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Abstract

Metacognitive judgments and decisions involve uncertainty and rely on probabilistic cues. Prior research shows that people
integrate multiple cues when making judgments of learning (JOLs). The present study examined whether metacognitive
control decisions are influenced by multiple cues as well. In each of two experiments, participants studied 60 words varying
on two cues (Experiment 1: concreteness, emotionality; Experiment 2: font format, word frequency). In Experiment 1, all
participants made restudy choices to maximize later recall, whereas in Experiment 2, half made restudy choices, and the other
half provided JOLs. Participants who made restudy choices restudied their selected items, and all participants completed a
recall test at the end of the experiment. At the group level, both cues influenced restudy choices in Experiment 1, but only
one cue did so in Experiment 2. Individual-level analyses of Experiment 2 revealed that most participants used both cues,
yet the direction of cue use differed across participants: Some participants more often selected items with cue values associ-
ated with lower JOLs, whereas others more often selected items with cue values associated with higher JOLs. Overall, effect
sizes for cue effects on restudy choices were smaller than those for JOLs. These findings suggest that multiple cues guided
metacognitive control decisions, but that cue integration and cue use were weaker and varied more across individuals than
in metacognitive judgments. This pattern indicates that the alignment between monitoring and control is reduced by other
factors influencing restudy choices.
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What to study, for how long, and how—these are questions
that require decisions. Making these choices well depends on
knowing what has been mastered and what still needs work.
In research on metacognition, these processes are described as
monitoring—judging one’s own knowledge—and control—
using monitoring judgments to self-regulate one’s cognitive
processes and behaviors (Nelson & Narens, 1990, 1994). Res-
tudy choices fall under metacognitive control, and they illus-
trate the dependence of monitoring and control: If monitoring
is inaccurate, study time may be spent inefficiently. Metacog-
nitive monitoring and control are therefore essential for effec-
tive self-regulated learning and good learning outcomes (e.g.,
Dunlosky & Metcalfe, 2009; Koriat, 2007). When judging how
well they will remember something in the future, learners rely
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on probabilistic cues (Koriat, 1997). For example, they expect
to remember concrete words better than abstract ones (Begg
et al., 1989; Tullis & Benjamin, 2012), and emotional words
better than neutral ones (Yin et al., 2023; Zimmerman & Kel-
ley, 2010). Research suggests that when multiple cues are
available, people integrate them in an additive, compensatory
manner when forming judgments of learning (JOLs) rather
than relying on a single cue (Undorf et al., 2018). For example,
JOLs increase with both word concreteness and emotionality.
Much less is known, however, about whether metacognitive
control decisions—such as deciding to restudy materials—are
also influenced by multiple cues. The present study therefore
examines whether restudy choices are guided by multiple cues.

Cue utilization and integration in judgments
of learning (JOLs)
Metacognitive processes operate at two interacting lev-

els—the object level, which involves the actual knowledge,
and the metalevel, at which learners monitor and evaluate
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their knowledge states (Nelson & Narens, 1990, 1994).
Monitoring at the metalevel (e.g., JOLs) informs control of
the object level (e.g., what or how long to restudy). Accu-
rate monitoring is therefore critical for guiding effective
control decisions in general, and for allocating study time
efficiently in particular.

Koriat’s (1997) cue-utilization theory specifies how
JOLs are formed, proposing that when assessing their
learning, people base JOLs on a variety of cues. Some
cues are diagnostic of later memory performance, such
as the concreteness of words (Begg et al., 1989; Tullis &
Benjamin, 2012), their emotionality (Yin et al., 2023; Zim-
merman & Kelley, 2010), their familiarity (Brown et al.,
1977), or their personal significance (Undorf et al., 2022)
and thereby contribute to the accuracy of JOLs. Other
cues are misleading and affect JOLs despite having lit-
tle to no effect on memory, including font size (Chang &
Brainerd, 2022; Rhodes & Castel, 2008) and perceptual
clarity (Yue et al., 2013), thereby reducing the accuracy
of JOLs. In real-world study situations, study materials
typically vary along multiple cues. Undorf et al. (2018)
specifically manipulated multiple cues within the same
experiment and found that learners integrate them in an
additive, compensatory way in JOLs, rather than relying
on a single cue. For example, JOLs increased simultane-
ously with the number of study presentations, font size,
concreteness, and emotionality rather than relying only on
one of these cues. In this context, cue integration refers to
the simultaneous use of multiple cues, such that informa-
tion from several cues contributes to the judgment rather
than only one cue affecting the JOL. Cue integration is
reflected in main effects of the manipulated cues, with
judgments increasing the more cues are presented at lev-
els associated with higher judgments. Further studies that
have manipulated more than one cue simultaneously have
likewise reported findings consistent with cue integration
in JOLs (Mendes et al., 2021; Peynircioglu & Tatz, 2019;
Undorf & Broder, 2020, 2021). This raises the question of
whether metacognitive control decisions, such as restudy
choices, are also influenced by multiple cues.

Cue utilization and integration in restudy choices

From a theoretical perspective, restudy choices are funda-
mentally linked to JOLs, as learners are expected to use
monitoring to guide their control processes and optimize
learning (Nelson & Narens, 1990, 1994). However, just as
people’s stated attitudes can fail to predict their behavior
(Ajzen, 1988, 1991), people’s judgments do not always
predict their choices. As Einhorn and Hogarth (1981)
note, “while judgment is generally an aid to choice, it is
neither necessary nor sufficient for choice” (p. 73). A key
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difference between judgments and choices concerns com-
mitment, as choices typically involve committing to an
action, whereas judgments do not necessarily carry con-
sequences. For instance, people might be perfectly fine
with assigning very low JOLs to 40 out of 60 study items,
but may be reluctant to select all these items for restudy
because they also have the desire to minimize effort (e.g.,
Ackerman et al., 2020; Kool et al., 2010) or might under-
estimate the benefit of additional study opportunities
(Koriat et al., 2006b; Kornell & Bjork, 2009).

Typical judgment tasks (evaluating stimuli) and choice
tasks (selecting among alternatives; Fischhoff & Broomell,
2020) often differ in ways beyond the response format, com-
plicating direct comparisons. Nonetheless, evidence suggests
that people rely more on compensatory strategies in judg-
ments and more on simplified, noncompensatory strategies
in choices (Billings & Scherer, 1988; Harte & Koele, 1995;
Westenberg & Koele, 1992). Specifically, focusing on the
most salient or dominant attribute occurs more consistently
in choice tasks, whereas integrating multiple cues is more
common in judgment tasks (Montgomery et al., 1994; Slovic
et al., 1990; Tversky et al., 1988). Hence, results obtained for
judgments may not generalize to choices, leaving it unclear
whether the cue integration seen in JOLs also applies to
restudy choices.

