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Abstract (250 words)

Predicting how well they will perform or have performed in a task — i.e., metacognitive monitoring - can allow
students to engage in self-regulation during learning. Research has demonstrated that students are often prone to
overconfidence and underconfidence biases however, and it remains unclear whether teachers can use simple
pedagogical tools to help students (re)calibrate their metacognitive monitoring directly in the classroom. Here,
we test the efficacy of a 3-step intervention that consists of routinely asking students to predict their ability to
conduct a cognitive task, to retrospectively evaluate their performance, and finally to compare their metacognitive
judgments with their actual performance. We tested the efficiency of this intervention in a large-scale training
study. In the test group (N =297, 2= to 12» grade), students used a metacognitive tool that allowed them to report
their confidence before performing a learning task, after performing it, and after receiving feedback on their
performance. In the control group (N= 278), students performed an equally engaging non-metacognitive task.
Predictive metacognitive monitoring improved in the test group, especially for the most vulnerable students. In
contrast, retrospective metacognition did not improve. Using the tool did not improve academic outcomes in the
test group compared to the control group; potential explanations for this are discussed. Our findings suggest that
using simple metacognitive tools as part of regular pedagogical practices has the potential to enhance vulnerable
students’ metacognitive monitoring, but that this might not be sufficient to improve their academic performance.
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Introduction

It is generally agreed that the attentional effort allocated by students to a task is a function of the success that is
predicted for that task (Efklides, 2019), that is, of the feelings of confidence related to anticipated performance.
Metacognitive feelings, such as feelings of confidence or doubt, stem from metacognitive monitoring: the set of
mental processes whereby agents evaluate through various mechanisms the reliability of their cognitive
representations and processes (Nelson & Narens, 1992). Accurate metacognitive monitoring is thought to be key
for students' academic performance, leading to better self-regulation during learning, and ultimately, to higher
performance (Efklides, 2019, Flavell, 1979, Nietfeld, 2006). However, the ability to provide metacognitive
judgments that effectively track actual performance (i.e., metacognitive sensitivity) needs to be fine-tuned over
time. Metacognitive judgments are often influenced by biases - the tendency to provide higher or lower confidence
judgments irrespective of task performance. Pre-school and school children are typically overconfident about
what they know or can do (Destan & Roebers, 2015; Lipko et al., 2009; Lipowski et al., 2013). In order to
adaptively engage in learning, they must progressively learn how to form realistic evaluations of their
performances (Kleitman & Mascrop 2010; Van Loon et al., 2017), i.e., improve their metacognitive monitoring
skills through (re)calibration of their confidence judgments with respect to actual performance (the proportion of
correct answers). There is evidence that interventions focusing on metacognitive practice performed by
undergraduate college students as part of their regular classroom activities can be especially useful to help them
recalibrate their confidence judgments (Nietfeld et al., 2006; Hacker et al., 2000, 2008). However, no such studies
have yet been devoted to younger school students, and whether the same kind of training could be used across
primary, middle and high school remains unclear. The goal of the present study was to test a classroom
intervention aiming to improve the sensitivity of students' confidence judgments in grades 2 to 12 and to examine

whether such metacognitive intervention could have an effect on academic outcomes.



Before turning to a description of available evidence regarding metacognitive training, we will briefly review
three research issues that are relevant to the aim of the present study. Firstly, what are the types of procedural or
declarative knowledge that guide students’ confidence judgments? Secondly, when does metacognitive
monitoring occur with respect to a given cognitive activity? Thirdly, does developmental research provide
insights into how to help school children recalibrate their confidence judgments and enhance their learning

potential?

The sources of confidence judgments

Our first question relates to the view that confidence has two sources: feelings and beliefs (Efklides, 2006; Koriat
& Levy-Sadot, 1999; Goupil & Proust, 2023). Feelings of confidence are evaluated dynamically during cognitive
activities (e.g., remembering, deciding...), so they are also sometimes referred to as “local” confidence judgments
(Rouault & Fleming, 2020). They stem from monitoring processes that evaluate the likely success (and/or
reproducibility) of the ongoing cognitive activity using a variety of cues (Koriat 2012; 2024; Pouget et al., 2016).
Local confidence monitoring occurs before, during, and after task execution, and guides further cognitive

activities such as decision-making and/or learning (Balsdon et al., 2020; Fleming and Frith, 2014).

In contrast, “global” confidence results from what Koriat & Levy-Sadot (1999) named “concept-based
monitoring". It reflects the combined influence of a wide range of beliefs, including beliefs about self-efficacy
and predictions about one’s competence within a specific domain. Such beliefs are based on prior performances
in similar tasks (Finn & Tauber, 2015; Rouault and Fleming, 2020), but they are also influenced by stereotypes
(Fischer & Oyserman, 2017, Huguet et al., 2001, Kleitman and Stankov, 2001, Oyserman et al, 2017). More
specifically, the influence of stereotypes often leads to confidence biases (i.e., systematic deviations of confidence
judgments relative to correct calibration). Stereotypes related to gender and socio-economic origin are a major
source of such biases, with resulting impacts on learning and academic achievements (Twenge & Campbell, 2002;

Wiederkehr et al., 2015).

In sum, calibrating one’s own confidence judgments results from a complex interplay between local and global
mechanisms of self-monitoring. Importantly, most studies on school-based metacognitive training have focused
on global aspects of metacognitive monitoring. In the present study, we focus instead on examining whether local

metacognitive monitoring can be trained directly in the classroom.

Three steps for metacognitive monitoring

Whether implicitly or explicitly, confidence can be evaluated at three junctures in a given cognitive
action (Efklides, 2011, Goupil & Proust, 2023). Firstly, agents can evaluate the feasibility of the task they
consider engaging in prospectively, for example through an ease of learning judgment (Schneider & Artelt, 2010).
This monitoring process determines in turn the amount of effort allocated to the upcoming activity. Here we refer
to such metacognitive judgments that are made before performing as “prospective metacognitive judgments”.

Secondly, during the activity, agents’ confidence in obtaining their expected outcomes varies on-line as a function
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of their estimated progress to goal, based on internal criteria, such as duration, effort and error rate (Ackerman,
2014). Thirdly, agents assess the likelihood of their correct performance retrospectively, again based on internal
criteria (Lingel et al. 2019, Schneider & Artelt, 2010). Here, we refer to such metacognitive judgments that are
made after performing as “retrospective metacognitive judgments”.

Monitoring has traditionally been understood as a data-driven process that in turn drives control (Nelson
& Narens, 1992). Koriat et al. (2006), however, demonstrated that control-driven monitoring also plays a role in
confidence judgments: feedback from cognitive activities (e.g., fluency, response times) are used by monitoring
processes to infer the likelihood that the activity will be successful and guide self-regulation. These findings have
been found to apply to school children from 5th grade and above (Koriat et al., 2014). Confidence in one's success
in a school activity seems to result from an interaction of the three forms of feedback: how quickly one engaged
in the activity, how smoothly the activity went, and how self-consistent are the final samples respectively
generated by selection, online processing, and final overview. Thus, our intervention aimed to integrate the
anticipatory and retrospective forms of feedback so as to enhance the calibration of students’ prospective

confidence.

