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ABSTRACT

Background: Improving students’ monitoring and regulation judgment accuracy is necessary for improving the
effectiveness of self-regulated learning, but might not be sufficient: Students presumably also need to feel
confident about the accuracy of their judgments to act upon them. However, little is known about students’
awareness of their monitoring judgment accuracy, and awareness of their regulation judgment accuracy has not
yet been investigated.

Aims: We investigated (1) primary school students’ awareness of their monitoring and regulation judgment
accuracy in mathematics and (2) whether self-scoring, which is known to improve monitoring/regulation ac-
curacy, would also improve awareness of their regulation judgment accuracy.

Sample(s): Primary school students (9-10 year-olds) from 34 classes (N = 564).

Methods: Students completed problem-solving tasks twice (parallel versions) on two different days and made
monitoring/regulation judgments, rated their confidence in the accuracy of those judgments, self-scored their
work, and again made (confidence) judgments, on both occasions. If an increase/decrease in judgment accuracy
from day 1 to day 2 would be accompanied by an increase/decrease in their confidence in the accuracy of their
judgements, students show accuracy awareness.

Results: Students’ judgment accuracy did not predict their confidence in the accuracy of their judgments, indi-
cating that students were not aware of their monitoring/regulation accuracy. Self-scoring improved students’
awareness of their regulation judgment accuracy for students whose regulation judgment accuracy increased or
stayed maximally accurate after self-scoring, but not for students whose regulation judgment accuracy decreased
or stayed equally inaccurate after self-scoring.

Conclusions: Primary school students were not aware of their monitoring/regulation judgment accuracy. Self-
scoring improved the awareness of their regulation judgment accuracy for some students.

1. Introduction

performance, they spend valuable time working on learning tasks they
can already perform. Prior studies have asked primary school students to

Primary school students are increasingly expected to become self-
regulated learners (OECD, 2022). For self-regulated learning to be
effective, it is critical that students’ monitoring (evaluating one’s own
performance) and regulation (deciding on what subsequent learning
actions should be taken to reach a learning goal) are accurate (Dunlosky
& Rawson, 2012; Griffin et al., 2013). Accurate monitoring is a neces-
sary (though not sufficient) condition for accurate regulation, which in
turn determines how much students will learn (Dunlosky & Rawson,
2012): When students overestimate their own performance, they may
quit studying or practicing too soon or not seek additional instructions
or help they might need; when they underestimate their own
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make explicit monitoring judgments (i.e., scoring how well they think
they performed on a task/expect to perform on a test) and regulation
judgments (i.e., indicating what, if any, subsequent activity they would
need to perform, such as restudying the material or attending additional
instruction; Oudman et al., 2022; Baars et al., 2014; Boekaerts &
Rozendaal, 2010; Garcia et al., 2016; Van Loon & Roebers, 2017). These
studies have shown, however, that primary school students’ judgments
are often inaccurate (i.e., do not correspond to their actual performance
or their actual needs) when they are engaged in memorizing items or
learning from texts (e.g., Van Loon and Roebers, 2017), or, as is the focus
of the present study, in solving mathematics problems (e.g., Oudman
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et al., 2022; Baars et al., 2014; Boekaerts & Rozendaal, 2010; Garcia
et al., 2016).

Therefore, researchers have been looking for ways to help primary
school students improve their monitoring and regulation judgment
accuracy, with some success (e.g., Oudman et al., 2022; Baars et al.,
2014; Van Loon and Roebers, 2017). However, only improving stu-
dents’ monitoring and regulation judgment accuracy might not be
sufficient for improving the effectiveness of students’ self-regulated
learning. Students presumably also need to feel confident about the
accuracy of their judgments to act upon them (suggested by Gabriele
etal., 2016; Patterson et al., 2001), which is what we want them to do
when their monitoring and regulation judgments are accurate. In
contrast, when students make inaccurate judgments, it is helpful if
they feel less confident about the accuracy of their judgments (as
acting upon those would hamper their learning; see section 1.2).
Students’ ratings of their feeling of confidence in their monitoring and
regulation judgment accuracy are also known as second-order judg-
ments (SOJ'; Dunlosky et al., 2005; Fritzsche et al., 2018; Handel &
Dresel, 2018; Nederhand et al., 2021). When students feel relatively
more confident (i.e., providing a higher SOJ) about the accuracy of a
more accurate judgment than of a less accurate judgment, they show
accuracy awareness (e.g., Fritzsche et al., 2018; Handel & Dresel, 2018;
Nederhand et al., 2021).

Previous studies on monitoring accuracy awareness seem to sug-
gest that university students showed awareness of the (in)accuracy of
their monitoring judgments (Fritzsche et al., 2018; Handel & Dresel,
2018; Nederhand et al., 2021), but that secondary school students
were not (Nederhand et al., 2021). These findings might suggest that
monitoring accuracy awareness is a metacognitive skill that only de-
velops during adulthood or late adolescence, in which case one would
not expect to find it in primary school students. However, given the
fact that it has not yet been studied in this population, we set out to
investigate primary school students’ monitoring accuracy awareness.
Moreover, students’ awareness of their regulation judgment accuracy
has not yet been investigated, and it is also an open question whether
interventions that improve students’ monitoring and regulation
judgment accuracy would also improve their monitoring and regula-
tion accuracy awareness. The present study aims to acquire more
insight into these issues, which may ultimately help to design in-
terventions that lead to more effective self-regulated learning.

1.1. Monitoring and regulation judgment accuracy

In the present study we defined students’ monitoring judgment
accuracy, or the degree to which students know how well they per-
formed on a mathematical task, in terms of the absolute difference
between their judgment of how many problems they answered
correctly and the number of problems they actually answered
correctly (cf. Baars et al., 2014; Dunlosky & Rawson, 2012). As
monitoring accuracy and possibly also regulation accuracy can vary
substantially depending on the type of math problem (Boekaerts &
Rozendaal, 2010; Rutherford, 2017), we used two different math tasks
here: a multiplication and a division task.

With regard to regulation judgment accuracy, most prior research
was conducted in the field of word-pair learning, concept learning,
and text comprehension, where regulation judgments involved stu-
dents being asked to select word pairs, definitions, or texts for restudy
(e.g., Dunlosky & Rawson, 2012; Metcalfe & Finn, 2008; Van de Pol
et al., 2019; Van Loon & Roebers, 2017) or allocate study time to word
pairs (e.g., Dufresne & Kobasigawa, 1989). The little research

1 We use the abbreviation SOJ for second-order judgments. More specifically,
SOJ-m: students’ second-order judgment about their monitoring judgment ac-
curacy; SOJ-r: students’ second-order judgment about their regulation judg-
ment accuracy.
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available on (improving) monitoring and regulation judgment accu-
racy in problem solving also mainly involved selecting worked ex-
amples for restudy (e.g., Baars et al., 2014, 2018, 2013), although
there is some research going beyond that, training students to select the
complexity of the subsequent problem-solving task (e.g., Kostons et al.,
2012; Raaijmakers et al., 2018). In contrast to making relatively
simple restudy decisions (where one can strongly rely on the moni-
toring judgment of whether an item is known or not), regulatory ac-
tions for learning problem-solving tasks are arguably more complex
(and therefore interesting and important to study). For instance, in
(Dutch) primary school when students have not yet mastered specific
problem-solving skills two regulatory actions are most common.
Either students receive or ask for additional instruction (by the teacher
or another student) when they do not understand how to solve the
problems, or they receive or decide to complete additional (compa-
rable) practice problems when they understand how to solve the
problems, but still need a relatively long time to solve the problems.
When students master a certain type of problem, they can continue
working on another/subsequent learning goal. In line with this prac-
tice, we defined regulation judgments in the present study as students’
indications of what they would need: additional instruction, addi-
tional practice, both, or nothing. The concept ‘regulation judgment
accuracy’ indicates the extent to which students’ regulation judg-
ments, meaning their evaluation of their need for additional instruc-
tion or practice, are in line with students’ actual need for intervention,
as indicated by experts (cf. Oudman et al., 2022).

As mentioned earlier, students’ monitoring judgments influence
their regulation judgments and accurate monitoring judgments seem
to be a necessary (though not sufficient) precondition for accurate
regulation judgments (Oudman et al., 2022; Dunlosky & Rawson,
2012). That is, if students overestimate their own performance, they
are likely to terminate practicing and move on to another task while
they do not yet master the skill and would need additional practice or
instruction. If they underestimate their own performance (which
seems rarer; De Bruin et al., 2017) they are likely to spend time on
activities they already mastered rather than on those they need to
learn. Interestingly, the unskilled-and-unaware effect (Garcia et al.,
2016; Oudman et al., 2022) has shown that students who perform
better also make more accurate monitoring judgments.

In sum, students who make inaccurate monitoring and, subse-
quently, regulation judgments may learn less than students who make
more accurate judgments. Inaccurate monitoring and regulation
judgments might be less problematic, however, when students are
aware of the inaccuracy of their judgments.

