, we first consider why such a pervasive confidence-accuracy relation was obtained
across the lifespan, putting aside for now age differences in the strength of this relation.

On the Pervasiveness of the Confidence-Accuracy Relation Across the Lifespan

The present study adds to a growing body of evidence showing that confidence does, in
fact, track memory accuracy among children (Winsor et al., 2021), young adults (Wixted &
Wells, 2017), and older adults (Colloff et al., 2017), even though conventional views have often
suggested that this was not the case among individuals with poorer memory capabilities (e.g.,
children and older adults; Dodson & Krueger, 2006; Newcombe & Bransgrove, 2007; Keast et
al., 2007; Knutsson & Allwood, 2014; Powell et al., 2013). Much of the conventional wisdom
has been predicated on empirical measures of the confidence-accuracy relation that can under- or
overestimate this relation (for extensive critiques, see Busey et al., 2000; Juslin et al., 1996;
Mickes, 2015). Here, we used CAC analyses that overcome these limitations (Mickes, 2015;
Wixted & Wells, 2017), allowing us to measure the confidence-accuracy relation in a common
way across tests of WM and episodic LTM and among individuals varying in age from 6 to 77.
We observed an almost universal relation between retrospective confidence and memory
accuracy, in WM and in LTM testing situations; for both “old” and “new” recognition responses;
across encoding set sizes that fell within (SS2), just outside (SS4), or greatly beyond (SS6) most
individuals” WM capacities; and across age groups, from childhood to older adulthood. That is,

memory accuracy was almost always superior at each individual’s highest relative to their lowest
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endorsed confidence in their recognition responses (see Figures 5 and 8). Why was such a
pervasive confidence-accuracy relation obtained?

Theorists have long sought to explain the confidence-accuracy relation, dating back to the
seminal ROC analysis of recognition memory by Egan (1958) and the ensuing development of
signal detection theory (Green & Swets, 1966; for a review, see Yonelinas & Parks, 2007). From
a signal detection theory perspective, confidence ratings represent different criteria/thresholds
placed along a memory strength dimension, sometimes referred to as familiarity, such that when
a signal (i.e., the internal representation generated by a recognition probe) exceeds a given
criterion, participants become increasingly confident that the signal is “old.” These criteria may
be fixed in such a way that their relative placement along the memory strength dimension does
not change as a function of the degree to which signal and noise distributions overlap (e.g.,
Glanzer & Bowles, 1976; Hintzman, 1988). Such a fixed-criterion model would yield decreasing
accuracy at a given confidence rating as the memory discrimination process becomes
increasingly impaired. Alternatively, individuals may adjust the relative placements of their
ratings’ criteria along the strength dimension to optimize relatively constant accuracy at a given
confidence level across conditions of better or worse memory. This is in line with the predictions
of several formal models of recognition memory, including some global matching models of
memory (e.g., Shiffrin & Steyvers, 1997) and likelihood-ratio models (e.g., McClelland &
Chappell, 1998; Osth et al., 2017; Stretch & Wixted, 1998). However, one’s ability to adjust
their criteria may depend on acquiring error feedback about when one’s memories are accurate or
not, and such feedback is more likely to be developed over the course of one’s life (Mickes et al.,
2011). Consequently, although both young and older adults appear to be able to adjust their

confidence ratings with task difficulty to some shared extent (Colloff et al., 2017; Semmler et al.,
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2018), children younger than 10 are less adept at doing so (Winsor et al., 2021). Indeed, the
youngest children in the present study (particularly those aged 6 to 8) were less capable than all
other groups of adjusting their confidence ratings with their memory signals when they believed
that items were new, rather than old, in tests of WM and LTM.

There is a very telling feature of our data that speaks more strongly to the criterion-shift
than the fixed-criterion account of the confidence-accuracy relation, across all age groups, at
least in WM. An examination of the observed proportions of responses at each confidence level
in tests of WM (depicted in Figure 3) shows dramatic shifts in high-confidence responses within
each age group as a function of the difficulty of the memory test (i.e., based on the set size). The
precipitous drop in high-confidence “old” responses to old items with increasing set size could be
explained either by a criterion-shift model (i.e., individuals may shift their high-confidence
criteria to more conservative positions for more difficult tests, like those occurring at larger set
sizes) or by a fixed-criterion model (i.e., with a fixed criterion for high-confidence “old” ratings,
far fewer old items would pass this criterion when the signal distribution is itself shifted closer to
the noise distribution). However, the mirrored drop in high-confidence “new” responses to new
items with increasing set size cannot be reconciled by a fixed-criterion model because the noise
distribution from which new items are sampled should be fixed to the same position across set
sizes. That is, only the signal distribution (but not the noise distribution) would change across set
sizes.® Thus, assuming a fixed-criterion model, we should have observed comparable rates of

high-confidence “new” responses to new items, regardless of set size. That these rates clearly