In metacognition research, many studies have examined
cue effects on JOLs, but far fewer have investigated how
individual cues influence restudy choices or compared cue
effects across JOLs and restudy choices. Rhodes and Castel
(2009) found that quieter words were selected for restudy
more often than louder ones, and they also received lower
JOLs. Tullis and Benjamin (2012) observed a similar pattern
for concreteness, and Shanks and Serra (2014) for domain
familiarity: Items that received lower JOLs in these studies
were more likely chosen for restudy. Other studies that used
items differing in difficulty also found an inverse relationship
between JOLs and restudy choices, with items given higher
JOLs being less likely to be chosen for restudy (Dunlosky
& Hertzog, 1997; Finn, 2008; Laursen & Fiacconi, 2021;
Nelson et al., 1994). In line with these results, Laursen et al.
(2024) found that difficult items were more likely than easy
items to be chosen for restudy. These findings align with the
discrepancy reduction model (Dunlosky & Hertzog, 1998).
It proposes that learners compare current knowledge with
a desired level and allocate study time to reduce this gap.
Thus, they restudy material not yet mastered and omit well-
mastered material, typically choosing the items judged to be
least learned for restudy. Consistent with this model, sev-
eral studies examining the relation between JOLs and self-
paced study time have found that individuals spend more
time on items they judge as difficult (for a review, see Son &
Metcalfe, 2000; for an alternative interpretation, see Koriat
et al., 2006a; Undorf & Erdfelder, 2011).
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However, research also shows that under certain condi-
tions, such as when learners lack the time or the goal to
master all items, learners no longer focus primarily on the
most difficult ones. The region of proximal learning model
(Kornell & Metcalfe, 2006; Metcalfe, 2002, 2009; Son &
Metcalfe, 2000) suggests that learners prioritize items just
beyond their current competence—neither too easy nor too
difficult. Consistent with this assumption, JOL studies have
shown that learners allocate more study time to items with
intermediate rather than very low or very high JOLs (Kor-
nell & Metcalfe, 2006; Son & Metcalfe, 2000). Support
for the RPL model also comes from studies on feeling-of-
knowing judgments (FOK-Js), in which participants tend
to restudy those unrecalled items with the highest FOK-Js
(Hanczakowski et al., 2014). When there is ample study
time and learners are motivated to master all items, both
the discrepancy reduction and region of proximal learning
models predict a focus on difficult items. Although the num-
ber of selectable items is often restricted in restudy-choice
experiments, study time is typically not constrained. This
may explain why many studies have found inverse relations
between JOLs and restudy choices.

Altogether, learners often prioritize allocating study
time to items with cue values associated with lower JOLs.
An exception concerns font size, for which the findings are
mixed. Li et al. (2015) found that learners preferred to study
large-font items first, despite those items typically receiving
higher JOLs. This pattern can be explained by the metaphor-
ical belief account, which suggests that larger fonts signal
greater importance (Li et al., 2015; Luna et al., 2018; Mur-
phy et al., 2024; Rhodes & Castel, 2008) and may therefore
be considered more worthy of restudy. In contrast, Agadzh-
anyan and Castel (2024) found that participants more often
restudied small-font items. This study is also one of the few
to examine cue integration in restudy choices, showing that
font size and emotional valence jointly influenced both JOLs
and restudy choices. Importantly, this study, like most of
the others that compared individual cue effects on JOLs and
restudy choices (Finn, 2008; Nelson et al., 1994; Rhodes
& Castel, 2009; Shanks & Serra, 2014; Yang et al., 2018),
had the same participants provide both JOLs and restudy
choices for each item. This methodological approach raises
the risk of demand characteristics, potentially encouraging
participants to align their choices with their stated judgments
and resulting in cue integration as an artifact of the preced-
ing JOL request.

Beyond cue-based monitoring, additional learner-related
factors may influence how cues are used when making res-
tudy choices. For instance, when considering self-regulated
learning more broadly, the metacognitive and affective
model of self-regulated learning (Efklides, 2011; Efklides
& Schwarz, 2024) provides a theoretical framework that
emphasizes how metacognitive, motivational, and affective

processes—and their interplay—jointly shape learners’
regulation of study behavior. In other words, learner-related
factors that are not tied to the learning material may deter-
mine how the stimulus-level cues that influence metacog-
nitive monitoring translate into control decisions. Empiri-
cal support for the influence of affect and motivation on
metacognition comes, for example, from studies in which
participants’ self-reported goals (Berger, 2009) and experi-
mentally induced mood (Efklides & Petkaki, 2005) affected
the subjective difficulty of to-be-solved math tasks. Consist-
ent with this view, the meta-affect metacognition framework
extends Nelson’s and Naren’s (1990) model by proposing
that the regulation of learning is influenced by interacting
metacognitive and meta-affective processes, which are in
part shaped by learners’ motivations (Thomas et al., 2022,
2025). In line with this focus on motivational influences,
Ariel et al. (2009) proposed the agenda-based regulation
model for restudy choices in word-list learning paradigms,
assuming that learners form agendas to prioritize items for
study based on the reward structure of the task. In Ariel
et al.’s (2009) experiments, external incentives overrode the
effects of item difficulty on study time allocation (see also
Dunlosky & Ariel, 201 1a, for a review). Similarly, Schuetze
and Yan (2026) demonstrated in applied contexts that incen-
tives explained more variance in students’ intended study
time allocation than the subjective difficulty of course topics.

To summarize, whereas monitoring judgments are pri-
marily influenced by task-related cues (Koriat, 1997), addi-
tional learner-related factors such as goals or motivation
(Ariel et al., 2009; Efklides, 2011; Efklides & Schwarz,
2024; Schuetze & Yan, 2026; Thomas et al., 2022, 2025)
may influence how these cues guide restudy choices. The
present study therefore examines whether cues that are inte-
grated during JOL formation are also integrated when mak-
ing restudy choices. Importantly, unlike most prior work,
which collected both JOLs and restudy choices from the
same participants for the same items, we tested cue inte-
gration in independent groups to avoid potentially spurious
correlations between these measures. Understanding the
similarities and differences of cue integration in JOLs and
restudy choices can reveal whether cue integration in JOLs
translates into actual study behavior and clarify the mecha-
nisms linking metacognitive monitoring and control.

Experiment 1

Previous research shows that when the concreteness and
emotionality of words are simultaneously manipulated,
JOLs are higher for emotional than for neutral words and
for concrete than for abstract words, both at the group
level (mean JOLs increase with high concreteness and
emotionality) and at the individual level (about 75% of
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participants showed this pattern in Undorf et al., 2018,
Experiment 2). The goal of the first experiment was to
test whether cue integration of these two cues also occurs
in restudy choices. If concreteness and emotionality are
integrated in restudy choices, we expect both cues to influ-
ence restudy choices, producing main effects of concrete-
ness and emotionality. We made no prediction regarding
a potential interaction between the cues. If the cues are
integrated in restudy choices, then, at the aggregate level,
neutral words should be chosen more often than emotional
words, and abstract words more often than concrete words.
At the individual level, the same pattern was expected,
with a majority of participants selecting abstract and neu-
tral words more often for restudy than concrete and emo-
tional words, respectively.