1.2. Students’ awareness of their judgment accuracy

Students show awareness of their monitoring and regulation
judgment (in)accuracy when they indicate that they feel relatively
more confident about the accuracy of a more accurate monitoring/
regulation judgment than about the accuracy of a less accurate
monitoring/regulation judgment (e.g., Fritzsche et al., 2018; Handel
& Dresel, 2018). In other words, students who are aware of their
judgment (in)accuracy are able to distinguish between their more and
less accurate monitoring and regulation judgments in terms of their
feeling of confidence, whereas students who are not aware of their (in)
accuracy do not do so. Note that in some literature the term awareness
is used for students’ ability to estimate their performance, which is
what we refer to as monitoring judgment accuracy here. Hence, some
prior studies used the term subjective awareness for what we call stu-
dents’ awareness of their monitoring accuracy (e.g., Fritzsche et al.,
2018). Similarly, the term confidence judgment is sometimes used for
what we call a monitoring judgment. In the present study, confidence
judgments concern students’ rating of their feeling of confidence in
their monitoring/regulation judgment accuracy (also known as sec-
ond-order judgments).
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Students’ awareness of their monitoring and regulation judgment
accuracy” might be an important predictor of what students will actually
do during self-regulated learning, because students’ feeling of confi-
dence in the accuracy of their judgments might affect whether and how
they act upon these judgments (suggested by Gabriele et al., 2016;
Handel & Fritzsche, 2016; Patterson et al., 2001). When students are
aware of their accuracy, they are likely to act on their accurate judg-
ments, and this would be productive. When they are unaware of their
accuracy, meaning that students make accurate monitoring and regula-
tion judgments but do not feel confident that these are accurate, they
might not act upon their accurate judgments (e.g., they might seek
additional instruction just in case, whereas they correctly judged they
would only additional practice), which would be unproductive. When
students are unaware of their inaccuracy, students make inaccurate
monitoring and regulation judgments, yet feel confident that they made
accurate judgments, and consequently, are likely to act upon their
inaccurate judgments, which would be unproductive. Finally, when
students are aware of their inaccuracy, students make inaccurate moni-
toring and regulation judgments and (rightfully) feel unconfident about
the accuracy of their judgments, which can be productive as they would
be less likely to act upon their judgments and might ask their teachers
for help. In sum, it is important to not only investigate students’ moni-
toring and regulation judgment accuracy, but also their awareness of
their monitoring and regulation judgment accuracy, as this might pro-
vide more insight into what is needed to improve students’ actual
self-regulated learning behavior.

1.2.1. Prior research into students’ awareness of their judgment accuracy

Previous studies have shown that university students showed some
awareness of their monitoring judgment accuracy—in that more accurate
monitoring judgments were associated with a higher feeling of confi-
dence in these judgments (e.g., Fritzsche et al., 2018; Handel & Dresel,
2018; Nederhand et al., 2021). These studies operationalized awareness
differently: Nederhand et al. asked each student for one monitoring
judgment and one confidence judgment after completing a whole exam,
while Fritzsche et al. and Handel and Dresel asked students to make
confidence judgments after completing each item of a performance test
(consisting of 18 and 32 items respectively).

One study (Nederhand et al., 2021) also investigated secondary
school students’ awareness of their monitoring judgment (in)accuracy
and showed that they were not aware of their monitoring judgment (in)
accuracy with regard to exams for French, German, and Mathematics.
This might suggest that monitoring accuracy awareness is a meta-
cognitive skill that only develops during adulthood or late adolescence,
in which case one would not expect to see it in primary school students.
However, it could also be the case that monitoring accuracy awareness is
related to task performance, and is found in students who show higher
performance on the task but not in students with lower performance:
Studies with university students (Fritzsche et al., 2018; Handel & Dresel,
2018) found that high-performing students (i.e., defined as students
whose task performance fell in the fourth quartile) were aware of their
monitoring judgment (in)accuracy and their low-performing peers (i.e.,
whose task performance fell in the first quartile) were not. It cannot be
inferred from the data presented in the study by Nederhand et al.
whether this could also explain the findings with secondary school
students as the effect of performance on students’ awareness of their
monitoring accuracy was not investigated. Prior studies do suggest that
better performing students make more accurate judgments of their
problem-solving performance, an effect that was also found by a pre-
vious study based on the same data set as the present study (Oudman

2 Although the concept ‘students awareness of their monitoring/regulation
judgment (in)accuracy’ might be most correct, we use this concept inter-
changeable with ‘students’ awareness of their monitoring/regulation judgment
accuracy’, for the sake of readability.

Learning and Instruction 92 (2024) 101907

et al., 2022). However, it remains an open question whether perfor-
mance also affects primary school students’ awareness of their mon-
itoring/regulation accuracy.

Moreover, another alternative explanation for why Nederhand et al.
(2021) did not find secondary school students to be aware of their
monitoring judgment accuracy is a methodological one. We presume, as
also argued by Fritzsche et al. (2018), that students only show true
awareness of their monitoring judgment accuracy when they are able to
distinguish between their more and less accurate judgments in terms of
their feeling of confidence, which asks for analyzing the effects at the
within-student level (i.e., based on multiple measurements of accuracy
and confidence per student). In contrast, Nederhand et al. (2021)
analyzed the data at the between-student level (i.e., one measurement of
accuracy and confidence per student), which answers a slightly different
question, namely: do students, who make a more accurate monitoring
judgment on a task, feel more confident about the accuracy of this
judgment, than students who make a less accurate monitoring judgment
on that task?® Thus, the present study aimed to explore whether primary
school students’ monitoring judgment accuracy predicts their feeling of
confidence about their monitoring judgment accuracy at the
within-student level: Students completed a task twice (we used parallel
versions) on two different days, and made monitoring/regulation
judgments, and rated their confidence in the accuracy of their mon-
itoring/regulation judgments on both occasions. This allows us to
investigate whether a student’s increase in one variable (judgment ac-
curacy) is accompanied by an increase in another variable (confidence
in their judgment accuracy), and if a decrease in one variable (judgment
accuracy) also results in a decrease in the other variable (confidence in
their judgment accuracy). Moreover, as the unskilled-and-unaware ef-
fect (Garcia et al., 2016; Oudman et al., 2024) has shown that students
who perform better also make more accurate monitoring judgments, an
interesting open question is whether monitoring and regulation accu-
racy awareness would also depend on their problem-solving task
performance.

To the best of our knowledge, students’ awareness of their regulation
judgment accuracy has not been investigated at all thus far. Yet, this
might be at least as important for self-regulated learning as monitoring
judgment accuracy awareness, because regulation judgments more
directly influence whether and how students continue learning than
monitoring judgments. Therefore, we also aimed to explore whether
primary school students are aware of their regulation judgment accu-
racy, and whether this regulation accuracy awareness differs as a
function of students’ performance.

1.3. Effect of self-scoring on students’ accuracy awareness

Self-scoring is frequently and increasingly used in primary educa-
tion, not only to save teachers’ time (in the sense that they have to spend
less time on evaluating student work) but also as a simple and effective
intervention to improve students’ monitoring and regulation, skills that
lay the foundation for students’ lifelong learning (Bjork et al., 2013;
OECD, 2022). Self-scoring is effective in improving students’ monitoring
accuracy, because when students compare their test responses to
objectively correct information, they have access to information about
the correctness of their answers (Rawson & Dunlosky, 2007).

Our previous study (Oudman et al., 2022) based on the same data set
as the present study, showed that after self-scoring, primary school
students’ monitoring judgments of their performance on mathematics
problem-solving tasks came close to being perfectly accurate. However,
while the accuracy of students’ regulation judgments also improved,
these still deviated substantially from expert judgments of what (if any)
activity the students would need to engage in (Oudman et al., 2022). To

3 See appendix A for a more elaborate explanation of the differences between
analyses at the within-student and between-student level.
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effectively impact students’ actual self-regulated learning behavior (i.e.,
whether or not they actually act upon their regulation judgments), it
seems important to not only improve students’ regulation judgment
accuracy, but also the awareness of their regulation judgment accuracy.
That is, when students’ regulation judgment accuracy improves from
self-scoring, it would be beneficial that they then also feel (more)
confident about the accuracy of those judgments, and when they still
make inaccurate regulation judgments after self-scoring, that they feel
(more) unconfident. Hence, in the present study we explored the effect
of self-scoring on students’ awareness of their regulation judgment ac-
curacy, a relation that has not been studied before.

1.4. Present study

The present study addressed three research questions (RQ) in the
context of mathematics problem solving in primary school. Students
participated on two different days with one week in between, working
on parallel versions (i.e., with isomorphic problems that have the same
solution procedure and difficulty, but different numbers) of a multipli-
cation and a division task, each consisting of six problems. On both days,
students made monitoring and regulation judgments, second-order
judgments (SOJ; i.e., confidence in their monitoring and regulation
judgments), self-scored their answers, and again made second-order
regulation judgments for each of the tasks. The parallel measures on
two days enabled us to investigate whether students showed accuracy
awareness, that is, when students make more/less accurate judgments
on the second day, do they also feel more/less confident about their
accuracy?

In Fig. 1, we visualized this way of analyzing the data for monitoring
(for regulation this is similar). Based on our data, for each student a line
can be drawn between two measurement points (stemming from day 1
and day 2), which both contain a value for monitoring judgment accu-
racy and a value for students’ feeling of confidence in their monitoring
accuracy (i.e., SOJ-m). We wanted to know whether students assign
higher confidence to their more accurate monitoring judgments than to
their less accurate monitoring judgments. Simplifying our multilevel

R

SOJ-m
*-—-=—-—--9

Monitoring judgment accuracy

Fig. 1. Hypothetical Visualization of Modeling Students’ Awareness of Their
Monitoring Judgment Accuracy.

