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ABSTRACT  
Metacognitive monitoring of cognitive processes is not always accurate. Metacognitive illusions 
occur when metacognitive judgments rely on invalid information or fail to rely on valid 
information. This study tested the effectiveness of different forms of feedback in mending 
metacognitive illusions in judgments of learning (JOLs). Across four experiments, participants 
completed three study-test cycles with JOLs in which they studied different word lists. 
Participants received feedback or no feedback after each cycle. In Experiments 1 and 2, 
cognitive feedback about recall performance and JOL for each item was provided. In 
Experiments 3 and 4, additional metacognitive feedback about metacognitive illusions 
during the task was provided. Results showed that cognitive feedback was not effective for 
mending the font size illusion (Experiments 1 and 2), the stability bias (Experiment 1), or the 
font format illusion (Experiment 2). Additional metacognitive feedback partially remedied 
the stability bias in Experiment 3, but this effect did not replicate in Experiment 4. 
Regardless of whether participants received feedback and what type it was, the font size 
illusion decreased across cycles when manipulated orthogonally to a valid cue (Experiments 
1, 3, and 4). In conclusion, this study shows that neither cognitive nor metacognitive 
feedback remedy metacognitive illusions.
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Metacognitive monitoring – the ongoing evaluation of cog
nitive processes – is important because it guides behaviour 
(Nelson & Narens, 1990). For example, a student with accu
rate metacognitive monitoring may identify which topics 
she has mastered sufficiently for the exam and continue 
to study those that she has not yet mastered. Experimental 
studies show that participants with higher monitoring 
accuracy can regulate their learning better by selecting 
material to restudy more appropriately (Dunlosky et al., 
2021; Thiede et al., 2003; Tullis & Benjamin, 2012). This ulti
mately leads to better grades, as shown by a meta-analysis 
demonstrating the positive link between metacognition 
and academic performance, even when controlling for 
intelligence (Ohtani & Hisasaka, 2018). Unfortunately, meta
cognition is not always helpful because monitoring is 
sometimes inaccurate. Because metacognitive monitoring 
judgments are inferential and rely on cues (Koriat, 1997), 
their accuracy suffers when they rely on invalid cues or 
fail to rely on the valid ones, resulting in metacognitive illu
sions (Undorf et al., 2022a, 2022b).

Improving self-regulated learning thus requires meta
cognitive awareness of cue validity, meaning that meta
cognitive judgments should rely on valid cues and 
ignore invalid ones. How to improve metacognitive aware
ness of cue validity is therefore a practically relevant ques
tion. Research has demonstrated that correcting 
metacognitive illusions is very difficult, often ineffective, 
and yields only small improvements when successful 
(e.g., Dunlosky & Hertzog, 2000; Hertzog et al., 2009; 
Kornell & Bjork, 2009; Mueller et al., 2015; Pan & Rivers, 
2023; Yan et al., 2016). In this study, we examined the 
effectiveness of various feedback forms in correcting meta
cognitive illusions in judgments of learning (JOLs) – predic
tions of future memory performance (Rhodes, 2016). In 
Experiments 1 and 2, we tested cognitive feedback (Balzer 
et al., 1989) – the presentation of JOL and recall status 
for each studied item – which is known to improve cue util
isation accuracy in judgments about the external world. 
Because the cognitive feedback alone was insufficient to 
correct metacognitive illusions, we included additional 
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metacognitive feedback – written information about illu
sory metacognition – in Experiments 3 and 4. In the follow
ing, we review the literature on methods used to correct 
metacognitive illusions, highlighting related difficulties, 
and deriving the two types of feedback that may be 
effective in reducing such illusions. Consequently, we 
then discuss the cognitive feedback method used in Exper
iments 1 and 2, and the additional metacognitive feedback 
used in Experiments 3 and 4.

Methods used to foster metacognitive 
awareness

Task experience

Task experience across multiple learning-test cycles has 
been used as a method to improve metacognitive aware
ness of cues (Castel, 2008; Dunlosky & Hertzog, 2000; 
Hertzog et al., 2009; Mueller et al., 2015; Pan & Rivers, 
2023; Sungkhasettee et al., 2011; Tauber & Rhodes, 
2010). The idea behind it is that encoding and retrieval 
experiences from learning and test phases aid learners in 
becoming aware of cues that are helpful for their learning 
and memory. Because memory predictions for repeatedly 
studied and tested materials can be based on the 
memory-for-past-test heuristic (Ariel & Dunlosky, 2011; 
Finn & Metcalfe, 2008; Koriat & Bjork, 2006a; Tauber & 
Rhodes, 2012), task experience is especially relevant for 
cue discovery when novel materials are learned across 
cycles. Studies with novel item lists across cycles show 
that participants acquire correct knowledge about study 
strategies (e.g., imagery is more effective than repetition) 
as measured by global predictions and strategy effective
ness ratings. However, this knowledge is not reflected in 
item-by-item metacognitive judgments (Dunlosky & 
Hertzog, 2000; Hertzog et al., 2009; Mueller et al., 2015). 
Similarly, other studies have shown that task experience 
is ineffective in improving the sensitivity of item-by-item 
metacognitive judgments to the effects of word orien
tation (i.e., greater memory performance for inverted 
than upright words; Sungkhasettee et al., 2011), serial pos
ition effects in memory (Castel, 2008), and the lack of a font 
size effect in memory (Rhodes & Castel, 2008). An excep
tion is a study in which task experience was effective at 
improving the accuracy of memory predictions for occu
pations and surnames (Tauber & Rhodes, 2010). Overall, 
despite being readily accessible, direct task experience 
appears to have limited effectiveness at best.

Warnings

Warnings that encourage the use of valid cues and the 
avoidance of invalid ones when metacognitive illusions 
occur are another method used to foster metacognition 
accuracy. For instance, Kornell and Bjork (2009) warned 
participants to keep in mind that their future memory 
would improve with the number of study opportunities. 

However, participants continued underestimating the 
impact of future study opportunities on memory perform
ance. Similarly, Rhodes and Castel (2008) warned partici
pants that the font size of words would not affect their 
future memory, but participants still based their predic
tions on font size. Yan et al. (2016) informed participants 
about the superiority of interleaving exemplars of to-be- 
learned categories over blocking exemplars by category, 
but participants still preferred blocking. At the same 
time, two studies indicate that warnings can be successful 
when individually tailored and detailed information is pro
vided to participants (Koriat & Bjork, 2006b; Miller & Geraci, 
2011). However, this approach is often difficult to 
implement in experimental studies. To sum up, metamem
ory studies have demonstrated the persistence of meta
cognitive illusions and a lack of reliance on valid cues 
even when experimental instructions provide very explicit 
warnings.

Test performance outcome feedback

Test performance feedback involves the presentation of 
remembered and non-remembered words in a metamem
ory task. This method allows participants to identify 
effective study strategies that they might otherwise fail 
to recognise due to an inferential deficit – that is, limited 
cognitive resources for monitoring test performance and 
drawing inferences about valid cues, known as the inferen
tial deficit hypothesis (Dunlosky & Hertzog, 2000; Matvey et 
al., 2002). Thus, studies have used cue-related performance 
feedback as a support for participants to distinguish the 
validity of cues (Mueller et al., 2015; Pan & Rivers, 2023; 
Tullis et al., 2013). Tullis et al.’s (2013) study provided par
ticipants with the number of correctly recalled restudied 
and pretested items. This led to the accurate identification 
of pretesting as a more effective strategy than restudying. 
However, the study by Pan and Rivers (2023) found that 
test performance feedback did not increase awareness of 
the pretesting strategy, and positive results were obtained 
only when participants were prompted to recall their pre
dictions. Importantly, both studies used global predictions, 
which primarily reflect metamemory beliefs, rather than 
item-by-item predictions, where learning experiences 
play a greater role. Overall, performance feedback seems 
to be effective for improving global judgments, but not 
for improving item-by-item judgments.

Main types of feedback tested in this study

Cognitive feedback

Given that warnings are ineffective or difficult to 
implement, and that task experience and test performance 
feedback only improve global judgments but not item-by- 
item judgments, we expected that a successful method for 
mending metacognitive illusions would need to teach how 
the cues affect both the memory criterion and judgment. A 
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seminal review by Balzer et al. (1989) on judgments about 
the external world indicates that so-called cognitive feed
back is effective for improving the cue basis of judgments 
in contrast to mere outcome feedback. Cognitive feedback 
refers to (1) information about the relation between cues 
and criterion (i.e., cue validities), and (2) information 
about how such a relation between cues and criterion is 
perceived by the participant when making judgments 
(i.e., cue utilisation). For example, cognitive feedback in a 
metamemory task involves the presentation of the item- 
by-item actual memory performance and judgment, each 
item categorised by the cues manipulated in the study. 
This feedback is cognitive in nature because it provides 
information regarding how cues are utilised for making 
judgments, in contrast to mere outcome feedback that 
provides only information about the criterion.

Several studies have demonstrated that cognitive feed
back improves the cue basis and accuracy of judgments 
about the external world (Karlsson et al., 2004; Little & 
Lewandowsky, 2009; Newell et al., 2009; Seong & Bisantz, 
2008; Smithson et al., 2023). Since both judgments about 
external criteria and metacognitive judgments rely on 
probabilistic cues, cognitive feedback may also help lear
ners to distinguish the different predictive validities of 
cues in metacognition. Most relevant for present purposes, 
the opportunity to relate JOLs to actual memory perform
ance, for each item categorised by cues, should support an 
understanding of which cues being used for JOLs are valid 
for memory performance (e.g., “this helps versus impairs 
memory”), and which ones are not valid (e.g., “this does 
not affect memory”).

Metacognitive feedback

At the same time, cognitive feedback may be insufficient 
to correct metacognitive illusions, as various biases and 
pre-existing beliefs can hinder learning from item-by- 
item feedback. For example, people often focus on posi
tive information that confirms an incorrect hypothesis 
rather than on evidence that refutes it (Cooper & Vallée- 
Tourangeau, 2021). Given this potential limitation, we 
additionally developed a metacognitive feedback approach 
aimed at directly targeting such biases based on Fiedler et 
al.’s (2020) recommendations on effective debiasing treat
ment. Fiedler et al. state that an effective debiasing treat
ment should not only provide information about 
judgments that are “correct” versus “incorrect” but also 
relate to (a) the representation of stimuli, and (b) provide 
explicit instructions about how to make accurate judg
ments. Regarding the former, metacognitive feedback 
should consider the first-person perspective and explain 
which metacognitive stimuli representations likely occur 
during learning (e.g., words in large font size seem easier). 
Metacognitive feedback differs from cognitive feedback 
as described by Balzer et al. (1989) in that participants 
are presented not only with information about cue val
idities and cue utilisation (i.e., recall status and JOL for 

each studied item), but also with explicit references to illu
sory stimulus representations at the metacognitive level 
(e.g., fluency experiences arising during learning). Inform
ing participants about the cognitions that may occur 
during learning from a first-person perspective makes 
the participants’ experiences seem valid but also empha
sises that these experiences are unreliable.

