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Abstract

When we monitor our learning, often measured via judgments of learning (JOLs), this
metacognitive process can change what is remembered. For example, prior work has dem-
onstrated that making JOLs enhances memory for related, but not unrelated, word pairs
in younger adults. In the current study, we examined potential age-related differences in
metacognitive reactivity. Younger and older adults studied lists of related and unrelated
word pairs to remember for a later cued recall test where they would be presented with
one of the words from the pair and be asked to recall its associate. Additionally, partici-
pants either made a JOL for each pair or had an inter-stimulus interval of equal duration
as the JOL period. Results revealed that while making metacognitive judgments did not
significantly affect memory in younger adults (i.e., no reactivity), this procedure impaired
memory in older adults (i.e., negative reactivity), particularly for unrelated word pairs.
Specifically, older adults demonstrated better cued recall when each word was followed
by an inter-stimulus interval than when asked to predict the likelihood of remembering
each word during the study phase. This may be a consequence of JOLs increasing task
demands/cognitive load, which could reduce the elaborative encoding of associations be-
tween word pairs in older adults, but older adults’ preserved or even enhanced semantic
memory may mask negative reactivity for related word pairs. Future work is needed to
better understand the mechanisms contributing to the reactivity effects in younger and
older adults for different types of to-be-remembered information.
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Age-related differences in metacognitive reactivity in younger and
older adults

Whenever we predict whether we will remember something (and we often use those predic-
tions to guide study decisions), we are relying on metacognition. Broadly, metacognition
involves the awareness of our cognitive processes and abilities (Nelson & Narens, 1990; see
also Dunlosky et al., 2016; Nelson, 1996; Rhodes, 2019) and can be considered in terms of
monitoring, ot the ability to predict whether something will be remembered later, and con-
trol, the self-regulation of learning that is typically based on monitoring assessments (Dun-
losky & Ariel, 2011; Dunlosky et al., 2016; Metcalfe & Finn, 2008; Metcalfe, 2009; Nelson
& Leonesio, 1988; Nelson et al., 1994; Robey et al., 2017; Son & Metcalfe, 2000; Thiede
& Dunlosky, 1999; Thiede et al., 2003; see Rhodes, 2016, for a review). While monitoring
our learning and using this information to guide study decisions is an important component
in maximizing memory utility, the monitoring process may inadvertently modify what we
remember.

When attempting to remember information, metacognitive monitoring is frequently
examined by soliciting predictions of future memory performance, often using judgments
of learning (JOLs). These judgments are generally accurate such that learners can differen-
tiate between what will be remembered and what will be forgotten on a memory test (see
Koriat, 1997 for a discussion of the cues that inform learners’ JOLs). However, the process
of making these judgments can also influence memory, an effect known as metacognitive
reactivity (e.g., Arbuckle & Cuddy, 1969; Double & Birney, 2019; Double et al., 2018; Janes
etal., 2018; King et al., 1980; Maxwell & Huff, 2022a; Rivers et al., 2021; Soderstrom et al.,
2015; Spellman & Bjork, 1992; Undorf et al., 2024; Witherby & Tauber, 2017). Specifically,
when studying to-be-remembered information, if learners provide JOLs during encoding,
they sometimes recall more information (positive reactivity) or less information (negative
reactivity) compared to a group of learners not providing JOLs but who have equal exposure
time to the information.

Although several prior studies have shown reactivity effects, other work has not observed
memory benefits after making metacognitive judgments (e.g., Begg et al., 1992; Keleman
& Weaver, 1997; Tauber & Rhodes, 2012). Further investigation has demonstrated that the
presence or absence of metacognitive reactivity depends on the type of to-be-remembered
information (but not whether a pure- or mixed-list design is employed; see Maxwell &
Huff, 2022a). For example, Soderstrom et al. (2015) had participants study related (e.g.,
mother-father) and unrelated (twig-box) word pairs and assessed memory via a cued recall
test whereby participants were given the cue (e.g., twig-) and asked to recall the target (e.g.,
box). Soderstrom et al. (2015) demonstrated that, relative to participants who did not make
JOLs, participants providing JOLs showed enhanced memory for related pairs but not unre-
lated pairs (see Double et al., 2018 for similar results in a meta-analysis of eight different
studies). Using a similar procedure, Mitchum et al. (2016) replicated the positive reactivity
for related word pairs but also found negative reactivity (i.e., impaired recall) for unrelated
word pairs. Thus, the relatedness of the to-be-remembered information can impact whether
making JOLs enhances memory (see also Halamish & Undorf, 2023; Myers et al., 2020).

