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a b s t r a c t

The study investigated whether activation of inaccurate prior knowledge before study contributes to
primary-school children’s commission errors and overconfidence in these errors when learning new
concepts. Findings indicate that inaccurate prior knowledge affects children’s learning and calibration.
The level of children’s judgments of learning for recall responses for which they would not receive credit
was inappropriately high after activation of inaccurate prior knowledge.

Moreover, results showed that activation of inaccurate prior knowledge was not only detrimental for
monitoring judgments during learning, but also for calibration accuracy after test taking. When judging
the quality of their recall responses on the posttest, children were more overconfident when they had
activated inaccurate prior knowledge. Also, the children often discarded concepts from further study
after activation of inaccurate prior knowledge. These results suggest that in order to improve self-
regulated learning, it may be important to detect inaccuracies in children’s prior knowledge.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Learning and understanding new concepts presented in a text is
an activity that young learners have to perform frequently (Lipko,
Dunlosky, Hartwig, et al., 2009). In order to study efficiently,
students have to accurately monitor the quality of their learning
while studying, that is, by correctly judging the extent to which the
studied information has been understood (e.g. Hadwin & Webster,
2013; Nelson & Narens, 1990; Thiede, Anderson, & Therriault,
2003). This affects the efficiency of their learning, because
without accurate monitoring, learners might not spend enough
time studying concepts they think they know, but actually have not
yet learned. However, monitoring the quality of learning is not only
relevant during the study phase. It is also important for learners to
accurately evaluate the quality of their test performance, so that
when taking in-between self-tests, they can use this information to
regulate further study.

Unfortunately, research on monitoring judgments made during
learning (i.e., Judgments of Learninge JOLs) and onmonitoring test
performance (i.e., Self-Score Judgments e SSJs) has shown that
both tend to be inaccurate (Dunlosky, Rawson, & Middleton, 2005;
Nelson & Dunlosky, 1991). The present study aimed to investigate
whether poor monitoring accuracy might in part be caused by the
þ31 43 3885779.
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accessibility of inaccurate prior knowledge. We will first give an
overview of research on the accuracy of JOLs and SSJs, before
examining why activating inaccurate knowledge prior to study
might contribute to inaccurate monitoring.

The research on JOL accuracy has mainly focused on relative
accuracy, which is usually measured by means of intra-individual
correlations between JOLs and performance on test items (Maki,
Shields, Wheeler, & Zacchilli, 2005; Nelson, 1984; Rhodes &
Tauber, 2011; Schraw, Kuch, & Gutierrez, 2013). When providing
JOLs about studied concepts, the higher the JOLs are, the more
confident the learner is to retrieve the correct meaning of the
concept on the test. The correlation between JOLs and performance,
with values ranging between �1 and þ1, indicates whether
a person can discriminate between items that are more or less
likely to be recalled on a test. A highly positive correlation between
JOLs and performance shows accurate monitoring, whereas a value
of zero indicates that there is no association between predictions
and performance. Research has shown that when JOLs are made
immediately after studying an item, correlations often do not
exceed .25, indicating that students have problems discriminating
between items which they have or have not understood (Dunlosky
& Lipko, 2007). When regulating further study, learners typically
select items for restudy for which they gave low JOLs (Metcalfe &
Finn, 2008; Nelson, Dunlosky, Graf, & Narens, 1994). Thus, when
JOLs are inaccurate, students cannot accurately decide which items
should receive the highest priority for additional study.
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Accuracy of Self-Score Judgments (SSJs) is usually measured in
terms of calibration, or absolute accuracy, by comparing the
correspondence between an SSJ for an item and performance on
that item. SSJs require learners to provide an estimate regarding the
quality of their response (i.e., their recall, Dunlosky et al., 2005).
When providing SSJs for the recall of concepts, learners usually
indicate on a scale whether they expect to receive no, partial, or full
credit for their response (e.g., Dunlosky et al., 2005; Rawson &
Dunlosky, 2007).

By calculating the difference between the SSJs and performance,
the measure of SSJ calibration accuracy provides insight into the
match between a learner’s perception of performance and the
actual level of performance. When comparing SSJs with actual test
scores, researchers acquire insight into the level of over- or
underconfidence of a learner. The smaller the difference between
SSJs and actual scores, the better the calibration of the learner is
(Hacker, Bol, & Keener, 2008). A person is overconfident if the
calculated discrepancy between SSJs and test scores is a positive
value, and underconfident if this value is negative. For example, if
a learner judges the quality of a recall response as fully correct (1
credit) and the actual test score for that item is partially correct (.5
credit), this shows that the student was overconfident. On the other
hand, if the learner would have provided an SSJ of 0 credit and the
actual test response would receive .5 credit, this person would be
underconfident.

Unfortunately, research has shown that learners are often inac-
curate when making SSJs. Both adults and younger learners tend to
be overconfident (Flavell, 1970; Koriat, 2011) when monitoring the
quality of recall responses that are entirely incorrect, referred to as
commission errors. Even though these responses are not awarded
credit, learners often expect to receive partial or full credit for their
commission errors (Dunlosky et al., 2005; Lipko, Dunlosky, &
Merriman, 2009; Rawson & Dunlosky, 2007). Findings with eighth-
grade learners showed that as much as 43% of their recall
responses consisted of commission errors (Lipko, Dunlosky, Hartwig,
et al., 2009). When regulating further study, this tends to be ineffi-
cient as learners usually discard items for which they believe their
recall response was correct. Commission errors thus contribute to
inefficient study regulation to a large extent (Dunlosky, Hartwig,
Rawson, & Lipko, 2011; Dunlosky & Rawson, 2012).

The cue utilization framework (Koriat, 1997) provides an
explanation for learner’s poor accuracy, and overconfidence when
monitoring learning and performance. Presumably, poor accuracy
results when learners base their judgments on cues that are not
valid indicators of test performance. According to the accessibility
theory (Koriat, 1993), learners often derive their monitoring judg-
ments from the amount of accessible information that comes to
mind. Koriat (1995) found that adult learners’ confidence increased
when the accessibility of information increased (i.e. the presence of
information in memory), and this increase in confidence was
independent of the actual correctness of their test response (i.e. the
quality). Accessibility might not be a valid cue when monitoring
learning, because learners would focus on the quantity of infor-
mation in memory, instead of the quality, which is what is being
judged by teachers when students take a test (Dunlosky et al.,
2005; Koriat, 1993, 1995; Koriat & Levy-Sadot, 2001; Rawson &
Dunlosky, 2007).