Note. Each line represents one fictional student and one task (for instance, the
multiplication task). The dots at the end of the line represent the two mea-
surement points (day 1 and day 2; the order is irrelevant). Students with solid
lines show awareness of their monitoring judgment accuracy, as higher accu-
racy scores (scores closer to zero) are associated with higher SOJ-m (confi-
dence) scores than lower accuracy scores. Students with dashed lines do not
show awareness of their monitoring judgment accuracy.
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analyses, one could say that students show awareness of their moni-
toring judgment accuracy when their lines go down, because then, the
more accurate monitoring judgment score (i.e., closer to zero) goes
along with higher confidence (i.e., higher SOJ-m score) than the less
accurate monitoring judgment score. Note that we are not interested in
whether students’ monitoring judgments become more accurate from
day 1 to day 2 or whether they become more confident from day 1 to day
2. The monitoring judgment accuracy or SOJ-m of some students might
increase from day 1 to day 2, while these variables might decrease for
other students, and what we are interested in is: if there is an increase in
one variable (monitoring judgment accuracy) is there also an increase in
the other (SOJ-m), and if there is a decrease in one (monitoring judg-
ment accuracy) is there a decrease in the other (SOJ-m)? As such, this
approach of testing the relation between monitoring judgment accuracy
and confidence (SOJ-m) within students based on multiple measurement
points, is substantially different from the approach used by Nederhand
et al. (2021) in which this same relation is tested between students using
only one measurement point per student. With the latter approach, it is
only possible to test whether students with higher monitoring judgment
accuracy scores are, in general, more confident than students with lower
accuracy scores; not whether they are able to distinguish between their
more accurate and less accurate monitoring judgments, which is what
indicates awareness.

First, we explored whether, before self-scoring, students showed
monitoring accuracy awareness (meaning that they feel relatively more
confident about the accuracy of a more accurate monitoring judgment
than of a less accurate monitoring judgment; RQla) and whether and
how this differs as a function of students’ problem-solving performance
(RQ1b). Second, we explored whether, before self-scoring, students
showed regulation accuracy awareness (RQ2a) and whether and how
this differs as a function of students’ problem-solving performance
(RQ2b). Third, we explored whether and how self-scoring affected stu-
dents’ regulation accuracy awareness (RQ3).

With regard to first research question, we had no specific hypothesis,
because the only study about underaged students’ awareness of their
monitoring judgment accuracy (Nederhand et al., 2021) based their
conclusions on analyses at the between-student level, whereas we are
mainly interested in signs of students’ accuracy awareness at the
within-student level (see section 1.2.1), which might lead to different
conclusions. Moreover, we had no specific hypotheses regarding the
second and third research question, because there is no prior research
about the students’ regulation accuracy awareness.

2. Method

Data for the current study were collected in the context of a larger
research project that also focusses on primary school students’ moni-
toring and regulation judgment accuracy in mathematics (Oudman
et al., 2022), teachers’ judgments of their students’ task performance
(Oudman et al., 2023a) and teachers’ judgments of their students’
monitoring and regulation judgment accuracy (Oudman et al., 2023b).
Ethical approval was obtained from the Ethics Committee of our insti-
tution in November 2018.

2.1. Design

The students participated on two different days with one week in
between, working on parallel versions (i.e., with isomorphic problems
that have the same solution procedure and difficulty, but different
numbers) of a multiplication and a division task, each consisting of six
problems. On both days, students made monitoring and regulation
judgments, second-order judgments (i.e., confidence in their monitoring
and regulation judgment accuracy), self-scored their answers, and again
made (second-order) regulation judgments for each of the tasks. The
parallel measures on two days enabled us to investigate whether stu-
dents showed accuracy awareness (i.e., whether an increase/decrease in
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accuracy would be accompanied by an increase/decrease in
confidence).

2.2. Participants

The data set contains data of 34 Dutch sixth grade classes (Dutch
sixth grade is similar to US fourth grade in terms of age, i.e., 9-10 years
old). Of the 777 students who attended the 34 classes, data from 564
students were included in the analyses: 495 students were included in
the analyses of the multiplication tasks and 359 in the analyses of the
division tasks. The students in these two separate datasets partly over-
lapped: 290 students were included in the analyses for both the division
and the multiplication task. The students participated in the current
study on two different days with one week in between, working on
parallel versions of the tasks. Fig. 2 displays demographics and for which
reasons (and how many) students had to be excluded. As Fig. 2 shows, a
substantial number of tasks was excluded because students (1) did not
answer any problem on one or both days, (2) did not correctly answer
any of the problems on both days, or (3) correctly answered all problems
on both days. The reason these tasks were excluded from the analyses is
that making accurate judgments would be relatively easy for these stu-
dents on these tasks, because the tasks were presumably far too complex
(1 and 2) or far too easy (3) for them. Including these data could
therefore have distorted the results. In the final sample, 5.9% of the
students had a non-western background, meaning that the students
themselves or both their parents were born in a non-western country,
according to their teachers.

N =777 4" grade students from 34 participating classes ]
v
N = 735 after exclusion (excl.) because of no parental consent
(373 girls, M, = 9.91, SD = 0.44) }
v
N = 663 after excl. because of absence on one or both days ]
J
]
]

!

N = 647 after excl. because of following special mathematics program

!

N = 646 after excl. because answers are not readable

'

N = 645 after excl. because of missing booklet

— Oy S N\

I

Multiplication tasks Division tasks

excl. because of missing part of a session

excl. because of not following time rules

excl. because of interpreting multiplication

problems as division problems or vice versa

N=630

excl. because of not answering any problem
on one or both days

excl. because of not correctly answering any
of the problems on both days

excl. because of correctly answering all
problems on both days

Final N = 495 students (248
girls, M, = 9.89, SD = 0.46)
=990 multiplication tasks

Final N = 359 students (174
girls, M. = 9.89, SD = 0.42)
= 718 division tasks

Fig. 2. Flowchart of why and how many students were excluded from
all analyses.
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2.3. Materials and measures
Materials were presented on paper, in booklets.

2.3.1. Problem-solving task performance

On both days, students worked on two problem-solving tasks: (1) a
set of six multiplication problems (single-digit multiplicands multiplied
by 3-digit multipliers, e.g., 6 x 472) and (2) a set of six division problems
(3-digit dividends divided by single-digit divisors, e.g., 282 : 6). Parallel
versions—with isomorphic problems that have the same solution pro-
cedure and difficulty, but different numbers—of the two mathematical
tasks were administered on the two days. Students received one point for
each problem that was solved correctly, thus the task performance
scores ranged between 0 and 6 per task. The internal consistencies of the
task performance scores, in terms of Cronbach’s alpha, were in the
acceptable to good range (multiplication: 0.72 and 0.68; division: 0.78
and 0.81 on the first and second day, respectively).

2.3.2. Monitoring judgment accuracy

After students completed the multiplication or division task, they
made a monitoring judgment by answering the question “How many of
the 6 multiplication/division problems do you think you solved
correctly?” on a 7-point scale ranging from 0 to 6. Students also made a
monitoring judgment after self-scoring, but this judgment was not used
in the analyses (see section 2.3.4).

Absolute monitoring judgment accuracy was computed by taking the
absolute difference between a student’s monitoring judgment and their
actual performance on a task (i.e., regardless of whether the difference
was positive or negative), ranging from 0 to 6, with values closer to zero
indicating more accurate monitoring judgments (Baars et al., 2014;
Schraw, 2009).

2.3.3. Regulation judgment accuracy

Students also made a regulation judgment before and after self-
scoring, by indicating which of the following choices was most appli-
cable to them: additional instruction, additional practice, additional
instruction and practice, or no additional instruction and no additional
practice on the type of problems they just completed. The researchers
made it clear to the students that they would not actually receive the
additional intervention. As additional instruction is a more intensive
intervention than additional practice, students’ regulation judgments
were treated as an ordinal variable and coded as follows: 0 = no inter-
vention needed; 1 = additional practice needed, 2 = additional in-
struction needed (and practice afterwards). The needs “additional
instruction” and “additional instruction and practice” were combined
into one, as based on students’ work, we were not able to determine
which of the two was most suited (see Appendix B for an elaborate
explanation).

To determine the accuracy of students’ regulation judgments, we
first coded students’ actual need for intervention, based on a coding
scheme we developed that is described in detail in Appendix B (as well as
in Oudman et al., 2022). In short, we distinguished the same three
categories as for students’ regulation judgments (i.e., 0 = no interven-
tion needed; 1 = additional practice needed, 2 = additional instruction
needed [and practice afterwards]), based on the time students needed to
complete the task and on whether they made computational or proce-
dural errors.