The development of metacognitive monitoring

A third key goal of our study is to leverage developmental research to find efficient ways of helping school
children recalibrate their confidence judgments and improve their learning potential. The overall impact of
metacognitive abilities on school performance is a complex issue. While even preschool children (Lyons & Ghetti,
2011), and infants (Goupil et al., 2016) can display greater than chance metacognitive sensitivity in very simple
tasks, calibration biases greatly affect preschoolers and school children in many domains and tasks, and persist
into adulthood (Fandakova et al., 2017, Weil et al., 2013). From 7 to 11, children improve in error monitoring
(Schneider, 2015) and in retrospective monitoring (Bayard et al., 2021), (from 7 to 15: Fandakova et al., 2017).
Prospective monitoring, however, remains challenging for all students over their school years (Bayard et al., 2021,
Metcalfe & Finn, 2013). The metacognitive resolution of confidence judgments in incorrect recall varies greatly
with situational factors such as task difficulty and questioning conditions (Destan et al., 2014). Cognitive load
also plays a crucial role (Roebers et al. 2007). Overconfidence declines across childhood (Lipko et al., 2009),
from preschool to 8" grade (Van Loon et al., 2017). However, it should be noted that it can still be found in adult
lower performers (Dunning, 2011), because metacognitive monitoring strongly depends on the underlying
cognitive skills being evaluated. Thus, a matter of concern is that overconfidence is greatest in students with
poorer abilities. From Grade 2 to college students, lower performers present more overconfidence than their peers
(Maki et al., 2005, Roebers & Spiess, 2017). Students with poorly calibrated metacognition struggle to distinguish
between their correct and incorrect responses, leading to challenges in adjusting their learning effort (Destan &
Roebers). Against the view that these students are both “unable and unaware” (Dunning et al., 2011), it was
found that although they make overconfident performance predictions, they are subjectively less certain of their
predictions than higher performers ( Miller & Geraci, 2011).

Overconfidence can result from a variety of factors (Van Loon et al., 2017; Goupil et al., 2019), including
limited executive capacities (Kélin & Roebers, 2022; Roebers, 2017), low domain-specific knowledge,

insufficient time spent actively engaging in monitoring (Wacker & Roebers, 2022), or the use of non-diagnostic



cues. For instance, overconfidence can originate in motivational factors such as wishful thinking (i.e., confusing
feelings of confidence and desires to perform well). Overall, the developmental literature suggests that the link
between learning outcomes and metacognitive abilities is complex, and that a multiplicity of factors initially limit
students’ ability to rely on metacognition to self-regulate their learning. Research has also shown that the link
between confidence monitoring and performance is complex and context dependent. Overconfidence can result
in higher cognitive performance through motivational pathways (Bjorklund & Bering, 2002, Shin et al., 2007),

but negative effects on the learning process have also been documented (Destan & Roebers, 2015).

Training metacognitive monitoring

Once it is recognized that inappropriate standards of metacognitive monitoring lead to inappropriate
learning decisions, a natural question is whether students' metacognition can be trained. To this end, two types of
training methods have been tested.

The first explores, through questionnaires and interviews, what students know about their cognitive
activities, focusing on changing their metacognitive beliefs and teaching them specific strategies (Dignath et al,
2008, Muijs & Bokhove, 2020; Perry et al., 2019). Thus, this method mainly targets global confidence. While
focusing on beliefs and strategies can have a positive impact on students’ academic outcomes (Muijs & Bokhove,
2020; Perry et al., 2019), the efficacy of this first approach is moderate. Indeed, students often keep on using
ineffective strategies following training (Dye & Stanton, 2017). In addition, this approach does not lead to
improvements in local confidence monitoring and appears to be less effective for lower-achievers (Muijs &
Bokhove, 2020; Perry et al., 2019).

The second approach focuses on training local metacognitive monitoring, typically collecting students'
confidence judgements at specific junctures of their current activity (Hacker et al., 2008, Thiede et al, 2003).
Work by Lichtenstein & Fishoff (1980) demonstrated that, when given performance feedback, most participants
improve their calibration from the first round of training, except those who were well-calibrated to start with.
Experimental work on judgments of learning suggests that, with increased practice, students increasingly rely on
internal subjective cues and improve their relative monitoring sensitivity, but not their calibration (Koriat, 2012y).
Using a betting paradigm already used in comparative metacognition, (Kornell, Son and Terrace, 2007), Sussan
& Son (2007) tested whether monitoring accuracy can be enhanced in 5- to 7-year-old children by providing them
with adequate feedback over time. Conducted across two sessions, including 60 and 30 trials respectively, training
improved metacognitive efficiency in children from the test group.

A few other studies have examined whether repeatedly experiencing type-1 feedback (targeting cognitive
performance) and/or type-2 feedback (targeting metacognitive performance) can improve children's confidence
sensitivity. In a study with 4- to 8-year-old children (Geurten & Meulemans, 2017), being given performance
feedback proved to be ineffective at recalibrating confidence. Providing external performance feedback in a trial
paradoxically compromised metacognitive monitoring by neutralizing children’s sensitivity to differences in task
difficulty across trials. In their study with 5-year-olds, Lipko and colleagues (2009) found that preschoolers’
predictions about their ability to recall a previously studied picture remained largely overconfident despite the

fact that they repeatedly experienced feedback on their recall performances (a type-1 feedback; Lipko et al.,



2009). In another experimental study, 7 and 8-year-old children were trained to provide confidence judgments
after solving a memory recognition task (Kolloff et al., 2023). Neither type-1 and type-2 feedback led to
improvements in children’s confidence accuracy. By contrast, type-1 feedback was found to boost the accuracy
of 5-year-olds’ feelings of self-efficacy after completing a numerical task (O’Leary & Sloutsky, 2017). Moreover,
type-2 feedback was found to be more effective than type-1 in improving kindergarteners’ retrospective
metacognitive monitoring in a reasoning task (van Loon & Roebers, 2020).

It has been demonstrated that undergraduates’ retrospective confidence judgments tend to be more
accurate than prospective judgments in memory tasks (Busey et al., 2000). This higher accuracy has been
attributed to the benefit of internally generated feedback associated with a shift from theory-based to experience-
based judgments (Hacker et al., 2000). Dougherty et al. (2005), however, found that making prospective
judgments of learning enhanced recall, whereas retrospective judgments had no effect on it.

Very few studies have examined the impact of confidence judgments on performance in a naturalistic
school context across several instruction sessions. Notable exceptions are training studies by Hacker et al. (2000,
2008) and by Nietfeld et al. (2006). Hacker et al. (2008) administered to college students three interventions
across a 15-week course. They found that, as a whole, the interventions failed to improve calibration of predictive
and retrospective confidence ratings. Among lower-performing students, however, calibration was improved in
an incentive condition (including credit points). Furthermore, internal controllable factors (e.g., one’s own ability
or lack of studying) were shown to influence predictive and retrospective metacognitive judgments more than
uncontrollable external factors such as previous exam scores. Nietfeld et al. (2006) collected undergraduate
students’ confidence judgments for each of the four classroom tests over a semester in two conditions. The
treatment group was provided with short exercises in confidence judgments at the end of each class and provided
feedback on their confidence about performance accuracy after each classroom test. The comparison group
provided confidence judgments on each test but did not receive feedback and did not complete metacognitive
exercises at the end of each class. Data analysis demonstrated that calibration changes only occurred in the
treatment group, and that these changes were related to performance improvement. An important finding of this
study is that incorporating regular metacognitive exercises into a study program promotes both calibration and

academic achievement in undergraduates.

The present study

The present study aimed to further explore the potential benefit of training students of various academic levels by
providing them with monitoring exercises before and after routine learning activities, as well as the possibility to
compare their metacognitive judgments with actual performance iteratively.

To that end, we designed an iterative metacognitive tool that we call MOC (from "Mon Outil
Confiance", its original name in French), intended to lead students to form prospective and retrospective
confidence judgments as part of a regular routine in their daily work. Unlike previous studies, we focused on a
wider age range, from 2" to 12" grade. Our aim was to remain as non-invasive as possible, simply providing
teachers with a metacognitive tool, and asking them to integrate it in their regular pedagogical practice. This
approach provides less experimental control than is typical in developmental psychology, but provides essential

information about how teachers might use metacognitive tools in their daily practice. Students’ metacognitive



abilities were measured during normal learning sessions: we did not manipulate incentives (e.g. did not propose
extra points for higher accuracy) or task representation (i.e., did not emphasize a learning goal, recommend a
strategy, neutralize sociocognitive associations, etc.). Thus, our training was purely procedural: MOC was meant
to support students’ recalibration of their confidence through iterative comparisons between their metacognitive
judgments and their actual performance.