There are two main reasons why we examined cue
use at both the aggregate and individual levels. First,
aggregate effects cannot reveal how representative a
strategy is within the sample. A significant main effect
could arise if many participants show small effects or if
a few participants show large effects, and separate sub-
groups might rely on different cues. Aggregate analy-
ses alone cannot distinguish between these possibilities,
whereas individual-level analyses make this distinction
possible. Second, aggregate analyses can mask system-
atic but opposing cue-use patterns across participants.
Aggregate analyses test for a consistent directional effect
across participants, but they cannot distinguish between
the absence of cue use and opposing cue use that cancels
out at the group level.

Method
Design

Experiment 1 used a 2 (concreteness: abstract vs. concrete)
X 2 (emotionality: neutral vs. emotional) within-subjects
design, with restudy choices (no vs. yes) as the outcome
variable. For exploratory analyses of recall performance
(not recalled vs. recalled), participants’ restudy choices
were included as an additional factor, resulting in a 2 (con-
creteness: abstract vs. concrete) X 2 (emotionality: neutral
vs. emotional) X 2 (restudy status: not restudied vs. restud-
ied) within-subjects design.

Participants

We aimed for a minimum sample size of N = 54 to achieve
statistical power of at least .95 (o = .05) for detecting
medium-sized effects (f = .25), assuming a correlation
of .50 between repeated measures. These estimates were
based on an a priori power analysis for repeated-measures
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within-subjects analysis of variance (ANOVA) conducted in
G*Power (Faul et al., 2007). This calculation is conserva-
tive because data will be analyzed using a more powerful
hierarchical logistic regression model with concreteness
and emotionality as predictors and random intercepts for
participants. Individuals who were at least 18 years old and
fluent in German were eligible to participate. Psychology
undergraduates participated in exchange for course credits.
Two participants were excluded: one for admitting to using
help during the experiment, and one for reporting that they
completed the experiment on a device other than a computer
or laptop. All remaining participants reported that they com-
pleted the study seriously and attentively and complied with
all participation rules. Before answering compliance ques-
tions, participants were informed that their responses would
not affect their compensation. The final sample included 55
German-speaking students from the University of Mannheim
(42 women, 13 men), with a mean age of 21.82 years (SD
=12.58).

Materials

The study material consisted of the same 60 nouns as in
Experiment 2 of Undorf et al. (2018), with normed values
taken from Vo et al. (2009). Half of the words were abstract
and half concrete. Within each level of concreteness, half
of the words were low in emotionality (low arousal, neutral
valence), and the other half were high in emotionality (high
arousal, either positive or negative valence). Mean values
for imagery, arousal, and valence are reported in Undorf
et al. (2018), and the full word-level dataset is available in
the current project’s OSF repository (https://osf.io/bmpex/
overview).

Procedure

We created the experiment using lab.js (https://labjs.felix
henninger.com; Henninger et al., 2022) and distributed
it online, with participants completing the study on their
personal devices. The study comprised two study phases,
a distractor task, and a free recall test (see Fig. 1). At the
beginning, participants were informed that they would study
60 words and later attempt to recall as many as possible
in a memory test by typing them in any order. They were
also told that a second study phase would follow, during
which they would restudy about half of the words. In the first
study phase, participants could choose which words they
wished to restudy. During this first phase, all participants
saw the same set of 60 words. To ensure early exposure to all
four cue combinations, the first four trials always contained
the same four words, one from each cue combination, pre-
sented in random order. From Trial 5 onward, the remain-
ing 56 words were shown in a new random order for each
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Restudy Choice-Group (Experiment 1 and 2)
Study Phase 1: 60 Trials
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Fig. 1 Schematic overview of the procedure by group in Experiments 1 and 2

participant. Each word appeared for 3 s, separated by a blank
screen (100 ms) and a fixation cross (100 ms). After each
word, participants were asked: “Would you like to restudy
this word in the second study phase? Please select around
30 words for the second study phase” (in German). On this
restudy-choice screen, participants also saw the number of
words already studied, and the number of words selected
for restudy (e.g., “Previously learned words: two out of 60.
Previously selected for the second study phase: one out of
30.”). Restudy choices were self-paced, with no time con-
straints. Although participants were reminded to select
roughly half of the words, no restriction was imposed on
the exact number.!

In the second study phase, participants restudied the
words they had previously selected. Again, words were
shown for 3 s each, separated by brief blank-screen and fix-
ation-cross intervals (100 ms each), and no restudy-choice
questions were presented. This phase was followed by a 60-s
matrix task, in which participants completed visual patterns.
On each trial, an incomplete 3 X 3 picture matrix was shown,
and they had to choose the missing element from four alter-
natives. Finally, participants completed a free recall test, in
which they were asked to write down as many studied words

! According to our preregistration, participants selecting fewer than
15% or more than 85% of the study material for restudy would have
been excluded. Since no participants met this criterion, none were
excluded.

as they could remember. Each word was scored as either
recalled or not recalled depending on whether it was written
down. To account for minor spelling errors, responses were
checked manually and counted as correct as long as they
were clearly identifiable as one of the study words. This
included cases with missing, extra, or swapped letters.

Results

We conducted all statistical analyses in R (R Core Team,
2024) using RStudio (RStudio Team, 2025). Multilevel
analyses employed /me4 (Bates et al., 2015). We used the
afex package (Singmann et al., 2024) to conduct ANOVAs,
and computed effect sizes with effectsize (Ben-Shachar et al.,
2020). Throughout, we considered results significant at p
< .05. Both experiments were preregistered on the OSF
(https://osf.io/bmpex/overview) prior to conducting the
research, with timestamped registrations that meet the OSF’s
disclosure requirements. All reported analyses follow the
preregistered plans unless otherwise noted.

Restudy choices

On average, participants selected 29.33 words for restudy
(SD = 3.28, range: 17-35). Figure 2 presents the percentage
of restudy choices for abstract and concrete words that were
either neutral or emotional. To test group-level effects of the
cues on restudy choices, we conducted a multilevel logistic
regression with items nested within participants and random
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Fig.2 Mean percentages of words chosen for restudy (restudy choices) and correctly recalled (recall) in Experiment 1, separately for abstract

and concrete words that are neutral or emotional

intercepts for participants.” The predictors were concrete-
ness and emotionality, both of which were contrast-coded
(—1 = abstract or neutral; 1 = concrete or emotional). The
dependent variable was restudy choice (0 = no vs. 1 = yes).
The following means and standard deviations are reported
as percentages. As expected, there was a significant main
effect of concreteness, b = —0.08, SE = .03, z = 2.41, p
= .016, indicating that abstract words (M = 50.97, SD =
10.80) were more likely to be chosen for restudy than con-
crete words (M = 46.79, SD = 12.64). Similarly, there was a
significant main effect of emotionality, b = —0.14, SE = .03,
z=-3.94, p < .001, showing that neutral words (M = 52.30,
SD = 10.85) were more likely to be chosen for restudy than
emotional words (M = 45.45, SD = 11.17). The interaction
between concreteness and emotionality was not significant,
b=-0.13,SE = .02, z=-0.39, p = .695. The two additive
main effects resulted in the highest likelihood of restudy
choices for words that were both abstract and neutral, the
lowest likelihood of restudy choices for words that were
both concrete and emotional, and intermediate likelihoods
for words that were abstract and emotional or concrete and
neutral (see Fig. 2).