So far, the warnings provided in metamemory studies 
have not included metacognitive feedback, as they only 
indicated which cues to consider and/or ignore (i.e., the 
correct vs. incorrect aspect). For instance, in the study by 
Rhodes and Castel (2008), participants were warned that 
the font size of a word does not influence actual 
memory but were not informed about possible fluency 
experiences or automatic cognitions during learning. This 
type of warning carries the risk that participants may 
ignore it if their own experiences – such as feelings of 
ease when learning large-font words – suggest otherwise. 
Further, when their experiences are not reflected in the 
feedback, participants may prefer to rely on their own 
experiences because they view themselves as experts on 
their own cognition (see Yan et al., 2016).

This study

In this study, we tested the effectiveness of these various 
forms of feedback in mending metacognitive illusions on 
judgments of learning (JOLs). Since reliance on valid cues 
is a determinant factor for high relative accuracy or resol
ution (i.e., how well judgments discriminate between 
remembered and non-remembered items), we also 
expected that judgment resolution would be enhanced 
when the illusions are reduced. For exploratory reasons, 
we also considered calibration indexes.

In each of four experiments, participants completed 
three study-test cycles with JOLs and received either feed
back or no feedback after each study-test cycle. In all four 
experiments, we orthogonally manipulated two cues in 
total, and one of these cues was font size (18 point vs. 
48 point), a cue that is overweighted in JOLs – large-font 
words elicit higher JOLs than small-font words but font 
size has a very small or no effect on recall performance 
(Chang & Brainerd, 2022; Luna et al., 2018; Rhodes & 
Castel, 2008). In Experiment 1, 3, and 4, we additionally 
manipulated the announced number of study presenta
tions (1 vs. 2), a cue that is underweighted in JOLs – 
JOLs made during the first presentation of a word often 
do not differ between words announced to be learned 
once and twice even though twice-learned words are 
better recalled. This illusion is known as stability bias 
(Kornell & Bjork, 2009). In Experiment 2, the additional 
cue manipulated was font format (standard vs. aLtErnAt
iNg), a cue that is overweighted in JOLs – standard- 
format words elicit higher JOLs than alternating-format 
words but font format usually has no effect on recall per
formance (Rhodes & Castel, 2008; but see Mueller et al., 
2013).
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In each experiment, we compared experimental groups 
that received feedback against a control group that did not 
receive feedback. In Experiment 1, the experimental 
groups received either (1) “outcome feedback” consisting 
of item-by-item memory performance, (2) “cognitive feed
back” consisting of item-by-item memory performance 
along with JOLs, or (3) “social-reference-feedback” consist
ing of average memory performance of previous partici
pants in the experiment. Prior research has shown that 
social information can be integrated into confidence 
ratings (De Martino et al., 2017) and we examined 
whether social reference information would be sufficient 
for improvements or would even result in stronger 
improvements than the cognitive feedback. In Experiment 
2, all previous forms of cognitive feedback were collapsed 
into one group only, “catch-all-cognitive-feedback” group. 
In Experiment 3, the cognitive feedback group was identi
cal to the one in Experiment 2 but with additional meta
cognitive feedback, “cognitive-plus-metacognitive- 
feedback” group. In Experiment 4, one “cognitive-plus- 
metacognitive-feedback” group received cognitive and 
metacognitive feedback as in Experiment 3, and the 
other group received metacognitive feedback only, “meta
cognitive-feedback-only” group (see Table 1).

We hypothesised that feedback in comparison to no 
feedback would lead to JOLs relying increasingly on valid 
cues (i.e., announced number of study presentations) 
and people ignoring invalid cues (i.e., font size, font 
format). This means that, after participants receive feed
back on a first study-test cycle, JOLs should be higher for 
words with two rather than one study opportunity 
announced. Further, JOLs should not differ between 
large-font and small-font words, and between standard- 
font and alternating-font words after feedback. Improve
ments in experimental and control groups would indicate 
that study-test experience fosters learning cue validities 
and implementing them in JOLs.

Experiment 1

Experiment 1 aimed to test the effectiveness of cognitive 
feedback (Balzer et al., 1989) for increasing the influence 
of announced number of study presentations (i.e., valid 
cue) and decreasing the influence of font size (i.e., 
invalid cue) on JOLs. Experiment 1 entailed four 
between-subjects groups. In the control group, partici
pants received no feedback, so they only had their own 
memory of test performance as feedback on cue validity 
(Ariel & Dunlosky, 2011; Finn & Metcalfe, 2008; Tauber & 
Rhodes, 2012). In the outcome feedback group, referred 
to as the recall-feedback group, participants saw all 
words they had recalled and not recalled, organised by 
the two cues (see Figure 1). In the cognitive feedback 
group, referred to as the recall-and-JOL-feedback group, 
each word was accompanied by the JOL participants had 
given to it during study. Finally, the social-reference-feed
back group was presented with a table showing the 

average performance of other participants doing the 
same task.

We hypothesised that the cognitive feedback provided 
to the recall-and-JOL-feedback group would improve cue 
weighting in JOLs (i.e., positive effect of announced 
number of study presentations and no effect of font size) 
and, in turn, increase relative accuracy. At the same time, 
it was an open question whether the outcome feedback 
in the recall-feedback group would lead to better cue 
weighting and accuracy as suggested by the inferential 
deficit hypothesis (Hertzog et al., 2009; Matvey et al., 
2002) or whether social reference information would be 
sufficient for improvements or even go beyond the cogni
tive feedback (De Martino et al., 2017).

Method

Design

The design was a mixed design with font size (18, 48 
point), number of study presentations (1, 2), and study- 
test cycle (1, 2, 3) as within-subjects factors and feedback 
group (no-feedback, recall-feedback, recall-and-JOL feed
back, social-reference-feedback) as a between-subjects 
factor.

Materials

Stimuli were 120 German six-letter nouns. All words were 
of neutral valence (M = 0.36, SD = 0.93; rated on a 7-point 
scale, -3 = very negative to 3 = very positive), moderate 
arousal (M = 2.59, SD = 0.80; rated on a 5-point scale, 1 =  
low arousal to 5 = high arousal), and moderate concrete
ness (M = 4.87, SD = 1.67; rated on a 7-point scale, 1 = low 
imageability to 7 = high imageability). All normed values 
were taken from Võ et al. (2009). We constructed three 
study lists of 40 items that were parallel in all word charac
teristics. For each participant, study lists were randomly 
assigned to study-test cycles. For each participant, 20 ran
domly chosen words were presented once for study and 
the remaining 20 words were presented twice for study. 
One randomly selected half of the once- and twice pre
sented words were displayed in small 18-point Arial font 
or in a large 48-point Arial font. The first four items rep
resented each combination of number of study opportu
nities and font size and were used as buffer items that 
were not included in the analysis. Items were presented 
in a new random order for each participant.

Participants

Our primary analysis was the three-way interaction among 
group, cycle, and cue [number of future study presenta
tions or font size] in a four-way ANOVA. We decided on a 
convenience sample of 40 participants per group. This 
sample size provides a statistical power of (1-β)  > .99 for 
detecting medium-sized ( f = .25, equivalent to ηp

2 = .06) 
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main effects of the within-subjects factors and interaction 
effects with α = .05 in a mixed ANOVA and a statistical 
power of (1-β) = .87 for detecting medium-sized main 
effects of the between-subjects factor, when assuming a 
correlation of .50 between repeated measures (G*Power 
3; Faul et al., 2007).

Participants were 160 University of Mannheim under
graduates. Participants were randomly allocated to the 
four feedback groups (n = 40 in each group1). We excluded 
participants who assigned the same JOL to all items in one 
or more study phases (n = 2) or who had zero recall perform
ance in one or more test phases (n = 2). The final sample 
included 156 participants with a mean age of 23 years 
(SD = 4.10), n = 37 in the no-feedback group, n = 41 in the 
recall-feedback group, n = 40 in the recall-and-JOL-feedback 
group, n = 38 in the social-reference-feedback group.

Procedure

The experiment consisted of three study-test cycles, each 
of which included a study phase with JOLs, a filler task, a 
free recall test, and feedback for the experimental 
groups (see Figure 2). Instructions informed participants 
that in each cycle they would study 40 words and would 
be asked to recall as many words as they could remember 
in a memory test. Participants were also told that they 
would be asked to predict the chance of recalling each 
word immediately after studying it and that they would 
have an extra study opportunity for some words before 
the test. At study, each word appeared on the screen for 
4 s. Immediately afterwards, the number of study presen
tations (1 vs 2) and the JOL prompt Chance of recall (0- 
100)? appeared on the screen, and participants pressed 
on one of 11 keys labelled 0, 10, … , 90, and 100 to make 
their JOL. Consequently, we obtained one JOL for once- 
presented words and two JOLs for twice-presented 
words. A 200-ms blank screen preceded the presentation 

of each word. Following a 1-min numerical filler task, par
ticipants had 4 min to write down as many studied words 
as they could remember. At the end of each study-test 
cycle, participants in the no-feedback group typed 
examples of one randomly chosen category (i.e., moun
tains, capitals, or rivers) for 3 min. Participants in the 
recall-feedback group saw an overview of the words they 
had remembered and had not remembered organised 
by font size and number of study presentations (see 
Figure 1). Recall feedback remained on the screen for as 
long as participants wished and for a minimum duration 
of 45 s. Participants in the recall-and-JOL-feedback group 
saw the same organised overview of remembered and 
not-remembered words for a minimum duration of 45 s 
as the recall-feedback group, however, complemented 
by their own JOLs from the study phase (see Figure 1). 
All participants in the social-reference-feedback group 
saw the same overview of the mean number of words 
remembered as a function of font size and number of 
study presentations, based on data from participants in a 
previous experiment. This overview was also presented 
for a minimum duration of 45 s and was followed by an 
explanation stating that many students have overesti
mated the influence of font size on their memory and 
underestimated the influence of additional study opportu
nity (see Figure 1).

Immediately prior to the next block, participants from 
all feedback groups then responded to the question: 
What did you learn about your learning and memory from 
this feedback? (see Supplementary Material 1).

Results

Effects are considered significant based on an alpha level 
of .05 and a Greenhouse-Geisser correction was applied 
when the sphericity assumption was violated.

Table 1. Type of feedback, cues manipulated, and outcome in each of the four experiments.

Experiment Types of feedback Cues manipulated Outcomes

Experiment 
1

1. Outcome 
(recall only)

2. Cognitive 
(recall-and-JOL)

3. Social reference

Font size 
(invalid cue) 
Announced 
# of study presentations 
(valid cue)

No group differences in font size illusion 
No group differences in stability bias

Experiment 
2

1. Catch-all-cognitive 
(recall-and-JOL + social-reference)

Font size 
(invalid cue) 
Font format 
(invalid cue)

No group differences in font size illusion 
No group differences in font format 
illusion

Experiment 
3

1. Cognitive-plus-metacognitive (recall-and-JOL + social- 
reference + information about illusory metacognition)

Font size 
(invalid cue) 
Announced 
# of study presentations 
(valid cue)

No group differences in font size illusion 
Reduction of stability bias in cognitive- 
plus-metacognitive-feedback group

Experiment 
4

1. Cognitive-plus-metacognitive (recall-and-JOL + social- 
reference + information about illusory metacognition)

2. Metacognitive-only (social-reference + information about 
illusory metacognition)

Font size 
(invalid cue) 
Announced 
# of study presentations 
(valid cue)

No group differences in font size illusion 
No group differences in stability bias
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JOLs

Figure 3 presents mean JOLs in each cycle by font size and 
number of study presentations in each group of Experiment 
1. For words that were studied twice, the figure shows JOLs 
from the first study presentation. JOLs from the first study 
presentation were submitted to a mixed ANOVA with cycle 

(1, 2, 3), font size (18, 48 point), and number of study presen
tations (1, 2) as within-subjects factors and feedback group 
(no-feedback, recall-feedback, recall-and-JOL-feedback, 
social-reference-feedback) as a between-subjects factor.