Students’ absolute regulation judgment accuracy was computed by
taking the absolute difference between students’ regulation judgment
and their actual need for intervention according to the coding. It ranged
from O to 2, with values closer to zero indicating more accurate regu-
lation judgments (see Appendix B, Table B2, for the distribution of
students’ regulation judgments and needs).
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2.3.4. Second-order judgments: confidence in monitoring and regulation
Jjudgments

Directly after students made the monitoring judgment before self-
scoring, they made a second-order judgment (SOJ) about their confi-
dence in their monitoring judgment accuracy (SOJ-m) by answering the
question “How confident are you that you made a correct estimation
during the previous question (question number ...)?*. Directly after the
regulation judgments before and after self-scoring, students made a SOJ
about their confidence in their regulation judgment accuracy (SOJ-r) by
answering the question “How confident are you that you made a correct
choice during the previous question (question number ...)?*. These SOJ-
m and SOJ-r questions were answered on a 6-point Likert scale. In line
with Fritzsche et al. (2018) this scale was labeled with smiley faces, see
Fig. 3.

During a pilot study (in two classes) students also made a SOJ-m
directly after the monitoring judgment after self-scoring. However,
students experienced the SOJ-m question after self-scoring as “strange”
because for them it felt evident that their monitoring judgments were
perfectly accurate after seeing the answers. Therefore, we decided to
remove the SOJ-m after self-scoring from the materials.

To check whether students understood the (second-order) judgment
questions, we interviewed 12 of the pilot students (four low, four mid-
dle, and four high-performing students) one by one, after they
completed the material. We asked them to describe the meaning of the
(second-order) judgment questions on the multiplication task. All 12
students indicated that they understood the monitoring and regulation
judgment questions. Eleven students correctly described the SOJ ques-
tions as their confidence in the ‘correctness’ of the previous judgment.
One student described the SOJ questions as their confidence in the
‘correctness’ of the previous judgment and in the performance on the
multiplication task. Therefore, we decided that each time students had
to answer a SOJ question, it was emphasized in the written question (see
above) and by the experimenter to what previous question the SOJ
question referred.

2.3.5. Self-scoring

Students received a booklet in which each problem was stated on a
separate line together with the correct answer (i.e. only the answer was
given, no information on the solution procedure) and with two boxes:
“correct” and “incorrect or not answered.” They were instructed to tick
the box that applied to their performance.

2.4. Procedure

After a short introduction by the experimenter, all students received
the first booklet and a blue pen, and then started to complete the
multiplication task. They were instructed to write down at what time
they finished (the time was projected on the digital board in front of the
class), but it was emphasized that there was no need to hurry (if students
had mastered the content, 10 min should be enough, even without
hurrying). When students finished the task, they were instructed to read
the (fiction) books they kept in their drawers. After 12 min, the exper-
imenter gave the instruction that the students who had not yet finished
all problems should quit the task. Next, the students answered questions
in their personal booklets (invested effort,* monitoring judgment, SOJ-
m, regulation judgment, and SOJ-r). Each question was separately
read aloud and explained by the experimenter. This procedure was then
repeated for the division task. Next, all students received a second
booklet and changed their blue pen for a green one. In the second
booklet, students first self-scored their multiplication answers. Each
problem was stated on a separate line together with the correct answer
and with two boxes: “correct” and “incorrect or not answered.” The

4 The variable “invested effort” was not used in the present study, but
collected for use in other studies.
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experimenter explained that students had to look at their answers in the
first booklet and tick the right box (the experimenter did not read the
correct answers aloud). The following monitoring judgment (not used in
the present study), regulation judgment and SOJ-r were again read
aloud by the experimenter. This procedure of completing the second
booklet was then repeated for the division task. This entire procedure
(but with isomorphic problems) was repeated in a second session exactly
one week later. The sessions lasted between 45 min and 1 h.

2.5. Analyses

As students’ monitoring and regulation judgment accuracy can vary
depending on the type of mathematical problem (Oudman et al., 2022;
Boekaerts & Rozendaal, 2010), students’ awareness of their judgment
(in)accuracy might also differ across different mathematical tasks.
Hence, all analyses were performed separately for the multiplication and
the division task.

To answer the research questions we performed multilevel regression
analyses in Mplus version 8.9 (Muthén & Muthén, 1998-2017), using
maximum likelihood estimation with robust standard errors (MLR)
which is robust to non-normality and suitable for ordinal outcome var-
iables (such as our measure of regulation judgment accuracy, cf.
Robitzsch, 2020). We defined three levels in our data: day (level 1),
student (level 2), and class (level 3). The class level was modeled using
the “Complex” function, because we were not interested in the (fixed or
random) effects on this level; we only wanted to account for the
non-independence of observations within classes. The Mplus input files
are provided in Appendix C. To test RQla and 2a, we analyzed how
students’ monitoring or regulation judgment accuracy affected their
SOJs. As explained in section 1.2.1 and Appendix A, we were mainly
interested in the fixed effects at the day level: we analyzed whether an
increase in individual students’ monitoring/regulation judgment accu-
racy from day 1 to day 2 went along with an increase in students’
SOJ-m/SOJ-r, and whether a decrease in students’ monitoring/-
regulation judgment accuracy from day 1 to day 2 went along with a
decrease in students’ SOJ-m/SOJ-r. This was reflected by regressing
students’ SOJ-m/SOJ-r on their monitoring/regulation accuracy at the
day level (i.e., within-student level). If students would be aware of their
monitoring/regulation judgment accuracy we would expect a significant
and negative relationship between students’ monitoring/regulation ac-
curacy and their SOJ-m/SOJ-r (because judgment accuracy scores closer
to zero indicate higher accuracy). As the differences within students
were our primary interest, students’ monitoring/regulation judgment
accuracy were centered around the group mean (Enders & Tofighi,
2007). To enable comparison with the results of Nederhand et al.
(2021), the fixed effects at the student level are additionally reported in
Appendix A.

RQ1b and 2b concerned whether students’ task performance affected
students’ monitoring and regulation accuracy awareness. This was
analyzed by estimating the effect of the cross-level interaction term
between students’ monitoring/regulation judgment accuracy and their
mean task performance on their SOJ-m/SOJ-r. This cross-level interac-
tion effect reflects the effect of students’ mean task performance on their
monitoring/regulation accuracy awareness, as monitoring/regulation
accuracy awareness is expressed as the linear relationship between
students monitoring/regulation judgment accuracy and their SOJ-m/
SOJ-r. Students’ mean task performance concerned students’ perfor-
mance on the multiplication or division task, measured at the student
level (thus averaged across two days) and centered around the grand
mean, because we did not expect that students’ relative task perfor-
mance within their classes would be an important determinant of their
confidence (Enders & Tofighi, 2007).

To test RQ3 (regarding students’ change in regulation accuracy
awareness from before to after self-scoring), we looked at students’
change in SOJ-r from before to after self-scoring. We compared the
group of students whose regulation judgment accuracy increased or
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Fig. 3. Rating scale of the second-order judgments.

stayed maximally accurate (for them, an increase in SOJ-r would be
desirable) to the group of students whose regulation judgment accuracy
decreased or stayed equally inaccurate (for them, an increase in SOJ-r
would be undesirable). Students’ change in SOJ-r from before to after
self-scoring (possible and observed range: —5 to 5) was regressed on
students’ change in regulation judgment accuracy, at the day level.
When students’ regulation judgment accuracy increased or stayed
maximally accurate this was coded as 0; when students’ regulation
judgment accuracy decreased or stayed equally inaccurate this was
coded as 1. This variable was centered around the grand mean as for this
research question the differences within students were not of substantive
interest (Enders & Tofighi, 2007).

Zero to 6.7% of the cases per variable were missing because students
did not complete a question. After a missingness analysis and closer
inspection of the data, we concluded it was unlikely that missingness
would depend on the values of the unobserved variable. Missing values
were deleted list-wise in the analyses. In each of the multilevel regres-
sion models, zero to four cases (a maximum of 0.62% of the data) were
identified as multivariate outliers. We were mainly interested in the
results of the analyses without outliers to avoid drawing conclusions that
are potentially affected by extreme cases in our data. For transparency
we additionally ran the analyses also with outliers, which not led to a
difference in statistical significance.

The data of this study are openly available in an online depository at
https://osf.io/36cak/?view_only=ba95fe7d0c6d4cd0a68a6bbed76edf9
0.

3. Results

Descriptive statistics are presented in Table 1. The students made
more accurate regulation judgments after self-scoring than before, on

both tasks (for statistical analyses, see Oudman et al., 2022). Before
self-scoring, the students felt, on average, already quite confident about
their monitoring judgments (means between 4 and 5 out of 6) and about
their regulation judgments (means around 5). After self-scoring, stu-
dents felt, on average, even more confident about their regulation
judgments (means between 5 and 6; Table 1). Correlations between all
measures are displayed in Appendix D.

3.1. Students’ monitoring accuracy awareness before self-scoring (RQ1)

Table 2 shows the results of the analyses in which students’ SOJ-m
was regressed on their absolute monitoring judgment accuracy prior
to self-scoring, as an indication of students’ monitoring accuracy
awareness. The main effect of students’ monitoring judgment accuracy
on their SOJ-m was not significant for either of the tasks (see M1 in
Table 2), indicating that on average, students were not aware of their
monitoring judgment (in)accuracy before self-scoring.

To test whether students’ task performance affected students’
monitoring accuracy awareness, we analyzed the effect of the cross-level
interaction term between students’ monitoring judgment accuracy and
their mean task performance on their SOJ-m. For both the multiplication
and division task, the interaction effect was not significant (see M2 in
Table 2), indicating that students’ mean task performance had no impact
on their monitoring accuracy awareness before self-scoring.