Whereas these aggregate main effects are consistent
with cue integration, they cannot confirm whether both
cues were used by the same individuals. To examine
whether these results reflect true within-person cue integra-
tion rather than the combined effects of separate subgroups
relying on different cues, we analyzed restudy choices at

2 Random intercept variance was estimated at near zero, causing
a singular fit. Thus, we deviated from the preregistration by report-
ing the fixed-effect results from a logistic regression without random
effects. It provided identical estimates and appropriate model conver-
gence. We applied the same procedure to the regression on restudy
choices in Experiment 2.
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the individual level. To do so, we classified participants as
having based their restudy choices on concreteness if they
chose abstract words more frequently than concrete words
and as having based their restudy choices on emotionality
if they chose neutral words more frequently than emotional
words. By this criterion, 22 participants (40.00%) inte-
grated both cues. The remaining participants relied only
on concreteness (nine; 16.36%), only on emotionality (11;
20.00%), or on neither cue (13; 23.64%). A binomial test
confirmed that the proportion of participants integrating
both cues was significantly above chance (25%), p = .018,
95% CI [0.27, 0.54].

Because this classification approach does not account
for effect sizes and assumes that all participants show cue
effects in the expected directions (i.e., selecting abstract
words for restudy more often than concrete ones, and neu-
tral words more often than emotional ones), we conducted
an additional individual-level analysis focusing on effect
sizes. Figure 3 displays each participant’s Cohen’s o for
concreteness and emotionality. We classified participants
according to Cohen’s (1988) effect size conventions, with ®
> .10 indicating an at least small effect. Those with ® > .10
for both cues were considered to have based their restudy
choices on both cues, those with ® > .10 for one cue but ®
< .10 for the other were considered to have relied on a single
cue, and those with ® < .10 for both cues were classified
as having relied on neither cue. Based on this classifica-
tion, nearly half of the participants (27; 49.09%) relied on
both cues when making restudy choices, of whom 18 used
both cues in the expected direction (more restudy choices
for low-concreteness and low-emotionality words). Almost
as many (24; 43.64%) relied on only one cue, with equal
numbers relying on concreteness (12; 22.82%) or on emo-
tionality (12; 22.82%). Only a small minority (four; 7.27%)
relied on neither cue.
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Concreteness ¢ Emotionality

Concreteness: low — more restudy choices
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Individual Participants

Fig. 3 Individual effect sizes (Cohen’s ) for cue use in the expected
(upper half) vs. unexpected (lower half) direction on restudy choices
in Experiment 1

Among participants with @ > .10 for concreteness, 28
chose more low-concreteness than high-concreteness words,
whereas 11 chose more high-concreteness than low-con-
creteness words. Similarly, among participants with @ > .10
for emotionality, 28 chose more low-emotionality than high-
emotionality words, and 11 chose more high-emotionality
than low-emotionality words.

Recall performance

On average, participants recalled 17.30 out of 60 words (SD
= 8.48, range: 4-39). Figure 2 shows recall performance
across levels of concreteness and emotionality, separately
for items that were restudied and those that were not. We
examined main effects and interactions using a multilevel
logistic regression with items nested within participants and
random intercepts for participants. Predictors were concrete-
ness (—1 = abstract, 1 = concrete), emotionality (—1 = neu-
tral, 1 = emotional), and restudy status (—1 = not restudied,
1 = restudied). The dependent variable was item recall (0
= not recalled, 1 = recalled). The subsequent descriptive
means and standard deviations are reported as percentages.
Results revealed a significant main effect of concreteness
(b=0.27,SE=0.04, z = 6.38, p < .001), with better recall
for concrete (M = 33.39, SD = 17.46) than abstract words
(M = 24.36, SD = 12.81). The main effect of emotionality
was not significant (neutral words: M = 28.48, SD = 13.93;
emotional words: M = 28.27, SD = 16.05; b = 0.06, SE
= 0.04, z = 1.37, p = .172). Finally, restudy status had a

significant effect (b = 0.56, SE = 0.04, z = 12.88, p < .001),
with restudied items being recalled more often (M = 38.25,
SD = 21.54) than items that were not restudied (M = 18.92,
SD = 16.54). None of the interactions were significant; all
p values >. 387.

Exploratory comparison of cue effects on restudy choices
and JOLs

To allow for exploratory comparisons of the sizes of the
present cue effects of emotionality and concreteness on res-
tudy choices with those reported for JOLs by Undorf et al.
(2018, Experiment 2), we ran an exploratory two-factor
within-subjects ANOVA on restudy choices, with emo-
tionality (neutral, emotional) and concreteness (abstract,
concrete) as factors. Because ANOVA assumptions are not
ideal for binary outcomes such as restudy choices, we used
this analysis only to estimate 1) [,2 values, but not as our main
inferential test. Results showed a main effect of emotional-
ity, F(1,54) =7.06, p = .010, npz = .12, that was consider-
ably smaller than that for JOLs in Undorf et al. (np2 = .43).
Undorf et al. found a similarly large effect of concreteness
on JOLs (np2 = .42), whereas the effect of concreteness on
restudy choices was small and not significant, F(1,54) =
2.22,p =.142, np2 = .04. Overall, when analyzed in the
same way, cue effects were stronger for JOLs than for res-
tudy choices.

Discussion

The aggregate-level results indicate that both concreteness
and emotionality influenced restudy choices, consistent with
the notion of cue integration in metacognitive control deci-
sions. Abstract and neutral words—items that received lower
JOLs in many prior studies (see Undorf et al., 2018)—were
more likely to be selected for restudy. Thus, we observed
cue integration for restudy choices. However, cue integra-
tion appeared weaker than for JOLs, as suggested by the
exploratory comparison of effect sizes, in which the effects
of emotionality and concreteness were smaller for restudy
choices than for JOLs. Note, however, that this is a compari-
son across different experiments that has to be interpreted
with caution. At the individual level, more participants
than expected by chance showed integration of both cues,
though fewer than half did so. A similar pattern emerged
when examining individual-level effects based on effect
sizes. These findings suggest that cue integration occurred
in restudy choices at the individual level but was observed in
fewer participants than in a JOL study using the same cues,
although differences between the experiments may also have
contributed to this pattern.
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Experiment 2