A significant main effect of cycle revealed that JOLs 
decreased across cycles, F(1.48, 225.22) = 10.33, p < .001, 

Figure 1. Example feedback presented to participants in the experimental groups. Note: The figure presents twelve or eleven exemplary items only. Par
ticipants in the experiment were presented with all the 40 items per study-test cycle.
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ηp
2 = .06. Pairwise follow-up t tests showed significant 

differences among all three cycles, t(155) > =  2.07, p < =  
.04, dz > =  0.17. A significant main effect of font size 
revealed higher JOLs for words displayed in the large font 
than for words displayed in the small font, F(1, 152) =  
75.02, p < .001, ηp

2 = .33. A significant main effect of 

number of study presentations revealed higher JOLs for 
twice-presented words than for once-presented words, F(1, 
152) = 3.96, p = .048, ηp

2 = .03. The main effect of feedback 
group was not significant, F(3, 152) = 1.31, p = .275, ηp

2 = .02.
There were significant interactions between cycle and 

font size, F(1.82, 276.24) = 6.25, p < .01, ηp
2 = .04, and 

Figure 2. Representation of the procedure in all experiments. Note: Participants completed three study-test cycles with novel word lists in each cycle. Each 
cycle started with a learning phase in which study words were presented for 4 s each. Immediately after each word presentation, participants made a JOL 
on scale from 0% to 100% in increments of 10%. Afterwards, they completed a 1-min filler task where they worked on simple arithmetical equations. Then, 
a free recall test followed in which participants wrote as many recalled words as they could for 4 min. Finally, participants in the experimental groups 
received feedback (see Figure 1), whereas participants in the no-feedback group typed examples of one randomly chosen category (i.e., mountains, capi
tals, or rivers) for 3 min.

Figure 3. Mean judgments of learning (JOL) in each cycle for words presented once (S1) or twice (S2) in a small (18 pt) or a large (48 pt) font size in each 
group of Experiment 1. Note. Error bars represent one standard error of the mean. Note. Error bars represent one standard error of the mean.
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between cycle and number of study presentations, F(1.84, 
280.12) = 5.88, p < .01, ηp

2 = .04. Follow-up t tests indicated 
that the size of the font size effect on JOLs decreased 
across cycles, Cycle 1: t(155) = 7.67, p < .001, dz = 0.61, 

Cycle 2: t(155) = 6.78, p < .001, dz = 0.54, Cycle 3: t(155) =  
5.02, p < .001, dz = 0.40, and that JOLs were higher for 
twice-presented words than for once-presented words in 
Cycle 2, t(155) = 3.69, p < .001, dz = 0.30, but not in Cycles 
1 or 3, Cycle 1: t < 1, Cycle 3: t(155) = 1.09, p = .276, dz =  
0.09. None of the other interactions were significant, F <  
=  1.71, p > =  .168.

Recall performance

Figure 4 presents the mean percentage of recalled words 
in each cycle by font size and number of study presenta
tions in each group of Experiment 1. A 3 (cycle: 1, 2, 3) x 
2 (font size: 18, 48 point) x 2 (number of study presentations: 
1, 2) x 4 (feedback group: no-feedback, recall-feedback, 
recall-and-JOL-feedback, social-reference-feedback) mixed 
ANOVA on recall performance revealed that memory per
formance varied with cycle, F(1.81, 275.36) = 12.85, p < 
.001, ηp

2 = .08. Follow-up t tests showed worse memory per
formance in Cycle 1 than in Cycles 2 and 3, Cycle 1 vs. 2: 
t(155) = 4.90, p < .001, dz = 0.39, Cycle 1 vs. 3: t(155) = 
3.23, p < .01, dz = 0.26, but no differences between Cycles 
2 and 3, t(155) = 1.53, p = .128, dz = 0.12. A small but signifi
cant main effect of font size revealed better memory 

Figure 4. Mean percentage of correctly recalled words (recall) in each cycle for words presented once (S1) or twice (S2) in a small (18 point) or a large (48 
point) font size in each group of Experiment 1. Note. Error bars represent one standard error of the mean.

Table 2. Means (SDs) of the Gamma Correlation between JOLs and Recall 
Performance in Each Cycle and Group of Experiments 1, 2, 3, and 4.

Experiment and group
Cycle

1 2 3
Experiment 1

No-feedback .33 (.23) .30 (.34) .26 (.37)
Recall-feedback .21 (.27) .36 (.26) .29 (.28)
Recall-and JOL-feedback .20 (.27) .22 (.33) .25 (.30)
Social-reference-feedback .29 (.27) .31 (.29) .31 (.37)

Experiment 2
No-feedback .31 (.32) .31 (.41) .41 (.26)
Catch-all-cognitive-feedback .26 (.26) .30 (.29) .23 (.37)

Experiment 3
No-feedback .21 (.25) .36 (.23) .30 (.28)
Cognitive-plus-metacognitive- 

feedback
.28 (.22) .30 (.31) .44 (.26)

Experiment 4
No-feedback .24 (.25) .23 (.35) .32 (.34)
Cognitive-plus-metacognitive- 

feedback
.24 (.24) .29 (.28) .35 (.39)

Metacognitive-only-feedback .29 (.26) .36 (.25) .38 (.25)

Note: The “Recall-and-JOL-feedback” corresponds to cognitive feedback in 
Experiment 1.
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performance for words displayed in the large font than in 
the small font, F(1, 152) = 5.51, p = .020, ηp

2 = .04. A large sig
nificant main effect of number of study presentations 
revealed better memory performance for twice-presented 
words than for once-presented words, F(1, 152) = 942.72, p 
< .001, ηp

2 = .86. None of the other main effects or inter
actions were significant F <= 2.88, p >= .058.

Resolution

Gamma correlations
Gamma correlations could not be computed for three par
ticipants in one cycle due to perfect recall performance (n  
= 1 in the social-reference-feedback group in Cycle 2, n = 1 
in the no-feedback group in Cycle 2, n = 1 in the recall-and- 
JOL-feedback group in Cycle 3).

Table 2 and Figure 5 present Gamma correlations in 
each cycle for each group of Experiment 1. Gamma corre
lations between JOLs and recall performance were signifi
cantly positive in all study-test cycles and groups, t >= 
4.21, p < .001, d >= 0.69, indicating that participants 
from all feedback groups made JOLs with above chance 
resolution in all study-test cycles. A 3 (cycle) x 4 (feedback 
group) mixed ANOVA revealed no main effects of cycle, 
F(1.99, 296.38) = 1.26, p = .286, ηp

2 = .01, or group, F(3, 
149) = 0.90, p = .443, ηp

2 = .02, and also no interaction, 
F(5.97, 296.38) = 1.37, p = .228, ηp

2 = .03.

Logistic mixed-effects models
To examine resolution in more depth, we conducted a 
logistic mixed-effects model analysis (Murayama et al., 
2014). In the mixed-effects model analysis, we predicted 

Figure 5. Mean gamma correlation between JOLs and recall performance in each cycle and group of Experiment 1. Note. Error bars represent one standard 
error of the mean.
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recall performance (Recalled = 1, Not recalled = 0) from 
group, cycle, participant’s mean-centered JOLs, and their 
interactions. To assess differences in accuracy between 
groups, we used a set of orthogonal contrasts. The first con
trast tested the difference between the control group (No- 
feedback group; −3/4) and all three experimental groups 
(coded each as +1/4). The second contrast tested the differ
ence between the social-reference-feedback group (+2/3) 
and the other two experimental groups (recall-feedback, 
recall-JOL-feedback; coded both as −1/3). The third contrast 
tested the difference between the recall-feedback group 
(−1/2) and the recall-JOL-feedback group (+1/2). We 
treated group, cycle, and JOLs as fixed effects predictors. 
We specified random intercepts for participants.

Results showed a significantly positive coefficient for 
JOLs, b = 0.20 (SE = 0.01), z = 24.62, p < .001, indicating 
that JOLs were predictive of recall performance. The inter
action between JOLs and Cycle was also significant b =  
0.04 (SE = 0.01), z = 3.54, p < .001, which indicates that 
the predictivity of JOLs increased across cycles. Further
more, the significant JOLs, cycle, and first contrast inter
action, b = 0.06 (SE = 0.02), z = 2.48, p < .05, indicated that 
this improvement was more pronounced in the exper
imental groups than in the control group. The main 
effect of cycle was also significant, b = 0.14 (SE = 0.02), z  
= 6.54, p < .001, corroborating the improvement in recall 
performance across cycles effect found in the mixed 
ANOVA analysis. Finally, there was a significantly positive 
coefficient for the first contrast, b = 0.44 (SE = 0.14), z =  
2.96, p < .01, indicating better recall performance in the 
experimental groups than in the control group. No other 
effects were significant, z < =  1.90, p > =  .07.

Calibration

A 3 (cycle) x 4 (feedback group) mixed ANOVA on cali
bration revealed that the difference between JOLs and 
recall performance (i.e., bias) varied with cycle, F(1.77, 
268.83) = 23.57, p < .001, ηp

2 = .13, with pairwise compari
sons indicating a switch from overconfidence in Cycle 1 
(M = 5.12, SD = 21.8) to underconfidence in Cycle 2 (M =  
−3.08, SD = 20.8) and Cycle 3 (M = −2.74, SD = 19.1). Cycle 
1 vs. 2: t(155) = 5.93, p < .001, d = 0.47, Cycle 1 vs. 3, 
t(157) = 5.20, p < .001, d = 0.42, Cycle 2 vs. 3: t < 1. Neither 
the main effect of feedback group, F(3, 152) = 1.77, p  
= .155, ηp

2 = .03, nor the interaction were significant, F < 1.

Discussion

Experiment 1 showed that neither type of feedback 
improved the cue basis of JOLs. Participants in all groups 
continued to overweight font size (main effect on JOLs 
across cycles; ηp

2 = .33; main effect on recall across cycles; 
ηp

2 = .04) and continued to underweight number of study 
presentations (main effect on JOLs across cycles; ηp

2 = .03; 
main effect on recall across cycles; ηp

2 = .86). Interestingly, 
we found that the effect of font size on JOLs decreased 

across cycles in all groups, indicating that participants 
may have learned from experience to rely less on font size.

Regarding resolution, we found no improvements in 
the Gamma correlation analysis. In the logistic mixed- 
effects model analysis, we found that the resolution of 
JOLs increased with cycle in all experimental groups com
pared to the control group. Inconsistent results in Gamma 
correlations and logistic models might arise because of the 
lower sensitivity of Gamma correlations due to discarding 
ties (Masson & Rotello, 2009; Spellman et al., 2014). While it 
will be important to replicate the effect found in the 
mixed-effect models analysis, it suggests that monitoring 
can improve from experience and feedback even when illu
sions persist. Furthermore, recall performance increased 
after the first cycle, probably because participants had a 
better idea of how to approach the task. In contrast, JOLs 
decreased after the first cycle. This produced a switch 
from overconfidence to underconfidence, a pattern that 
is well established for multiple study-test cycles using the 
same materials repeatedly and known as the underconfi
dence-with-practice effect (Koriat et al., 2002).