3.2. Students’ regulation accuracy awareness before self-scoring (RQ2)

Table 3 shows the results of the analyses in which students’ SOJ-r
was regressed on their absolute regulation judgment accuracy prior to
self-scoring, as an indication of students’ regulation accuracy awareness.
Like for monitoring, the main effect of students’ regulation judgment

Table 1
Descriptive statistics of students’ task performance, monitoring/regulation judgment accuracy, and second-order judgments.
Variable Range Multiplication Division
M (SD) cc? M (SD) Icc®
Student level Class level Student level Class level
Task performance 0to6 3.67 0.278 0.094 3.20 0.357 0.101
(1.84) (2.06)
Before self-scoring
Absolute monitoring accuracy ” 0to6 1.23 0.105 0.001 0.99 0.111 0.035
(1.18) (1.01)
Absolute regulation accuracy ” 0to2 0.61 0.258 0.001 0.43 0.176 0.005
(0.70) (0.65)
SOJ-m 1to6 4.51 0.296 0.050 4.56 0.242 0.059
(0.94) (1.07)
SOJ-r 1to6 4.91 0.294 0.040 5.06 0.347 0.022
(0.93) (0.94)
After self-scoring
Absolute regulation accuracy ® 0to2 0.44 0.116 0.002 0.36 0.112 0.005
(0.62) (0.60)
SOJ-r l1to6 5.29 0.295 0.014 5.30 0.296 0.012
(0.87) (0.87)

Note. Means are across both days. All means significantly differ from 0, p < .05.

 Intraclass Correlation Coefficients (ICC) reflect the amount of between-student and between-class variability compared to the total amount of variability (within

students, between students, and between classes).
b Values closer to zero indicate more accurate judgments.


https://osf.io/36cak/?view_only=ba95fe7d0c6d4cd0a68a6bbed76edf90
https://osf.io/36cak/?view_only=ba95fe7d0c6d4cd0a68a6bbed76edf90
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Table 2
Effects of absolute monitoring judgment accuracy and students’ mean task performance on SOJ-m before self-scoring.
Multiplication Division
M1: Effect of monitoring M2: Effect of monitoring accuracy and M1: Effect of monitoring M2: Effect of monitoring accuracy and
accuray performance accuray performance
Fixed effects B (SE) B (SE) B (SE) B (SE)
Intercept 4.51 4.51 4.57 4.57
(0.05)*** (0.05)*** (0.07)%** (0.06)***
Monitoring accuracy 0.03 0.03 0.01 0.01
(0.03) (0.05) (0.05) (0.05)
Task performance 0.08 0.12
(0.02)*** (0.03)***
Monitoring 0.02 0.04
accuracy*performance (0.02) (0.03)
Random effects SS (SE) SS (SE) SS (SE) SS (SE)
Intercept variance day 0.57 0.57 0.77 0.76
(0.06)*** (0.14)%** (0.09)*** (0.11)%**
Intercept variance student 0.30 0.29 0.36 0.32
(0.05)*** (0.08)*** (0.08)*** (0.09)%**
Slope variance accuracy 0.01 0.01
(0.23) (0.07)

Note. Monitoring accuracy is measured at the day level and group mean centered; Performance is measured at the student level, thus the mean across two days, and
grand mean centered. The SS represents the amount of variability in students’ SOJ-m that is not explained by the independent variables, at the respective level.

#x4p < 0,001, **p < 0.01, *p < 0.05.

Table 3

effects of absolute regulation judgment accuracy and students’ mean performance on SOJ-r before self-scoring.

Multiplication

Division

M1: Effect of regulation

M2: Effect of regulation accuracy and

M1: Effect of regulation M2: Effect of regulation accuracy and

accuray performance accuray performance
Fixed effects B (SE) B (SE) B (SE) B (SE)
Intercept 4.92 4.92 5.07 5.08
(0.05)*** (0.05)*** (0.05)*** (0.04)**=
Regulation accuracy 0.03 0.02 —0.09 —0.09
(0.05) (0.05) (0.06) (0.08)
Task performance 0.00 0.03
(0.02) (0.02)
Regulation —0.01 0.01
accuracy*performance (0.05) (0.07)
Random effects SS (SE) SS (SE) SS (SE) SS (SE)
Intercept variance day 0.55 0.54 0.57 0.56
(0.05)*** (0.07)*** (0.09)*** (0.25)*
Intercept variance student 0.29 0.29 0.26 0.26
(0.04)*** (0.05)*** (0.06)*** (0.14)
Slope variance accuracy 0.03 0.04
(0.20) (1.19)

Note. Regulation accuracy is measured at the day level and group mean centered; Task performance is measured at the student level, thus the mean across two days, and
grand mean centered. The SS represents the amount of variability in students’ SOJ-r that is not explained by the independent variables, at the respective level.

*#5p < 0,001,%*p < 0.01,%p < 0.05.

accuracy on their SOJ-r was not significant for either of the tasks (see M1
in Table 3), indicating that on average, students were not aware of their
regulation judgment (in)accuracy before self-scoring. For both the

Table 4
Change in students’ SOJ-r from before to after self-scoring.
Regulation Regulation Regulation Regulation
accuracy accuracy = accuracy accuracy = 1
increased 0 before and decreased or 2 before
after self- after self- after self- and after self-
scoring scoring scoring scoring
M (SD)
Multiplication  n =195 n =421 n=74 n =242
0.50 (1.23) 0.44 (0.88) 0.36 (1.11) 0.22 (0.95)
Division n =283 n =391 n=44 n=128
0.28 (1.13) 0.23 (0.85) 0.05 (1.08) # 0.18 (0.81)

Note. Sample sizes refer to number of tasks (per student two tasks were
included). @ This increase in SOJ-r, measured as the intercept of the intercept-
only model, was not significant, p = 0.778. The other increases in SOJ-r were
significant, p < 0.05.

multiplication and division task, the cross-level interaction term be-
tween students’ regulation judgment accuracy and their mean perfor-
mance had no significant effect on their SOJ-r (see M2 in Table 3),
indicating that students’ mean performance had no impact on their
regulation accuracy awareness before self-scoring.

3.3. Effect of self-scoring on students’ regulation accuracy awareness

(RQ3)

To explore the effect of self-scoring on students’ regulation accuracy
awareness, we analyzed the change in students’ SOJ-r from before to
after self-scoring across four different subsets of students, of whom the
regulation judgment accuracy (1) increased after self-scoring, (2)
decreased after self-scoring, (3) was maximally accurate both before and
after self-scoring, and (4) was equally inaccurate before and after self-
scoring. Table 4 presents the change in students’ SOJ-r from before to
after self-scoring, for these four subsets of students. As shown in this
table, for students whose regulation judgment accuracy increased or
stayed maximally accurate (subgroup 1 and 3), their confidence in their
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Table 5
Effects of students’ change in regulation judgment accuracy on students’ change
in SOJ-r from before to after self-scoring.

Multiplication Division
Fixed effects B (SE) B (SE)
Intercept 0.39 (0.04)*** 0.21 (0.03)***
Change in regulation accuracy —0.21 (0.09)* —0.09 (0.09)
Random effects SS (SE) SS (SE)
Intercept variance day 0.99 (0.08)*** 0.78 (0.07)***
Intercept variance student 0.01 (0.05) 0.02 (0.05)

Note. Change in regulation accuracy is measured at the day level and grand mean
centered. When students’ regulation judgment accuracy increased or stayed
maximally accurate this was coded as 0; when students’ regulation judgment
accuracy decreased or stayed equally inaccurate this was coded as 1. Students’
change in SOJ-r from before to after self-scoring ranged: —5 to 5 (possible and
observed).

*#%p < 0,001, **p < 0.01, *p < 0.05.

judgment accuracy increased, on average. This is desirable as this might
increase the likelihood that they act upon their regulation judgments.
However, for students in the other two subgroups (2 and 4) whose ac-
curacy decreased or stayed equally inaccurate, their confidence also
increased, on average (with exception of the students whose regulation
judgment accuracy decreased on the division task; their confidence did
not increase significantly), which is not desirable.

Note though, that Table 4 also suggests that there are differences in
the size of the increase in confidence: On both tasks, the SOJ-r increase
was on average larger for students whose regulation judgment accuracy
increased or stayed maximally accurate, than for students whose regu-
lation judgment accuracy decreased or stayed equally inaccurate. Thus,
even though an increase in confidence was observed in all subgroups,
this increase was smaller when it was undesirable. Table 5 shows the
significance of this difference in SOJ-r increase between the two left and
the two right columns in Table 4, by regressing students’ change in SOJ-r
from before to after self-scoring on students’ change in regulation
judgment accuracy. The results in Table 5 show that this difference (in
the increase in confidence between the groups of students for whom it
was desirable and for whom it was not) was only significant for the
multiplication task and not for the division task.

4. Discussion

Students’ awareness of the (in)accuracy of their monitoring and
regulation judgments could play a role in effective self-regulated
learning behavior (e.g., seeking help when being rightfully uncon-
fident about their monitoring or regulation judgment accuracy).
Nevertheless, monitoring accuracy awareness has hardly been investi-
gated, and the available research focused on adolescents and young
adults. Regulation accuracy awareness has, to date, not yet been studied
at all. In the present study, we explored to what extent primary school
students (9-10 years old) showed awareness of their monitoring and
regulation judgment accuracy on mathematical problem-solving tasks,
whether this differed as a function of their problem-solving perfor-
mance, and how students’ regulation accuracy awareness was affected
by self-scoring.