When studying a list of word pairs, the relationship between the two words is often a
cue used to inform JOLs (Dunlosky & Matvey, 2001; Mueller et al., 2013) and the degree
to which the words are related typically positively predicts memory (e.g., Soderstrom et al.,
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2015). To account for differences in reactivity for different types of materials, Soderstrom
et al. (2015) suggested that learners use the relatedness of word pairs to inform their JOLs,
strengthening the relationship and subsequent encoding for only related pairs (see also
Halamish & Undorf, 2023). If JOLs strengthen the relationship between related pairs, this
may make a word’s associate more accessible during retrieval, leading to positive reactivity
(but reactivity may not be present when examining memory using free-recall paradigms,
e.g., Myers et al., 2020; Tauber & Rhodes, 2012; but see Begg et al., 1989). In contrast,
because there is no semantic connection for unrelated pairs, JOLs do not have a relationship
to strengthen. Thus, JOLs strengthening the relationship between related word pairs is a
potential mechanism of reactivity.

Related to the idea that cue-strengthening can produce reactivity, Maxwell and Huff
(2022b) explored whether JOL reactivity patterns are unique to memory forecasting or if
they could be attributed to relational encoding strategies applied to both related and unre-
lated word pairs. Specifically, Maxwell and Huff (2022b) compared JOLs not only with
a control group but also with groups engaged in different relational encoding (i.e., judg-
ments of associative memory, frequency judgments; see also Halamish & Undorf, 2023).
Results revealed that JOLs did not uniquely influence recall through memory forecasting.
Rather, JOL reactivity can also occur in tasks involving relational encoding, suggesting that
memory reactivity could partly reflect the cognitive processes involved in evaluating rela-
tionships within material, rather than solely the act of predicting future recall.

Together, prior work suggests that metacognitive reactivity likely reflects multiple
mechanisms (see Janes et al., 2018; Myers et al., 2020). Specifically, in addition to the cue
strengthening account, other theories of reactivity have suggested that JOLs benefit recall
as a result of “metacognition modifying attention” (Castel et al., 2012), from enhancing the
encoding of item-specific information (Senkova & Otani, 2021; Li et al., 2024b), changing
learning goals (i.e., shifting attention to information that is viewed as easy or moderately
difficult to master at the cost of more challenging items; Mitchum et al., 2016; but se Li et
al., 2024a), and/or by updating agendas and changing how learners prioritize items (i.e.,
they focus on information consistent with their agenda, e.g., Ariel et al., 2009; Murphy &
Castel, 2021; Murphy et al., 2023). Another potential mechanism of reactivity may be that
making JOLs increases learners’ cognitive load, resulting in dual-task costs (see Janes et al.,
2018), leading to negative reactivity. Again, each of the mechanisms has received support,
suggesting multiple mechanisms underlying reactivity, but there may be age-related differ-
ences in metacognitive reactivity.

Prior work examining JOLs indicates that younger and older adults are similarly capable
of monitoring their learning such that discrimination, or the relative accuracy of memory
judgments (i.e., identifying which items will be remembered and which will be forgotten),
is preserved in older adults (Connor et al., 1997; Hertzog et al., 2010). Given their similar
monitoring abilities, it may be the case that both younger and older adults show similar
levels of metacognitive reactivity. However, because making metacognitive judgments can
enhance memory for related word pairs in younger adults (Mitchum et al., 2016; Soderstrom
etal., 2015), positive reactivity could be more pronounced in older adults due to age-related
differences in semantic memory.

Older adults often experience episodic memory deficits (see Balota et al., 2000; Craik,
2020) but semantic memory tends to be preserved or even enhanced in older adults (Dixon,
2003; Park, 2000; Salthouse, 2004; Spreng & Turner, 2019; Staudinger et al., 1989), and
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older adults can rely on their wealth of prior knowledge more than younger adults (Umanath
& Marsh, 2014). Thus, older adults’ semantic memory abilities may lead to greater strength-
ening of the relationship between related word pairs, especially when making JOLs. Spe-
cifically, if reactivity arises because JOLs strengthen the relationship between related word
pairs (one of the mechanisms that has gained the most support, e.g., Soderstrom et al.,
2015), older adults’ semantic memory abilities may result in more reactivity if making JOLs
emphasizes the connection between word pairs more than it does for younger adults.