The first goal of Experiment 2 was to examine whether cue
integration in restudy choices would extend to a different set
of cues. This is important for determining whether the find-
ings of Experiment 1 reflect a general principle of metacog-
nitive control or are instead tied to the specific pair of cues
used. Specifically, we selected font format (aLtErNaTiNg vs.
standard) and word frequency (low vs. high), because both
cues have been shown to influence JOLs. Previous research
has found that learners give higher JOLs for words presented
in a standard font compared with an alternating format (e.g.,
Mueller et al., 2013; Rhodes & Castel, 2008) and for high-
frequency compared with low-frequency words (e.g., Begg
et al., 1989; Fiacconi & Dollois, 2020; Mendes & Undorf,
2022). In addition, the second goal of Experiment 2 was to
provide an internally valid within-experiment comparison of
integration rates and cue effect sizes between JOLs and res-
tudy choices. In previous studies that compared the effects
of cues on JOLs and restudy choices, participants typically
provided JOLs first and then made restudy choices for each
item (e.g., Finn, 2008; Nelson et al., 1994; Rhodes & Castel,
2009; Shanks & Serra, 2014; Yang et al., 2018). However,
it is possible that soliciting JOLs influences subsequent res-
tudy choices. To avoid potential carryover or demand effects,
we obtained JOLs and restudy choices from separate groups
of participants.

Method
Design

Experiment 2 employed a 2 (font format: al.tErNaTiNg vs.
standard) X 2 (word frequency: low vs. high) X 2 (meta-
cognitive task: JOLs vs. restudy choices) mixed design,
with font format and word frequency manipulated within
participants and metacognitive task manipulated between
participants. The primary outcome variables were JOLs
(0-100) for the JOL group and restudy choices (no vs. yes)
for the restudy-choice group, analyzed separately accord-
ing to metacognitive task. For exploratory analyses of recall
performance (not recalled vs. recalled), restudy status (not
restudied vs. restudied) was included as an additional within-
subjects factor for the restudy-choice group.

Participants

Because the JOL and restudy-choice groups were analyzed
independently, we used the results of the power analysis from
Experiment 1 and applied it to each group. Thus, we targeted
54 participants per group, yielding a total target of 108 partici-
pants for Experiment 2. As in Experiment 1, eligibility criteria
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included being at least 18 years old and fluent in German. Par-
ticipants were recruited from the University of Mannheim par-
ticipant pool, and undergraduate psychology students received
course credit for participation. Additional participants were
recruited through SurveyCircle (https://surveycircle.com).®> A
total of nine participants were excluded: two for insufficient
German language skills, one for not completing the study on
a computer or laptop, and six for admitting to using help or
taking notes during the experiment. Again, all remaining par-
ticipants reported that they completed the study seriously and
attentively and complied with all participation rules. The final
sample consisted of 112 participants (91 women, 19 men, one
nonbinary, one unspecified), with a mean age of 26.21 (SD =
7.87) years. The JOL group included 54 participants, and the
restudy-choice group included 58 participants.

Materials

Stimuli were 60 German nouns, half high and half low in
word frequency. Word frequency was determined using rat-
ings from the SUBTLEX-DE database (Brysbaert et al.,
2011). Following the classification criteria applied in SUB-
TLEX-UK and SUBTLEX-US (van Heuven et al., 2014),
words with a frequency per million words (fpm) between
0.01 and 1.00 were categorized as low frequency, whereas
words with an fpm of 10 or higher were categorized as
high frequency. Low-frequency words had a mean fpm of
0.40 (SD = 0.24, range: 0.04-0.79), and high-frequency
words had a mean fpm of 154.56 (SD = 139.16, range:
11.89-568.96). The two word sets were equated regarding
concreteness, emotional valence, arousal, number of letters,
and number of syllables. For each participant, 15 randomly
selected low-frequency words appeared in alternating font
format, and the other low-frequency words appeared in
standard font. The same random assignment of font format
was applied to the high-frequency words.

Procedure

The procedure was the same as in Experiment 1, except for
the different word materials and the addition of a JOL group
(see Fig. 1). Whereas in the restudy-choice group, partici-
pants again selected about half of the words for restudy,
participants in the JOL group rated how likely they were to
recall each word on the final test by entering a whole number

* In the final sample, 84 participants (75%) were recruited from Sur-
veyCircle and 28 (25%) from the University of Mannheim. Survey-
Circle participants were older (M = 27.63, SD = 8.47) than university
participants (M = 21.92, SD = 3.02), 1(109.45) = 5.25, p < .001, d =
0.76. Importantly, platform did not interact with any cue effects on
JOLs or restudy choice (all F values < 1.45, all p values > .234).
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between 0% and 100%. After the first study phase, the JOL
group proceeded directly to the distractor task, whereas the
restudy-choice group completed a second study phase that
included only the words each participant had selected for
restudy.

Results
Judgments of learning (JOLs)

On average, participants in the JOL group gave a mean JOL
of 38.35 (SD = 14.15). Figure 4 shows mean JOLs by font
format and word frequency. To examine cue integration,
we used a multilevel linear regression with items nested
within participants and random intercepts for participants.
Predictors were font format and word frequency, both con-
trast-coded (—1 = alternating font or low frequency; 1 =
standard font or high frequency), and the dependent variable
was JOLs. As expected, both cues showed significant main
effects. Participants gave higher JOLs for words written in a
standard font (M = 40.77, SD = 14.88) than in an alternating
font (M =35.93, SD = 14.83), b = 2.33, SE = 0.56, 1(53.04)
=4.15, p < .001. Similarly, they gave higher JOLs for high-
frequency (M = 49.98, SD = 18.48) than for low-frequency
words (M = 26.72, SD = 13.31), b = 11.63, SE = 1.01,
#(53.00) = 11.50, p < .001. The interaction was not signifi-
cant, b = —0.12, SE = 0.39, #(3077.70) = 0.30, p = .768.
As in Experiment 1, the aggregate effects hint at cue inte-
gration but cannot confirm whether the same participants
relied on both cues. Similar to Experiments 1, participants
were classified as basing their JOLs on font format if they
assigned higher JOLs to items in standard than alternat-
ing font, and as using frequency if they gave higher JOLs
to high-frequency than to low-frequency words. By this
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criterion, 42 participants (77.78%) integrated both cues, 11
(20.37%) relied only on frequency, and one (1.85%) relied
only on font format. A binomial test confirmed that the
proportion of participants integrating both cues was signifi-
cantly above chance (25%), p < .001, 95% CI [0.644, 0.880].
We also conducted an analysis based on effect size that
considered cue effects regardless of direction. Following
Undorf et al. (2018), we computed Cohen’s d for each cue
and participant. Participants were classified as using both
cues if |dl > .20 for both cues, as using one cue if Idl > .20
for one cue but < .20 for the other cue, and as using neither
cue if both Idl values were < .20. By this classification, 22
participants (40.74%) integrated both cues, 30 participants
(55.56%) relied only on frequency, one participant (1.85%)
relied on font format only, and one participant (1.85%) relied
on neither cue. Among participants with Idl > .20 for font
format, 21 gave higher JOLs for standard-font words and two
for alternating-font words. Among participants with Idl > .20
for word frequency, 51 gave higher JOLs for low-frequency
words and one for high-frequency words. Figure 5 shows
individual participants’ Cohen’s Id| values for both cues.