We reasoned that a regular practice in confidence assessment involving the repeated experience of type-
1 and type-2 feedback should allow students to learn to rely on their internal subjective cues to adaptively monitor
their confidence prospectively and retrospectively, and hence, their learning performance in various academic
areas (math, reading, science, etc.) and at various academic levels (elementary school, middle school and high
school). On the basis of previous findings (Hacker, 2000, 2008; Sheldrake, 2016; Smeding et al., 2013), we
hypothesized that this should be the case particularly for lower-performing students, whose confidence judgments
are known to be poorly calibrated. Note that our aim here was to see whether a generic tool could be used at
different ages to improve metacognitive monitoring, not to document potential developmental changes in
metacognitive monitoring across age (since testing this question requires controlling for task difficulty over age,
and this was incompatible with our approach here, where we aimed to introduce a tool as part of the typical

curriculum without changing teachers' existing practices ).

More specifically, we made three hypotheses. Our first hypothesis, then, was that a regular use of MOC
would enhance students’ metacognitive sensitivity. The proposed intervention differs from most previous
proposals in three respects: 1) MOC allowed us to measure the recalibrating effects of simultaneously training
prospective and retrospective monitoring; 2) it focused on training metacognitive evaluations procedurally rather
than declaratively, and was designed so that it could be used directly by teachers as part of their daily pedagogical
practice (as in Nietfeld et al, 2006); 3) MOC can in principle be used from elementary school all the way up to
high school in virtually all academic domains. Previous research has indeed shown that even preschoolers can, in
relatively simple tasks, use pictorial confidence scales to report their confidence judgments with above chance,
although far from perfect, metacognitive sensitivity (Ghetti et al., 2013; Coughlin et al., 2014).

Second, we hypothesized that MOC would be more beneficial for lower-performers than for higher-
performers. This hypothesis is congruent with the following observation: the lower-performers' past exposure to
type-1 feedback tends to reduce their learning motivation, and hence, to further compromise their future
performance. Their lower global expectations about academic success may result in underconfidence (Fischer &
Oyserman, 2017, Rouault & Fleming, 2020).

Third, we expected MOC to be most beneficial for primary and middle school students, to the extent
that they have had less exposure to type-1 and type-2 feedback than high school students and tend to display lower
metacognitive sensitivity (Krebs & Roebers, 2012; Roebers, 2017; Ghetti et al., 2013).

Methods

Participants. Twenty-six teachers were recruited on a voluntary basis via official national education channels
and a pre-existing database of contacts. The experiment was open to teachers of all grades, with no requirements.
Teachers were informed by their supervisor through a document explaining how the data would be collected and

handled. For each participating student, families signed a parental consent form for fully anonymized data. For
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this reason, no demographic information could be collected from families or teachers. Although this is not
standard practice in developmental psychology, we note that this approach is more common in educational
psychology, where researchers do not always report the individual demographic information for their participants
because research conducted in schools does not always allow for this type of data collection (e.g., Dye and
Stanton, 2017; Thiede et al., 2003). The participants constitute a representative sample of children enrolled in the
French system at the time of the study, which ensures the generalizability of our findings to the general population
of children of the same age. So as to not bias them, teachers were not explained the specific purpose of the
experiment before the study. A general training program about metacognition and its role for learning was offered
to the teachers as a form of compensation and feedback at the end of the study, and only then were they informed
of the results and the exact purpose of the experiment. In total, 581 students from 26 different classrooms
participated in the study. There were 22.27 (SD=7.56) students on average per class. Six students had to be
excluded because their grades were not provided, leaving 575 students with available data. There were 297
students in the test group, and 278 in the control group. Out of the 26 classrooms, 3 were low-SES, 7 high-SES
and 16 were socially mixed and/or middle class. There were 2 primary school classrooms (3rd grade: N=1, typical
age range 8-9 years as determined by the administration for French education, https://www.education.gouv.fr;
Sth grade: N=1, typical age range 10-11 years); 18 middle school classrooms (6th grade: 8, typical age range 11-
12 years; 7th grade: 2, typical age range 12-13 years; 9th grade: 7, typical age range 14-15 years; unknown: 1),
and 6 high school classrooms (10th grade: 1, typical age range 15-16 years; 11th grade: 1, typical age range 16-
17 years; 12th grade: 4, typical age range 17-18 years).

Materials. Students in the test and control group received slightly different logbooks. Students in the test group
received a logbook containing MOC (see details in the appendix). The logbook was to be used in any everyday
classroom activity that could lead to an individual evaluation. It consisted of three pictorial confidence scales
adapted from previous research (Ghetti et al., 2013) that had to be filled at three different times: 1) after the
presentation of the activity but before starting the learning task; 2) after completing the learning task but before
receiving performance feedback; 3) after receiving performance feedback. For steps 1 and 2, a 4-point scales
allowed students to report their confidence before performing a learning task (1: «I don’t think that I can do it at
all »; 2: « I don’t think that I can do it »; 3: « I think that I can do it »; 4: «I think that I can do it very well ») or
after performing it (1: « I didn’t succeed at all »; 2: « I didn’t succeed »; 3: “I succeeded”; 4: « I did very well »),
similar to previous studies using pictorial confidence scales (Ghetti et al., 2013; Coughlin et al., 2014). For the
third step, students had to choose between three options (1: « I did worse than I expected »; 2: « I did as well as
I thought I would »; 3: « I did better than I expected »). In the control group, the logbook was completed at the
same three timepoints as the test group, but involved a non-metacognitive, equally engaging task. For steps 1)
and 2), students had to choose the word they thought best to describe a picture from among four equally plausible
options (e.g., a picture of a newt swimming and a choice of: dragon, river, scales, swimming). For the third step,
students had to say whether the grade they obtained was between 0 and 8, or 8 and 11, or 11 and 20. Each page
of the logbook contained only one of the three parts so that students could not see their response in the previous
step: they had to focus on what they thought for each step separately. Each group received an independent
explanation so that students in the test group did not hear the explanation on how to use the other logbook, and

vice-versa.


https://www.education.gouv.fr/

Time of use Test group Control group

After the presentation of the activity Predictive self-positioning on the Choice of a word that best

BUT before the activity success of the activity. represents a first image
After the activity BUT before Retrospective self-assessment of the Choice of a word that best
correction success of the activity. represents a second image

) Comparative self-assessment between Performance assessment

After correction . . .
anticipated and actual performance. without comparison.

Table 1. Composition and use of the logbook for both groups (details in appendix,).

Students in the control group received a logbook that followed exactly the same structure (see Appendix and Table 1), but instead of the
pictorial confidence scales, they saw images and were asked to match each image with a word of their choice. This was designed to match
the format used in the experimental group, where pictures were used to express subjective confidence judgments. At the end of the
experimentation, informal discussions with teachers revealed that students found this activity very engaging.

Study design. Students were assigned to the test group and the control group in a pseudo-random fashion. To
allow teachers to do this with autonomy, we asked them to assign students to one of the two groups randomly
using the alphabetical order: odd numbers on the list were assigned to one group, even numbers to the other group.
The groups were named by color for teachers: ORANGE or PURPLE so that neither the teachers nor the students
would know the purpose of this assignment (i.e., only the experimenters knew that the “orange group” was in fact
the “test group” and that the purple group was the “control group”). Teachers were asked to use MOC as part of
their usual pedagogical practice and curriculum and in the normal time course of their everyday classroom
activities. They were asked to use it as organically as possible: without altering the activity itself, the support they
would normally provide, or the peer-to-peer interactions in which they usually engage.