When older adults use semantic cue-target relationships to make JOLs, this process might
enhance these connections more effectively than in younger adults, either through direct
cue-strengthening or within the encoded memory trace (relational encoding; cf. Maxwell &
Huff, 2022b). This enhancement likely depends on the initial strength of the semantic rela-
tionship, which is potentially more robust in older adults, aligning with the notion that JOL-
induced strengthening necessitates an underlying semantic link to be effective—explaining
the lack of reactivity for unrelated pairs. Yet, this effect may follow a non-linear pattern: a
basic level of association might be necessary to highlight the relationship during JOLs, but
very strong pre-existing connections might not benefit as much, or could even detract from,
the additional cue strengthening prompted by JOLs.

Older adults’ reliance on existing semantic knowledge to learn related word pairs could
also enhance their episodic memory, which is usually diminished relative to younger adults
(e.g., Naveh-Benjamin, 2000). Since older adults often depend more on semantic memory to
support their poorer episodic memory, the potential memory boost afforded by reinforcing
cue-target connections when making JOLs may offer greater retrieval advantages for older
adults despite similar levels of cue-target strengthening observed in both age groups. In con-
trast, when learning unrelated pairs, there is minimal schematic support so older adults may
show no reactivity or even negative reactivity for unrelated pairs, similar to younger adults.

Despite JOLs potentially strengthening the cue-target relationship, making JOLs increases
the cognitive load of the learner (making JOLs is a secondary task in addition to encoding
the presented information), potentially yielding poorer encoding and subsequent retrieval of
the to-be-remembered information. Specifically, if making JOLs increases cognitive load,
leading to dual-task detriments (see Janes et al., 2018), older adults might exhibit dimin-
ished or even negative reactivity compared with younger adults due to older adults’ reduced
cognitive abilities (see Hess, 2005; Park & Festini, 2017; Salthouse, 2010, 2019; Thomas &
Gutchess, 2020). Thus, making JOLs could result in negative reactivity, particularly in older
adults, for both related and unrelated word pairs due to increased cognitive load.

Some prior work has examined the effects of JOLs on memory performance across
younger and older adults. Specifically, Tauber and Witherby (2019) presented younger and
older adults with lists of word pairs, tasking them with making predictions about their likeli-
hood of remembering these pairs for a later cued recall test. Pairs were displayed for 10 s
each, with participants not making JOLs studying the pair for the entire duration while those
in the JOL group made their judgments after an initial 5-second study period, with the word
pair still visible for another 5 s while participants provided their JOLs. Results revealed
that while JOLs improved recall for younger adults, making JOLs did not modify older
adults’ memory performance, suggesting age-related differences in reactivity. However, the
to-be-remembered information in Tauber and Witherby’s (2019) study was primarily highly
related word pairs, necessitating further work to examine potential age-related differences in
reactivity for unrelated word pairs. Additionally, having JOLs occur during word pair pre-
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sentation may be problematic because one group studied each pair for 10 s while the other
group studied each pair for 5 s before being asked to make a JOL (potentially returning to
study the word pair after providing the JOL, but that study time is still lost), meaning the
time available to focus on encoding each pair was less than 10 s for the JOL group. A design
equating time where the word pairs are on-screen with no secondary task to complete may
yield different patterns of reactivity.

The current study

In the current study, we aimed to further examine how reactivity differs between younger
and older adults. We presented younger and older adults with three lists of 10 related and
10 unrelated word pairs to remember for a later cued recall test whereby they would be
presented with the cue word from the pair and asked to recall its associate. Participants
studied each pair for 5 s and then were either given 7 s to predict the likelihood of later
remembering the pair (i.e., a JOL) or a 7-second inter-stimulus interval (i.e., without the pair
displayed) to equate study time across conditions. Consistent with prior work (e.g., Myers et
al., 2020; Soderstrom et al., 2015), we expected JOLs to enhance memory for related but not
unrelated pairs relative to the no-JOL group. Regarding potential age-related differences,
with the cognitive load during encoding potentially reduced relative to Tauber and With-
erby (2019)— rather than 60 word pairs per list, the present study used 20—we expected
that older adults may demonstrate more reactivity as a product of making JOLs relative to
younger adults, particularly for related pairs since relatedness might activate older adults’
semantic memory. Moreover, given that older adults’ semantic memory is preserved or
enhanced (Dixon, 2003; Park, 2000; Salthouse, 2004; Spreng & Turner, 2019; Staudinger et
al., 1989), we anticipated that older adults may use relatedness as a cue more than younger
adults, potentially leading to greater reactivity for related word pairs (but possibly negative
reactivity for unrelated pairs).