Restudy choices

On average, participants in the restudy-choice group selected
29.71 words for restudy (SD = 2.78, range: 18-30). We
tested group-level effects of font format and word frequency
on restudy choices using the same multilevel logistic regres-
sion approach as in Experiment 1. Predictors were again
contrast-coded (—1 = alternating font or low frequency; 1 =
standard font or high frequency). Contrary to expectations,
there was no significant main effect of font format, » = 0.04,
SE =0.03, z = 1.15, p = .251. Descriptively, participants
even chose a slightly lower percentage of words presented
in alternating font format (M = 48.51., SD = 8.29) than in
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Fig.4 Mean judgments of learnings (JOLs) and percentages of words chosen for restudy (restudy choices) in Experiment 2, separately for words
presented in an alternating and standard font that were low or high in frequency
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Fig. 5 Individual effect sizes (Cohen’s ldl or Cohen’s ) for cue use in the expected (upper half) vs. unexpected (lower half) direction on judg-

ments of learning (JOLs) and restudy choices in Experiment 2

standard font (M = 50.52, SD = 10.79). In contrast, word
frequency had a significant effect, b = —0.24, SE = 0.03, ¢
= —7.06, p < .001. As expected, participants chose more
low-frequency (M = 55.52, SD = 22.20) than high-frequency
words (M =43.51, SD = 23.46) for restudy. The interaction
between font format and word frequency was not significant,
b=0.04,SE=0.03,z=1.19, p = .232.

We again conducted individual-level analyses. This
allowed us to examine whether cue integration occurred
despite the nonsignificant main effect for font format at
the aggregate level. Participants were classified as using
a cue if they selected words in the expected directions—
that is, more low-frequency than high-frequency words,
and more alternating than standard-font words. By this
criterion, 22 participants (37.93%) used both cues, 19
participants (32.76%) relied on one cue only—3 (5.17%)
on font format and 16 (27.59%) on word frequency—and
17 participants (29.31%) relied on neither cue. A bino-
mial test confirmed that the proportion of participants
integrating both cues was significantly above chance
(25%), p = .032, 95% CI [0.255, 0.516]. Additionally,
we conducted an individual-level analysis with a focus on
effect sizes that considers cue effects regardless of their
direction. This approach is particularly useful in the con-
text of a nonsignificant aggregate main effect, because
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it can reveal whether this null effect is due to systematic
but opposing cue use across participants. Figure 5 shows
individual participants’ Cohen’s o values for both cues.
Using the same classification as in Experiment 1, more
than half of the participants (37; 63.79%) relied on both
cues when making restudy choices. However, only 13
of them used both cues in the expected direction (more
restudy choices for standard-font and low-frequency
words). The remaining 24 cue integrators followed
either the opposite pattern (13: more restudy choices
for standard-font and high-frequency words) or mixed
patterns (nine: more restudy choices for low-frequency
and standard-font words; two: more restudy choices for
high-frequency and alternating-font words). A total of
20 participants (34.48%) relied only on one cue, which
was word frequency in most cases (18; 31.03%) and font
format in only two participants (3.45%). One participant
(1.72%) used neither cue for restudy choices. Across
all participants with ® > .10 for font format, 15 chose
more alternating-font than standard-font format words,
whereas 24 chose more standard-font than alternating-
font format words. Across all participants with ® > .10
for word frequency, 36 chose more low-frequency than
high-frequency words and 19 chose more high-frequency
than low-frequency words.
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Recall performance

On average, participants in the JOL group recalled 18.48
words (SD = 9.82, range: 7-54), and participants in the res-
tudy-choice group recalled 20.91 words (SD = 5.86, range:
3-27). We did not directly compare the groups because
the restudy-choice group completed a second study phase,
whereas the JOL group completed only one, making any
direct comparison difficult to interpret. We therefore exam-
ined cue effects on recall performance separately for par-
ticipants in the JOL and restudy-choice groups (see Fig. 6
for mean values). For participants in the JOL group, we
tested main effects and interactions of font format and word
frequency on recall performance using a multilevel logis-
tic regression. It revealed no significant main effect of font
format, b = 0.03, SE = 0.04, z = 0.68, p = .499; alternating
font: M = 30.25, SD = 16.40; standard font: M = 31.36, SD
= 17.77. The main effect of word frequency was significant,
b=0.51, SE=0.04, z=12.06, p < .001, with better recall
for high-frequency (M = 40.19, SD = 19.24) compared with
low-frequency words (M = 21.42, SD = 16.59). The inter-
action was not significant, b = 0.00, SE = 0.04, z = 0.04, p
=.969.

For participants in the restudy-choice group, we exam-
ined the effects of word frequency, font format, and restudy
status on recall. All three main effects were significant, fre-
quency: b =0.35, SE =0.04, z =8.71, p < .001; font format:
b=0.11, SE =0.04, z = 2.76, p = .006; restudy status: b =
0.55, SE = 0.04, z = 13.55, p < .001. Recall performance
was higher for high-frequency (M = 40.23, SD = 17.15) than
for low-frequency words (M = 29.48, SD = 16.07). Surpris-
ingly, recall was better for standard-font words (M = 36.95,
SD = 17.34) compared with alternating-font words (M =
32.76, SD = 14.59). Recall was also higher for restudied
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items (M = 44.82, SD = 20.13) compared with items not
restudied (M = 24.76, SD = 20.03). No interactions reached
significance, all p values > .061.

Exploratory comparison of JOL and restudy choice effect
sizes

To directly compare the effects of frequency and font format
on JOLs and restudy choices, we reanalyzed the data using
separate two-factor within-subjects ANOVAs for each meas-
ure (for a preregistered exploratory analysis including group
as a factor, see Appendix A). Frequency had a considerably
larger effect on JOLs, F(1,53) = 132.48, p < .001, npz =.71,
than on restudy choices, F(1,57) =4.15, p = .046, npz =.07.
Similarly, font format had a large effect on JOLs, F(1,53) =
17.14, p < .001, npz = .24, but only a small and not signifi-
cant effect on restudy choices, F(1,57) = 0.72, p = .401, npz
= .01. Consistent with Experiment 1, this indicates stronger
cue effects on JOLs than on restudy choices, now observed
with higher internal validity than the between-experiments
comparison.