Experiment 2

Since feedback was not successful at improving the cue 
basis of JOLs in Experiment 1, Experiment 2 combined all 
forms of feedback in a “catch-all-cognitive-feedback” 
group to provide participants with maximum information. 
Participants in the catch-all-cognitive-feedback group saw 
a list of the words they had recalled and not recalled, 
accompanied by the JOL they had given to each word 
during the study, organised by the two cues (see recall- 
and-JOL-feedback group in Figure 1). This was followed 
by information about each cue’s effectiveness and 
average performance of other participants in this same 
task (see social-reference-feedback group in Figure 1). If 
this extreme catch-all-cognitive-feedback does not 
improve cue use in JOLs and JOL accuracy, this will demon
strate the resistance of metacognitive judgments to change.

In Experiment 2, we manipulated font format (standard, 
aLtErnAtiNg) in addition to font size. Standard-font words 
typically elicit higher JOLs than alternating-font words, 
whereas there are typically no differences in recall perform
ance between the two font formats (Rhodes & Castel, 2008; 
but see Mueller et al., 2013). We expected that manipulat
ing font format instead of number of study presentations 
might facilitate the learning of predictive cue validities, 
because the two simultaneously manipulated cues are 
both perceptual in nature and are affecting JOLs despite 
having little or no impact on recall performance.

Method

Design

The design was a mixed design with font size (18, 48 
point), font format (standard, aLtErnAtiNg), and study- 
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test cycle (1, 2, 3) as within-subjects factors and group (no- 
feedback, catch-all-cognitive-feedback) as between-sub
jects factor.

Materials

Stimuli were identical to Experiment 1. The only exception 
was that for each participant, one randomly selected half 
of the large- and small font words were displayed in stan
dard or aLtErNaTiNg format instead of being presented 
once or twice for study. The first four items represented 
each combination of font size and font format and were 
used as buffer items that were not included in the analysis.

Participants

We aimed at recruiting at least N = 80 participants. The 
primary analysis was the three-way interaction among 
group, cycle, and cue [font size or font format] in a four- 
way ANOVA, so power calculations were identical to 
those reported in Experiment 1. We recruited 43 University 
of Mannheim undergraduates, 37 of which completed the 
study in the laboratory and 6 of which completed the 
study online. Due to the Covid-19 pandemic, we recruited 
43 additional participants from the Prolific online pool 
(https://www.prolific.co). These participants were native- 
German speakers who were located in Germany, 18–35 
years old, and mostly students (93.02%). Participants 
were randomly allocated to the control (n = 40), and feed
back (n = 40) groups. We used the same exclusion criteria 
as in Experiment 1 and excluded participants who assigned 
the same JOL to all items in one or more study phases (n =  
5) or who had zero recall performance in one or more test 
phases (n = 1). The final sample included 80 participants 
with a mean age of 23.3 years (SD = 5.19), n = 40 in the 
control group, and n = 40 in the feedback group.

Procedure

The procedure was identical to that of Experiment 1 with 
the following exceptions. All words were presented only 
once for study. Participants in the catch-all-cognitive-feed
back group received first the same information as the 
recall-and-JOL-feedback group followed by the same infor
mation as the social-reference-feedback group in Exper
iment 1 (see Figure 1) with number of announced study 
presentations replaced by font format. The updated expla
nation stated that many students have overestimated the 
influences of font size and font format on their memory.

Results

JOLs

Figure 6 presents mean JOLs in each cycle by font format 
and size in each group of Experiment 2 in the upper row. 
JOLs were submitted to a mixed ANOVA with cycle (1 vs 2 

vs 3), font size (18 vs 48 point), and font format (standard 
vs aLtErNaTiNg) as within-subjects factors and feedback 
group (no-feedback, catch-all-cognitive-feedback) as 
between-subjects factor.

A significant main effect of cycle revealed that JOLs 
decreased across cycles, F (1.42, 110.64) = 9.82, p < .001, 
ηp

2 = .11. Follow-up t tests showed larger JOLs in Cycle 1 
than in Cycles 2 and 3, Cycle 1 vs. 2: t(79) = 2.95, p < .01, 
dz = 0.33, Cycle 1 vs. 3: t(79) = 3.54, p < .001, d = 0.40, but 
no differences between Cycles 2 and 3, t(79) = 1.47, p  
= .146, dz = 0.16. A significant main effect of font size 
revealed higher JOLs for words displayed in large font 
than for words displayed in small font, F (1, 78) = 13.78, 
p < .001, ηp

2 = .15, and a significant main effect of font 
format revealed higher JOLs for words displayed in stan
dard format than for words displayed in alternating 
format, F (1, 78) = 23.60, p < .001, ηp

2 = .23. None of the 
other main effects or interactions were significant, F < =  
3.17, p > =  .08.

Recall performance

Figure 6 (lower row) presents the mean percentage of 
recalled words in each cycle by font format and font size 
in each group of Experiment 2. A 3 (cycle: 1, 2, 3) x 2 
(font size: 18, 48 point) x 2 (font format: standard, aLtEr
NaTiNg) x 2 (feedback group: no-feedback, catch-all-cogni
tive-feedback) mixed ANOVA on recall performance 
revealed that memory performance varied with cycle, F 
(1.88, 146.85) = 19.35, p < .001, ηp

2 = .20. Follow-up t tests 
showed worse memory performance in Cycle 1 than in 
Cycles 2 and 3, Cycle 1 vs. 2: t(79) = 5.29, p < .001, dz = 
0.59, Cycle 1 vs. 3: t(79) = 4.84, p < .001, dz = 0.54, but no 
differences between Cycles 2 and 3, t < 1. Neither the 
main effect of font size, F(1, 78) = 2.98, p = .09, ηp

2 = .04, 
nor the main effect of font format were significant, F(1, 
78) = 1.84, p = .18, ηp

2 = .02. None of the other main 
effects or interactions were significant, F <= 2.18, p >= .12.

Resolution

Gamma correlations
Table 2 and Figure 7 present Gamma correlations in each 
cycle for each group of Experiment 2. As in Experiment 
1, all Gamma correlations by group and cycle were signifi
cantly positive t >= 4.03, p < .001, d >= .64, indicating that 
participants from both groups made JOLs with above 
chance resolution in all study-test cycles. A 3 (cycle) x 2 
(group) mixed ANOVA revealed no main effects of cycle, 
F < 1, or group, F(1,78) = 2.45, p = .121, ηp

2 = .03, and 
also no interaction, F(1.98, 154.76) = 1.85, p = .161, ηp

2 = .02.

Logistic mixed-effects models
In the mixed-effects model analysis, we predicted recall 
performance (Recalled = 1, Not recalled = 0) from group 
(No-Feedback Group = -1, Catch-All-Cognitive-Feedback 
Group = 1), cycle, participant’s mean-centered JOLs, and 
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their interactions. We treated group, cycle, and JOLs as 
fixed effects predictors and specified random intercepts 
for participants.

Results showed a significantly positive coefficient for 
JOLs, b = 0.23 (SE = 0.01), z = 19.48, p < .001, indicating 
that JOLs were predictive of recall performance. The inter
action between JOLs and cycle was also significant, b = 
0.05 (SE = 0.01), z = 3.61, p < .001, which indicates that 
the predictivity of JOLs increased across cycles. There 
was also a significantly negative coefficient for the inter
action between group and JOLs, b = -0.03 (SE = 0.01), z = 
-2.85, p < .01, suggesting that the relation between JOLs 
and recall was stronger in the control than in the exper
imental group. The main effect of cycle was also signifi
cant, b = 0.23 (SE = 0.03), z = 7.61, p < .001, 
corroborating the improvement in recall performance 
across cycles found in the mixed ANOVA analysis. No 
other effects were significant, z <= 1.54, p >= .12.

Calibration

A 3 (cycle) x 2 (group) mixed ANOVA on calibration 
revealed that bias varied with cycle, F(1.64, 127.67) = 

30.13, p < .001, ηp
2 = .28, with pairwise comparisons indicat

ing a switch from overconfidence in Cycle 1 (M = 9.25, SD = 
23.7) to underconfidence in Cycle 2 (M = -3.11, SD = 18.2) 
and Cycle 3 (M = -3.27, SD = 17.5). Cycle 1 vs. Cycle 2: t(79) 
= 5.97, p < .001, dz = 0.67, Cycle 1 vs. 3: t(79) = 6.02, p < 
.001, dz = 0.67, Cycle 2 vs. 3: t < 1. Neither the main 
effect of group, F < 1, nor the interaction were significant, 
F(1.64, 127.67) = 1.94, p = .156, ηp

2 = .02.

Discussion

Experiment 2 showed no improvements in cue use in the 
catch-all-cognitive-feedback group compared to the 
control group. Participants continued to overweight both 
font size (main effect on JOLs across cycles; ηp

2 = .15; 
main effect on recall across cycles; ηp

2 = .04) and font 
format (main effect on JOLs across cycles; ηp

2 = .23; main 
effect on recall across cycles; ηp

2 = .02) despite receiving 
maximum information (i.e., tables displaying JOLs and 
recall status for each word and average performance of 
other participants). Unlike Experiment 1, Experiment 2 
showed that the illusory effect of font size on JOLs 
remained stable across cycles.

Figure 6. Mean judgments of learning (JOL) and percentage of correctly recalled words (Recall) in each cycle for words presented in alternating (Alt) or 
standard (Strd) font and in a small (18 pt) or a large (48 pt) font size in each group of Experiment 2. Note. Error bars represent one standard error of the 
mean.
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Regarding resolution, the gamma correlation analysis 
showed no improvement across cycles. However, like in 
Experiment 1, the logistic mixed-effects model analysis 
showed that JOLs resolution increased with cycle, again 
suggesting that task experience was helpful for monitor
ing. Finally, like in Experiment 1, JOLs switched from over
confidence to underconfidence after Cycle 1.

One may wonder why participants did not change the 
cue basis of their JOLs with cognitive feedback (i.e., com
parison of JOL and recall status for each word categorised 
by cues) and average performance of other students 
including a warning that many of them overestimated 
cue effects. One reason could be that JOLs were largely 
based on a single experiential cue (e.g., fluency) rather 
than on the two manipulated cues. However, this possi
bility is at odds with evidence showing that people base 
their JOLs on multiple cues (Undorf et al., 2018; Undorf & 
Bröder, 2020). Further, other studies have shown that 
beliefs play a larger role in the font size effect on JOLs 
than fluency (Luna, Nogueira, et al., 2019; Mueller et al., 
2014; Undorf & Zimdahl, 2019). A more promising possi
bility is based on research by Yan et al. (2016), who 
argue that metacognitive judgments are hard to change 
because of (a) pre-existing beliefs about learning and 
memory, (b) experiences of fluency during learning, and 
(c) the belief of being unique as a learner. Thus, it might 
be that participants’ pre-existing beliefs influence how 
they interpret and store the cognitive feedback provided 
(Cooper & Vallée-Tourangeau, 2021). In some situations, 

participants might even disregard the cognitive feedback 
because they consider themselves experts on their own 
cognitions or think that the average performance of 
other participants is irrelevant for them as unique learners 
(see Yan et al., 2016). Experiment 3 addressed this 
possibility.