Method
Participants

Our design was pre-registered on OSF. A pilot study with a similar procedure is also avail-
able on OSF. Data were collected in the Fall of 2022. Younger adults were 256 undergradu-
ate students (M,,, = 19.99, SD,,, = 1.78, range: 18-31; 204 female, 52 male; 1 American
Indian/Alaskan Native, 98 Asian/Pacific Islander, 10 Black, 53 Hispanic, 74 white, 20 other/
unknown; in terms of the highest level of education achieved, 1 Some High School, 47
High School Graduate, 147 some college but no degree, 46 Associates degree, 15 Bach-
elor’s degree) recruited from our university’s Human Subjects Pool. Participants were
tested online and received course credit for their participation. Older adults (n=225; M,,, =
72.90, SD 4, = 5.60, range: 61-96; 135 female, 88 male, 2 other; 2 American Indian/Alas-
kan Native, 1 Asian/Pacific Islander, 5 Black, 215 white, 2 other/unknown; 5 Some High
School, 33 High School Graduate, 58 some college but no degree, 34 Associates degree,
58 Bachelor’s degree, 37 Graduate degree) were recruited from Amazon’s Cloud Research

(Chandler et al., 2019), a website that allows users to complete small tasks for pay.
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Participants were excluded from analysis if they admitted to cheating (e.g., writing down
answers) in a post-task questionnaire (they were told they would still receive credit if they
cheated). This process resulted in 24 exclusions (five younger adults, 19 older adults). We
also excluded participants who provided very few JOLs (less than 50% of words) through-
out the task, which resulted in two exclusions (one younger adult and one older adult).
We also excluded five participants who did not recall any words throughout the task (one
younger adult and four older adults). Finally, four participants (two younger adults and
two older adults) were excluded for failing to pass an attention check question (described
below). As per our preregistration, we aimed to collect around 125 participants per condi-
tion. We may have been underpowered to detect the 3-way interaction in our pilot study
so we want to ensure a well-powered design and account for the possibility of having to
exclude several participants given the new exclusion criteria.

Materials

Stimuli were taken from Myers et al. (2020). Word pairs consisted of 30 related and 30 unre-
lated word pairs similar in average forward association, frequency, concreteness, and target
length. Words were randomly chosen for each list and the order of items was randomized.

Procedure

Participants were presented with lists of 20 word pairs to remember for a later test whereby
participants would be shown the left word from each pair and asked to recall the associ-
ated word. Each list contained 10 related and 10 unrelated word pairs and each pair was
presented for 5 s. The order of word pairs within each list was randomized. Following the
presentation of each pair, some participants predicted the likelihood of remembering the
pair on the test (i.e., a JOL; nyy . = 128, nyq = 119). Specifically, participants were asked
“How likely are you to remember this pair?”. These judgments were made on a scale of 0
(not at all likely) to 100 (very likely). Participants were given 7 s to provide their JOL; the
word pair did not remain on the screen while participants provided their judgments. Rather
than making a JOL after each word, another group of participants (1,,yn, = 128, 14,4 = 106)
had a 7-second inter-stimulus interval to match the length of the study phase for each group.

After studying the 20 word pairs, all participants completed a 30-second distraction task
requiring them to rearrange the digits of several three-digit numbers in descending order
(e.g., 123 would be rearranged to 321). Participants were given 3 s to view each of the 10,
three-digit numbers and to subsequently rearrange the digits. Following the distractor task,
all participants completed the cued recall test. On the test, participants were shown the left
word from each pair (i.e., the cue word), in random order, and were asked to recall its associ-
ate (i.e., the target word); participants were given as much time as they needed to recall each
pair. This was repeated for a total of three study-test cycles.

At the end of the task, participants completed the Dementia Worry Scale (Roberts &
Maxfield, 2021) where participants rate (on a 1-5 Likert Scale) 12 statements regarding
Alzheimer’s disease and related dementias in terms of how typical they are of them (this
questionnaire was administered to address a research question unrelated to the current study
and thus is not reported, but those data are available on OSF). We also included an attention
check within the Dementia Worry Scale. Specifically, participants were asked to select the
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answer to this question: “1+1 = ?”; participants selected from the following answer choices:
1,2, 3, 4, or 5. If participants answered incorrectly, they were excluded from analysis.

Results

Target recall as a function of age and relatedness for the JOL and no-JOL groups is shown
in Fig. 1. Data were analyzed using JASP (Love et al., 2019) and all information needed to
reproduce the analyses is available on OSF. Mean JOLs for related and unrelated pairs as
well as Gamma correlations between JOLs and recall (a measure of resolution, or the rela-
tive accuracy of participants’ predictions) are shown in the Appendix.