Discussion

For JOLs, both font format and word frequency had
significant main effects at the aggregate level, with fre-
quency being the more influential cue. Individual-level
analyses indicated that most participants integrated both
cues in their JOLs. In contrast, restudy choices were
influenced by word frequency, but not by font format
at the aggregate level. One might argue that the strong
frequency effect overshadowed the font format effect on
restudy choices. Frequency effects on recall have been
shown to be especially large when participants expect
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Fig.6 Mean percentage of correctly recalled words (recall) per group in Experiment 2, separately for words presented in an alternating and

standard font that were low or high in frequency
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a free recall test (Balota & Neely, 1980). Because this
was the case in our study, frequency may have been par-
ticularly influential for recall and restudy choices. How-
ever, the individual-level analyses are inconsistent with
this possibility, as they revealed that participants did not
neglect font format but instead differed in how they used
this cue for restudy choices. When considering cue use in
the expected direction only, integration at the individual
level was less frequent in restudy choices than in JOLs,
with similar numbers of participants relying on only one
cue and both cues. However, when considering cue effects
regardless of direction, two thirds of participants relied on
both cues for restudy choices. Some participants tended to
choose words in the alternating font for restudy, whereas
others prioritized the standard-font items. One possible
explanation is that some participants actively avoided
alternating-font items for reasons unrelated to item dif-
ficulty, such as lower motivation to restudy items printed
in an unfamiliar or disfluent format. The role of reading
habits in restudy choices has been highlighted in previ-
ous work (Ariel et al., 2011; Ariel & Dunlosky, 2013;
Dunlosky & Ariel, 2011b).

Another potential reason why some participants selected
fewer alternating-font than standard-font words for restudy
is that they may have perceived these harder-to-read items
as requiring more study time than was available. Although
the study times in the second study phase were not explic-
itly stated, participants may have correctly expected them
to be similar to the first phase (3 s per word). If so, selec-
tion based on font format would then be consistent with
the region of proximal learning model, which predicts
prioritization of items closest to being learned (Kornell
& Metcalfe, 2006; Metcalfe, 2002, 2009; Son & Met-
calfe, 2000). However, if participants avoided alternating-
font items because they perceived them as too difficult,
a similar avoidance might be expected for low-frequency
words, which received even lower JOLs. In contrast, the
overall tendency was to select these low-frequency words
for restudy. At the same time, a substantial minority of
participants systematically chose high-frequency words
for restudy more often. This again highlights individual
differences in how both cues were used in restudy choices,
whereas the individual-level analysis for JOLs showed
rather homogeneous cue use.

Overall, the findings of Experiment 2 show that conclu-
sions about cue integration in restudy choices can depend
on the level of analysis. Whereas the aggregate results sug-
gested that restudy choices did not rely on font format, indi-
vidual-level analyses revealed that most participants inte-
grated both cues but used font format in opposing directions,
thereby masking the effect at the group level.
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General discussion

The goal of this study was to examine whether cue inte-
gration observed in JOLs also occurs in restudy choices.
In Experiment 1, we tested whether two valid cues, con-
creteness and emotionality, jointly influence restudy choices
when manipulated simultaneously. At the aggregate level,
both cues affected restudy choices, although the effect
sizes were smaller than those reported for JOLs in a simi-
lar experiment (Undorf et al., 2018, Experiment 2). At the
individual level, fewer participants integrated both cues in
their restudy choices than in the JOLs obtained by Undorf
et al. (2018). This raises the question of whether cue inte-
gration is generally less prevalent in restudy choices than
in JOLs. However, because these comparisons are based on
different experiments, firm conclusions about differences in
effect sizes or integration rates across restudy choices and
JOLs are not warranted. In Experiment 2, we examined the
effects of font format and word frequency on both JOLs and
restudy choices. At the aggregate level, both cues influenced
JOLs, but only the valid cue (word frequency) affected res-
tudy choices. This pattern might suggest that participants
avoided using font format as a cue when making restudy
choices. However, at the individual level, most participants
integrated both cues, but they showed opposite patterns for
font format, with some choosing the standard format more
often and others choosing the alternating format more often
(for a similar finding with JOLs, see Tatz & Peynircioglu,
2020). Previous research has identified factors that influence
metacognitive control, such as beliefs about item importance
(Rhodes & Castel, 2008), as well as goals and motivation
(Ariel et al., 2009; Efklides, 2014; Schuetze & Yan, 2026).
In the present study, similar factors may have affected how
cues are used in restudy choices but not in JOLs. For exam-
ple, participants may have avoided choosing alternating-font
words because they were not used to this format and were
not motivated to study them again. Another possibility is
that learners underestimated the benefit of an additional
study opportunity. Hence, the “ideal” monitoring-control
relation may be compromised by additional learner-related
factors that play a role in selecting restudy items (for similar
ideas, see Thomas et al., 2022, 2025; Undorf et al., 2021).

These findings suggest that conclusions about cue inte-
gration in metacognitive control depend on the level of anal-
ysis. Aggregate-level patterns may obscure substantial indi-
vidual variability, whereas individual-level analyses reveal
that learners often rely on multiple cues but differ in how
they use them. This has implications for how cue integration
in metacognitive control should be interpreted and highlights
the importance of individual-level analyses for assessing cue
integration in future research.
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A few participants did not appear to rely on the manipu-
lated cues, which might initially suggest low engagement.
However, several data quality checks indicated that partici-
pants were attentive and followed instructions. Moreover,
laboratory studies (Undorf et al., 2018) also found that some
participants did not use the manipulated cues. This suggests
that participants instead relied on other cues and heuristics
(Undorf et al., 2022). It also illustrates another benefit of
individual-level analyses, which allow researchers to detect
such cases.

One critical question that remains is whether partici-
pants who appeared to integrate multiple cues truly used
them simultaneously or switched between cues across
trials.* Exploratory analyses among participants who
used both cues showed that items containing the levels
of both cues that they rated highest or selected most often
received higher JOLs and were more frequently chosen
for restudy than items containing only one of those levels
(see Appendix B). This additive pattern indicates that
learners tended to combine cues within a trial rather than
to alternate between cues across trials.

From an applied perspective, the present results suggest
that fostering accurate metacognitive monitoring alone
may not be sufficient to promote effective self-regulated
learning. The observed disconnect between monitoring
and control rather indicates that learners may not always
prioritize more difficult materials for restudy even when
they accurately identify them. Thus, supporting self-reg-
ulated learning may require not only improving the accu-
racy of learners’ judgments but also helping them translate
these judgments into adaptive study decisions. Moreover,
educational interventions cannot assume a one-size-fits-all
relationship between learners’ evaluations of study materi-
als and their subsequent self-regulation. The finding that
learners used the same cues in opposite directions sug-
gests that features intended to optimize study materials
(e.g., specific formatting or difficulty levels) may motivate
some learners, whereas they discourage others. Together,
the present findings highlight that restudy behavior is
shaped not only by characteristics of the study materials
but also by learner-specific factors. However, given the
controlled laboratory nature of the present experiments,
these implications should be examined further in more
applied contexts.