Teachers received a detailed guide explaining how to use MOC, and an online video session was organized to
answer their questions before the study began. During the experiment, a forum was available for teachers to ask
questions, and we were able to answer them as they arose. An online FAQ was created based on the questions
asked during the online discussion, and shared with the teachers. These measures were taken to support them in
setting up the intervention and to check that their implementation would be in accordance with the study protocol.
Teachers used the tool with their students between January and June 2022. In June 2022, they sent students’
logbooks to the lab after anonymizing the students’ data (i.e., removing students’ names from the individual
logbooks). Teachers were asked to use the tool at least 12 times during that period. In the results section we detail

how the tool was effectively used by teachers.

Analyses. All analyses were planned unless stated otherwise. Students’ actual performance was recorded at the
end of each activity. Grades necessarily differed over the sample because of the variety of tasks and age involved.
Some activities were graded in a typical fashion, on a numerical scale from 0 to 20 or 0 to 10, but other activities
were graded in terms of competence acquisition. When grades were not initially numeric, we asked teachers to
convert them to numeric grades. All grades were then expressed on a scale from 0 to 20 which is the most typical
way to grade students in the French schooling system. To analyze metacognitive sensitivity, one needs to relate

confidence judgments to performance, defining what counts as a “correct” (i.e., passing) or an “incorrect” (i.e.,
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failing) performance. To this end, here we considered grades > 10 to be correct and grades < 10 to be incorrect,
in accordance with the norm in the French schooling system, where for most exams a grade below 10 means that
the students have failed the exam, and a grade above 10 means that they have passed. Similar results were obtained
using an alternative way to transform the grades into discrete performance categories, that is, we z-scoring the
grades for each participant with respect to the average grade in the classroom (z = grade student — mean grade in
the class / sd in the class) and considered z-scores above zero to be correct grades and z-scores below zero to be
incorrect grades. Transforming the grades in this way led to the same results, so here we present the simpler

analysis splitting the grades as a function of the local norm (10).

Confidence ratings from prospective and retrospective judgments were collected from the “before the
activity” and “after the activity” sections of the logbook, respectively (see Appendix). Confidence scales ranged
from 1 to 4. Metacognitive sensitivity was then computed from grades and confidence ratings as the area under
the type-2-ROC curve, separately for prospective (section 1 of MOC) and retrospective (section 2 of
MOC) confidence judgments (Fleming & Lau, 2014). This non-parametric measure has been developed to allow
researchers to specifically measure metacognitive sensitivity (the ability to report more confidence for correct
compared to incorrect decisions) after partialling out the contribution of metacognitive biases (the tendency to
provide high or low confidence judgments irrespective of task performance). The type-2 ROC curve is built by
computing, for each confidence level, the percentage of trials in which participants provide a high confidence
rating for correct responses (type-2 hits) against the percentage of trials in which participants provide a high
confidence rating for incorrect responses (type-2 false alarms; see Fleming & Lau, 2014 for formula, code,
illustrations and further details). The area between this type-2 ROC curve and the diagonal reflects metacognitive
sensitivity: where the participant tends to produce more type-2 hits than false alarms, the area is greater than 0
(i.e., metacognitive sensitivity is above chance); on the other hand, when the participant tends to produce less
type-2 hits than false alarms for most criteria, the area is less than 0 (i.e., metacognitive sensitivity is lower than

to chance).

This measure was computed separately for predictive (step-1 in MOC) and retrospective (step-2)
judgments. To assess improvements over time, we calculated this measure separately for the first and the second
half of the study. To assess whether the tool could preferentially benefit lower-performing students who needed
it most, we divided the students into three groups according to their average grades, again as a function of the
norms of the French school system. In this system, receiving an average grade below 10 means that the students
have failed the exam, while a grade above 12 means that they have passed with distinction. We therefore divided
the students as follows: if their average grade was less than 10, students were placed in the low-achievers group;
if their average grade was above 12, they were placed in the high-achievers group; the other students were placed
in the middle-achiever group. The resulting average grades for the low-achieving group in the experimental group
were 7.88 (SD=1.92; N =46), 11.19 (SD=0.6; N = 51) for the middle-achieving group, and 15.62 (SD=2.11; N =
200) for the high-achieving group. The resulting average grades for the low-achieving group in the control group
were 7.88 (SD=1.92; N =42), 10.96 (SD=0.66; N = 28) for the middle-achieving group, and 15.82 (SD=2.20; N

= 208) for the high-achieving group. In the following, we refer to this quasi-variable as academic achievement.



Statistical analysis. In addition to classical statistics (e.g., t-tests), we used hierarchical model comparisons to
compare nested linear mixed regressions with student ID as a random factor. In this approach, the contribution of
specific factors is tested by comparing the performance of nested models with likelihood ratio tests (see Gelman
& Hill, 2007 for details). For these analyses, we first report main and interaction effects by specifying the output
of the nested model comparisons (X2 and p-values), before reporting the output of the best fitting models to
compare specific conditions (beta, standard errors, t-values and p-values). Results were analyzed using Python
3.9.13 (seaborn, matplotlib and scipy) and R (version 4.2.2, using package ImerTest). Using G-Power (Faul et al.,
2007), we retrospectively verified with a sensitivity analysis that our design was sufficiently powered to detect
small effects (given alpha = 0.05, power = 95%, and the sample size, it was estimated that the smallest effect size

that we could detect was 0.3).

Results

Before turning to the results of the study, we briefly detail how teachers used the tool as part of their daily
pedagogical practice. Teachers used the tool on average 10.62 times (SD = 5.7, median = 10, range 2 to 30), and
during 17.33 weeks on average (SD = 5.8; min = 4; max = 26). This corresponds to an average of 46.83% of their
courses over the total duration of the study (i.e., approximately one course out of two), with some variability (SD
= 38.58; min = 7.86; max = 100%). Since teachers used the tool as part of their normal teaching activities with
no restrictions, they effectively used it in a large variety of domains and tasks, including mathematics,
history/geography, languages (Greek, English, Spanish, French), arts, sciences, technology, and philosophy. Note
that while some courses happen several times a week, others only happen once a week (e.g., English), which
partially explains the large variability in the frequency with which teachers used the tool. It is important to keep
these details in mind when interpreting the findings detailed below. This description provides evidence that the
CMT can be used in a variety of domains. However the frequency with which teachers used the tool was highly
variable, suggesting that the current procedure suffered from implementation deficits (Kelly and Perkins, 2012),

an issue to which we return in the discussion.

R.1.) MOC improves students’ predictive metacognitive sensitivity over time

To assess the impact of MOC on students’ metacognitive sensitivity and given the fact that the tool was used a
different number of times in each classroom, we divided the data into the first half (block 1) and the second half
(block 2) of the study for each student. A significant difference in metacognitive sensitivity between the first and
second half of the study would indicate that MOC had an impact on students’ metacognitive sensitivity. To test
this, we adopted a hierarchical model comparison approach contrasting nested models with metacognitive
sensitivity as a dependent variable, student as a random factor, and block and type of judgment (predictive or
retrospective) and the interaction between these terms as fixed factors. This revealed a significant improvement
of the fit for the model that included block (X2 = 12.96, p <0.001) as compared to the null model. It also revealed
that including the type of judgment further improved the model fit (X2 = 302.87, p < 0.001), and that the

interaction term between these two factors further improved the model fit (X2 = 10.79, p = 0.001). This interaction
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reflects the fact that students’ metacognitive sensitivity improved between block 1 and block 2 for predictive
judgments (see Fig.1, beta = 0.055, SE = 0.01, t = 4.96, p < 0.001) but not for retrospective judgments (beta =
0.009, SE = 0.01, t = 0.77, p > 0.4). The main effect of judgment type reflected the fact that metacognitive
sensitivity was higher for retrospective as compared to predictive judgments, and this was the case both during
the first (beta = 0.15, SE = 0.009, t = 15.42, p < 0.001) and the second block (beta = 0.10, SE =0.01, t =9.68, p
< 0.001). Thus, using MOC had a positive impact on students’ metacognitive sensitivity, but it was only effective
for predictive judgments; for retrospective judgments, no improvement was observed, which could be due to a

ceiling effect since metacognitive sensitivity was high for retrospective judgments even in the first block.