Analytical plan

For transparency, we have chosen to report both frequentist and Bayesian results, providing
amore comprehensive view of the data. Specifically, to examine the strength of the evidence
for each effect in our inferential tests, we also computed the Bayes Factor (a ratio of the mar-
ginal likelihood of the null model and a model suggesting group differences) compared to a
null model using JASP. We provide BF,,; when inferential statistics favor the null hypothesis
(which would be supported by a large BF;) and BF;, when inferential statistics favor the
alternative hypothesis (which would be supported by a large BF,; for more information on
interpreting Bayes factors, see Kass & Raftery, 1995). Generally, BF, or BF,, values of less
than 3 are considered anecdotal evidence while values greater than 3 indicate substantial
evidence for said effect.

Beyond frequentist and Bayesian statistics, we are also interested in the practical sig-
nificance of effects which involves evaluating the size and importance of an effect in a
real-world context, beyond just determining its statistical significance (see Makowski et
al., 2019). Thus, we report confidence intervals for effect sizes as this can provide insight
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Fig. 1 Cued recall as a function of age (YA=younger adults, OA=older adults) and relatedness for the
JOL and no-JOL groups. Error bars reflect the standard error of the mean
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into the precision and reliability of the estimated effect—a 95% confidence interval (Clyso,)
for an effect size provides an estimated range of values for the effect size that is believed to
cover the true effect size in 95% of similar experiments. In addition to confidence intervals,
we also include credible intervals (Crlys,,) for each effect size (Tendeiro et al., 2024 suggest
reporting the size of each effect, confidence and/or credible intervals, as well as the Bayes
factor). In Bayesian statistics, a credible interval is a range of values in which an unknown
parameter falls with a certain probability, reflecting the degree of certainty or “credibility”
we have about the parameter’s true value. Unlike confidence intervals in frequentist statis-
tics, which are about repeated sampling, a credible interval directly provides the probability
of the true effect size lying within the given interval.

We recognize that p-values, Bayes Factor, confidence intervals, and credible intervals
offer different types of evidence. However, to anticipate, there are instances in our ANOVA
where the p-value indicates that the observed data are unlikely under the null hypothesis
while Bayes Factor suggests that the evidence is not strong enough to decisively favor one
hypothesis over the other. This discrepancy highlights the importance of considering both
statistical significance and the strength of evidence when making inferences about hypoth-
eses. In these instances, we suggest a cautious interpretation of the results. We also note that
calculating Bayes Factor can be complicated when more than two factors are added to the
model, and reasonable researchers may suggest different approaches.

Model terms

We conducted a 2 (relatedness: unrelated, related) x 2 (JOL versus no-JOL) x 2 (age: young,
old) mixed-factor ANOVA. For each main effect, to further compare the levels of each
variable, we supplemented the results of the ANOVA with a separate 7-test which allowed
us to compute a confidence interval for the effect size (Cohen’s d) as well as credible inter-
vals (JASP provides software to easily compute these statistics for #-tests but not ANOVA).
Similarly, for each interaction, we conducted a separate #-test for each simple effect com-
parison. Here, the extra #-tests directly analyze the differences between paired observations,
potentially providing a more straightforward measure of the effect size between two condi-
tions while the repeated measures ANOVA considers the variance within each condition
and between subjects, which might dilute effects. We acknowledge that conducting these
separate 7-tests increases our Type I error rate, but we note that we rely on them primar-
ily to support the results displayed by the ANOVA. We include these supplemental tests
because they provide important additional evidence for each result, particularly when there
are instances where the p-value and Bayes Factor from the ANOVA do not yield an identical
interpretation.

Main effects

Results revealed that related word pairs were better recalled (M=0.86, SD=0.16) than unre-
lated word pairs (M=0.40,SD=0.27), [F(1,477)=2,182.68, p<.001, np2:0.82, BF,,>100];
a separate t-test corroborated this effect [#(480)=44.73, p<.001, d=2.03, Clys,,d=1.88-
2.20, BF,(>100, Crlys,, = 1.88-2.19]. Younger adults recalled a similar proportion of word
pairs (M=0.64, SD=0.19) as older adults (M=0.61, SD=0.19), [F(1, 477)=2.68, p=.103,
nPZ:O.Ol, BF,,;=4.79]; a separate -test generally corroborated this effect [#479) = -1.77,
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p=.078,d=0.16, Clys,,d=—0.34 - 0.02, BF;; =2.17, Crlys,, =—0.33 — 0.02], though the evi-
dence is mixed—it appears that there could be a small recall advantage for younger adults
(which would be consistent with prior work; see Naveh-Benjamin, 2000). Participants
making JOLs recalled fewer word pairs (M=0.60, SD=0.18) than participants not making
JOLs (M=0.65,SD=0.19), [F(1,477)=8.20, p=.004, np2:0.02, BF,,=0.88], exemplifying
negative reactivity; a separate ¢-test corroborated this effect [#(479)=2.75, p=.006, d=0.25,
Clys0,d=0.07 — 0.43, BF,,=3.88, Crlys,, = 0.07 — 0.42].