Studies have shown that monitoring accuracy can improve
when learners’ attention is focused on valid cues. Improvements in
the relative accuracy of JOLs have been found when they are
provided at a short delay after learning, rather than immediately
during learning (Koriat & Shitzer-Reichert, 2002; Nelson &
Dunlosky, 1991; Rhodes & Tauber, 2011; Schneider, Visé, Lockl, &
Nelson, 2000). However, the measure of relative JOL accuracy
shows only whether participants can discriminate between items
they studied, it does not provide insight into the level of learners’
overconfidence in their commission errors (Schraw, 2009). A
measure of calibration, or absolute accuracy, would be needed to
determine to what extent learners are able to accurately monitor
the quality of their recall response on each item.

The few studies that have investigated calibration accuracy of
young learners’ SSJs have shown that children show a high level of
overconfidence (Barnett & Hixon, 1997; Huff & Nietfeld, 2009;
Lipko, Dunlosky, Hartwig, et al., 2009). An important factor that
might affect the calibration accuracy of commission errors, but
which has, to our knowledge, not yet received any attention, is
accessibility of prior knowledge. We know that learners’ prior
knowledge has a large influence on what they understand and
remember when learning from text (Alexander & Jetton, 2000).
Several studies have shown that activating prior knowledge before
studying has positive effects on learning (e.g. Ozuru, Dempsey, &
McNamara, 2009; Wetzels, Kester, Van Merriënboer, & Broers,
2011). However, inaccurate prior knowledge may have a detri-
mental effect not only on learning but also on monitoring, for
instance, when learners have inaccurate ideas about themeaning of
certain concepts to be studied.

Research has found that when the inaccuracy of prior knowl-
edge is not directly identified and addressed, it can be resistant to
change and hinder the learning of new information (Dochy, Segers,
& Buehl, 1999; Lipson, 1982; Van den Broek & Kendeou, 2008). For
instance, Lipson (1982) showed that when children activated
inaccurate prior knowledge before studying a text that contradicted
their prior knowledge, they still used their inaccurate prior
knowledge when answering questions after study. It has been
suggested that learning outcomes might actually be better when
learners are not able to activate prior knowledge than when they
activate inaccurate prior knowledge (Lipson, 1982).

In a study examining the effect of prior knowledge on calibra-
tion, it has been found that learners reported using their prior
knowledge when monitoring learning (Dinsmore & Parkinson,
2013). However, learners’ prior knowledge may either be absent,
completely inaccurate, partially accurate, or fully accurate. Inac-
curacy of prior knowledge may be especially problematic when
learners use their prior knowledge in monitoring. Activation of
inaccurate prior knowledge might lead to accessibility of incorrect
information both during study and during test taking. If learners
are unaware of the inaccuracy of their prior knowledge, they might
judge these responses as partially or fully correct, leading to over-
confidence. In sum, this study intends to investigate whether
inaccurately activated prior knowledge might lead to over-
confidence in commission errors, more than when learners do not
have any prior knowledge accessible. Note that, of course, it is also
possible that a learners’ prior knowledge is partially correct or fully
correct. However, in the present study we focus on unsuccessful
prior knowledge activation, because to improve learning, insight
into monitoring and regulation processes for incorrect responses is
far more important than insight into metacognitive processes for
correct responses (Krebs & Roebers, 2010).

In the present study, primary-school learners studied a list of
concepts with their meanings. Prior to this, they were required to
activate any prior knowledge they had about these concepts. After
studying the meaning of the concepts, the students were asked to
monitor their learning of these concepts (by providing JOLs and
SSJs), and to regulate further study (by selecting concepts for
restudy).

In line with the findings of Lipson (1982), first of all we expected
that activation of inaccurate prior knowledge before study would
persist on the recall test, thus leading to more commission errors at
the recall test compared to items for which no prior knowledgewas
available (Hypothesis 1).
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Second, activation of inaccurate prior knowledge before study
was expected to affect monitoring accuracy. JOLs were expected to
indicate more overconfidence after activation of inaccurate prior
knowledge compared to no activation of prior knowledge
(Hypothesis 2a). Moreover, consistent with the findings of Lipko,
Dunlosky, Hartwig, et al. (2009) and Lipko, Dunlosky, and
Merriman (2009), we expected that SSJs would show over-
confidence. More specifically, if activation of inaccurate prior
knowledge is detrimental for calibration, wewould expect that SSJs
would show a higher level of overconfidence after activation of
inaccurate prior knowledge at the pretest thanwhen childrenwere
not able to activate any prior knowledge (Hypothesis 2b).

Third, if accessibility of inaccurate prior knowledge has a nega-
tive effect on monitoring accuracy, then it is also likely that regu-
lation of study is negatively affected. When investigating regulation
regarding concepts for which learners would not show correct
understanding at the test, wewould expect less efficient regulation
after activation of inaccurate prior knowledge. That is, learners are
expected to prematurely discard these concepts from further study
more often after activation of inaccurate prior knowledge than after
not being able to activate any prior knowledge (Hypothesis 3).

There is evidence that monitoring accuracy and overconfidence
might be affected by developmental factors (Schneider & Pressley,
1997). Therefore, we conducted two studies to investigate devel-
opmental differences, by using similar procedures in the two
studies but involving children of different age cohorts. In Study 1,
participants were in third- and fourth-grade (8/9-year-old),
whereas Study 2 involved fifth- and sixth-grade (10/11-year-old)
children. At a young age, relative accuracy of JOLs can already be
high, because children seem to be able to accurately discriminate
between items (e.g. Dufresne & Kobasigawa, 1989; Koriat & Shitzer-
Reichert, 2002; Schneider et al., 2000). However, research on cali-
bration has shown that 8/9-year-old children tend to be more
overconfident and often overestimate their memory performance
than 10/11-year-old children (e.g. Flavell, 1970; Krebs & Roebers,
2010, 2011; Schneider & Pressley, 1997). Krebs and Roebers (2010)
showed that 10/11-year-old children can monitor more accu-
rately, and show better calibration for questions on which they
cannot provide a correct answer than 8/9-year-old children.
Moreover, research indicates that older primary-school learners
show better regulation abilities than younger learners (e.g. De
Bruin, Thiede, Camp, & Redford, 2011; Krebs & Roebers, 2010). So
we addressed our hypotheses, keeping the nature of the learning
task similar across the two studies, but the concepts differed to
ensure that the materials were age appropriate.