As an exploratory analysis, we checked whether this result held when dividing the study into 3 blocks (using
tertiles) rather than 2 (for this analysis 4 classrooms had to be removed because they used MOC less than 6 times,
which did not allow computing the area under the type-2 ROC curve). Findings were virtually identical using
tertiles: there was a main effect of block (X2 = 14.47, p < 0.001) and an interaction between the type of judgment
and block (X2 = 17.46, p < 0.001). This interaction reflects the fact that students’ metacognitive sensitivity
improved between block 1 and block 3 for predictive judgments (beta = 0.08, SE =0.016, t=5.15, p <0.001) but
not for retrospective judgments (beta = -0.003, SE = 0.016, t = 0.24, p > 0.8).
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Fig.1. Metacognitive sensitivity as measured by the type-2 AUC (Area Under the Curve i.e. type-2 ROC curve) computed
separately for retrospective (dark green) and predictive (light green) judgments in the first and second experimental blocks.

R.2.) This positive impact is greater for lower-performing students

Second, we wondered whether the tool benefited different students in different ways. Of particular interest is

whether MOC is especially efficient for the lowest-performing students in the class. We therefore examined
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whether metacognitive sensitivity varied between low-achieving students, middle-achieving students, and high-
achieving students, and whether metacognitive sensitivity evolved differently in each group over time. Fig.2
shows students’ average confidence levels in the three groups on the left (Fig.2A) and students’ metacognitive

sensitivity as a function of academic achievement (low, middle, high) on the right (Fig.2B).

To evaluate whether MOC enabled low-performing students to improve their ability to evaluate their
performance, we examined whether metacognitive sensitivity improved differentially with time across the three
groups of students. We contrasted nested linear mixed models with metacognitive sensitivity as a dependent
variable, student as a random factor, and block, student achievement (low, middle, high) and type of judgment
(predictive or retrospective) as fixed factors, as well as their interactions (i.e., we added student achievement in
the model described above). This revealed a marginal improvement of the fit for the model that included student
achievement (X2 = 5.42, p = 0.07) as compared to the model including only the type of judgment and block
described above. It also revealed that including the interaction between the type of judgment and student
achievement further improved the model fit (X2 =9.14, p = 0.01), as well as adding the interaction between block
and student achievement (X2 = 49.10, p < 0.001; the triple interaction did not further improve the fit, p >
0.3). Given this, in the following we break down the results in two ways: 1) as a function of student achievement

and the type of judgment, and 2) as a function of student achievement and block.

The interaction between the type of judgment and student achievement reflected the fact that, even
though metacognitive sensitivity was significantly higher for retrospective as compared to prospective judgments
in all three groups (low: beta = 0.18, SE = 0.018, t = 9.86, p < 0.001; middle: beta =0.17, SE=0.015,t=7.7,p
<0.001; high: beta=0.18, SE=0.009, t=13.13, p <0.001), this difference was greater for low-achieving students
as compared to both high-achieving students’(beta = 0.06, SE = 0.02, t = 2.93, p = 0.01) and middle-achieving
students (beta = 0.06, SE = 0.023, t = 2.54, p = 0.01; no difference was observed between middle and high-
achieving students, p > 0.9). Importantly, the interaction between block and student achievement reflected the
fact that both types of metacognitive sensitivity significantly improved between block 1 and block 2 for low-
achieving students (beta=0.17, SE=0.02, t=7.33, p <0.001), but it only marginally improved for high-achieving
students’(beta=0.03, SE=0.01, t=1.88, p=0.06), and did not significantly change for middle-achieving students
(beta = -0.02, SE = 0.017, t = 1.14, p = 0.26). Thus, MOC was mostly efficient in supporting metacognitive

learning for low-performing students.

Note that achievement here was defined with respect to the local norms of the French schooling system
(see methods), which led to an unbalanced number of students being assigned to the low, middle, and high-
achieving groups. Thus, we also ran an additional exploratory analysis testing whether the result would replicate
using a slightly different grouping approach that resulted in a balanced number of students in each group. We
assigned students using a median split (e.g., low-achieving students were the students scoring on average below
the median, and high-achieving students above the median). This approach confirmed that MOC seemed to be
more efficient for low-achievers, allowing them to improve the sensitivity of their predictive judgements: there
was a triple interaction between block, type of judgment and student achievement (X2 = 6.9, p = 0.008) reflecting

the fact that, for predictive judgments, metacognitive sensitivity was significantly higher at the end of the study

12



compared to the beginning of the study for low-achievers (beta = 0.03, SE = 0.01, t = 2.67, p = 0.008), while this
did not reach significance for high-achievers (beta = 0.01, SE = 0.02, t = 0.6, p > 0.5).
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Fig.2. A) Average raw confidence judgments computed separately for predictive (left) and retrospective (right) judgments, and shown
separately for low, middle and high achievers. Overall, there was a main effect of overall achievement on confidence judgments for both
predictive (X2 = 55.15, p < 0.001) and retrospective judgments (X2 = 78.3, p < 0.001): lower-achievers were less confident than students in
the middle of the class (predictive: beta = 0.29, SE = 0.01, t = 2. 66, p = 0.01; retrospective: beta = 0.29, SE = 0.01, t = 2.7, p = 0.01) and
then high-achievers the best students (predictive: beta = 0.63, SE = 0.08, t = 7.3, p < 0.001; retrospective: beta = 0.73, SE = 0.08, t = 8.72,
p < 0.001); students in the middle of the class were less confident than the best students (predictive: beta = 0.348, SE = 0.08, t = 4.06, p <
0.001; retrospective: beta = 0.44, SE = 0.08, t = 5.4, p < 0.001) (Fig.24). B) Metacognitive sensitivity (area under the type-2 ROC curve)
computed separately for retrospective (dark green) and predictive (light green) judgments in the first and second experimental blocks and
shown separately for low (left) middle (center) and high (right) achievers. Vertical black asterisks show the main effect of the type of judgment,
and horizontal asterisks show the main effect of block; + p < 0.01; *p < 0.05; **p < 0.01; ***p < 0.001.

R.3.) Results as a function of age.