Experiment 3

In Experiment 3, we designed a new form of feedback to 
remedy the possibility that participants might misperceive 
cognitive feedback due to pre-existing beliefs. For that 
purpose, we followed Fiedler et al.’s (2020) recommen
dations for effective forms of feedback. As explained in 
the introduction, these recommendations state that an 
effective debiasing treatment should not only provide 
information about judgments that are “correct” versus 
“incorrect”, but also relate feedback to (a) the represen
tation of the stimuli, and (b) provide explicit instructions 
about how to make accurate judgments. Accordingly, we 
designed an informative “metacognitive-feedback” that 
adopted a first-person perspective and explained the 
metacognitions likely occurring during learning (e.g., 
large-font words stand out more and therefore are more 
memorable), highlighted their biased nature, and 
provided instructions about which cues to consider 
when making JOLs. Our aim was to specifically tackle par
ticipants’ metacognitions to dismantle erroneous pre- 
existing beliefs.

Figure 7. Mean gamma correlation between JOLs and recall performance in each cycle and group of Experiment 2. Note: Error bars represent one standard 
error of the mean.
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Further, Experiment 3 aimed to ensure that participants 
fully attended the cognitive feedback and achieved a deep 
understanding of cue validities and biased metacognitions 
during learning. To achieve this goal, we used an approach 
similar to Pan and Rivers (2023) and asked participants to 
describe how each of the cues affected their memory 
and their JOLs after receiving feedback.

In Experiment 3, we manipulated again the announced 
number of study presentations (1, 2) as in Experiment 1. 
This allowed us to test whether the reduction of the font 
size effect across cycles is related to the simultaneous 
manipulation of a valid cue in comparison to an invalid 
cue such as font format.

Method

Design

The design was a mixed design with font size (18, 48 
point), number of study presentations (1,2), and study- 
test cycle (1, 2, 3) as within-subjects factors and group 
(no-feedback, cognitive-plus-metacognitive-feedback) as 
between-subjects factor.

Materials

Stimuli were identical to Experiment 1.

Participants

We aimed at recruiting at least N = 80 participants. The 
primary analysis was the three-way interaction among 
group, cycle, and cue [number of study presentations or 
font size] in a four-way ANOVA, so power calculations 
were identical to those reported in Experiment 1. We 
recruited 23 University of Mannheim undergraduates and 
57 Technical University of Darmstadt undergraduates. Par
ticipants were randomly allocated to the no-feedback (n =  
40), and cognitive-plus-metacognitive-feedback (n = 40) 
groups. We used the same exclusion criteria as in Exper
iment 1 and excluded participants who assigned the 
same JOL to all items in one or more study phases (n =  
1) or who had zero recall performance in one or more 
test phases (n = 0). Additionally, we excluded incomplete 
data due to a technical error (n = 2). The final sample 
included 77 participants with a mean age of 21.92 years 
(SD = 2.92), n = 39 in the control group, and n = 38 in the 
feedback group.

Procedure

The procedure was identical to that of Experiment 2 with 
the following exceptions. All participants completed the 
experiment in the laboratory. All words were presented 
in a standard format at study. For each participant, one 
randomly selected half of the small-font (18-point Arial 
font) and large-font (48-point Arial font) words were 

presented once or twice for study. To verify that partici
pants in the feedback group understood the feedback 
on the words they had remembered and had not remem
bered with JOLs (see recall-JOL-feedback group in Figure 
1), they answered two questions about their recall per
formance and memory predictions for each cue (see 
Table 3) immediately after receiving the table with item- 
by-item JOL and recall performance in each feedback 
phase.

Then, participants were presented with the table dis
playing the average memory performance of other partici
pants (see social-reference-feedback group in Figure 1). 
Finally, they read textual information about illusory meta
cognitions regarding font size and number of study pre
sentations (see Appendix 1 for the exact wording).

Results

JOLs

Figure 8 presents mean JOLs in each cycle by font size and 
number of study presentations in each group of Exper
iment 3. For words that were studied twice, the figure 
shows JOLs from the first study presentation. JOLs from 
the first study presentation were submitted to a mixed 
ANOVA with cycle (1, 2, 3), font size (18, 48 point), and 
number of study presentations (1, 2) as within-subjects 
factors and feedback group (no-feedback, cognitive-plus- 
metacognitive-feedback) as a between-subjects factor.

A significant main effect of cycle revealed differences in 
JOLs across cycles, F(1.57, 117.99) = 6.90, p < .01, ηp

2 = .08. 
Specifically, JOLs were lower in Cycles 2 and 3 than in 
Cycle 1, Cycle 1 vs. Cycle 2: t(76) = 2.51, p = .01, dz = 0.29, 
Cycle 1 vs. 3: t(76) = 3.01, p < .01, dz = 0.34, but did not 
differ between Cycle 2 and 3, t(76) = 1.66, p = .10, dz =  
0.19. A significant main effect of font size revealed 
higher JOLs for words displayed in the large font than 
for words displayed in the small font, F(1, 75) = 39.05, p  

Table 3. Understanding Feedback Questions in Experiments 3 and 4.

Recall Question Prediction Question

“Which statement best 
describes your actual 
memory performance in 
Part 1 [2, 3]? In the test, I 
was able to … ”

“Which statement best 
describes your memory 
predictions in Part 1 [2, 3]?”

Answer 
Option 
1

remember more words 
learned twice [in large 
font size] than words 
learned once [in small 
font size].

I underestimated the impact 
of an additional learning 
opportunity [of a large font 
size] on my memory.

Answer 
Option 
2

remember fewer words 
learned twice [in large 
font size] than words 
learned once [in small 
font size].

I correctly assessed the 
influence of an additional 
learning opportunity [of a 
large font size] on my 
memory.

Answer 
Option 
3

remember the same 
number of words learned 
twice [in large font size] 
and once [in small font 
size].

I overestimated the influence 
of an additional learning 
opportunity [ of large font 
size] on my memory.
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< .001, ηp
2 = .34. A significant main effect of number of 

study presentations revealed higher JOLs for twice-pre
sented words than for once-presented words, F(1, 75) =  
8.40, p < .01, ηp

2 = .10. The main effect of group was not sig
nificant, F < 1.

As in Experiment 1, there was a significant interaction 
between cycle and font size, F(1.68, 125.65) = 10.06, p  
< .001, ηp

2 = .12. Follow-up t tests indicated that the size 
of the font size effect on JOLs decreased across cycles, 
Cycle 1: t(76) = 6.47, p < .001, dz = 0.74, Cycle 2: t(76) =  
4.20, p < .001, dz = 0.48, Cycle 3: t(76) = 2.29, p = .02, dz =  
0.26. Importantly, the three-way interaction between 
group, cycle, and number of study presentations was sig
nificant, F(1.99, 149.17) = 3.07, p = .0495, ηp

2 = .04. Follow- 
up analyses showed that the interaction between cycle 
and number of study presentations was not significant in 
the control group, F < 1, but was significant in the cogni
tive-plus-metacognitive-feedback group, F(1.93, 71.48) =  
4.07, p = .02, ηp

2 = .10, with t tests showing that JOLs 
were higher for twice– than for once-studied words in 
Cycle 3, t(37) = 2.91, p < .01, dz = 0.47, but not in Cycles 1 
and 2, Cycle 1: t < 1, Cycle 2: t < 1. The three-way inter
action between group, cycle and font size was not 

significant, F(1.68, 125.65) = 2.39, p = .10, ηp
2 = .03. None 

of the other interactions were significant, F < =  3.69, p >  
=  .06.

Recall performance

Figure 8 presents the mean percentage of recalled words 
in each cycle by font size and number of study presenta
tions in each group of Experiment 3. A 3 (cycle: 1, 2, 3) x 
2 (font size: 18, 48 point) x 2 (number of study presenta
tions: 1, 2) x 2 (group: no-feedback, cognitive-plus-meta
cognitive-feedback) mixed ANOVA on recall performance 
revealed that memory performance varied with cycle, 
F(1.91, 143.50) = 8.84, p < .001, ηp

2 = .11. Follow-up t 
tests showed worse memory performance in Cycle 1 
than in Cycles 2 and 3, Cycle 1 vs. 2: t(76) = 3.59, p < 
.001, dz = 0.41, Cycle 1 vs. 3: t(76) = 3.29, p < .01, dz = 
0.38, but no differences between Cycles 2 and 3, t < 1. A 
significant main effect of number of study presentations 
revealed better memory performance for twice-presented 
words than for once-presented words, F(1, 75) = 666.88, p 
< .001, ηp

2 = .90. None of the other main effects or inter
actions were significant F <= 2.62, p >= .080.

Figure 8. Mean judgments of learning (JOL) and percentage of correctly recalled words (Recall) in each cycle for words presented once (S1) or twice (S2) in 
a small (18 pt) or a large (48 pt) font size in each group of Experiment 3. Note. Error bars represent one standard error of the mean.
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Resolution

Gamma correlations
Table 2 and Figure 9 present Gamma correlations in each 
cycle for each group of Experiment 3. As in Experiments 
1 and 2, all Gamma correlations by group and cycle were 
significantly positive, t >= 5.24, p < .001, d >= .84, indicat
ing that participants from both groups made JOLs with 
above chance resolution in all study-test cycles. A 3 
(cycle) x 2 (group) mixed ANOVA revealed a main effect 
of cycle, F(1.94, 145.76) = 5.51, p < .01, ηp

2 = .07, no main 
effect of group, F(1,75) = 1.46, p = .230, ηp

2 = .02, and a sig
nificant interaction, F(1.94, 145.76) = 3.57, p = .032, ηp

2 = 
.05. In the cognitive-plus-metacognitive-feedback group, 
resolution was improved in Cycle 3, but did not differ 
between Cycles 1 and 2, Cycle 1 vs. 2: t < 1, Cycle 1 vs. 3: 
t(37) = 2.84, p < .001, dz = 0.46, Cycle 2 vs. 3: t(37) = 2.45, 
p = .019, dz = 0.40. In contrast, in the control group, resol
ution improved between Cycle 1 and 2, t(38) = 2.90, p < 
.01, dz = 0.46, but it was similar in Cycles 1 and 3 and 
Cycles 2 and 3, Cycles 1 vs. 3: t(38) = 1.51, p = .140, dz = 
0.24, Cycles 2 vs. 3: t(38) = 1.23, p = .224, dz = 0.20.

Logistic mixed-effects models
In the mixed-effects model analysis, we predicted recall 
performance (Recalled = 1, Not recalled = 0) from group 
(No-Feedback Group = −1, Cognitive-Plus-Metacognitive- 
Feedback group = 1), cycle, participant’s mean-centered 
JOLs, and their interactions. We treated group, cycle, and 

JOLs as fixed effects predictors. We specified random inter
cepts for participants.