2. Study 1

2.1. Method

2.1.1. Participants
One-hundred-and-three primary-school children from two

third-grade (n ¼ 51) and two fourth-grade classrooms in The
Netherlands (n ¼ 52) participated in this study (51.5% male, 48.5%
female; M ¼ 8.6 years, SD ¼ .8). Most of the children came from
middle-class families and all participants exhibited sufficient Dutch
language abilities to follow school lessons and to understand our
instructions.

2.1.2. Materials
The concept study task was a pen-and-paper task. Based on

a study on lexical richness of young learners in the Dutch language
(Vermeer, 2000), and a pilot study with four learners in the same
age group as the participants, Dutch concepts were selected. These
concepts were assumed to be unknown for learners in the age
cohort under investigation, thus learners were assumed to have
very little accurate prior knowledge about the items. Fig. 1 shows
a representation of the materials and the procedure of the study.

The pretest consisted of a list of the to be studied concepts on
one page, containing a space to write down their response about
the meaning next to each concept.

The concept study task consisted of 20 concepts which were
presented with their meaning and an example sentence in which
the concept was used. The meanings and example sentences were
taken from a dictionary for young learners (Verburg, 2008). JOLs
were provided by marking a square on an 11-point thermometer
adapted from Koriat and Shitzer-Reichert (2002), ranging from
“certain I will not recall the meaning” (0) to “certain I will recall the
meaning” (10).

When the participants regulated their study, they selected items
for restudy on a page that displayed the concepts in a 10 � 2 array.
The JOLs were not visible when participants selected concepts for
restudy.

The posttest (recall test) was the same as the pretest. Self-score
judgments (SSJs) were provided by marking on a square which was
depicted next to the tested concept whether the participants ex-
pected their recall response to be incorrect, partially correct or fully
correct (in line with e.g., Lipko, Dunlosky, Hartwig, et al., 2009).

All subtasks were presented in a booklet, with blank pages in
between the subtasks. The order of the concepts was randomized
across children and across subtasks (i.e., pretest, study task, JOL
task, restudy selection, recall test, and SSJ task). The obtained
results were not likely to be influenced by order of item presen-
tation because children received different versions of the concept
tasks, and the order of concepts was different for every subtask.

2.1.3. Procedure
Children were tested in the classroom, the duration of the

session was approximately 1 h. The task began with the experi-
menter informing the participants that they would receive
a booklet with subtasks, and that blank pages indicated the end of
subtasks. Children were asked to wait when they came to a blank
page until the experimenter announced they could turn that page.
The experimenter then explained that they would study concepts,
and provided themwith an example of a concept and an example of
the recall test. Participants were informed that the aim of studying
was to show their understanding of the concepts during testing.
After this explanation, children received the booklet and were
asked to provide their names on the first page.

The concept task consisted of six consecutive phases which are
depicted in Fig. 1. The first phase was a pretest of prior knowledge.
Participants saw the 20 concepts listed, and were asked to write
down the meaning of the concept if they knew it, and to leave the
space blank if they did not know its meaning.

After 10 min they came to the second phase and were asked to
study the materials. At the start of this study phase, the experi-
menter showed that the task consisted of 20 concepts, and told
learners they would have 10 min to study these concepts. After the
study phase, children performed an unrelated filler task (i.e.,
finding the differences between two pictures that were almost
identical but differed on 6 small details) to insert a delay between
study and providing JOLs.

In phase 3, children were asked to provide JOLs. First, they were
shown the example concept again, and received instructions about
the JOL scale. Use of the thermometer was explained and practiced.
The experimenter discussed with the children what the various
points on the thermometer meant in terms of likelihood to recall
the meaning of a concept on the test. Then, participants were asked
to provide JOLs for each studied concept in their booklet bymarking
the corresponding square of choice on the 11-point thermometer.



Fig. 1. Example of concept task items (original in Dutch).
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The fourth phase began after the children provided the JOLs. The
children were reminded that they would be asked to take a test, on
which they had to show that they had learned the meaning of the
concepts. They were instructed to indicate with a mark those
concepts they wished to restudy. However, participants were not
given the opportunity to restudy the concepts they had selected
because the aim of the study was to examine the effect of prior
knowledge and JOLs on item selection.

After selecting items for restudy participants received the recall
test (the fifth phase), they were asked to write down the correct
meaning of the previously studied concepts.

The sixth phase followed this test, the participants were asked
to review their test responses in order to provide SSJs about the
correctness of their answer. Participants were not able to compare
their answers to a standard when self-scoring their test responses.
SSJs were provided by marking the squares ranging from incorrect
to fully correct which were depicted next to the tested concepts.

2.1.4. Data analysis
Types of responses measured in the study include: (a) pretest

responses, which were scored on an interval level ranging from
0 (incorrect) to 1 (fully correct), (b) JOLs, which were measured on
an 11-point interval scale ranging from 0 to 10 (JOLs were then
transformed to a 0e1 scale in order to make them comparable to
the other outcome measures), (c) restudy selections, which were
measured on a binary scale (0 ¼ concept was not selected for
restudy; 1¼ concept was selected), and (d) SSJs, which were scored
on an interval scale ranging from 0 (incorrect) to 1 (fully correct).



Table 1
Pretest responses (percentage and total amount of omissions, inaccurate, partially
correct, and fully correct) for the two grade cohorts.

Grade
level

Prior
knowledge:
omission

Prior
knowledge:
inaccurate

Prior
knowledge:
partially correct

Prior
knowledge:
fully correct

Grade 3 and 4 74% (1452) 14.8% (290) 10.2% (201) .9% (18)
Grade 5 and 6 72.2% (1382) 14.7% (279) 9.6% (183) 2.9% (56)

Table 2
Recall test responses (percentage and total amount of omission errors, commission
errors, partially correct, and fully correct) for the two grade cohorts.