As the overall findings suggest that individuals rely
less on multiple cues when making restudy choices than
when making JOLs, one might conclude that restudy
choices are less accurate than JOLs. However, when
considering font format an illusory cue, the opposite
may also be true—restudy choices may be more accurate

4 We thank an anonymous reviewer for raising this critical question.

because they are less influenced by misleading cues. Evi-
dence on whether font format is an illusory cue is mixed.
In the original study by Rhodes and Castel (2008), font
format was identified as an illusory cue: Learners gave
higher JOLs for standard-font words than for alternating-
font words, although font format did not affect recall.
Two later studies, however, found that font format influ-
enced recall performance in line with their metacogni-
tive judgments (ease-of-learning judgments in Jemstedt
et al., 2018; JOLs in Mueller et al., 2013). Similarly, in
the present Experiment 2, results were mixed, with bet-
ter recall for standard-font than alternating-font words in
the restudy-choice group but no effect of font format on
recall in the JOL group.

Future research should examine cue integration across
a wider range of cues in both JOLs and restudy choices,
including both valid and illusory cues. The role of illu-
sory cues, in particular, deserves closer attention, as the
present study revealed different patterns at aggregate and
individual levels of analysis. Relatedly, it should be noted
that cue validity (diagnostic vs. nondiagnostic) was con-
founded with cue type (intrinsic vs. extrinsic). Whereas
the classification of font-based cues as intrinsic or extrin-
sic is not entirely consistent in the literature (see Undorf
et al., 2018), we treated font format as an extrinsic cue.
Under this classification, font format differs from the other
tested cues not only in terms of validity but also in terms
of cue type. As a result, the present findings do not allow
us to disentangle the effects of cue validity and cue type
on cue integration in restudy decisions. Future studies
could therefore orthogonally manipulate cue type and cue
validity when examining cue integration in metacognitive
control.

In addition, using comparable response formats for
both JOLs and restudy choices, such as assessing both on
the same continuous or binary scale, would help clarify
differences between monitoring and control. In the pre-
sent study, methodological differences in response format
restrict the validity of direct comparisons between the two
metacognitive tasks. JOLs were measured on a continu-
ous 0-100 scale, allowing more nuanced cue weighting,
whereas restudy choices involved binary yes/no decisions
and additionally required participants to consider upcom-
ing items, as only about half could be selected for restudy.
This constraint introduced strategic elements that were
absent from the JOL task and may lower cue integration.
As a consequence of the difference in response format,
cue integration at the individual level was assessed using
Cohen’s d for JOLs and Cohen’s o for restudy choices.
Although these measures best fit the respective response
format, the resulting difference in metrics may further
complicate comparing of cue-use classifications across
metacognitive tasks.
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Taken together, our findings provide evidence for cue
integration in restudy choices that is, however, weaker
than cue integration in JOLs and did not emerge con-
sistently across all cues and analyses. These differences
may reflect that cue use in restudy choices is influenced
not only by the cues guiding JOLs but also by additional
factors that could be motivational or strategic in nature.

Appendix A
Exploratory analyses for Experiment 2

As preregistered for Experiment 2, we conducted an
exploratory analysis examining main effects and inter-
actions of group (JOL vs. restudy-choice), font format,
and word frequency on the metacognitive measure (JOLs
in the JOL group; 100-mean restudy choice in percent in
the restudy-choice group) using an ANOVA. There was a
significant main effect of group, F(1, 110) =37.24, p <
.001, npz = .25, indicating lower values in the JOL group
(M = 38.35, SD = 14.15) than in the restudy-choice
group (M = 70.29, SD = 2.78). Word frequency also
yielded a significant main effect, F(1, 110) = 30.47, p <
.001, npz = .22, whereas font format did not, F(1, 110) =
1.28, p = .26, np2 = .01. There was a significant interac-
tion between group and font format, F(1, 110) = 6.77,
p = .011, npz = .06, indicating that the effect of format
was larger for JOLs than for restudy choices. All other
interactions were non-significant, all p > .079.
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Appendix B: Exploratory analyses examining cue
integration versus cue switching

A potential alternative explanation for the observed cue effects
is that participants alternated between using different cues
across trials rather than integrating multiple cues within a sin-
gle trial. To examine this possibility, we conducted explora-
tory analyses on the subset of participants in each experiment
who showed meaningful cue use for both cues (Cohen's » >
.10 for restudy choices; Cohen’s Idl> .20 for JOLs; see Fig. 7).

For each participant, we first identified their dominant
cue levels, defined as the specific level of each cue that the
participant prioritized (i.e., by selecting it more frequently
or assigning it higher JOLs). For instance, if a participant
in Experiment 1 chose more abstract than concrete words
and more neutral than emotional words, their dominant cue
levels would be abstract and neutral. We categorized every
item based on how many of the participant-specific domi-
nant levels it contained. An item could contain two dominant
levels (e.g., an abstract-neutral word), one dominant level
(e.g., an abstract-emotional word), or zero dominant levels
(e.g., a concrete-emotional word). If participants integrated
cues within a single trial, items containing two dominant
cue levels should be selected more often (or receive higher
JOLs) than items containing only one.

In Experiment 1 (n = 27), items with two dominant lev-
els were selected more often (M = 64.20, SD = 13.35) than
items containing only the dominant concreteness level (M
=50.37, SD = 12.99), #(26) = 3.99, p < .001, d = 0.77,
and more often than items containing only the dominant
emotionality level (M = 49.88, SD = 14.72), t(26) = 3.86,
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Fig.7 Mean percentage of words selected for restudy (Experiment 1,
2) and judgments of learning (JOLs) given (Experiment 2) for Items
containing both, one, or neither of the cue levels that a participant
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p <.001, d =0.74. At an individual level, the majority of
participants from this subset (16 out of 27 participants;
59.30%) showed a strictly additive pattern in their selec-
tion rates.

In Experiment 2, we first applied the same logic to ana-
lyze cue integration for JOLs. We defined the levels of font
format and word frequency that elicited higher mean JOLs
as each participant’s dominant cue levels. Items containing
both dominant levels (M = 54.28, SD = 22.59) received
higher JOLs than items containing only the dominant font
format (M = 30.58, SD = 17.88), #(21) = 6.34, p < .001,
d = 1.35, and higher JOLs than items containing only the
dominant word frequency (M = 41.96, SD = 22.56), t(21)
=4.96, p < .001, d = 1.06. Descriptively, 21 out of the 22
participants (95.50%) showed this strictly additive pattern
in their mean JOLs.

Regarding restudy choices in Experiment 2, items con-
taining both dominant levels (M = 79.34, SD = 11.60)
were selected more often than items containing only the
dominant font format (M = 35.82, SD = 13.07), #(36) =
14.37, p < .001, d = 2.36, and significantly more often
than items containing only the dominant frequency level
(M =63.64, SD = 14.02), 1(36) = 6.31, p < .001, d = 1.04.
Descriptively, 32 of these participants (86.50%) displayed
this strictly additive pattern in their restudy selection rates.

Together, these results suggest that when participants
used multiple cues, they tended to use both cues simul-
taneously within a single trial rather than alternating
between cues across trials.
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