Results showed a significantly positive coefficient for 
JOLs, b = 0.21 (SE = 0.01), z = 18.67, p < .001, indicating 
that JOLs were predictive of recall performance. The inter
action between JOLs and Cycle was also significant b = 
0.04 (SE = 0.01), z = 2.94, p < .01, which indicates that 
the predictivity of JOLs increased across cycles. The main 
effect of cycle was also significant, b = 0.19 (SE = 0.03), z 
= 6.37, p < .001, corroborating the improvement in recall 
performance across cycles found in the mixed ANOVA 
analysis. There was also a significantly negative coefficient 
for the interaction between group and cycle, b = -0.09 (SE 
= 0.03), z = -3.17, p < .01, indicating less improvement in 
recall across cycles in the control group than in the cogni
tive-plus-metacognitive-feedback group. No other effects 
were significant, z <= 1.20, p >= .23.

Calibration

A 3(cycle) x 2(group) mixed ANOVA on calibration revealed 
a main effect of cycle, F(1.82, 136.34) = 17.69, p < .001, ηp

2 = 
.19, no main effect of group, F(1, 75) = 1.13, p = .290, ηp

2 = 
.02, and a significant interaction, F(1.82, 136.34) = 4.38, p = 
.017, ηp

2 = .06. In the control group, there was a switch from 
overconfidence in Cycle 1 (M = 8.08, SD = 21.3) to under
confidence in Cycle 2 (M = -5.94, SD = 16.5) and 3 (M = 
-7.54, SD = 18.7). Cycles 1 vs. 2: t(38) = 4.82, p < .001, dz 

= 0.77, Cycles 1 vs. 3: t(38) = 4.87, p < .001, dz = 0.78, 

Figure 9. Mean gamma correlation between JOLs and recall performance in each cycle and group of Experiment 3. Note: Error bars represent one standard 
error of the mean
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Cycles 2 vs. 3: t < 1. In the cognitive-plus-metacognitive- 
feedback group, calibration did not differ across cycles, 
but there was a non-significant trend towards a reduction 
in bias across cycles (Cycle 1: M = 5.60, SD = 16.1, Cycle 2: M 
= 1.21, SD = 22.7, Cycle 3: M = 0.12, SD = 21.2), t(37) >= 
1.99, p >= .053, dz <= 0.32.

Questionnaire data

Table 4 shows participants’ responses to the questions 
after the item-by-item feedback in each cycle (see Table 
3). It reveals three notable results. First, most participants 
correctly indicated that recall performance was greater 
for twice-presented than once-presented words in all 
cycles. Second, there seems to be a shift towards indicat
ing that recall performance was equal for large and small 
font size words after Cycle 1. Third, participants’ confi
dence in the correctness of their JOLs increased across 
cycles.

We separately analysed JOLs from each cycle for two 
subgroups of participants from the cognitive-plus-meta
cognitive-feedback group. The first subgroup consisted 
of participants who correctly indicated that recall per
formance was greater for twice-presented than once-pre
sented words. The second subgroup consisted of 
participants who correctly indicated that recall perform
ance was similar for large and small words. Comparing 
JOLs from each subgroup of participants with those 
from the control group revealed no interaction between 
group and the font size cue, indicating that the manipu
lation did not work for them. Further, the subgroup ana
lyses did not reveal any evidence for the increased 
reliance on the number of study presentations in the cog
nitive-plus-metacognitive-feedback group that was 
observed in the main analysis. We suspect that this dis
crepancy may be due to reduced statistical power result
ing from participant exclusions (for details, see 
Supplementary Material 2).

Discussion

Experiment 3 suggested that adding metacognitive feed
back (i.e., written information about illusory metacogni
tion) after the cognitive feedback (i.e., table displaying 
JOLs and recall status for each word) and social reference 
information effectively increased participants’ reliance on 
the number of study presentations when making JOLs. 
Although participants continued to underestimate the 
influence of number-of-study-presentations cue, they 
learned that the announced number of study presenta
tions is a valid predictor of memory performance and 
relied more on it in Cycle 3 than in Cycles 1 and 2. The 
questionnaire data show that most participants correctly 
recognised better memory performance for words 
studied twice compared to once. This positive effect of 
the number-of-study-presentations cue on JOLs is likely 
due to the provision of metacognitive feedback that 
informed participants about the illusory nature of their 
metacognitions. Alternatively, it might be possible that 
the questions aimed to evaluate whether the cognitive 
feedback was understood, included in Experiment 3 but 
not in Experiment 1 and 2, may have supported partici
pants to make accurate inferences from the cognitive 
feedback.

Regarding the font size cue, there was still overestima
tion of its effect on memory (main effect on JOLs across 
cycles; ηp

2 = .34; main effect on recall across cycles; ηp
2  

< .001). Although font size had a descriptively weaker 
influence on JOLs in Cycle 2 – and even more so in Cycle 
3 – in the feedback group than in the no-feedback group, 
the three-way interaction among font size, group, and 
cycle was non-significant. Nevertheless, as in Experiment 1 
and unlike in Experiment 2, we found that the font size 
effect on JOLs decreased across cycles in both groups.

Regarding resolution, Gamma correlations had different 
trajectories between groups. In the control group, gamma 
improved from Cycle 1 to Cycle 2 and remained stable in 
Cycle 3. In the feedback group, it was similar across 

Table 4. Percentage of participants from the cognitive-plus-metacognitive-feedback group who reported (correctly) each of response options for the recall 
and prediction question in each cycle of experiment 3.

Recall Question Prediction Question

Response Options

twice [large] > 
once [small]

twice [large] < 
once [small]

twice [large] = 
once [small]

Under-estim. of 
twice [large]

Correct 
estimation

Over-estim. of 
twice [large]

Cycle 1 # Study 
Present.

78.95 (73.68) 13.16 (0) 7.89 (0) 42.11 (26.32) 31.58 (18.42) 26.31 (10.53)

Font Size 47.37 (42.10) 15.79 (13.16) 36.84 (7.89) 34.21 (2.63) 42.11 (15.79) 23.68 (13.16)
Cycle 2 # Study 

Present.
81.58 (73.68) 7.89 (2.63) 10.53 (5.26) 23.68 (21.05) 55.26 (26.32) 21.05 (10.53)

Font Size 21.05 (13.16) 31.58 (26.31) 47.37 (7.89) 13.16 (5.26) 63.16 (34.21) 23.68 (15.79)
Cycle 3 # Study 

Present.
76.31 (57.89) 13.16 (2.63) 10.53 (2.63) 31.58 (10.53) 52.63 (28.95) 15.79 (13.16)

Font Size 28.95 (15.79) 26.31 (15.79) 44.74 (7.89) 15.79 (5.26) 57.89 (36.84) 26.32 (18.42)

Notes: Correct percentages for the recall questions were determined by comparing participants’ responses with their actual recall performance. For 
example, if a participant stated that they remembered twice-presented words more often than once-presented words, and their recall performance 
confirmed this pattern, the response was scored as correct. For the prediction questions, correctness was assessed by comparing the mean JOL difference 
between the two levels of a factor with the mean recall performance difference. If the mean JOL difference exceeded the mean recall difference, the 
response was classified as overestimation; if it was smaller, as underestimation; and if the two values matched, as correct estimation.
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Cycles 1 and 2, followed by an improvement in Cycle 3. In 
contrast, the logistic mixed-effects model analysis did not 
show differences in resolution among groups. Both ana
lyses revealed an improvement in resolution across 
cycles indicating that task experience is beneficial for res
olution. Finally, we found positive effects of feedback on 
calibration: Unlike in the control group, JOLs in the feed
back group did not switch from overconfidence to under
confidence but approached zero, although the changes 
did not reach significance.

The improvements found on cue utilisation and resol
ution in Experiment 3’s feedback group will be more 
closely examined in Experiment 4.

Experiment 4

Experiment 3 found that metacognitive feedback (i.e., 
written information about illusory metacognition) after 
the cognitive feedback (i.e., tables displaying JOL and 
recall status of each word) improved the cue basis of 
JOLs. Specifically, the influence of the valid cue number 
of study presentations on JOLs increased with feedback. 
This improvement in cue utilisation may result from par
ticipants incorporating the cognitive feedback more 
readily and, consequently, adjusting their JOLs. At the 
same time, it may be that written information about illu
sory metacognitions is sufficient for participants to learn 
the predictive validity of cues and update the cue basis 
of their JOLs. To test these possibilities, in Experiment 4, 
we had three groups: (1) no-feedback group, (2) cogni
tive-plus-metacognitive-feedback group, and (3) metacog
nitive-only-feedback group. If metacognitive feedback 
alone is responsible for improving the cue basis of JOLs, 
we should observe improvements in both experimental 
groups. In contrast, if metacognitive feedback is a 
support for an accurate comprehension and implemen
tation of cognitive feedback, we should observe improve
ments only in the cognitive-plus-metacognitive feedback 
group and not in the metacognitive-only-feedback 
group. In any case, replicating findings from Experiment 
3, we expected improvements in the JOL cue basis in the 
cognitive-plus-metacognitive feedback group compared 
to the no-feedback group.

Method

Design

The design was a mixed design with font size (18, 48 
point), number of study presentations (1, 2), and study- 
test cycle (1, 2, 3) as within-subjects factors and group 
(no-feedback, cognitive-plus-metacognitive-feedback, 
metacognitive-only-feedback) as between-subjects factor.

Materials

Stimuli were identical to Experiment 1.

Participants

We aimed at recruiting at least N = 120 participants. The 
primary analysis was the three-way interaction among 
group, cycle, and cue [number of study presentations or 
font size] from the four-way-ANOVA, so power calculations 
were identical to those reported in Experiment 1. We 
recruited 121 Technical University of Darmstadt under
graduates. Participants were randomly allocated to the 
no-feedback (n = 40), cognitive-plus-metacognitive-feed
back (n = 40), and metacognitive-only-feedback (n = 41) 
groups. No participant was excluded using the same exclu
sion criteria as in Experiment 1.

Procedure

The procedure was identical to that of Experiment 3 with 
the following exception: Participants in the metacogni
tive-only-feedback group were presented with the table 
displaying the average memory performance of other par
ticipants (see social-reference-feedback group in Figure 1) 
followed by the information about illusory metacognitions 
regarding font size and number of study presentations 
(see procedure of Experiment 3 and Appendix 1), but did 
not receive the table showing their item-by-item JOL and 
recall performance (see recall-and-JOL-feedback group in 
Figure 1) nor the understanding feedback questions (see 
Table 3).

Results

JOLs

Figure 10 presents mean JOLs in each cycle by font size 
and number of study presentations in each group of Exper
iment 3. For words that were studied twice, the figure 
shows JOLs from the first study presentation. JOLs from 
the first study presentation were submitted to a mixed 
ANOVA with cycle (1, 2, 3), font size (18, 48 point), and 
number of study presentations (1, 2) as within-subjects 
factors and feedback group (no-feedback, cognitive-plus- 
metacognitive-feedback, metacognitive-only-feedback) as 
a between-subjects factor.