Grade level Recall test:
omission
error

Recall test:
commission
error

Recall test:
partially
correct

Recall test:
fully correct

Grade 3 and 4 56.3% (1108) 12.6% (248) 19.6% (386) 11.5% (226)
Grade 5 and 6 39.9% (739) 9.1% (168) 21.4% (396) 29.6% (549)
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Each studied concept consisted of 2e4 idea units (M ¼ 3.0,
SD¼ .64), which was comparable to the concepts used by Dunlosky
et al. (2005). Credit was given to the responses in line with the
scoring procedure used by Dunlosky et al. (2005) and Rawson and
Dunlosky (2007). Responses were scored using a gist criterion that
is, the idea was scored if it was either provided verbatim or as
a paraphrase of the idea unit. Pretest (prior knowledge) responses
were rated as omissions (no response), inaccurate (a completely
incorrect response, containing no idea units of the meaning of the
concept), partially correct (a response contained at least one idea
unit), or fully correct (a response containing all themain idea units).
Two independent raters scored 43% of the pretest responses, and
showed high inter-rater reliability (Cohen’s Kappa ¼ .90). Agree-
ment was reached about the idea units where scoring diverged. As
a result of the high inter-rater reliability, one rater scored the
remaining pretest responses. Posttest (recall) responses were
scored as omission errors (no response was given, no credit),
commission errors (a completely incorrect response was given, no
credit), partially correct responses (a response contained at least
one idea unit, partial credit) and fully correct responses (containing
all the idea units, full credit). For example, participants studied the
concept Cider (concept) e an alcoholic drink made of apples
(meaning). Then the participants were asked to provide the
meaning of the concept cider at the posttest. When the response
was: A drink with alcohol, this was scored as partially correct
because it contains two of the three idea units. When participants
responded with: A drink made of apples which contains alcohol, this
response was scored as being fully correct. A response containing
none of the idea units was scored as a commission error, such as
answering for cider: somebody who is working in prison. Two raters
scored 18% of the posttest responses, Kappa ¼ .82. Agreement was
reached about the idea units where scoring diverged and one rater
subsequently scored the remaining pretest responses.

Consistent with previous studies (Nelson, 1984; Nelson &
Dunlosky, 1991), JOL accuracy was measured by intra-individual
gamma correlations between JOLs and test performance on the
items (the closer to þ1, the more accurate). The gamma correlation
measures whether learners can judge their understanding of each
concept relative to other concepts. Concordance occurs when the
meaning of a concept with a JOL that is higher than that of another
item is recalled, while the meaning of that second concept is not
recalled. Discordance occurs when the meaning of a concept with
a JOL that is higher of that of another concept is not recalled, while
the meaning of that second concept is recalled. The gamma
correlation is computed as follows: (Concordances-Discordances)/
(Concordances þ Discordances). Refer to Nelson (1984) for
a discussion why a gamma correlation is the best measure of
relative accuracy, and more preferable than a Spearman or Pearson
correlation.

Restudy accuracy was measured by the intra-individual gamma
correlations between JOLs and restudy choice (as a person should
select items for restudy for which he provided low JOLs, a correla-
tion closer to�1 indicates more accurate restudy selections, Thiede
& Dunlosky,1999). For seven participants, JOL accuracy could not be
calculated because of invariance in either the JOLs or the test score.
Restudy accuracy could not be calculated for 11 children due to
invariance in selection of items for restudy or invariance in their
test score.

Calibration accuracy of SSJs was measured per item as the
difference between the SSJ and the objective score for the recall
response. Calibration accuracy increases as the absolute difference
between SSJs and performance decreases. With the calibration
score, the directionality between judgments and actual perfor-
mance is taken into account, so this measure indicates the extent to
which one is overconfident or underconfident. As SSJs and test
scores were both rated as 0, .5, or 1, calibration scores range
from�1 to þ1. A calibration score of 0 indicates perfect calibration,
scores below 0 indicate underconfidence and scores above 0 indi-
cate overconfidence.

Because of the hierarchical structure of the data (items were
nested in participants, and participants were nested in classrooms
and grade levels), the effect of inaccurate prior knowledge on
commission errors, metacognitive judgments, and on calibration
was investigated with multilevel regression analyses conducted in
SPSS 19.
2.2. Results

2.2.1. Descriptive statistics
Participants activated prior knowledge on 27% of the items at

the pretest, these responses were scored as inaccurate, partially
correct, or fully correct. The remaining items (73%) were left blank
by the participants and these were scored as omissions. Table 1
shows descriptive statistics regarding the percentage and the
total amount prior knowledge activation (omissions, inaccurate,
partially correct, or fully correct). At the recall test, participants
provided responses on 44% of the items; the remaining 56% were
scored as omission errors. Table 2 shows the percentage and total
amount of omission errors, commission errors, partially correct,
and fully correct responses.

Table 3 presents descriptive statistics about Mean JOLs, the
percentage of concepts selected for restudy, credit for recall test
responses, and Mean SSJs following the four categories of prior
knowledge activation (omissions, inaccurate, partially correct, and
fully correct). Table 4 presents descriptive statistics about credit for
prior knowledge, Mean JOLs, the percentage of concepts selected
for restudy, andMean SSJs in relation to the four categories of recall
test responses (omission errors, commission errors, partially
correct responses, and fully correct responses).

As would be expected given the delayed JOL procedure, JOL
accuracy was quite high,M gamma correlation¼ .78 (SD¼ .39). The
strength of the gamma correlation for restudy accuracy, M gamma
correlation¼�.80 (SD¼ .39) shows that children selected concepts
for restudy that they gave low JOLs and were less likely to select
concepts for which they provided high JOLs.

Fig. 2 shows the calibration scores for the four different cate-
gories of the recall responses (omission errors, commission errors,
partially correct, fully correct) for both age cohorts. For the third-
and fourth-grade students, mean posttest self-score judgments for
commission errors were .72 (SD ¼ .24), indicating high



Table 3
Mean JOLs, percentage of concepts selected for restudy, mean recall response credit,
and mean SSJs of 3rd/4th and 5th/6th grade cohorts following omitted, inaccurate,
partially correct and fully correct prior knowledge activation (SD of the mean in
parentheses).

