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Abstract When studying verbal materials, both adults and children are often poor at
accurately monitoring their level of learning and regulating their subsequent restudy of
materials, which leads to suboptimal test performance. The present experiment investi-
gated how monitoring accuracy and regulation of study could be improved when learning
idiomatic phrases. Elementary school children (fourth and sixth-graders) were instructed
to predict their test performance by providing judgments of learning (JOLs). They
provided JOLs immediately after studying each idiom, after studying all idioms, or after
studying all idioms followed by generating sentences in which the idioms were used.
Correlations between JOLs and test performance showed that delayed-JOLs and delayed-
JOLs with sentence generation were more accurate than immediate JOLs. JOLs after
sentence generation also improved regulation of study compared to delayed-JOLs only.
Analyses of JOL reaction times suggest that delayed-JOLs led children to retrieve the
literal meaning of the idiom, whereas JOLs after sentence generation led children to focus
on connections between studied information, contextual information, and prior knowl-
edge. Sentence generation presents a promising method to improve regulation of study,
and thus idiom learning.

Keywords Monitoring . Regulation . Idioms . Judgment of learning . Sentence generation .

Reaction times

Children frequently study verbal materials, both in the classroom and when doing homework.
Previous research has found that monitoring and regulation play an important role in learning
(e.g., Dunlosky and Metcalfe 2009; Nelson and Narens 1990; Thiede et al. 2003). During self-
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regulated study, learners attempt to reduce the discrepancy between their learning goals and their
perceived current state of learning (e.g., Nelson and Narens 1990; Thiede and Dunlosky 1999).
Monitoring refers to assessing this current state of learning (Dunlosky andMetcalfe 2009), which
is—ideally— used to regulate further study activities. That is, learners should monitor how well
they have learned materials, and based on that information, make a decision on whether they will
study these materials further or discard them (Thiede and Dunlosky 1999). More accurate
monitoring has been shown to lead to more effective restudy decisions when regulating further
study (Metcalfe and Finn 2008a). In turn, more effective regulation leads to higher test perfor-
mance and better academic achievement (Ertmer and Newby 1996; Thiede et al. 2003).

Unfortunately, when studying textual materials monitoring accuracy is often low, imply-
ing that learners often cannot distinguish between what they do and do not understand.
Correlations between predicted and actual test performance usually do not exceed .25 (see
the review by Dunlosky and Lipko 2007; Maki 1998). As a result, regulation of study is
likely to be ineffective, and therefore test performance might be suboptimal (Thiede et al.
2003). Recently, there has been increased interest in improving metacognitive skills, both in
adults and young learners (e.g., Dunlosky and Lipko 2007; Huff and Nietfeld 2009; Lipko et
al. 2009; Von der Linden et al. 2011).

Improving monitoring accuracy through long-term memory retrieval

To improve monitoring and regulation of study, it is essential to understand how poor
monitoring skills can be explained. According to Koriat’s (1997) cue-utilization framework,
monitoring is based on a variety of cues, and accuracy is often low because judgments are
based on superficial cues, such as ease of processing (Koriat et al. 2009), familiarity with the
topic of study (Griffin et al. 2009), or inaccurate prior knowledge (Van Loon et al. 2013).
Since superficial cues are not valid predictors of test performance, monitoring might not be
accurate when students use these as a basis for judgments.

Instead, when learners are required to activate valid cues about their learning, their pre-
dictions of test performance improve (Nelson and Dunlosky 1991; Thiede andAnderson 2003).
One of the most influential studies on the improvement of monitoring accuracy is the delayed
Judgment of Learning (JOL) experiment by Nelson and Dunlosky (1991). Participants were
asked to provide JOLs after studying unrelated word pairs: They had to predict the likelihood of
recall of each target word on the future test. Learners made JOLs either immediately after
studying each item or after a delay, when a short interval was situated between study and JOLs.
The delayed-JOLs improved monitoring accuracy to a great extent: The gamma correlation
(Nelson 1984) between predicted and actual test performance was .90, compared with only .38
for immediate JOLs. Presumably, for immediate JOLs retrieval of targets that remained active in
working memory is dominant. Delayed-JOLs are more accurate, because when predicting
performance after studying, people attempt to retrieve the target from long-term memory.
Since retrieval from long-term memory is also needed on the test, the delayed-JOL instruction
provides learners with valid cues, which in turn leads to more accurate judgments (Nelson and
Dunlosky 1991; see Rhodes and Tauber 2011, for a meta-analysis).