A significant main effect of cycle revealed differences in 
JOLs across cycles, F(1.63, 191.94) = 7.28, p < .01, ηp

2 = .06. 
Specifically, JOLs were lower in Cycles 2 and 3 than in Cycle 
1, Cycles 1 vs. 2: t(120) = 2.75, p < .01, dz = 0.25, Cycles 1 vs. 
3: t(120) = 3.11, p < .01, dz = 0.28, but did not differ 
between Cycles 2 and 3, t(120) = 1.43, p = .16, dz = 0.13. 
A significant main effect of font size revealed higher 
JOLs for words displayed in the large font than for words 
displayed in the small font, F(1, 118) = 57.09, p < .001, ηp

2 

= .33. A significant main effect of number of study presen
tations revealed higher JOLs for twice-presented words 
than for once-presented words, F(1, 118) = 12.71, p < 
.001, ηp

2 = .10. The main effect of group was not significant, 
F < 1.
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As in Experiment 1 and 3, there was a significant inter
action between cycle and font size, F(1.81, 213.35) = 4.78, p 
< .05, ηp

2 = .04. Follow-up t tests indicated that the size of 
the font size effect on JOLs decreased across cycles, Cycle 
1: t(120) = 5.94, p < .001, dz = 0.54, Cycle 2: t(120) = 5.18, p < 
.001, dz = 0.47, Cycle 3: t(120) = 3.59, p < .001, dz = 0.33. The 
interaction between cycle and number of study presenta
tions was also significant, F(2, 236) = 6.96, p = .001, ηp

2 = .06. 
Follow-up t tests indicated that the effect of the number of 
study presentations on JOLs was not significant in Cycles 1 
and 2, Cycle 1: t(120) = 0.85, p = .40, Cycle 2: t(120) = 1.62, p 
= .11, but was significant in Cycle 3, t(120) = 4.64, p < .001, 
dz = 0.42. Neither the three-way interaction between 
group, cycle, and font size nor the three-way interaction 
between group, cycle, and number of study presentations 
were significant, F < 1. None of the other interactions were 
significant, F <= 1.44, p >= .23.

Recall performance

Figure 10 presents the mean percentage of recalled words 
in each cycle by font size and number of study presenta
tions in each group of Experiment 3. A 3 (cycle: 1, 2, 3) x 
2 (font size: 18, 48 point) x 2 (number of study presenta
tions: 1, 2) x 3 (no-feedback, cognitive-plus-metacogni
tive-feedback group, metacognitive-only-feedback) 
mixed ANOVA on recall performance revealed that 
memory performance varied with cycle, F(1.66, 195.43)  
= 7.44, p < .01, ηp

2 = .06. Follow-up t tests showed worse 
memory performance in Cycle 1 than in Cycles 2 and 3, 
Cycles 1 vs. 2: t(120) = 3.95, p < .001, dz = 0.36, Cycles 1 

vs. 3: t(120) = 2.50, p < .05, dz = 0.23, but no differences 
between Cycles 2 and 3, t < 1. A significant main effect 
of font size revealed better memory performance for 
words displayed in the large font than in the small font, 
F(1, 118) = 6.39, p = .013, ηp

2 = .05. A significant main 
effect of number of study presentations revealed better 
memory performance for twice-presented words than 
for once-presented words, F(1, 118) = 915.02, p < .001, 
ηp

2 = .89.
There was also a significant interaction between 

number of study presentations and cycle, F(2, 236) = 
3.36, p = .037, ηp

2 = .03. Follow up t tests showed that 
the effect of number of study presentations on memory 
decreased across cycles, Cycle 1: t(120) = 20.45, p < .001, 
dz = 1.86, Cycle 2: t(120) = 19.25, p < .001, dz = 1.75, 
Cycle 3: t(120) = 16.49, p < .001, dz = 1.50. Finally, there 
was an unexpected four-way significant interaction, F(4, 
236) = 3.35, p = .011, ηp

2 = .05. Separate three-way 
ANOVAs for each group showed that the three-way inter
action between cycle, font size, and number of study pre
sentations was significant in the metacognitive-only- 
feedback group, F(2, 80) = 4.88, p < .01, ηp

2 = .11, but not 
in the other groups, F <= 1.22, p >= .30. Separate two- 
way ANOVAs for each cycle in the metacognitive-only- 
feedback group showed an interaction between font size 
and number of study presentations in Cycle 3, F(1, 40) = 
6.00, p = .019, ηp

2 = .13, but not in Cycles 1 and 2, some 
states please. In Cycle 3, large-font words were remem
bered better than small-font words for once-presented 
words, t(40) = 2.32, p = .025, dz = 0.36, but not for twice- 
presented words, t(40) = 1.24, p > .05.

Figure 10. Mean judgments of learning (JOL) and percentage of correctly recalled words (recall) in each cycle for words presented once (S1) or twice (S2) in 
a small (18 pt) or a large (48 pt) font size in each group of Experiment 4. Note. Error bars represent one standard error of the mean.
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Resolution

Gamma correlations
Table 2 and Figure 11 present Gamma correlations in each 
cycle for each group of Experiment 4. As in all previous 
experiments, all Gamma correlations by group and cycle 
were significantly positive, t >= 4.20, p < .001, d >= .66, 
indicating that participants from all groups made JOLs 
with above chance resolution in all study-test cycles. A 
3(cycle) x 3(group) mixed ANOVA revealed a main effect 
of cycle, F(2, 236) = 4.21, p = .015, ηp

2 = .03, no main 
effect of group, F(2, 188) = 1.54, p = .219, ηp

2 = .03, and 
no significant interaction, F < 1. Follow-up t tests showed 
that resolution improved between Cycle 1 and Cycle 3, 
but not between Cycles 2 and 3 or Cycles 1 and 2, Cycles 
1 vs. 2: t(120) = 1.37, p = .17, dz = 0.12, Cycles 2 vs. 3: 
t(120) = 1.58, p = .117, dz = 0.14, Cycles 1 vs. 3: t(120) = 
2.84, p < .01, dz = 0.26.

Logistic mixed-effects models
In the mixed-effects model analysis, we predicted recall 
performance (Recalled = 1, Not recalled = 0) from 
group, cycle, participant’s mean-centered JOLs, and 
their interactions. To assess differences between 
groups, we used two orthogonal contrasts. The first con
trast tested the difference between the control group (-1) 
and both groups with feedback (cognitive-plus-metacog
nitive-feedback, metacognitive-only-feedback; coded 
both as +1/2). The second contrast tested the difference 
between the cognitive-plus-metacognitive-feedback 
group (+1/2) and the metacognitive-only-feedback 

group (-1/2). We treated group, cycle, and JOLs as fixed 
effects predictors and specified random intercepts for 
participants.

Results showed a significantly positive coefficient for 
JOLs, b = 0.24 (SE = 0.01), z = 24.44, p < .001, indicating 
that JOLs were predictive of recall performance. The inter
action between JOLs and cycle was also significant, b = 
0.05 (SE = 0.01), z = 4.56, p < .001, which indicates that 
the predictivity of JOLs increased across cycles. A signifi
cant main effect of cycle, b = 0.13 (SE = 0.02), z = 5.61, p 
< .001, corroborating the improvement in recall perform
ance across cycles was found in the mixed ANOVA. There 
was also a significantly negative coefficient for the inter
action between the first group contrast and cycle, b = 
-0.12 (SE = 0.03), z = -3.53, p < .001, indicating less improve
ment in recall across cycles in the control group than in the 
two feedback groups. Finally, there was a significantly 
negative coefficient for the interaction between the 
second group contrast and JOLs, b = -0.02 (SE = 0.01), z 
= -2.01, p = .045, indicating that JOLs from the metacogni
tive-only-feedback group were more predictive than those 
from the cognitive-plus-metacognitive-feedback group. 
The three-way interaction among the first group contrast 
and cycle and JOLs was non-significant, b = 0.01 (SE = 
0.02), z = 0.88, p = 38, the same for the three-way inter
action of the second group contrast and cycle and JOLs, 
b = -0.00 (SE = 0.01), z = -0.02, p = 98, indicating that we 
did not replicate the improvement in resolution in the cog
nitive-plus-metacognitive-feedback group. No other 
effects were significant, z <= 1.78, p >= .07.

Figure 11. Mean gamma correlation between JOLs and recall performance in each cycle and group of Experiment 4. Note. Error bars represent one stan
dard error of the mean.
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Calibration

A 3(cycle) x 3(group) mixed ANOVA on calibration 
revealed that bias varied with cycle, F(1.66, 195.84) = 
16.19, p < .001, ηp

2 = .12, with pairwise comparisons indi
cating a switch from overconfidence in Cycle 1 (M = 7.39, 
SD = 21.14) to good calibration in Cycle 2 (M = 0.14, SD = 
20.90) and Cycle 3 (M = -0.11, SD = 23.79). Cycles 1 vs. 
2: t(120) = 5.14, p < .001, dz = 0.47, Cycles 1 vs. 3: 
t(79) = 4.14, p < .001, dz = 0.38, Cycles 2 vs. 3: t < 1. 
Neither the main effect of group, F < 1, nor the inter
action were significant, F(3.32, 195.84) = 1.47, p = .221, 
ηp

2 = .02.

Questionnaire data

Table 5 shows participants’ responses to the questions 
after item-by-item feedback in each cycle (see Table 3). 
As in Experiment 3, most participants correctly indicated 
that recall performance was greater for twice- than once- 
presented words across all cycles, and there was a shift 
after Cycle 1 toward judging recall as equal for large- 
and small-font words. Also, participants’ confidence in 
their JOLs again increased across cycles.

As in Experiment 3, we separately analysed JOLs from 
each cycle for two subgroups of participants from the cog
nitive-plus-metacognitive-feedback group. The first sub
group consisted of participants who correctly indicated 
that recall performance was greater for twice-presented 
than once-presented words. The second subgroup con
sisted of participants who correctly indicated that recall 
performance was similar for large and small words. Com
paring JOLs from each subgroup of participants with 
those from the control group revealed no interactions 
between group and cue effects, indicating that the 

feedback manipulation also did not work for them (for 
details, see Supplementary Material 2).

Discussion

In contrast to Experiment 3, results of Experiment 4 
showed that providing metacognitive feedback in addition 
to cognitive feedback did not improve the cue basis of 
JOLs. This was found even though, as in Experiment 3, 
most participants accurately reported better memory per
formance for words learned twice than once in the ques
tionnaire after the item-by-item feedback. We will discuss 
this discrepancy in results in the General Discussion. Exper
iment 4 also showed that the metacognitive feedback 
alone was not effective at improving the cue basis of 
JOLs. Overall, participants in all groups continued to over
weight font size (main effect on JOLs across cycles; ηp

2  

= .33; main effect on recall across cycles; ηp
2 = .05) and 

number of study presentations (main effect on JOLs 
across cycles; ηp

2 = .10; main effect on recall across cycles; 
ηp

2 = .89). As in Experiments 1 and 3, the font size effect 
on JOLs decreased with experience across cycles in all 
groups. Further, there was a significant effect of number 
of study presentations on JOLs in Cycle 3. This suggests 
that experience enabled participants to improve the cue 
basis of their JOLs.

Regarding resolution, Gamma correlations showed 
improved resolution from experience with the task. This 
result was replicated in a logistic mixed-effects model. 
The logistic-mixed-effects model also showed higher resol
ution of JOLs in the metacognitive-only-feedback group 
than in the cognitive-plus-metacognitive-feedback 
group. However, this effect did not interact with cycle 
and was likely not due to the provision of feedback but 
from pre-experimental differences between groups. 

Table 5. Percentage of participants from the cognitive-plus-metacognitive-feedback group who reported (correctly) each of the three response options for 
the recall and prediction question in each cycle of experiment 4.