Next, we examined whether the tool benefited students at each school level. Of particular interest is whether MOC
can help younger students, who typically display lower metacognitive sensitivity. Note that our sample was very
unbalanced here, since many more teachers volunteered to participate in middle school compared to primary and
high school, so any developmental pattern should be interpreted with caution. We still examined whether
metacognitive sensitivity varied between primary school, middle-school and high-school students, and whether it
evolved differently in these three age groups over the course of the study, as a preliminary test of our hypothesis
that MOC can be used across age groups,. Fig.3 shows students’ average confidence levels in the three age groups
on the left (Fig.3A) and students’ metacognitive sensitivity as a function of age on the right (Fig.3B). Overall,
there was a negative linear relationship between confidence and school level for both predictive (X2 = 35.5, p <
0.001) and retrospective judgments (X2 = 38.3, p < 0.001): students were more confident in primary school
compared to middle-school (predictive: beta = 0.62, SE=0.12,t=15.22, p <0.001; retrospective: beta = 0.52, SE
=0.12,t=4.5, p <0.001) and high school (predictive: beta = 0.8, SE = 0.13, t = 6.14, p < 0.001; retrospective:
beta = 0.82, SE = 0.13, t = 4.5, p < 0.001), and middle-school students were more confident than high-school
students (predictive: beta = 0.18, SE = 0.08, t = 2.4, p = 0.02; retrospective: beta = 0.29, SE = 0.08,t=3.8, p <
0.001) (Fig.2A). This finding resonates with previous findings that younger children tend to provide higher
confidence judgments (Lipko et al., 2009; Roebers, 2017; Xia et al., 2022), but such raw confidence judgments
reflect both metacognitive sensitivity (relative resolution) and biases. It should also be noted that, given that
confidence was measured here in the context of typical schooling, although this decrease in confidence with age
might reflect the above-mentioned fact that children are less overconfident with age, it could also reflect more
complex phenomena: local estimates of confidence might not merely express procedural metacognitive

monitoring, but also reflect socially constructed self-beliefs and feelings of self-efficacy (Hacker, 2008, Nietfeld
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et al., 2006). In addition, here task difficulty was not experimentally manipulated (nor controlled), so variations

in confidence with age might also be related to underlying variations in task difficulty.

With this in mind, we examined whether MOC allowed students to improve their ability to evaluate their
own achievements differently depending on school level, using our measure of metacognitive sensitivity (area
under the type-2 ROC curve). To test this, we added age in the model described above, as well as the interactions
between school level and type of judgment, block and school level, and the triple interaction between school level,
type of judgment and block. This revealed a significant improvement of the fit for the model that included school
level (X2 =16.98, p <0.001) as compared to the model including only the type of judgment and block described
above. Adding the triple interaction also further improved the fit (X2 =20.8, p <0.001).

The main effect of school level reflected the fact that retrospective confidence was more accurate overall
for high-school students as compared to middle-school (beta = 0.1, SE = 0.03, ¢ = 3.35, p < 0.001) and primary
school students (beta = 0.2, SE = 0.05, t = 3.69, p < 0.001). Middle-school students also had a marginally
higher accuracy in retrospective confidence than primary school students (beta = 0.09, SE = 0.05,t=1.96,p =
0.051).

The triple interaction between the type of judgment, block and school level reflected the fact that
metacognitive sensitivity changed differently during the course of the study as a function of age and judgment
type. For primary school students, there was a main effect of the type of judgment (X2 = 55.32, p <0.001), no
main effect of block (X2 =2.17, p = 0.14), but a significant interaction between judgment and block (X2 =
45.86, p <0.001). Overall, predictive judgments were less accurate than retrospective judgments (beta = -0.17,
SE =0.02, t=10.57, p <0.001). While predictive judgments increased in accuracy over time (beta=0.11, SE =
0.02,t=5.76, p <0.001), retrospective judgments were less accurate over time (beta = -0.06, SE =0.02, t =
3.24, p =0.01). Thus, the calibration of predictive judgments improved over time, but the accuracy of their

retrospective judgments decreased over time.

For middle-school students, there was a main effect of the type of judgment (X2 = 196.22, p <0.001), a
main effect of block (X2 =12.57), and a significant interaction between judgment and block (X2 =5.77, p =0.02).
Overall, predictive judgments were less accurate than retrospective judgments (beta = -0.13, SE = 0.009, ¢ =
14.42, p < 0.001) with a metacognitive sensitivity improving between block 1 and 2 (beta = 0.4, SE = 0.01, t =
3.71, p <0.001). The interaction reflected the fact that, while predictive metacognitive sensitivity increased over
time (beta = 0.06, SE = 0.014, t = 4.4, p < 0.001), retrospective metacognitive sensitivity did not significantly
improve (beta=0.02, SE = 0.015,¢t=1.13, p=0.19).

Finally, for high-school students, there was a main effect of the type of judgment (X2 =58.42, p <0.001),
no main effect of block (X2 = 0.09, p = 0.76), and no significant interaction between judgment and block (X2 =
1.39, p =0.23). Overall, predictive judgments were less accurate than retrospective judgments (beta =0.11, SE =

0.02, t=4.47, p <0.001), but all other effects were not significant (all p-values > 0.2).
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Fig.3. A) Average raw confidence judgments computed separately for predictive (left) and retrospective (right) judgments separately for
primary, middle and high school students. B) Metacognitive sensitivity (AUC: Area Under the Type-2 ROC Curve) computed separately for
retrospective (dark green) and predictive (light green) judgments in the first and second experimental blocks and shown separately for

primary ( left), middle (middle) and high (right) school students. Black asterisks show the main effect of the type of judgment, and color
coded asterisks show judgment-specific effects; * p < 0.05; **p < 0.01; *** p < 0.001.

Again, given the fact that in this sample there were more middle school students compared to primary and high
school students, future work should examine in more detail whether tool efficiency changes as a function of

age.

R.4.) The improvement of metacognitive sensitivity has no immediate impact on academic performance

To assess the potential immediate impact of MOC on students’ academic performance, we compared the
academic grades obtained by the students in the test group (who used MOC) with students from the control
group (who used an alternative tool which did not involve metacognitive training). Overall, we found that
grades did not differ significantly overall between these two groups, when all grades collected during the study
were included (test group: M = 13.72, SD = 3.54; control group: M = 14.15, SD = 3.71, #(286) = 1.38, p = 0.17,
d =0.12). When we only included the first grade that was collected in each classroom at the beginning of the
study, we observed a marginal boost in academic performances in the control group (test group: M = 13.55, SD
= 4.56; control group: M = 14.33, SD =4.81, t(284), p = 0.07, d = 0.17). There were also no differences (p >
0.7, d = 0.03) between students’ progression between the last measurement point and the first measurement
point in the test (average difference between the last and the first grade: M =-0.36, SD = 5.75) and control
groups (M =0.21, SD = 5.14). Finally, a linear mixed regression analysis revealed a principal effect of
measurement point (ranging from 2 to 30) on grades (comparison to the null model: X2 =5.77, p = 0.02; model
output: beta = 0.06, SE = 0.03, t =2.31, p = 0.02), no main effect of group (X2 = 2.66, p = 0.1; model output:
beta =-0.34, SE = 0.36, t = -0.94, p = 0.35) and no interaction between group and measurement point (X2 =
0.52, p = 0.47; model output: beta =-0.02, SE = 0.04, t =-0.72, p = 0.47). Taken together, these findings
suggest that despite a potentially positive effect on students' confidence calibration, repeated use of MOC did
not have an impact on academic outcomes at the end of the period. As an exploratory analysis, we also tested
whether there was an interaction between group and students’ level of achievement, which was not the case (p >
0.5). Thus, there was no evidence that students who began the study with different levels of achievement

benefited differentially from MOC to improve their grades.
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Fig.4. Left. Average grades for students in the control (left) and test (right) groups (range: 0 to 20). Right. Difference between the last
grade and the first grade in the control and test groups.