4.1. Are students aware of their monitoring and regulation judgment
accuracy before self-scoring? (RQ1 and 2)

First, we explored whether primary school students were able to
distinguish between their more and less accurate monitoring judgments
in terms of their confidence in those judgments, as an indication of
monitoring accuracy awareness. Previous studies concluded that uni-
versity students are somewhat aware of their monitoring judgment ac-
curacy (Fritzsche et al., 2018; Handel & Dresel, 2018; Nederhand et al.,
2021), but that secondary school students were not (Nederhand et al.,
2021). This might suggest that monitoring accuracy awareness is a
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metacognitive skill that only develops during adulthood or late adoles-
cence, in which case one would not expect to see it in primary school
students. However, another (not mutually exclusive) explanation could
be that it could also have been the case that monitoring accuracy
awareness would be related to task performance, and is found in stu-
dents who show relatively higher task performance but not in students
with lower performance: Studies with university students (Fritzsche
et al.,, 2018; Handel & Dresel, 2018) found that high-performing stu-
dents were aware of their monitoring (in)accuracy and their
low-performing peers were not. Our findings, however, seem to provide
more evidence for the metacognitive development explanation, as the
primary school students in our sample showed no awareness of their
monitoring judgment accuracy prior to self-scoring (RQ1a), regardless
of their problem-solving performance (RQ1b).

Note that our findings are based on analyses at the within-student
level, therewith answering the question: is a individual student’s in-
crease in judgment accuracy accompanied by an increase in confidence
in their judgment accuracy, and is a decrease in judgment accuracy
accompanied by a decrease in confidence in their judgment accuracy?
Interestingly, had we performed the analyses of our data at the between-
student level, as done by Nederhand et al. (2021), we could have
concluded that students showed awareness of their monitoring and
regulation accuracy on the division task (see appendix A). But again,
analyses at the between-student level answer a slightly different ques-
tion than the one we were interested in (i.e., do students, who make a
more accurate monitoring judgment on a task, feel more confident about
the accuracy of this judgment, than students who make a less accurate
monitoring judgment on that task?). Future research should investigate
whether the metacognitive development explanation holds, by testing
effects at the within-student level across different age cohorts from the
end of primary school until adolescence. Such developmental research
should use tasks with a similar format (e.g., open vs. multiple choice
questions, global vs. item-specific judgments) across all age groups,
because we cannot entirely rule out the possibility that the difference in
results between the different studies (i.e., the present study; Fritzsche
et al., 2018; Handel & Dresel, 2018; Nederhand et al., 2021), can be
explained by the different measures (see section 4.3 for further discus-
sion about the difference in measures).

This was the first study to not only investigate students’ monitoring
accuracy awareness, but also their regulation accuracy awareness. Our
primary school students showed no awareness of their regulation judg-
ment accuracy prior to self-scoring (RQ2a) regardless of their problem-
solving performance (RQ2b). It is possible that regulation accuracy
awareness also develops only at a later age, or it could somehow be
dependent on monitoring accuracy awareness, which could be tested in
future research with (young) adults.

So why might age play a role in the development of monitoring (and
possibly, regulation) accuracy awareness? A speculative explanation
could lie in students’ insights into their cue use, which might increase
with age (cf. Roebers et al., 2019). When making monitoring judgments,
students use cues such as, for example, their beliefs about their general
mathematical ability or their fluency during learning (Ackerman, 2019;
Thiede et al., 2010). These cues can be more or less diagnostic (i.e.,
predictive) of students’ actual task performance and the use of more
diagnostic cues will result in more accurate monitoring judgments
(Koriat, 1997; Thiede et al., 2010). If students have (implicit) knowledge
about what cues they use when making their monitoring judgments and
about the diagnosticity of these cues, they can use this knowledge when
rating their feeling of confidence in their monitoring judgment accuracy
(also suggested by Fritzsche et al., 2018; Handel & Dresel, 2018). For
instance, when students know or have the feeling that they used cues
that are not diagnostic or that they missed highly diagnostic cues, they
might not feel confident about their monitoring judgment accuracy.
Possibly, primary school students lack insight into cue diagnosticity and
their own cue use, whereas university students may have gained some
more insight into this, for instance because they have been provided
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with more (direct or indirect) instruction about metacognitive moni-
toring over the years. Primary school students’ lack of insight in their
own monitoring judgment accuracy might also be the reason for why the
students were not aware of their regulation judgment accuracy: Students’
feeling of confidence in their regulation judgment accuracy might be
based on their feelings about their monitoring judgment accuracy, as the
regulation judgments of 9-10 year old students on problem solving seem
to be (at least partly) based on their monitoring judgments (Oudman
et al., 2022).

4.2. What is the effect of self-scoring on students’ regulation accuracy
awareness? (RQ3)

It is important when students make (more) accurate regulation
judgments as result of an intervention such as self-scoring, that they also
feel confident about their accuracy, because otherwise, they might not
act upon their accurate judgments. Vice versa, when students (still)
make inaccurate judgments after an intervention like self-scoring, it
might be helpful if they feel relatively less confident about the accuracy
of their judgments, as they might then seek help.

Overall, students’ confidence in their regulation judgment accuracy
increased after self-scoring. This was not only the case for those students
whose regulation judgment accuracy increased or stayed accurate—in
which case it is desirable—, but also for students whose regulation
judgment accuracy decreased or stayed inaccurate—in which case it is
not desirable. This general increase in students’ confidence in their
regulation judgment accuracy might perhaps be a consequence of the
fact that students presumably felt highly confident about their moni-
toring judgment accuracy after self-scoring (which we did not measure,
but the pilot study strongly suggests that this is likely, see section 2.3.4).
Self-scoring gives students information about the correctness of their
answers, so this becomes a very salient cue to them. This cue is also
highly diagnostic, as the students were quite accurate in self-scoring
their work, resulting in very accurate monitoring judgments after self-
scoring (see Oudman et al., 2022). Students’ (implicit) knowledge that
this cue (i.e., the self-rated correctness of their answers) was diagnostic
could have resulted in feeling highly confident about their monitoring
judgment accuracy and this, in turn, may have led to an increase in
confidence in their regulation judgment accuracy after self--
scoring—regardless of whether their regulation judgment accuracy had
actually increased. Nevertheless, students’ confidence in their regulation
judgment accuracy after self-scoring increased more for students whose
judgments indeed became more accurate or stayed accurate after
self-scoring, than for students whose regulation judgment accuracy
became more inaccurate or stayed inaccurate. However, this difference
(in the increase in confidence between the groups of students for whom
it was desirable and for whom it was not) was only significant for the
multiplication task and not for the division task. So, to answer RQ3,
based on these findings, one could cautiously conclude that on average,
self-scoring seemed to have a positive effect on students’ regulation
accuracy awareness, especially for the multiplication task and for stu-
dents whose regulation judgments became more accurate or stayed ac-
curate after self-scoring. However, self-scoring might have a negative
effect on students’ regulation accuracy awareness for the students whose
regulation accuracy decreases or stayed in accurate after self-scoring.

Prior studies showed that after self-scoring, improvements in pri-
mary school students’ regulation accuracy lag behind improvements in
their monitoring accuracy after self-scoring (Oudman et al., 2022; Van
Loon & Roebers, 2017). The findings of the present study that these
inaccurate regulation judgments after self-scoring are on average not
associated with a decrease in students’ feeling of confidence in their
regulation accuracy but an increase (compared to their feeling of confi-
dence before self-scoring) makes students’ regulation inaccuracy after
self-scoring even more worrisome. Hence, future research should further
investigate other kinds of interventions for fostering students’ moni-
toring and regulation accuracy awareness, beyond self-scoring.
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Intervention studies could try to increase students’ regulation accuracy
awareness by giving them feedback about their monitoring and regu-
lation judgment (in)accuracy, increasing students’ knowledge about cue
diagnosticity, and giving them insight into their own cue use.

4.3. Limitations

The current study was the first to investigate primary school stu-
dents’ awareness of their monitoring and regulation judgment accuracy.
This study has several limitations. First, a potential limitation is that our
measures of monitoring and regulation accuracy awareness differed
somewhat from two prior studies on accuracy awareness amongst
adults, which measured this construct by asking for item-specific judg-
ments and analyzing to what extent students’ SOJ-m were higher for
accurate than for inaccurate monitoring judgments (e.g., Fritzsche et al.,
2018; Handel & Dresel, 2018). In contrast, we asked students for
whole-task monitoring judgments (and so did Nederhand et al., 2021),
measuring students’ monitoring judgment accuracy on an interval scale,
in our case ranging from zero to six (instead of accurate vs. inaccurate).
Making judgments at this intermediate grain size, at which students
judge the extent to which they master a specific skill, is regularly
requested of students in primary education and can be useful when
students reflect on which specific skills ask for an intervention (Hartwig
& Dunlosky, 2017). Nevertheless, primary school (and older) students
could also be asked to make item-specific (second-order) judgments and
future studies could consider investigating potential effects of the grain
size of (second-order) judgments on monitoring and regulation accuracy
awareness.