Interactions

Whether or not participants made JOLs interacted with age group [F(1, 477)=5.31,
p=.022, np2:0.01, BF,;,=0.60] such that when making JOLs, older adults’ recall was
impaired relative to the no JOL group (negative reactivity), [py,m = 0.003, d=0.41]; a sep-
arate f-test corroborated this effect [#(223)=3.62, p<.001, d=0.48, Clys,,d=0.22 — 0.75,
BF,(,=61.49, Crlys,, = 0.20 — 0.73]. However, younger adults did not show reactivity [py, im
> 0.999, d=0.04]; a separate #-test corroborated this effect [#(254)=0.40, p=.689, d=0.05,
Clys0,d=—0.20 — 0.30, BF,;; =6.76, Crlys,, =—0.19 — 0.29].

Relatedness interacted with age group [F(1,477)=18.71, p<.001, np2:0.04, BF,,>100]
such that older adults recalled fewer unrelated pairs than younger adults [py,, < 0.001,
d=0.33]; a separate #-test corroborated this effect [#(479) = -3.07, p=.002, d=0.28,
Clys0,d=—0.46 ——0.10, BF,(,=9.54, Crlyso, = —0.45 ——0.10]. However, recall was similar
between age groups for related pairs [py,, = 0.462, d=0.07]; a separate #-test corrobo-
rated this effect [#(479)=0.95, p=.341, d=0.09, Clys,,d=—0.09 — 0.27, BF;=6.35, Crlys,
=-0.09 - 0.26].

Next, whether or not participants made JOLs interacted with relatedness [F(1,
477)=26.64, p<.001, np2:0.05, BF,;>100] such that when participants made JOLs, there
was negative reactivity for unrelated word pairs [p, < 0.001, d=0.46]; a separate -test
corroborated this effect [#(479)=4.08, p<.001, d=0.37, Clys,,d=0.19 — 0.55, BF,>100,
Crlgse, = 0.19 — 0.54]. However, there was no reactivity for related word pairs [p} ., =
0.929, d=0.01]; a separate ¢-test corroborated this effect [#479) =-0.29, p=.775, d=-0.03,
Clyso,d=—0.21 - 0.15, BF,;;=9.49, Crlys,, =—0.20 — 0.15].

There was not a significant three-way interaction between relatedness, age, and whether
or not participants made JOLs [F(1, 477)=0.94, p=.332, np2<0.01, BF;,=4.00]. However,
given our hypotheses and visual examination of Fig. 1, as an exploratory analysis, we con-
ducted post hoc tests (as well as the separate #-tests) to examine reactivity as a function
of word relatedness for younger and older adults. For older adults, making JOLs did not
impact recall for related words [py, > 0.999, d=0.13]; a separate t-test corroborated this
effect [#223)=1.56, p=.120, d=0.21, Clgs,,d=—0.05 — 0.47, BF;=2.18, Crlgsy, = —0.06
— 0.45]. However, making JOLs impaired recall for unrelated words in older adults [p} .,
< 0.001, d=0.69]; a separate #-test corroborated this effect [#(223)=4.01, p<.001, d=0.54,
Clys,d=0.27 — 0.80, BF,(,>100, Crlyso, = 0.25 — 0.78]. For younger adults, making JOLs
did not lead to reactivity for related words [py;,, > 0.999, d=—0.15]; a separate ¢-test cor-
roborated this effect [#(254) = -1.45, p=.148, d=-0.18, Clys,,d=—0.43 — 0.06, BF; =2.70,
Crlgse, = —0.41 — 0.07]. Similarly, making JOLs did not lead to reactivity for unrelated
words in younger adults [py ., = 0.543, d=0.24]; a separate ¢-test corroborated this effect
[#(254)=1.65, p=.101, d=0.21, Clys5,d=—0.04 — 0.45, BF,;; =2.03, Crlys,, = —0.04 — 0.44].
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We suggest caution when interpreting these results as this analysis of the three-way inter-
action was exploratory, although we believed it was worthwhile given the theoretical justi-
fication for expecting effects to vary across subgroups. We also note that the non-significant
three-way interaction could be due to a lack of statistical power rather than the absence of
a real effect. Specifically, although we had a large sample size (n=481), three-way interac-
tions can be difficult to detect—detecting higher-order interactions generally requires more
statistical power than detecting main effects or lower-order interactions.