& This assumption could be challenged if one were to develop a signal detection model in which the variance of the
noise distribution (which is typically modeled as a normal distribution with mean = 0 and SD = 1) was allowed to
vary as a function of the set size, but doing so would require modifications to calculating metrics of discrimination
or response bias that may in turn alter the interpretation of those metrics, many of which (like d”) are based on z-
statistics from a standard normal distribution. We are aware that in the unequal variance model, one can directly
model the variance of the signal distribution, but in this case, the variance of the noise distribution is still fixed at 1.
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change as a function of the set size indicates that participants of all ages appear to shift their
ratings’ criteria for high-confidence responses based on the difficulty of the test, at least in WM.
In tests of LTM, we cannot clearly disentangle the fixed-criterion and criterion-shift models
based on the present data because new items were different from all old items from each set size.
Thus, the LTM discrimination process was not specific to a given set size, so individuals
probably had only one set of criteria for judging whether an item was new or old. Nevertheless,
in LTM as in WM, the most parsimonious explanation for why a positive confidence-accuracy
relation exists at all is that both confidence and accuracy are mapped to the same latent memory
strength continuum, as predicted by signal detection theory (Stretch & Wixted, 1998; Yonelinas
& Parks, 2007; cf. McClelland & Chappell, 1998; Osth et al., 2017; Shiffrin & Steyvers, 1997;
but for an alternative perspective, see Busey et al., 2000; Koriat, 1993).
On Age-Related Differences in High-Confidence Accuracy

Our lifespan approach was particularly useful because it allowed us to consider whether
the source of age differences in memory are the same for young children and older adults, both
of whom have generally poorer memories than young adults (Brockmole & Logie, 2013; Cowan
et al., 2006; Fandakova et al., 2013; Shing et al., 2009, 2010). Indeed, in the present study, an
ROC analysis revealed that the youngest children (6-to-8-year-olds) had the poorest memory
discrimination abilities in WM and LTM, and older adults occasionally (i.e., at SS4) had worse
memory discrimination abilities than young adults in both WM and LTM. The high-confidence
errors in WM and LTM tests of the youngest children and older adults, respectively, speak to
potential different sources of their memory errors, relative to young adults. Young children

appear to be overconfident about the process of encoding information into memory, whereas
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older adults appear to be overconfident about what information they have retained in the long-
term.

Previous studies have shown that children younger than 8 exaggerate their WM capacities
to a far greater extent than young adults do (Flavell et al., 1970; Forsberg et al., 2021a). Our
findings that 6-to-8-year-old children were less accurate than young adults (and, indeed, than
most other groups) in their high-confidence WM recognition responses when the encoding set
size exceeded their capacity (i.e., in the SS4 and SS6 conditions) are well-aligned with these
earlier findings. Moreover, the fact that young children’s accuracy in “new” WM recognition
responses at SS6 did not differ between their lowest and highest confidence levels suggests that
they may have been overconfident in their abilities to encode information. That is, they appeared
to be overconfident that they would have remembered seeing an item if it had been presented.
Collectively, these findings suggest that young children’s memory errors, relative to young
adults, may be primarily attributable to failures during encoding in accurately self-monitoring
how much information they have acquired (and, complementarily, what information they failed
to acquire). Speculatively, such failures in self-monitoring during encoding may be related to
young children’s less developed frontal lobes (Giedd et al., 1999; Sowell et al., 2001), the brain
region implicated in numerous executive functions (e.g., Alvarez & Emory, 2006; Stuss, 2011)
that may be necessary for accurate self-monitoring of one’s memories.

Although older adults may also exaggerate their WM capacities (Bunnell et al., 1999;
Murphy et al., 1981), their ability to self-monitor during encoding is often comparable to that of
younger adults (Hertzog et al., 2010). This is so even though the frontal lobes also undergo
changes with adult aging (Cabeza & Dennis, 2012; West, 1996), but many of these changes may