Grade level Prior
knowledge:
omission

Prior
knowledge:
inaccurate

Prior
knowledge:
partially correct

Prior
knowledge:
fully correct

JOLs (range 0e1)
Grade 3 and 4 .42 (.41) .78 (.32) .94 (.18) .99 (.03)
Grade 5 and 6 .47 (.41) .8 (.31) .91 (.18) .96 (.1)

Restudy selections (%)
Grade 3 and 4 60% (49) 28% (45) 12% (33) 6% (23)
Grade 5 and 6 51% (41) 24% (43) 10% (29) 11% (31)

Recall response credit (range 0e1)
Grade 3 and 4 .15 (.31) .26 (.36) .56 (.31) .72 (.35)
Grade 5 and 6 .33 (.43) .50 (.41) .68 (.27) .82 (.32)

SSJs (range 0e1)
Grade 3 and 4 .24 (.40) .59 (.41) .81 (.31) .92 (.19)
Grade 5 and 6 .39 (.45) .72 (.37) .88 (.22) .50 (.46)

Fig. 2. Calibration of self-score judgments for recall responses (omission errors,
commission errors, partially correct, and fully correct) for the two grade cohorts.
Calibration is measured as the difference between self-score judgments and objective
credit for recall responses. Positive values indicate overconfidence, negative values
underconfidence.
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overconfidence in these errors. Children often expected to receive
credit for responses that were entirely incorrect. The children ex-
pected to receive no credit for only 5.3% of their commission errors,
whereas they expected to receive partial credit for 42.3% and full
credit for 52.4% of the commission errors.

2.2.2. Relation between inaccurate prior knowledge activation and
recall responses

Table 5 shows the effect of the four categories of pretest prior
knowledge activation (omission, inaccurate, partially correct,
fully correct) on the percentage of recall test responses (omission
error, commission error, partially correct, fully correct). These
results show that when participants activated inaccurate prior
knowledge on the pretest, this resulted in an omission on the
recall test for 25.1% of the responses, in a commission error for
36.6% of the responses, in partially correct for 25.4%, and in
a fully correct for 12.9% of the responses. A binary logistic
multilevel regression analysis, (0 ¼ no ability to activate any
prior knowledge, 1 ¼ inaccurate prior knowledge) was used to
investigate the effect of prior knowledge activation at the pretest
Table 4
Mean pretest response credit, mean JOLs, percentage of concepts selected for
restudy, and mean SSJs of 3rd/4th and 5th/6th grade cohorts for omission errors,
commission errors, partially correct responses and fully correct responses at the
recall test (SD of the mean in parentheses).

Grade level Recall test:
omission
error

Recall test:
commission
error

Recall test:
partially
correct response

Recall test:
fully correct
response

Pretest response credit (range 0e1)
Grade 3 and 4 .01 (.05) .03 (.14) .17 (.25) .16 (.28)
Grade 5 and 6 0 (.04) .03 (.17) .16 (.26) .14 (.3)

JOLs (range 0e1)
Grade 3 and 4 .26 (.33) .84 (.28) .89 (.23) .89 (.23)
Grade 5 and 6 .19 (.27) .69 (.35) .85 (.26) .85 (.26)

Restudy selections (%)
Grade 3 and 4 76% (43) 19% (39) 15% (36) 12% (33)
Grade 5 and 6 71% (46) 35% (48) 19% (40) 22% (41)

SSJs (range 0e1)
Grade 3 and 4 .01 (.1) .74 (.3) .81 (.29) .91 (.23)
Grade 5 and 6 .01 (.11) .62 (.36) .84 (.25) .89 (.22)
on commission errors at the recall test. When inaccurate prior
knowledge was activated, this led to more commission errors at
the recall test than when learners were not able to activate any
prior knowledge (Hypothesis 1), Wald Chi-Square ¼ 1, 109.47,
p ¼ .0001 (b ¼ 1.83, SE ¼ .17, Wald CI ¼ 1.49e2.17). When
inaccurate prior knowledge was activated at the pretest, 36.6% of
this inaccurate prior knowledge became a commission error at
the recall test. When learners were not able to activate any prior
knowledge, only 8.5% of these omissions became a commission
error at the recall test.

Table 5 shows that inaccurate prior knowledge not only led to
more commission errors, but also to more partially correct
responses than when learners were not able to activate any prior
knowledge, Wald Chi-Square ¼ 1, 30.62, p ¼ <.0001 (b ¼ .86,
SE ¼ .16, Wald CI ¼ .56e1.17). In addition, Table 5 shows that when
participants were not able to activate any prior knowledge at the
pretest, these concepts remained omission errors at the recall test
significantlymore often thanwhen inaccurate prior knowledgewas
activated, Wald Chi-Square ¼ 1, 39.38, p < .0001 (b ¼ 1.09, SE ¼ .17,
Wald CI ¼ .75e1.44).

2.2.3. Effect of inaccurate prior knowledge activation on monitoring
and regulation

Amixedmodel regression analysis was conducted to investigate
whether JOLs were inappropriately high after activation of inac-
curate prior knowledge, when compared to no activation of prior
knowledge at all (Hypothesis 2a). Items were included as repeated
measures, and a random intercept was included for every partici-
pant. Only the JOLs provided for concepts for which the recall
responses would not receive credit (omissions and commission
errors) were used in this analysis. For these incorrect responses,
accurate JOLs should be low. Regression coefficients, standard
errors, and 95% confidence intervals are reported for inaccurate
prior knowledge activation.



Table 5
Percentage of students’ recall test omission and commission errors, and partially and fully correct responses following omitted, inaccurate, partially correct and fully correct
prior knowledge activation. Findings are tabled for both grade cohorts.

Recall test responses

Test: omission error Test: commission error Test: partially correct response Test: fully correct response

Grade 3 and 4
Prior knowledge: omission 70.1% 8.5% 12.6% 8.8%
Prior knowledge: inaccurate 25.1% 36.6% 25.4% 12.9%
Prior knowledge: partially correct 7.5% 6.0% 60.8% 25.6%
Prior knowledge: fully correct 0% 11.1% 33.3% 55.6%

Grade 5 and 6
Prior knowledge: omission 52.1% 7.7% 14.5% 25.8%
Prior knowledge: inaccurate 13.2% 20.9% 31.9% 34.1%
Prior knowledge: partially correct .6% 2.3% 58.8% 38.4%
Prior knowledge: fully correct 1.8% 7.1% 17.9% 73.2%
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Results show that JOLs for concepts for which participants did
not receive credit at the test were significantly higher after acti-
vation of inaccurate prior knowledge than after no activation of
prior knowledge, t(1274.5) ¼ 15.91, p < .0001 (b ¼ 4.47, SE ¼ .28,
CI¼ 3.92e5.02). JOLs (measured on a scale ranging from 0 to 10) for
incorrect recall test responses were on average 7.3 (SD ¼ 3.6) after
activation of inaccurate knowledge, and 2.9 (SD ¼ 3.6) after no
activation of prior knowledge.