Given this potential power issue, we conducted a power analysis to determine what the
recommended sample size would have been to detect a small effect. For a small effect size
(Cohen’s d=0.20) in a 2 (age; between-subjects) x 2 (JOL condition; between-subjects) x 2
(relatedness; within-subjects) design, aiming for a significance level of 0.05 and a desired
power of 80%, we would have needed approximately 361 participants in each of the four
between-subjects conditions (1,442 participants total). Given that we had 481 participants,
the power we obtained is approximately 30%. Thus, detecting a small three-way interaction
in the present design requires a massive sample size and we may not have achieved suffi-
cient power to detect a small three-way interaction in the present design. We also note that
certain elements of our design may have also reduced power. For example, there may be a
ceiling effect in the recall of related word pairs (86%), potentially reducing the sensitivity
of that measure. Future work should aim to replicate these effects using a design with more
statistical power.

Discussion

Overall, we found negative reactivity, and there was some evidence that this negative reac-
tivity was specific to unrelated word pairs (consistent with some prior work, see Mitchum
et al., 2016) with no reactivity for related word pairs. However, we note that while there
have been instances of negative reactivity (e.g., Rivers et al., 2021), the predominant trend
observed is one of positive reactivity towards related word pairs and a neutral response to
unrelated pairs, as highlighted in a recent meta-analysis (Double et al., 2018).

Regarding age-related differences, while making metacognitive judgments did not signif-
icantly impact memory in younger adults, this procedure impaired memory in older adults.
Specifically, older adults demonstrated better cued recall when each word was followed by
an unfilled inter-stimulus interval than when they predicted the likelihood of remembering
each word during the study phase. This contrasts with the previous work of Tauber and
Witherby (2019) who found that, while younger adults making JOLs recalled significantly
more than younger adults not making JOLs, older adults’ memory performance was not
impacted by making JOLs. This discrepancy may highlight the variability in how JOLs
influence memory across different contexts (e.g., in the lab, online testing, using different
paired associates/items, self-paced study time, use of feedback, multiple study-test cycles,
etc.) or suggest that the cognitive mechanisms underlying reactivity effects may be more
complex, particularly in diverse older populations and samples that could vary in terms of
age range, level of education, vocabulary, and concerns about memory. Additionally, reac-
tivity may be differentially impacted by stereotype threat when asked to make judgments
about memory performance (Fourquet et al., 2020), potentially creating individual differ-
ences that could be examined in future research.
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The present study introduced notable procedural variations compared to previous
research on reactivity (e.g., Soderstrom et al., 2015; Tauber & Witherby, 2019). For exam-
ple, we used shorter lists of word pairs and in our no-JOL condition, participants had an
unfilled interval rather than the word-pair remaining on-screen, and the retention interval
in our study was significantly shorter, set at 30 s, as opposed to longer intervals (e.g., 3 to
5 min). These procedural differences may have influenced the results, potentially accounting
for discrepancies between our findings and those of earlier work. Specifically, the reduced
list size may have decreased cognitive load (or led to a ceiling effect for related word pairs),
potentially creating an environment where memory performance is elevated, leaving little
room for positive reactivity and potentially making negative reactivity more likely. More-
over, the absence of additional learning opportunities in the no-JOL condition could have
reduced recall for that group, and the shorter retention interval may have affected memory
consolidation processes. It is also important to highlight that Tauber and Witherby (2019)
predominantly used strongly related word pairs in their study. While we present a similar
trend of older adults not showing reactivity for related pairs, we also show some evidence
that older adults display negative reactivity for unrelated pairs. Together, these factors sug-
gest that variations in study design may not only contribute to the observed differences in
results but also underscore the complexity of reactivity effects across different experimental
conditions.