be compensatory (Cabeza et al., 2018). In the present study, the only condition in which older
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adults were more prone than younger adults to high-confidence memory errors in WM tests was
when the encoding set size just barely exceeded their capacity limits of about 3.2 items (i.e., in
the SS4 condition). When the encoding set size greatly exceeded their capacity limits (i.e, in the
SS6 condition), older adults appeared to have some awareness that their WM was severely
overburdened, leading them to downregulate their confidence in their recognition responses to
obtain equivalent accuracy levels at high confidence ratings as younger adults. However, by the
time of LTM testing, older adults were somewhat more likely than young adults to commit high-
confidence false alarms (i.e., to endorse new items as “old” with great certainty; cf., Dodson et
al., 2007; Fandakova et al., 2013; Greene et al., 2022; Kelley & Sahakyan, 2003). Thus, the
source of older adults’ memory errors may be related more to temporal lobe-based processes
(e.g., those involving the hippocampus) implicated in retrieving the details of what was
previously learned (Robin & Moscovitch, 2017; Yassa et al., 2011). Older adults may engage in
less elaborate or effortful retrieval needed to reintegrate specific details of past episodes (Jacoby
et al., 2005; cf. Luo & Craik, 2009). This may lead them to conflate with high confidence that
new items or events are old on the basis of a vague sense of familiarity to the items (e.g., from a
long history of encountering similar items) in the absence of recollection of the context in which
those items were encountered previously (Jennings & Jacoby, 1993, 1997).

Notably, even the young adults, like the older adults, were more prone to high-confidence
“old” recognition errors in tests of LTM, relative to children aged 8 to 13. Young and older
adults alike were more likely to express high confidence that items in the LTM tests were “old,”
whereas children of all ages rarely did so and more often expressed high confidence that items in
the LTM tests were “new.” There was a somewhat gradual change in these extreme confidence

ratings across childhood development (as shown in Figure 6), with the confidence ratings of
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older children more closely matching those of young adults. Thus, with aging, individuals
become more certain about what they have retained in the long-term, such that age-related
changes in metamemory monitoring of long-term retention may be a more gradual, lifespan
process. Occasionally, and especially with advanced aging, this increased certainty comes at the
expense of greater susceptibility to falsely remembering things that never happened.

Figure 12 provides a theoretical sketchpad for the mapping between metamemory
processes and actual memory capabilities from young childhood to older adulthood based on the
data from the present study. The red curve in Figure 12 corresponds to the observed memory
discrimination abilities, the average AUC across tests of WM and LTM, of participants from
each age group. The green line represents the ability to self-monitor one’s memory during
encoding, and the blue line represents the ability to accurately assess what or how much
information one can retain in the long-term. The figure depicts increases in encoding self-
monitoring from early childhood through adolescence and into young adulthood, with relative
stability in this process into older adulthood. In contrast, the ability to accurately assess how
much information one retained in the long-term declines from childhood to young adulthood,

with further, more marked declines in older adulthood.
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Figure 12. Theoretical Relationship between Memory and Metamemory Monitoring Processes at

Encoding or Retrieval Across the Lifespan
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Conclusions

In a lifespan sample, we found that there was a generally universal relation between
individuals’ retrospective confidence ratings and their accuracy in recognition, both in WM and
episodic LTM. That is, children aged 6 to 13, young adults aged 18 to 27, and older adults aged

65 to 77 all exhibited similar confidence-accuracy relations, whereby item recognition accuracy
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was almost always highest when participants expressed high confidence in their responses and
lowest when they expressed low confidence. Despite this largely invariant confidence-accuracy
relation that was found in both WM and LTM, individuals of different age groups were not
equally adept at adjusting their confidence ratings in accord with their memory signals. Young
children were the least accurate when expressing high confidence in recognition tests of WM,
and older adults were most prone to high-confidence errors in recognition tests of LTM when
judging items to be “old.” These results provide novel insights into the memory-metamemory
relation and its progression across the lifespan and also may point to different sources of
memory errors for children and older adults, relative to younger adults. Compared with young
adults, young children appear to be impaired in memory self-monitoring during encoding,
whereas older adults appear to be impaired in monitoring their retention of information in the
long-term.
Constraints on Generality

Although the present study informs our understanding of lifespan similarities and
differences in the confidence-accuracy relation in recognition memory, whether these findings
extend to other types of stimuli or settings remains to be determined in future research. For
instance, we cannot ascertain from the present study whether the same findings would be
obtained with stimuli from a different modality (e.g., remembering what was said by different
people) or if participants were tasked with learning information that they may deem more
important to retain (e.g., remembering who did what). In addition, although our lifespan
approach included participants from three major periods of the lifespan (childhood, young
adulthood, and older adulthood), we did not have participants from middle adulthood (e.g., age

40 to 60). Thus, there is an important gap in our current understanding of the confidence-
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accuracy relation in WM and LTM, as it is unknown how this relation is manifest during middle
age. Finally, based on our data it is not possible to disentangle several different reasons for the
declines in performance between WM and LTM: they could be attributable to interference across
trials, temporal decay, or retrieval-induced forgetting if the items tested in LTM were weakened
by other items having been tested in WM. Nevertheless, not knowing why memory declines
between WM and LTM does not impact our ability to measure the relation between accuracy and

confidence in the two memory phases.
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