Second, a large number of participants had to be excluded in the
present study, because they answered all items correct or incorrect on
both days (see Participants section). Note that in regular classroom
practice (in the Netherlands), the excluded students would also be those
who would get a different task because they are behind or ahead of the
lesson aim for the majority of the students (cf. Baak et al., 2018;
Borghouts et al., 2019a; Borghouts et al., 2019). In future studies, re-
searchers could consider to use adaptive tasks or otherwise showing
non-adaptive tasks beforehand to the teachers, ask which of their stu-
dents would normally not get a task of that difficulty, and only exclude
these students.

Third, our findings only apply to procedural mathematics tasks, so
future research could investigate to what extent these findings also
apply to other subjects and tasks. Finally, although our results seem to
imply that self-scoring could potentially have caused an increase in
students’ awareness of their regulation judgment accuracy, we cannot
entirely rule out the possibility that students’ awareness of their regu-
lation judgment accuracy would also have changed had students not
self-scored their performance. Hence, future studies could consider
including a control group in which the students do not self-score their
work, but perform a filler task in between the two moments of
judgments.

4.4. Implications and conclusions

When aiming to improve the effectiveness of students’ self-regulated
learning, it seems important to not only focus on improving their
monitoring and regulation judgment accuracy, but also on increasing
their awareness of their judgment accuracy. The present study indicates
that (without intervention) primary school students are not aware of
their monitoring and regulation judgment accuracy. Our results lend
some initial support to the idea that asking students to self-score their
answers can potentially improve awareness of regulation judgment ac-
curacy for students whose regulation judgment accuracy increased or
stayed maximally accurate after self-scoring, but not for students whose
regulation judgment accuracy decreased or stayed equally inaccurate
after self-scoring. Future research on additional or other means to in-
crease students’ monitoring and regulation accuracy awareness (e.g.,
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feedback or training) is needed, and ultimately, future research should
address the question of whether the effectiveness of students’ self-
regulated learning indeed benefits more from interventions that not
only focus on improving monitoring and regulation judgment accuracy
but also on improving students’ monitoring and regulation accuracy
awareness.
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Appendix A. Differences Between Analyses at the Within- and Between-student Level

We conducted within-subject analyses of monitoring and regulation accuracy awareness (based on multiple measurement points per student),
which is important because in our view, students can only be said to show accuracy awareness when they are able to distinguish between their more
and less accurate judgments in terms of their SOJs (as also argued by Fritzsche et al., 2018). Hence, we are interested in whether students, when they
make more accurate monitoring/regulation judgments for the task on day 1 than for the task on day 2, feel more confident about their monitor-
ing/regulation judgment accuracy for the task on day 1 than for the task on day 2. This approach differs from that of Nederhand et al. (2021) who
measured students’ monitoring accuracy awareness based on one judgment accuracy and one SOJ measure per student and thus, analyzed the data at
the between-student level. However, analyzing data at the between-student level answers a slightly different question, namely: do students, who make
a more accurate judgment on a task, feel more confident about the accuracy of this judgment, than students who make a less accurate judgment on that
task?

Conclusions about whether or not students show monitoring/regulation accuracy awareness could be similar but can also differ depending on
whether the analyses are conducted at the within or between-student level. Consider the theoretical example of student A and B displayed in Table A1.
When analyzing this data at the between-student level, only including scores on the task on day 1, one would conclude that the students show no
awareness of their judgment accuracy, as the student of whom the judgment is more accurate (i.e., Student A) does not feel more confident about the
accuracy of their judgment (i.e., both students rate their confidence as five). In contrast, when analyzing this data at the within-student level, one
would conclude that both students do show accuracy awareness as they both feel more confident of their more accurate judgments. Hence, in the
Results section, we presented the results of the analyses at the within-student level (i.e., day level). To enable comparison with the study by Nederhand
et al. (2021), the results at the between-student level are reported below in Table A2.

Table A.1
Numerical Example of Judgment Accuracy and SOJs for two Fictional Students

Student A Student B

Judgment accuracy soJ Judgment accuracy soJ
Day 1 0 5 1 5
Day 2 2 3 3 3

Note. Accuracy scores closer to zero indicate that students’ judgments are more accurate. A higher SOJ indicates that students
feel more confident about the accuracy of the judgment.

Table A.2
Effects of Absolute Monitoring/Regulation Judgment Accuracy on SOJ-m/SOJ-r
Before Self-Scoring, at the Student Level

SOJ-m SOJ-r
B (SE)
Effect of Judgment accuracy
Multiplication 0.01 (0.04) —0.04 (0.06)
Division —0.14 (0.06)* —0.17 (0.08)*

**%p < 0,001, **p < 0.01, *p < 0.05.

Interpretation of the Results Displayed in Table A2

Table A2 shows the results of the analyses in which students’ SOJ-m/SOJ-r were regressed on their absolute monitoring/regulation judgment
accuracy at the between-student level—that is, only measures of students’ judgment accuracy and SOJs of the first day were included. For the division
task, both monitoring and regulation accuracy were significant and negative predictors of students’ SOJ-m and SOJ-r respectively (whereas the effects
at the within student level were nonsignificant, see Tables 2 and 3 in the Results section). This indicates that students who made a more accurate
monitoring or regulation judgment on the division task of the first day, felt more confident about the accuracy of their judgment, than students who
made a less accurate judgment on that task (which, in our view, does not actually indicate accuracy awareness). Thus, if we would have drawn
conclusions about students’ accuracy awareness based on the results at the between-student level (based on one measurement per student), we could
have (erroneously) concluded that students showed awareness of their monitoring and regulation accuracy on the division task.

11
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Appendix B. Coding Students’ Actual Need for Intervention

Students were considered to be in need of an additional intervention when they made (1) procedural errors, which could consist of using a wrong
strategy or making wrong use of a correct strategy (these errors are described by Van Zanten et al., 2007), (2) computational errors, indicating
sloppiness or a lack of fluency with basic math facts (Calhoon et al., 2007), or (3) exceeding the time limit of 10 min (which, based on the opinion of
two math experts and three experienced fourth grade teachers is the maximum amount of time students who have automated the procedures would
need), indicating that students did not yet automatize the procedures or, again, lack fluency with basic math facts. Examples of procedural and
computational errors are described in Table B1. We had insight into how students performed the computations, because they had been instructed to
use space within the booklets as scrap paper and write out their computations. Students’ tasks could not be coded item by item, because procedural
errors could only be recognized as such when students made the same error multiple times. Therefore, students’ needs were defined at the task level.

We distinguished four categories. First, students who correctly answered five or six out of six problems within 10 min were considered to not need
additional instruction or practice, which we coded as 0. Second, students who made computational errors or exceeded the time limit of 10 min were
considered to need additional practice, which we coded as 1. Third, students who made procedural errors (specifically, students who gave more than
one incorrect answer caused by the use of a wrong strategy or more than two incorrect answers caused by the wrong use of a correct strategy) were
considered to need additional instruction (and practice afterwards), which we coded as 2. We combined the needs “additional instruction” and
“additional instruction and practice” into one, because we were not able to decide which of the two needs was more appropriate based on students’
work (i.e., their answers and computations that were written out on the scrap paper). In (Dutch) classroom practice, teachers commonly decide during
additional instruction to what extent a student needs additional practice afterwards, based on students’ understanding during the additional in-
struction (cf. Baak et al., 2018; Borghouts et al., 2019; Van de Pol et al., 2010). Because actually giving additional instruction was not part of the
procedure of our study, we did not know whether or not additional practice after instruction would be needed. However, it is arguably most important
that students recognize their need for additional instruction, regardless of whether additional practice would then follow or not (because this can still
be decided by the teacher during the additional instruction). Thus, when students’ performance indicated they needed additional instruction (and
perhaps practice), the researchers scored both the student judgment “additional instruction” and the judgment “additional instruction and practice” as
being accurate. Fourth, students who made one procedural error and computational errors, were considered to need additional instruction (and
practice afterwards) or additional practice only (in other words, we did not know which intervention was most applicable to the student). When this
double code was assigned by the researchers the student judgments “additional practice” and “additional instruction (and practice afterwards)” were
both scored as accurate. The detailed coding scheme is depicted in Figure B1. Two coders (the first author and a research assistant) independently
coded 10% of the 409 multiplication and 201 division tasks that could not be coded by preprogrammed rules (see Figure B1). The interrater reliability
was substantial for the multiplication tasks (x = 0.70) and almost perfect for the division tasks (x = 0.85; Landis & Koch, 1977). In case of
disagreement, the coders reached consensus through discussion. The first author coded the other 90% of the tasks.