The age-related differences observed in the present study appear to challenge explana-
tions of JOL reactivity that emphasize the “cue-strengthening” account (i.e., although the
pattern of data for younger adults is what would somewhat be anticipated by this account,
older adults displayed some negative reactivity). Specifically, Soderstrom et al. (2015) sug-
gested that the process of making JOLs draws learners’ attention to the relationship between
the word pairs (as this is a cue that informs JOLs, see Koriat, 1997) and this subsequently
enhances memory for related word pairs (which have a semantic connection). In the present
study, rather than strengthening the cues, there may be an interplay between cognitive load
and metacognitive processes that led to negative reactivity. Again, older adults experience
increased cognitive load during certain tasks due to age-related declines in working memory
capacity and processing speed (Balota et al., 2000; Craik, 2020). As such, when older adults
made JOLs during the study phase, this additional cognitive demand might have interfered
with their ability to engage in elaborative encoding processes, particularly for unrelated
word pairs. Consequently, this reduced encoding effort could have led to negative reactiv-
ity, impairing memory but preserving metacognitive accuracy (as shown in the Appendix).

One possibility is that making metacognitive predictions of memory performance
increases cognitive load and reduces elaborative processing of the associations between
word pairs for older adults. In contrast, when each word pair is followed by an inter-stim-
ulus interval, older adults may be able to use that time to rehearse and elaborate on the
associations between the items, even when they are unrelated. Given that older adults have
fewer cognitive resources available during time-based encoding tasks relative to younger
adults (Balota et al., 2000; Craik, 2020), JOLs may detract from elaborative encoding opera-
tions resulting in poorer memory performance. Thus, there may be a trade-off between aging
and cognitive load such that younger adults can manage the JOL task while also learning
the words, but the two tasks are more attentionally demanding for older adults, resulting in
negative reactivity.
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Although we present evidence that older adults displayed negative reactivity and
younger adults did not display reactivity, the present data is unable to discern whether these
age-related differences in reactivity were the result of older adults facing greater costs or
deriving fewer benefits from making JOLs compared to younger adults. Future work could
examine cognitive load during encoding to explore whether the process of making metacog-
nitive judgments increases cognitive load, potentially reducing recall. For example, future
work using divided attention tasks (see Naveh-Benjamin et al., 2005) may elucidate the
attentional load explanation of negative reactivity for older adults.

Prior work suggests that making JOLs can selectively improve memory for related word
pairs (e.g., Halamish & Undorf, 2023; Soderstrom et al., 2015), although this was not the
case in the present study. However, the possibility of a ceiling effect on the relatedness of
word pairs should be considered. For individuals who have formed strong and enduring
associations between certain word pairs over many decades, additional exposures to these
highly related pairs may not lead to a significant increase in their relatedness. Consequently,
the potential for positive reactivity, which is often observed when related word pairs are
enhanced through metacognitive judgments, may be limited for older adults who already
possess highly interconnected semantic networks (i.e., older adults’ existing semantic net-
works already facilitate effective recall without the need for additional JOL-induced elabo-
ration). Relatedly, younger adults’ generally superior memory abilities relative to younger
adults (Naveh-Benjamin, 2000) may have led to a ceiling effect in the recall of related word
pairs (85%), potentially creating an environment with little opportunity for positive reactiv-
ity (i.e., memory is already at ceiling). Future work should examine the potential reactive
effects of JOLs using procedures yielding lower performance for related word pairs in both
younger and older adults.

In sum, the present study demonstrated that while making metacognitive judgments did
not impact memory in younger adults (we found neither positive nor negative reactivity),
engaging in this metacognitive process can impair certain forms of memory in older adults,
and this negative reactivity in older adults may be specific to unrelated word pairs. This may
arise as a consequence of JOLs increasing task demands/cognitive load, which could reduce
the encoding of word pairs (though older adults’ superior semantic memory may mask nega-
tive reactivity for related word pairs). Specifically, when making JOLs, older adults may not
be able to engage in elaborative associative memory processes that link unrelated units of
information which could lead to negative reactivity. However, future work is needed to bet-
ter understand the mechanisms contributing to reactivity effects in younger and older adults
for different types of to-be-remembered information.

Appendix

Means and standard deviations (in parentheses) for JOLs for related and unrelated word
pairs as well as Gamma correlations between JOLs and recall. There were no significant
differences in Gammas (a measure of the relative accuracy of JOLs) between younger and
older adults [#242)=1.44, p=.152, d=0.18, Clys,d=—0.07 — 0.44, BF;=2.69, Crlys,, =
—-0.07 - 0.42].
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JOLs Related Pairs JOLs Unrelated Pairs Gamma
Younger adults 71.99 (17.73) 34.94 (17.04) 0.65(0.22)
Older adults 70.57 (28.21) 28.56 (24.72) 0.70 (0.33)
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