Fig. 3 depicts calibration accuracy of SSJs for recall test responses
following omissions, inaccurate, partially, and fully correct prior
knowledge activation at the pretest. A mixed model regression
analysis was used to investigate whether inaccurate prior knowl-
edge activation led to more overconfidence compared to not being
able to activate any prior knowledge (Hypothesis 2b). Items were
included as repeated measurement and a random intercept was
included for the participants. Calibration accuracy for the SSJs
showed that children were more overconfident when judging the
Fig. 3. Calibration of self-score judgments for recall responses following prior
knowledge activation (omissions, inaccurate, partially correct, and fully correct) for the
two grade cohorts. Calibration is measured as the difference between self-score
judgments and objective credit for recall responses.
quality of their recall after inaccurate prior knowledge activation at
the pretest (M ¼ .32, SD ¼ .42) than when they were unable to
activate prior knowledge (M ¼ .09, SD ¼ .28), t(1657) ¼ 11.41,
p < .0001 (b ¼ .23, SE ¼ .02, CI ¼ .19e.27).

Because the selection of items for restudy was measured on
a binary scale (0 ¼ item not selected, 1 ¼ item selected), a gener-
alized linear model for binary data was used to investigate the
effect of prior knowledge activation on item selection. When
accurately selecting items for restudy, participants would choose
concepts of which they do not recall the meaning. Therefore, this
analysis was again conducted on the concepts for which the
participants would receive no credit at the recall test. We investi-
gated whether activation of inaccurate prior knowledge at the
pretest would lead children to more often discard these concepts
from further study when compared to no activation of prior
knowledge (Hypothesis 3). After activation of inaccurate prior
knowledge at the pretest, concepts for which they would not
receive credit at the recall test were less often selected for restudy,
than after no activation of prior knowledge. After activation of
inaccurate prior knowledge, 34% of the concepts was selected
(SD ¼ .48) versus 75% of the concepts (SD ¼ .45) when no prior
knowledge could be activated. This difference was significant, Wald
Chi-Square ¼ 1, 55.23, p < .0001 (b ¼ �1.53, SE ¼ .20, Wald
CI ¼ �1.93 to �1.12).

2.3. Discussion

The results of Study 1 showed that third- and fourth-grade
children were highly overconfident when they evaluated the
quality of their commission errors. This finding is consistent with
the results of Lipko, Dunlosky, Hartwig, et al. (2009). The results
showed that commission errors on the recall test occurred more
often after activation of inaccurate prior knowledge at the pretest,
than after no activation of prior knowledge, or after (partially)
correct activation (Hypothesis 1). A substantial part of the
commission errors emanated from inaccurate prior knowledge at
the pretest.

When providing JOLs for concepts that were not yet understood,
children’s JOLs were higher after activation of inaccurate prior
knowledge than after not being able to activate any prior knowl-
edge (Hypothesis 2a). Moreover, the results showed that activation
of inaccurate prior knowledge was detrimental to calibration
accuracy of the SSJs (Hypothesis 2b). That is, children were more
overconfident after commission errors than after omissions or
(partially) correct prior knowledge activation.

With regard to regulation, children more often prematurely
discarded concepts for which they activated inaccurate prior
knowledge, whereas they more often decided to restudy the
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concepts for which they were not able to activate any prior
knowledge (Hypothesis 3).

In sum, our findings indicate that commission errors, and
overconfidence in these errors, in part results from the activation of
inaccurate prior knowledge. Possibly, inaccurate prior knowledge
activation leads to inaccurate JOLs and SSJs because learners base
these judgments on accessibility of information, instead of the
quality of the accessible information (Koriat, 1993). However, the
present findings were obtained for third- and fourth-grade
students. At this young age, metacognitive skills are still devel-
oping. There is evidence that between the ages of 9 and 12, meta-
cognitive skills become more accurate and learners become less
overconfident (e.g. Flavell, 1970; Krebs & Roebers, 2010, 2011;
Schneider & Pressley, 1997). Therefore, it might be that inaccurate
activation of prior knowledge has smaller effects on performance,
metacognitive judgments, and calibration for older primary-school
children. To test this possibility, we conducted a second study with
fifth- and sixth-grade students. The same hypotheses were tested
as in the first study, and the same procedure was used; only the
concepts in the study task differed to make them age appropriate.

3. Study 2

3.1. Method

3.1.1. Participants
Participants were 95 primary-school children (48.4%male, 51.6%

female, M ¼ 10.6 years, SD ¼ .8) from two fifth- (n ¼ 48) and two
sixth-grade (n ¼ 47) classrooms from the same Dutch primary-
school as participants in Study 1. Study 2 did not include any of
the Study 1 participants because both studies occurred in the same
school year. All participants were fluent enough in Dutch to follow
school lessons and to understand our instructions.

3.1.2. Materials and procedure
The procedure of Study 2was exactly the same as that of the first

study, except for the concepts. Based on the measure of lexical
richness (Vermeer, 2000) and a pilot study with four participants,
Dutch concepts were selected in the same manner as in the first
study.

3.1.3. Data analysis
Studied concepts consisted of two to four idea units (M ¼ 3.0,

SD ¼ .71). The prior knowledge responses and recall responses
were scored according to the same criteria as used in Study 1. Two
independent raters scored 42% of the pretest and 13% of the recall
test responses and showed a high level of agreement (Kappa ¼ .90
and .79 respectively). Scoring of the first rater was used and this
rater scored the remaining pretest and recall test responses.

Relative accuracy of JOLs could not be calculated for two
participants due to invariance in JOL or test score. Gamma corre-
lations indicating the efficiency of regulation of study could not be
calculated for three participants due to invariance in selection or
test score.