R.5.) Relationship between metacognitive improvement and academic outcomes over time

Finally, we examined whether there was a relationship between the improvement in students' confidence
calibration over time and their academic performance. Because the tool mostly impacted predictive judgments,
we restricted our analysis to these judgments. For each student, we computed the difference between their
predictive metacognitive sensitivity during the first block and the second block (metacognitive progression),
and the difference between their grades in the first and the second block (academic progression). We then
examined in a linear mixed regression whether there was a relationship between these two variables. As can be
seen on Fig.5, there was a marginally significant positive relationship between students' metacognitive and

academic progression between the first and the second block of the study (Spearman’s rho = 0.2, p = 0.06).
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Fig.5. Relationship between students' metacognitive and academic progression between the first and the second block of the experiment.
Metacognitive progression was computed as the difference between metacognitive sensitivity during the second block minus the first block,
academic progression as the difference between students’ grades in the second and in the first block.
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Discussion

The aim of this study was to evaluate the potential of a minimally invasive method to train students’ ability to
form reliable prospective and retrospective judgments of confidence during disciplinary exercises. The main aim
of the study was to examine whether such minimal training could have an impact on academic outcomes. Students
aged 8 to 18-years-old from 26 classes ranging from primary to upper-secondary school took part in this
intervention under their teachers’ guidance. As mentioned at the beginning of the results section, teachers used
the tool in diverse ways, be it in terms of domain, activity or frequency. Using the metacognitive training tool
before and after engaging in a variety of learning tasks seemed to improve students’ accuracy in their predictive
judgments of confidence over time. By contrast, the accuracy of their retrospective judgments of confidence did
not change over time. Interestingly, the impact of the tool on predictive judgments appeared to be particularly
positive for the lower-performing students. Contrary to our predictions, we found no impact of the tool on
academic outcomes: there was no difference in performance progression between the control and the test group
at the end of the study. In the test group, there was a marginally significant positive relationship between students'
metacognitive progression and academic progression between the first and second blocks of the study (Fig. 5).
This could be an indication that, in the test group, the metacognitive gains from MOC still enabled performance
gains. However, it is equally possible that grades in the test group increased for another reason over the course of
the experiment (indeed grades in the control group also increased over time). Thus, it remains possible that the
relationship we observed here between academic and metacognitive progress is not caused by MOC per se. Our
study also provides useful information for researchers interested in the implementation of tools derived from

research in experimental psychology to the classroom, a topic to which we will return at the end of the discussion.

Global impact of MOC

In order to study the progressive impact of MOC on monitoring accuracy, we partitioned the evaluative reports
in students’ logbooks in two temporal blocks, corresponding to the first and the second halves of the tool use (see
Fig. 2B and 3B). Type-2 ROC curves show that predictive metacognitive sensitivity improved between the first
and the second block. Contrary to our hypothesis, however, retrospective confidence judgments did not improve
over time (Fig.1). As in other studies with older students (Hacker, 2000), retrospective monitoring was found to
be more accurate than predictive monitoring, which might suggest a ceiling effect. Higher accuracy in
retrospective monitoring is likely due to the fact that students can draw on the experience generated during the
cognitive activity (e.g., feelings of effort) to predict their performance. Other studies have found that training
protocols can improve retrospective metacognitive judgments, but these studies typically focus on younger
children whose retrospective metacognitive judgments are not yet well calibrated (O’Leary & Sloutsky, 2017;
van Loon & Roebers, 2020). Here, primary school students actually showed a decrease in confidence calibration
for retrospective judgments (Fig. 2 B). This effect is difficult to interpret and it might be due to the fact that our
sample for primary school students was smaller (only 2 classes); further research should focus on this age group
more specifically to try and better understand this potential dissociation between predictive and retrospective

judgments.
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An important limitation here is that, because our main objective was to design an ecologically valid
study, with as little intervention in the control and experimental groups as possible, and to test MOC and a control
activity within the same classrooms, we did not assess metacognitive sensitivity in the control group. The aim of
the within-classroom design was to neutralize “classroom effects” and “teacher effects”, because we know that
they affect students’ performance (Doyle, 1979). This strategy, however, prevented us from conducting pre- and
post-comparisons in both groups. This would have been necessary in order to check that the improvement we
observed was cumulative on any other metacognitive growth that could have happened independently over the
course of the study. This aspect of our study necessarily limits our conclusion that MOC was strictly sufficient to
train students’ monitoring skills. We observe, however, that the specificity of the effect (it was present for
predictive but not retrospective judgments), and the fact that it was present mostly for low-achieving students, are
both compatible with the idea that MOC induced some form of metacognitive training during the course of the
study. Yet, a study comparing matched classes randomly assigned to the control or test group (so that
metacognition can be measured in both groups before and after the intervention) is warranted to confirm this.

Why would MOC improve students’ predictive confidence judgments? A first possibility is that it makes
pre-existing feelings of confidence and doubt more salient for students (Koriat, 2012.). In other words, subjective
cues generated by task analysis might take precedence over global beliefs prone to biases (e.g. beliefs of
(in)competence influenced by social stereotypes). An additional possibility is that MOC improves students’
confidence accuracy because of its iterative nature: it allows students to better connect their metacognitive
predictions with observed feedback, supporting a recalibration of their confidence judgments as a function of
accuracy (Nietfeld et al., 2006). These two factors can both contribute to the effect of MOC on predictive
metacognitive judgments: the first might secure students’ attentional access to their feelings of uncertainty, and

the second might help them to (re)calibrate over time as a function of outcome.

The role of academic achievement

Low-achieving students have been found to form less accurate confidence judgments in a variety of domains
(Callender et al., 2016; Dunlosky & Metcalfe, 2009; Hacker, 2000, Maki & Berry, 1984). Based on existing prior
interventions (e.g., Hacker 2008), we hypothesized that lower-performing students would benefit the most from
MOC. In contrast, we expected higher performers to have already reached an effective metacognitive competence
and have less room for improvement. Because vulnerable students have a lower feeling of self-efficacy, in
particular in rated activities, MOC could also enhance their motivation to engage in school tasks (Bandura 1993,
Fischer & Oyserman, 2017, Smeding et al., 2013). To test our predictions, we measured the impact of MOC as a
function of students’ academic achievement by partitioning the participants into three groups based on their
average grades (under 10, between 10 and 12, over 12). We found that there was a higher progression in predictive
sensitivity in lower-achieving students than in middle- and higher achievers (Fig. 2B).

Accurate confidence judgments put students in a better position to intensify or redirect study effort and
interrupt it only when a specific goal (such as retention or understanding) is achieved (Hacker et al., 2008). Just
as accurate monitoring is able to adaptively influence the time and effort devoted to academic tasks, poorly
calibrated confidence judgments can deteriorate students’ learning potential (Dunlosky & Rawson, 2012).

It could be objected that this differential influence applies to school exercises whose timing is self-paced

rather than imposed (Koriat et al., 2006). In contrast, the school activities where MOC was used had a fixed time

18



frame, which prevented us from measuring the effect of MOC on performances depending on chosen study time.
In response to this objection, it can be argued that an interplay between metacognitive monitoring and control
skills promoted by MOC should help modulate the allocation of cognitive resources to school activities with a

fixed time-frame (Destan & Roebers, 2015).

The role of age

In conformity with existing research (e.g. Roebers, 2017), we expected that students from primary
school and middle-school might benefit more from MOC than high-school students. Our results are partly
consistent with this expectation, but interpreting developmental effects here remains premature given an
unbalance in the number of classrooms included in the study for primary (2), middle (18) and high (6) schools.
As a consequence, it should be noted that the power for middle school students was greater in our dataset given
the higher number of classrooms in this group. With this cautionary note, we still discuss these findings as they
might inspire further research. We found that age interacted overall with block and confidence type: accuracy of
prospective judgments increased with age; postdictive accuracy, however, decreased over time in primary school
students, and was stable in middle school (Fig. 3). MOC seemed to be more effective in improving the accuracy
of predictive confidence for middle-school students than for primary and secondary school students (Fig. 3B). In
high school students, MOC did not improve confidence accuracy for both predictive and retrospective judgments,
despite students' relatively poor ability to make predictive judgments. This suggests that high-school students
might benefit from interventions specifically targeting predictive monitoring. Re-designing the tool specifically
for adolescents might be more effective for this purpose and could be explored in further studies. In any case,
a study involving balanced samples and dedicated learning tasks matched for performances across age groups

will be required to examine whether the efficiency of MOC changes with age.