Response Options

Recall Question Prediction Question

twice [large] 
> 

once [small]

twice [large] 
< 

once [small]

twice [large] 
= 

once [small] Under-estim. of twice [large] Correct estim. Over-estim. of twice [large]

Cycle 1 # Study Present. 75.00 
(72.50)

15.00 
(10.00)

10.00 
(5.00)

40.00 
(37.50)

37.50 (2.50) 22.50 
(5.00)

Font Size 47.50 
(30.00)

22.50 
(17.50)

30.00 
(5.00)

35.00 
(20.00)

37.50 
(2.50)

27.50 
(20.00)

Cycle 2 # Study Present. 90.00 
(87.50)

2.50 
(0.00)

7.50 
(2.50)

22.50 
(22.50)

47.50 (2.50) 30.00 
(7.50)

Font Size 40.00 
(32.50)

17.50 
(10.00)

42.50 
(5.00)

22.50 
(17.50)

57.50 
(0.00)

20.00 
(12.50)

Cycle 3 # Study Present. 72.50 (72.50) 10.00 
(5.00)

17.50 
(0.00)

25.00 
(25.00)

37.50 (0.00) 37.50 
(15.00)

Font Size 30.00 
(25.00)

25.00 
(20.00)

45.00 
(15.00)

15.00 
(15.00)

62.50 
(10.00)

22.50 
(17.50)

Notes: Correct percentages for the recall questions were determined by comparing participants’ responses with their actual recall performance. For 
example, if a participant stated that twice-presented words were remembered more often than once-presented words, and their recall performance 
confirmed this pattern, the response was scored as correct. For the prediction questions, correctness was assessed by comparing the mean JOL difference 
between the two levels of a factor with the mean recall performance difference. If the mean JOL difference exceeded the mean recall difference, the 
response was classified as correct overestimation; if it was smaller, as correct underestimation; and if the two values matched, as correct estimation.
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Further, the logistic mixed-effects model showed better 
recall performance in the experimental groups than in 
the control group. Although the feedback was not 
intended to increase recall performance, it might have 
increased motivation, or it might have supported perform
ance monitoring and strategy acquisition. However, this 
finding should be considered with caution since it was 
not found in the other experiments. Finally, calibration 
also improved with task experience: JOLs were overconfi
dent in Cycle 1 but well-calibrated in Cycles 2 and 3.

General discussion

This study systematically investigated the effectiveness of 
different forms of feedback for improving the cue basis 
and accuracy of JOLs in the context of metacognitive illu
sions. Each of the four experiments aimed to remedy two 
illusions by providing multiple study-test-cycles with novel 
study lists, and feedback or no feedback after each cycle. In 
all experiments, one of the illusions was the font size illu
sion (Rhodes & Castel, 2008). In Experiments 1, 3, and 4, 
we additionally focused on the stability bias – the assump
tion that memory will remain stable over time and will not 
benefit from future learning (Kornell & Bjork, 2009). In 
Experiment 2, we additionally focused on the font format 
illusion (Rhodes & Castel, 2008).

We found that cognitive feedback – presented in a 
table showing individual task performance (recall and 
JOL) for each item – was ineffective in correcting either illu
sion (Experiments 1 and 2). While Experiment 3 showed 
that additional metacognitive feedback – written infor
mation about the biased nature of illusory metacognition 
– partially remedied the stability bias, we could not repli
cate this result in Experiment 4. Although we cannot 
exclude the possibility that a reduction in the stability 
bias through feedback replicates in other experiments, 
the present findings suggest that it is either not robust 
or considerably smaller than would be expected for a 
meaningful effect. Additionally, it is important to note 
that the reduction in stability bias found in Experiment 3 
was only partial, with participants still showing substantial 
underestimation of the number-of-study-presentations 
cue. In summary, this study demonstrates that feedback 
at the cognitive and metacognitive level did not mend 
metacognitive illusions in JOLs.

One may wonder why metacognitive illusions in JOLs 
were not eliminated by the feedback provided in this 
study. One possibility is that participants did not under
stand the feedback. While we cannot rule out this possi
bility in Experiment 1 and 2, the questionnaire data from 
Experiment 3 and 4 clearly show that participants under
stood the feedback: Most participants correctly recognised 
that words studied twice were remembered better than 
those studied once, and about half correctly reported 
the lack of influence of font size on memory. Although 
we did not directly assess the participants’ beliefs about 
memory, the questionnaire data suggest that they likely 

corrected their prior faulty beliefs when acquiring knowl
edge about cue validities. Despite this, conditional JOL 
analyses for these subgroups of participants suggest that 
they did not adjust the cue basis of their JOLs accordingly. 
One possible reason for this is that they failed to use cor
rected beliefs about cues at the general level when 
making JOLs at the trial level. As other metamemory 
studies have indicated, beliefs must be activated to 
impact JOLs (e.g., Ariel et al., 2014; Schaper & Bayen, 
2025; Undorf & Erdfelder, 2015). Thus, remedying meta
cognitive illusions in item-by-item JOLs is not only a 
matter of acquiring correct beliefs but also of finding 
ways to make learners use the corrected beliefs when 
making the judgments. This is consistent with prior 
research showing that participants can hold correct 
beliefs about how cues impact their memory as measured 
by global predictions and study strategy effectiveness 
ratings, but still do not use the cues or use them inaccur
ately when making item-by-item judgments (Dunlosky & 
Hertzog, 2000; Hertzog et al., 2009; Mueller et al., 2015; 
Tullis et al., 2013).

A failure to implement a corrected belief adequately 
may be due to other prominent experiential cues during 
the learning process, such as fluency or idiosyncratic 
cues (e.g., Koriat & Ackerman, 2010; Undorf & Erdfelder, 
2011; Undorf et al., 2022a, 2022b). In comparison to judg
ments about external criteria (Karelaia & Hogarth, 2008), 
there is a large systematic covariation between metacogni
tive judgments and the memory criterion beyond what 
can be explained by cues known to the researcher 
(Bröder & Undorf, 2019; Undorf et al., 2022). Further 
research is needed to investigate how participants can 
apply their corrected knowledge effectively in the pres
ence of other cues when making item-by-item metacogni
tive judgments. One idea in this direction is to enhance 
participants’ awareness of their item-wise judgment for
mation. Our questionnaire data suggest that participants 
struggle with evaluating how they considered cues in 
their JOLs, indicating that their use of this knowledge for 
item-by-item judgments may be flawed.

Despite metacognitive illusions not being remedied, 
we still found improvements from task experience in 
the cue basis of JOLs and in resolution. Specifically, the 
font size illusion reliably reduced across cycles in all 
three experiments that additionally manipulated the 
number of study presentations, which is a valid cue. In 
contrast, when font size was manipulated simultaneously 
with font format (Experiment 2), another invalid cue, the 
font size illusion did not reduce. This suggests that the 
weight with which individual cues affect JOLs may 
depend on whether other valid or invalid cues are 
manipulated simultaneously. For example, other studies 
have shown that effects of font size on JOLs can be mod
erated or eliminated when other cues are manipulated 
simultaneously (Chang & Brainerd, 2023; Luna, Albuquer
que, et al., 2019; Experiment 3 and 6; Rhodes & Castel, 
2008).
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Furthermore, in all experiments, logistic mixed-effects 
model analysis consistently showed that JOLs become 
more predictive of test performance with experience 
across cycles. This is interesting because participants 
studied novel materials across cycles and could not base 
their JOLs on memory for past test performance, which is 
a reliable predictor of future performance (Ariel & Dun
losky, 2011; Finn & Metcalfe, 2008; Tauber & Rhodes, 
2012). Based on the assumption that reliance on valid 
cues determines resolution (Koriat, 1997), the resolution 
improvement across cycles in our study shows that task 
experience is effective in discovering valid cues predictive 
of memory performance. Those cues are probably ones 
under the participant’s control, such as the detection of 
effective learning strategies. Future studies could investi
gate the cue basis underlying resolution improvements 
from task experience. Taken together, the experience- 
related effects on the cue basis and resolution of JOLs 
observed in this study suggest that monitoring improve
ments from experience can occur independently of feed
back. This challenges the inferential deficit hypothesis, 
which posits that JOLs do not improve across cycles due 
to a failure to monitor test performance and make 
correct inferences from cues (Dunlosky & Hertzog, 2000; 
Matvey et al., 2002).

In this study, we investigated whether two types of 
feedback could reduce metacognitive illusions in judg
ments of learning. Consistent with prior work (e.g., Dun
losky & Hertzog, 2000; Hertzog et al., 2009; Kornell & 
Bjork, 2009; Mueller et al., 2015; Pan & Rivers, 2023; Yan 
et al., 2016), our findings highlight the difficulty of altering 
the biased cue basis underlying item-level judgments. 
Thus, we cannot yet recommend effective strategies for 
alleviating such metacognitive illusions in applied settings. 
Nevertheless, both cognitive and metacognitive feedback 
– though task-specific – may be adapted to contexts where 
valid and invalid cues are known or can be identified. 
Implementing metacognitive feedback further requires 
identifying the relevant metacognitive experiences and 
their influence on judgments, either directly or indirectly 
via beliefs. While figuring out cues and metacognitive 
experiences is demanding, it is feasible and warranted if 
such feedback proves effective. Importantly, alternative 
approaches to debiasing, such as warnings, entail similar 
prerequisites, as they also depend on the identification 
of cues likely to mislead participants.

One limitation is that the highly detailed feedback pro
vided in this study may have imposed substantial working 
memory demands on participants, thereby reducing its 
effectiveness. Future studies could examine simpler ver
sions of cognitive and metacognitive feedback. At the 
same time, determining the optimal balance between 
overly detailed and overly simplistic feedback will likely 
remain a challenge.

In conclusion, this study shows that feedback at the 
cognitive level (JOL and recall status of each studied 
item) and at the metacognitive level (information about 

illusory metacognition) do not remedy metacognitive illu
sions in item-wise JOLs. This is likely because of a failure to 
implement corrected beliefs about memory when making 
item-wise judgments. We recommend that further studies 
do not only focus on debiasing metacognitive beliefs but 
also focus on strategies for an adequate belief implemen
tation in metacognitive judgment formation. Importantly, 
this study also shows that despite persisting illusions, 
modest monitoring improvements from task experience 
can occur.

Note
1. Due to an error, 39 participants were assigned to the no-feed

back group and 41 to the recall-feedback group.
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Appendix
As you have seen, many students overestimated the influence of font 
size on their memory in this part of the experiment.

This is because words written in a large font size are particularly 
conspicuous during learning and are perceived as particularly easy 
to read and learn. However, these perceptions during learning say 
little about actual test performance: The font size of words does not 
usually affect memory performance.

You have also seen that many students underestimated the 
influence of an additional learning opportunity on their memory.

This is because the sensations during learning are very similar for 
words with an additional learning opportunity and for words without 
an additional learning opportunity. Despite the similarity in the sen
sations during learning, the following applies: An additional learning 
opportunity greatly improves memory performance in the test.

The following therefore applies in this experiment:
The perceptions about the ease of learning triggered by the font 

size say little about how well the words can actually be learnt. These 
perceptions should therefore not play a role in your assessments. An 
additional learning opportunity, on the other hand, has a stronger 
influence on memory.
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