3.2. Results

3.2.1. Descriptive statistics
Participants provided a prior knowledge response at the pretest

for 27% of the items. Table 1 shows the percentage and total amount
of omissions, inaccurate, partially, and fully correct prior knowl-
edge for the provided pretest responses. At the recall test, partici-
pants provided responses for 60% of the items. Table 2 shows the
percentage and total amount of omission errors, commission
errors, partially correct, and fully correct responses at the recall test.
Descriptive statistics in relation to the four categories of prior
knowledge activation (omissions, inaccurate, partially correct, fully
correct) and the four categories of recall responses (omission
errors, commission errors, partially correct responses, fully correct
responses) are presented in Tables 3 and 4, respectively. Because
different materials were used for the two age groups we could not
test whether there were significant differences between the
younger and the older cohort.

As in Study 1, relative JOL accuracy was high, M gamma
correlation ¼ .76 (SD ¼ .27), and the gamma correlation for regu-
lation of study, gamma ¼ �.81 (SD ¼ .40), indicated that partici-
pants used their JOLs to select concepts for restudy.

Calibration accuracy for the four categories of recall responses
(omission errors, commission errors, partially correct responses,
and fully correct responses) is depicted in Fig. 2. The mean of the
SSJs for commission errors at the test was .62 (SD ¼ .26), indicating
that participants were overconfident when judging the quality of
these recall responses. For 16% of these commission errors they
expected to receive no credit, for 44.4% they expected to receive
partial credit, and for 39.5% they expected to receive full credit.

3.2.2. Relation between inaccurate prior knowledge activation and
recall responses

Table 5 displays the relation between pretest prior knowledge
activation and responses at the recall test. As the table shows, when
participants activated inaccurate prior knowledge on the pretest,
there was an omission on the recall test for 13.2% of the responses,
a commission error for 20.9%, a partially correct response on the
recall test for 31.9% of the responses, and a fully correct response on
the recall test for 34.1% of the responses. When participants acti-
vated inaccurate prior knowledge, they were more likely to make
commission errors at the test than when they were unable to
activate prior knowledge, 20.9% compared with 7.7%, (Hypothesis
1), Wald Chi-Square ¼ 1, 37.87, p < .0001 (b ¼ 1.16, SE ¼ .19, Wald
CI¼ .79e1.53). In addition, activation of inaccurate prior knowledge
led more often to partially correct responses at the recall test than
when participants were unable to activate prior knowledge, Wald
Chi-Square ¼ 1, 45.63, p < .0001 (b ¼ 1.02, SE ¼ .15, Wald CI ¼ .72e
1.31). When participants were unable to activate prior knowledge,
this significantly more often remained an omission error at the
recall test than when inaccurate prior knowledge was activated,
Wald Chi-Square ¼ 1, 151.34, p < .0001 (b ¼ 1.86, SE ¼ .15, Wald
CI ¼ 1.58e2.19).

3.2.3. Effect of inaccurate prior knowledge activation on monitoring
and regulation

A mixed model regression analysis showed that JOLs for the
incorrect recall responses were significantly higher after pretest
activation of inaccurate prior knowledge than after no activation of
prior knowledge, t(818,79) ¼ 10.38, p < .0001 (b ¼ 3.37, SE ¼ .32,
CI¼ 2.73e4.00). JOLs for incorrect recall responses were on average
6.1 (SD ¼ 2.4) after activation of inaccurate prior knowledge, and
2.4 (SD ¼ 3.1) when learners were unable to activate prior knowl-
edge (Hypothesis 2a).

Fig. 3 depicts calibration accuracy following prior knowledge
activation. The influence of inaccurate prior knowledge activation
on posttest calibration accuracy of SSJs was investigated with
a mixed model regression analysis (Hypothesis 2b). Calibration
scores indicated more overconfidence after inaccurate prior
knowledge activation (M ¼ .23, SD ¼ .39) than after no activation
(M ¼ .06, SD ¼ .28), t(1578) ¼ 8.14, p < .0001 (b ¼ .16, SE ¼ .02,
CI ¼ .12e.20).

To investigate the effect of inaccurate prior knowledge on
selection of items for restudy for which incorrect recall would
follow, a generalized linear model for binary data was used
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(Hypothesis 3). Findings showed that after activation of inaccurate
prior knowledge items were more often prematurely discarded
from study (only 38% of the concepts were selected for restudy,
SD ¼ 4.8) than when participants were unable to activate prior
knowledge (67% of the concepts were selected, SD¼ 4.9), Wald Chi-
Square ¼ 1, 28.62, p < .0001 (b ¼ �1.23, SE ¼ .23, Wald CI ¼ �1.68
to �.78).

3.3. Discussion

The results of Study 2 show the same pattern as those of
Study 1. Even though the older children had a lower frequency
of commission errors, and their absolute level of overconfidence
was lower than those of the younger children, overconfidence in
commission errors was high. Again, activation of inaccurate
prior knowledge before study led to inappropriately high JOLs,
less accurate calibration, and less efficient selection for restudy
than when children were not able to activate any prior
knowledge.

4. General discussion

The aim of the present study was to investigate the effect of
inaccurate prior knowledge activation on young learners’
commission errors and their overconfidence in these errors when
learning concepts. To the best of our knowledge, this study is the
first to investigate the effect of inaccurate prior knowledge activa-
tion on children’s calibration accuracy.

The study shows that inaccurate prior knowledge negatively
affects children’s metacognitive judgments in several ways when
learning novel concepts. First of all, children did not accurately
monitor the quality of information that was accessible in their
memory. The findings showed that JOLs prior to recall responses
for which they would not receive any credit were inappropri-
ately high after activation of inaccurate prior knowledge
(Hypothesis 2a). Moreover, results showed that activation of
inaccurate prior knowledge was not only detrimental for moni-
toring judgments during learning, but also for calibration after
test taking. That is, children were overconfident when self-
scoring the quality of their recalled ideas after activation of
inaccurate prior knowledge (Hypothesis 2b). Finally, this also
applied when selecting concepts for further study. Children often
prematurely discarded concepts for which they did not accu-
rately recall the meaning after activation of inaccurate prior
knowledge (Hypothesis 3).

Our findings show that when inaccurate prior knowledge was
activated at the pretest, this more often resulted in a commission
error at the recall test when compared with concepts for which no
prior knowledge could be activated (Hypothesis 1). This implies
that when activated prior knowledge is inaccurate, children are
often not aware of this. Presumably, learners focus on the mere
accessibility of information in memory instead of on the quality
(Koriat, 1993), and therefore their inaccurate prior knowledge is
often not corrected through further learning.