Impact of MOC on performance

Our last hypothesis was that a regular use of MOC would improve confidence accuracy, which in turn would
eliminate the negative impact of under-confidence on school performances. This hypothesis is based on
former studies suggesting that an improved calibration is able to affect performance on class tests (Nietfeld et al
2006). This hypothesis, however, failed to be confirmed by our data. Students in the test group did not perform
any better than those in the control group at the end of the intervention (Fig. 4). A main question raised by our
study, then, is to understand why, in spite of the positive effect of MOC on predictive confidence judgments, there
was no improvement in academic scores in the test group as compared to the control group, contrary to the effect
found by Nietfeld et al. (2006). This could be due to a variety of factors. Firstly, the intervention was perhaps too
short to allow students to realign their study effort on their metacognitive predictions (Kollof et al., 2023).
Secondly, the diversity of the first-level tasks might have diluted the effect of MOC overall (it might be that the
tool was more efficient for some topics compared to others, but statistical power was too low to allow us to
examine this hypothesis here). Thirdly, it is important to note that we did not control the pedagogical environment
here. Being able to monitor one’s own performances is mostly helpful in pedagogical environments that allow
students to express their doubts and engage in self-regulation. It may be that training students to better monitor
their learning is not enough in itself and needs to be accompanied by training programs for teachers, to emphasize

the importance of metacognition and self-regulation for learning. Third, it is possible that MOC increased the
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saliency of performance feedback at the expense of reducing students’ intrinsic motivation to learn. Attracting
students’ attention to the grade to be expected in a task might play a significant role in lowering effort in
vulnerable students, and it is known that this can have detrimental effects on academic performances (Pulfrey et
al., 2013, Smeding et al., 2013). Further research might be conducted to study the effects of MOC in the context

of formative evaluations.

Summary of our findings

To summarize: our intervention impacted students in different ways: predictive metacognitive monitoring
improved over time, except for high school students. Improvement was higher for primary school than for middle
school students. The lower-performing students benefited greatly from MOC, achieving greater accuracy over
time in their prospective and, to a lesser degree, in their retrospective metacognitive monitoring. Middle
performers, having a higher metacognitive accuracy initially, did not benefit from MOC: their prospective
accuracy was stable, but their retrospective accuracy diminished over time. Higher-performers progressed more in
prospective than in retrospective monitoring, but less markedly than low-performers. On the other hand, MOC

did not significantly impact performance.

Limitations of the present study

The main limitation of the present study is that, given its classroom context, we could not measure students’
confidence accuracy in the control group. Both because we did not want to mention metacognition for students
in the control group, and because we wanted teachers to remain as agnostic as possible about it, we were unable
to compare confidence calibration between a control and a test group in this study. This is an important limitation
ideally, testing the efficiency of MOC would require pre- and post- measurements not only for performance, but
also for metacognition in both groups to control for any progression that might have occurred independently from
using MOC during the study. Designing a study is always a tradeoff, and here ecological validity was prioritized
over experimental control. However, our main priority in the future will be to further test the efficiency of MOC
in novel sample groups, in a study including more experimental control, with both pre- and post-training
measurements of confidence calibration in the control and the test group. In addition, in future research, we plan
to restrict the age range to primary and middle-school students and collect socio-demographic data so that the
helpfulness of the tool can be assessed as a function of sociodemographic factors on top of academic performance
factors, as we did here.

A related issue is that, because in this study we tried to intervene as little as possible, we could not
measure participants' fidelity to the intervention. Measuring how teachers and students actually use pedagogical
tools in the classroom is key however and has been suggested to be required to ensure the success of evidence-
based transfers to the classroom and to avoid implementation deficits (Kelly & Perkins, 2012). Given the wide
variability we observed in terms of implementation, it will be important to introduce in situ measures and
interviews to track participants’ comprehension and adherence to the metacognitive training in future work. For

the same reason, we were also unable to track how students actually perceived the activity in the control group.
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In future work it will be important to do so, in order to better interpret any observed difference between the
training and the control groups.

It also remains to be shown whether the training effect we observed for predictive judgments can be
transferred to other evaluative frameworks. It remains possible that the training effect we observed is limited to
reporting confidence on a pictorial scale; future work should test whether students trained on such scales are able
to transfer what they have learned to report their confidence in other settings (e.g., verbally). Note that there was
no specific effect of domain here: the tool was used by teachers in a wide variety of domains including history,
mathematics or languages, so at least it seems that - on top of being transferable across school levels - this type
of tool can be used across domains. Future research could be conducted with a restricted number of domains (e.g.,
mathematics and reading comprehension) in order to gain sufficient statistical power to test potential differences
between domains, and also potential transfer effects across domains (e.g., training students’ metacognition during
reading comprehension, and testing later whether their monitoring calibration has improved in mathematics as

well).

Educational implications

Taking a step back, our results suggest two main research goals for educational metacognition. A first goal is to
devise monitoring tools able to improve students’ performance. A second goal is to have a revised tool adjusted
to specific academic levels. To explore these issues, it is interesting to compare MOC and the confidence-
enhancing tool devised by Nietfeld et al (2006). A common feature of these interventions consists in soliciting
subjective assessments of potential success before engaging in a task, after completion, or after external evaluation
of task outcome. While Nietfeld et al. (2006) solicited students' retrospective confidence judgments after a
learning session and systematically provided them with teachers’ feedback, MOC solicited three types of
individual appraisals for the same activity — predictive, retrospective, and final in light of the actual score obtained.
What distinguishes these two kinds of metacognitive tool, then, is that MOC prompts students to revise their
predictive and retrospective confidence judgments in light of their individual test scores (type-1 feedback),
whereas Nietfeld et al. prompted students to revise their confidence responses based on teacher’s comments about
their confidence judgments (type-2 feedback). While both methods improved students’ calibration, only Nietfeld
et al.’s intervention improved performance. This might suggest that type-2 feedback can alleviate the concern we
discussed above regarding the effect of grade on students’ intrinsic motivation, and/or that a mixture of declarative
and procedural training is more efficient. Yet, we also note that given the fact that teachers’ feedback can be
biased by their stereotypes - e.g., about social class (Turesky et al., 2021; Doyle et al., 2022) - a tool that does not
rely on teachers’ feedback as MOC might be more helpful in some circumstances. Future research could
investigate this issue.

Another crucial difference between the two studies is that in Nietfeld et al.’s intervention, one of the
authors was a teacher of the two groups. A second related difference is that the teacher and his undergraduate
students were all specialized in educational psychology. In contrast, participants in our study were school students,
and unprepared to understand the potential relevance of MOC to their own academic success. Furthermore, here
the majority of the teachers were not specifically trained to encourage student’s self-efficacy or metacognitive

accuracy. Based on this comparison, future versions of MOC could incorporate two additional features. One
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feature would be to explicitly train teachers to help students revise their confidence judgments in light of their
actual achievements, in the spirit of formative evaluation. No summative evaluation, however, would be involved
in the revised tool. Alternatively, only type-2 feedback would be provided by teachers (or alternatively the study
could be digitalized so that type-2 feedback could be computed automatically).

Conclusion

MOC is a promising tool for training students’ prospective metacognition, but it remains to be demonstrated
whether — after improvement along the lines described above — it could have long-term consequences in terms of
academic gain. This study suggests that it is feasible and important to focus on training procedural aspects of
metacognition in the classroom. As discussed above, enhancing the accuracy of lower performers’ confidence
judgments is a major educational goal (Dunlosky & Metcalfe, 2009; Veenman et al., 2006). Given their negative
role in students’ active engagement in learning tasks, sources of threat associated with poor grades should be a
concern for educational research. From this viewpoint, the experimental study of ways of training confidence is

an essential step.
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APPENDIX: Logbook for both groups
First column: test group
Second column: control group
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