Table B.1
Examples of Procedural and Computational Errors

Type of Error Example when problem is 6 x 472 Example when problem is 228 : 3
Use of the wrong strategy or lack of useofa ~ Not writing the numbers of the sum correctly 2400 Split up in the wrong way. 228:3=
specific strategy (procedural error). under each other. 420 N
12 + 200 28
7800
Wrong use of a correct strategy (procedural ~ Forget to add the “small numbers that should be — Write down numbers double in a long division 3/228\742
error). remembered” (the 1 from 12 to 4 from 42). 4417.‘, (in this case the 2 from the lowest 12 should be ‘b2-1 R -
6x  © e
2422 12)
08
[
2
Computational error. Make mistakes in the multiplication tables 6x2=10 Make mistakes in the division tables 210:3 =80
6x 70 =480 18:3=7
Table B.2
Frequencies of Students’ Regulation Needs vs. their Regulation Judgments
Regulation need
Multiplication Division
Nothing Additional practice Additional instruction Nothing Additional practice Additional instruction
Regulation judgment before self-scoring
Nothing 245 147 100 166 37 50
Additional practice 73 124 116 33 58 91
Additional instruction 22 13 133 15 9 233
Regulation judgment after self-scoring
Nothing 291 123 56 188 41 35
Additional practice 35 132 117 17 50 91
Additional instruction 9 17 174 7 7 234

12
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{ How many incorrect answers?
>
o

How many problems How many problems How many incorrect answers because of use of the
completed?

completed? wrong strategy or lack of use of a specific strategy? 2

6 2t05 1 ‘ 22

> 3 incorrect answers because of the same > 3 incorrect answers because of the same
type of wrong use of a correct strategy? 2 type of wrong use of a correct strategy? ?
No o) |
No » VYes
Answered within (Thu.s only
10 minutes? computational errors)
[
l
Yy v v l
Need = Additional instructi
Need = No additional " . & ,I fonainstruction Need = Additional instruction
. K N Need = Additional practice (and practice afterwards) or X
instruction and practice . . (and practice afterwards)
additional practice

Fig. B.1. Coding Scheme for Actual Needs for Intervention
Note. Unshaded parts were coded automatically, shaded parts were coded manually, ? See Table B1 for examples. A question mark/cross/line was coded as “lack
of strategy.“

Appendix C. Mplus Input

Note. Only the input files for analyzing the multiplication task data are provided, as the analyses of the division task data is similar, only the dataset
differs. Moreover, the analyses for RQ2A and RQ2B are similar to the ones for RQ1A and RQ2B respectively, except for that the monitoring variables
were substituted by regulation variables.

Explanation of variables

- Class: class identification number

- Student: student identification number

- Casenum: unique number based on student number and specific day (day 1 or day 2)

- Performance_mean: students’ mean performance across two days, on the multiplication or division task

- Mon_acc_before: Students’ absolute monitoring accuracy before self-scoring.

- Reg_acc_before: Students’ absolute regulation accuracy before self-scoring.

- SOJ_m_before: Students’ SOJ-m before self-scoring

- SOJ_r_reg_before: Students’ SOJ-r before self-scoring

- SOJ_r_change: Change in students’ SOJ-r from before to after self-scoring

- Reg_acc_change; Change in students’ regulation accuracy from before to after self-scoring (0 = accuracy increase or stays accurate; 1 = accuracy
decrease or stays inaccurate).

Mplus input for RQIA

DATA: FILE = multiplication.dat;

VARIABLE: NAMES ARE Class Student Casenum performance mean mon_acc_before
reg_acc_before SOJ_m_before SOJ r reg before SOJ r change reg_acc change;
USEVARIABLES ARE Class Student mon_acc_before SOJ_m_before;

Cluster = Class Student;

Within = mon_acc_before;

MISSING ARE ALL (99999);

DEFINE: CENTER mon_acc_before (GROUPMEAN);

ANALYSIS: TYPE = COMPLEX TWOLEVEL;

ESTIMATOR = MLR;

MODEL:

%WITHIN%

SOJ_m_before ON mon_acc_before;

%BETWEEN%

SOJ_m_before;

OUTPUT: TECH1 SAMPSTAT;

13
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Mpluss input for RQ1B

DATA: FILE = multiplication.dat;

VARIABLE: NAMES ARE Class Student Casenum performance mean mon_acc_before
reg_acc_before SOJ_m_before SOJ r reg before SOJ r change reg_acc change;
USEVARIABLES ARE Class Student mon_acc_before SOJ_m_before performance mean;
Cluster = Class Student;

Within = mon_acc_before;

Between = performance_mean

MISSING ARE ALL (99999);

DEFINE: CENTER mon_acc_before (GROUPMEAN);

CENTER performance_mean (GRANDMEAN);

ANALYSIS: TYPE = COMPLEX TWOLEVEL RANDOM;

ESTIMATOR = MLR;

MODEL:

%WITHIN%

s | SOJ_m_before ON mon_acc_before;

%BETWEEN%Y%

SOJ_m_before on performance mean;

s with SOJ_m_before;

s on performance_mean;

OUTPUT: TECH1 SAMPSTAT;

Mplus input for RQ3

DATA: FILE = multiplication.dat;

VARIABLE: NAMES ARE Class Student Casenum performance mean mon_acc_before
reg_acc_before SOJ m_before SOJ r reg before SOJ r change reg acc_ change;
USEVARIABLES ARE Class Student SOJ r change reg_acc_change;

Cluster = Class Student;

Within =reg_acc_change

MISSING ARE ALL (99999);

DEFINE: CENTER reg_acc_change (GRANDMEAN);

ANALYSIS: TYPE = COMPLEX TWOLEVEL;

ESTIMATOR = MLR;

MODEL:

%WITHIN%

SOJ r _change ON reg_acc_change;

%BETWEEN%

SOJ r_change;

OUTPUT: TECH1 SAMPSTAT;

Appendix D. Correlation Matrices

Table D.1
Zero-order Correlations Between Variables on the Multiplication Task

1 2 3 4 5 6 7 8 9 10 11 12 13

Day 1
1. Task -
performance
2. Monitoring —0.44%**
accuracy before
self-scoring
3. Regulation —0.08 0.30%%*
accuracy before
self-scoring
4. SOJ-m before 0.10% 0.01 0.05 -
self-scoring
5. SOJ-r before —0.02 0.01 —0.03  0.38%**  _
self-scoring

(continued on next page)
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Table D.1 (continued)

1 2 3 4 5 6 7 8 9 10 11 12 13

6. Regulation —0.01 0.04 0.48***  0.02 —0.03 -
accuracy after
self-scoring
7. SOJ-r after 0.07 0.01 —0.09* 0.24%%*  (,32%** —-0.07 -
self-scoring
Day 2
8. Task 0.41%%* —0.14**  0.01 0.12* 0.04 —0.02 0.06 -
performance
9. Monitoring —0.16***  0.11* 0.13** —-0.05 —-0.02 0.06 —0.06 —0.24%*%  —
accuracy before
self-scoring
10. Regulation —0.15%**  0.13** 0.26***  —0.04 —0.15%**  0.16%**  —0.14**  —0.22%%*  0.31%**  —
accuracy before
self-scoring

11. SOJ-m before 0.11* —0.05 —0.01 0.39%** 0.20%** 0.01 0.28*** 0.10* —0.01 —0.01 -

self-scoring

12. SOJ-r before 0.04 —0.05 —0.04 0.28***  0.36%** 0.07 0.36%** —0.06 —0.03 —-0.08 0.33%**

self-scoring

13. Regulation —0.15***  0.05 0.17***  0.01 —-0.04 0.12* —-0.04 —0.17*%**  0.19%** 0.00 0.06 -

Accuracy after

self-scoring

14. SOJ-r after 0.06 -0.07 —0.08 0.16%** 0.30%** 0.00 0.32%** 0.12%* —0.11* —0.15%** 0.22%%* 0.33%** —0.08
self-scoring

*#*4p < 0.001, **p < 0.01, *p < 0.05.

Table D.2
Zero-order Correlations Between Variables on the Division Task

1 2 3 4 5 6 7 8 9 10 11 12 13

Day 1
1. Task _
performance
2. Monitoring _0.20%%%  _
accuracy before
self-scoring
3. Regulation 0.00 0.23%** -
accuracy before
self-scoring

4. SOJ-m before 0.2 —0.12* 0.06 -
self-scoring
5.S0J-r before self-  0.08 -0.13* -0.11* 0.29%%*  —
scoring
6. Regulation 0.01 0.12* —-0.01 -0.11* -
accuracy after self-
scoring
7. SOJ-r after self- 0.11* —0.14* —0.06 0.28%**  0.48%**  —0.17** -
scoring
Day 2
8. Task 0.50%** —0.05 0.04 0.16** 0.03 0.09 0.05 -
performance
9. Monitoring —0.07 0.14** 0.08 —0.05 —0.03 —0.03 —0.04 —0.13* -

accuracy before

self-scoring

10. Regulation —0.08 0.10 0.18***  0.00 —-0.07 0.08 0.01 —0.03 0.29%**  —
accuracy before

self-scoring

11. SOJ-m before 0.19%** -0.15%*  —0.01 0.32%%*  0.42%**  —0.02 0.08 —0.06 0.07 -
self-scoring
12. SOJ-r before 0.08 —0.13* —0.04 0.19%** 0.38%** —0.05 —0.01 0.02 —0.13* 0.35%** -
self-scoring
13. Regulation -0.11* 0.08 0.12* 0.02 0.03 0.12% 0.01 —0.05 0.10 0.61%** —0.02 —0.15%*
Accuracy after self-
scoring
14. SOJ-r after self-  0.06 —-0.07 —0.04 0.19***  0.36***  —0.01 0.33***  0.06 -0.10 —0.17%*  0.23***  (0.48%** —0.17**
scoring
***p < 0.001, **p < 0.01, *p < 0.05.
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