Note that when children did activate inaccurate prior knowl-
edge at the pretest, recall test responses were more often partially
correct than when children were not able to activate any prior
knowledge (in that case pretest responses mainly remained
omissions). At first sight, this seems to make the interpretation
that inaccurate prior knowledge deteriorates self-regulated
learning somewhat paradoxical. However, the problematic
finding is that when learners activated inaccurate prior knowledge
for concepts, later test responses not only became more often
partially correct, but also more often turned into commission
errors (on average 29% versus 8% when learners could not activate
any prior knowledge). Calibration was most inaccurate for these
commission errors: When children judged the quality of these
errors they expected to receive credit for these completely
incorrect responses. Moreover, findings show that it is unlikely
that children will decide to allocate their study time to their
commission errors: On average participants selected only 37% of
the commission errors for restudy (whereas they decided to
restudy 74% of the concepts for which they made omission errors).
Our findings imply that when children engage in self-regulated
learning in a naturalistic setting, they mainly allocate their study
time to omissions, and often decide not to further study
commission errors. It thus seems likely that recall performance
will improve for omissions, but it is less likely that recall perfor-
mance will improve for commission errors. In sum, our findings
show that inaccurate prior knowledge activation can lead to
commission errors, and inaccurate prior knowledge seems there-
fore more problematic for calibration and self-regulated learning
than when learners do not have any prior knowledge accessible
prior to studying.

It should be noted that the percentage of items that were
responded to on the pretest, and as a consequence, the percentage
of inaccurately activated prior knowledge, was relatively low in
both studies. At the pretest as well as the recall test participants
were allowed omissions (i.e., not providing any response), because
we would have artificially inflated the frequency of inaccurate
responses on the pretest if we would have forced the children to
provide a response. The low percentage of responses in general
confirms that the concepts we selected were largely unknown to
the participants (a necessity because otherwise there would not be
much left to learn).

In the present study, learners were asked to attempt to activate
prior knowledge at a pretest prior to study. This may have been
a limitation of the study because in real-life learners are usually not
confronted with a pretest. However, it is likely that inaccurate prior
knowledge also hinders self-regulated learning when learners are
not explicitly asked to activate prior knowledge at a pretest, as
other research has shown that learners base their monitoring
judgments on their assessment of prior knowledge (Dinsmore &
Parkinson, 2013).

Relative accuracy of the JOLs was high, in linewith prior findings
on delayed JOLs (Nelson & Dunlosky, 1991; Rhodes & Tauber, 2011).
In addition, consistent with previous research (De Bruin et al., 2011;
Metcalfe & Finn, 2008), the children decided to restudy the
concepts for which they provided low JOLs. This indicates that
children can accurately discriminate between concepts on the basis
of accessibility of these concepts in memory as a cue, such as is
measured by the correlations between JOLs and performance.
However, our findings reveal that JOLs and restudy selections were
not always accurate. When children are asked to judge the quality
of these ideas, which is required whenmaking absolute judgments,
their monitoring was very poor. The monitoring judgments were
inappropriately high when children had inaccurate information
accessible, and children often prematurely discarded these items
from restudy.

Even though we were unable to statistically compare the age
cohorts, the equal pretest scores indicate that these materials were
of similar difficulty. The results on activation of inaccurate prior
knowledge between cohorts also largely parallel each other. It
seems that learners in the older age cohort were able to overwrite
their inaccurate prior knowledge more often. They made less
commission errors at the recall test, and showed less over-
confidence in these errors than the younger age cohort. Consistent
with Krebs and Roebers (2010, 2011), the older age group was
better calibrated than the younger one. However, overconfidence
occurred for commission errors for the older age group too, and
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inaccurate prior knowledge led to inflated JOLs, less efficient
regulation of study, and less accurate calibration.

The focus of the present study was on calibration for omis-
sions and commission errors, because to improve learning it is
most important to investigate monitoring and control for incor-
rect responses (Krebs & Roebers, 2010). Therefore, we did not
explicitly focus on evaluations of the partially correct responses
that contained some correct ideas but were incomplete.
However, even though we did not specifically focus on partially
correct responses, it has to be noted that the children also
overestimated the quality of their recall when evaluating these
responses. Previous studies have also shown that overconfidence
is not only a problem with commission errors. When judging the
quality of recall of partially correct responses, learners often
expect to receive full credit (Dunlosky & Lipko, 2007; Dunlosky
et al., 2005). The present results indicate that the absolute
level of calibration accuracy was not only poor after inaccurate
prior knowledge activation, but also after activation of partially
correct prior knowledge. Therefore, it appears that partially
correct prior knowledge can also be hard to correct through
instruction. Future research should further investigate the effect
of activation of partially correct prior knowledge on calibration
and self-regulated learning.

The present study shows that inaccurate prior knowledge can
contribute to commission errors at the recall test, and to poor
calibration for these errors. These findings reinforce the need for
future research to investigate interventions which improve chil-
dren’s self-regulated learning, by focusing not only on accessibility
but also on the quality of information in memory. Even though
learners did overwrite some of their inaccurate prior knowledge in
our studies, the findings demonstrate that this does not necessarily
happen, especially not for the 8/9-year-old children.

Unfortunately, learners often have problems overwriting their
inaccurate knowledge (e.g., Chi, Slotta, & De Leeuw,1994). Research
has shown that to overwrite accessible inaccurate prior knowledge,
it is necessary that learners co-activate this together with the
correct information, and that they become aware that the two
conflict with each other (Van den Broek & Kendeou, 2008). It is
possible that an explicit feedback intervention after prior knowl-
edge activation might be promising to improve calibration accu-
racy. The definitions of the concepts were provided in the learning
phase, and could have implicitly served as feedback, but apparently
this was not sufficient. Explicit feedback could make learners aware
of the fact that their prior knowledge conflicts with the information
presented in the learning phase. Metcalfe and Finn (2012) found
that although children’s errors were not self-corrected without
feedback, when feedback was given about errors performance
improved drastically.

To conclude, as Ausubel, Novak, and Hanesian (1978) stated:
“Themost important factor influencing learning is what the learner
already knows. Ascertain this and teach him accordingly” (p. 163).
Our findings add to this statement that what the learner believes to
know also influences his learning, not only directly, but also indi-
rectly by affectingmonitoring and regulation of learning. Therefore,
the identification of what children already know, and the detection
of inaccuracies in their prior knowledge, might be important to
improve their self-regulated learning.
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