Improving monitoring accuracy through delayed generation

Even though delayed-JOLs can improve monitoring for associative learning tasks, monitor-
ing usually remains inaccurate when delayed-JOLs are made after study of more complex
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and educationally relevant materials (Dunlosky and Lipko 2007; Maki 1998). When taking a
test about complex materials, such as expository texts or figurative language, learners have
to show that they understand information instead of simply retrieving the studied target
(Thiede et al. 2003). Thus, retrieval of literal information from long-term memory does not
necessarily provide learners with valid cues about performance.

Models explaining the understanding of content-rich materials agree that complex infor-
mation can be processed literally, but importantly, can also be processed on a higher level
with a focus on gist (Graesser et al. 1994; Kintsch and Van Dijk 1978; Van Den Broek and
Kendeou 2008). To accurately understand complex, content-rich materials, the reader should
not only focus on literal processing of information but also on gist, in order to integrate the
novel information with contextual information and with prior knowledge (Kintsch 1998;
Levorato et al. 2004; Perfetti 2007). For example, when learners study about blood circu-
lation, they may have prior knowledge about the heart, lungs, and arteries, and have an
understanding of the dynamics of oxygen transportation. The novel information about blood
circulation needs to be linked to this prior knowledge in order to reach understanding.
Because integration of studied information with prior knowledge is important for learning of
content-rich materials, to improve monitoring learners should not only focus on literal
retrieval, but also on cues that give them indications about gist, that is, understanding of
the target (Anderson and Thiede 2008; Thiede et al. 2003).

Research has shown that generation instructions are an effective way to help learners
focus on the gist (Anderson and Thiede 2008; De Bruin et al. 2011; Thiede and Anderson
2003; Thiede et al. 2005). For instance, instructing learners to generate summaries
(Anderson and Thiede 2008; Thiede and Anderson 2003), or keywords about a text (De
Bruin et al. 2011; Thiede et al. 2005) can focus their attention on connections between
studied information, contextual information, and prior knowledge. These cues, indicating
their understanding of the gist, are still available when learners provide JOLs and therefore
lead to more accurate judgments (Thiede and Anderson 2003). It is important to note,
though, that these generation tasks only have a beneficial effect on monitoring accuracy
when these are delayed after study (Thiede et al. 2003, 2005). Memory for textbase
representations decays more rapidly than memory for gist (Fletcher and Chrysler 1990;
Kintsch et al. 1990; Anderson and Thiede 2008). When generating keywords or summaries
is done immediately after study, details from the text are more activated within working
memory (Cowan 1999). Therefore, when performing a generation task immediately after
study, learners can rely more on the accessibility of details from the text. When learners
generate keywords or summaries after a delay, such details have decayed and they need to
base their judgments more on the gist of texts stored in long-term memory. The latter provide
better cues, due to higher similarity with the test context (Thiede et al. 2005).

Monitoring and regulation of study when learning idioms

A type of complex and educationally relevant verbal learning material that has –to the best of
our knowledge– not yet been studied in research on monitoring and regulation, is material
containing figurative language, such as idioms. Idioms are metaphorical phrases, such as ‘to
throw in the towel’, whose meaning cannot be derived from the meaning of individual words
that make it up (Swinney and Cutler 1979). Idioms are an important topic of study, because
of their high frequency of occurrence in spoken and written language (Brinton et al. 1985;
Nippold and Taylor 2002; Tabossi et al. 2009). Theories on idiom learning demonstrated that
this metaphorical language can also, as other complex text materials, be processed on two
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levels. First of all, idioms can be processed on a literal level. An idiom-learning task has
characteristics of other associative learning tasks, because learners can literally retrieve the
meaning of the idiom when presented with the figurative expression. Traditional theories of
idiom learning suggest that idioms can be processed in much the same manner as individual
words (Bobrow and Bell 1973; Swinney and Cutler 1979). As single words, each idiom has
its own concept node, and one concept can activate multiple connected concept nodes
(Cutting and Bock 1997).

More recent research suggests that idioms are not only stored as simple word-word associ-
ations, and processed with a focus on the literal meaning, but that the mental representation for
idioms is muchmore complex than that for simple words (Langlotz 2006). Idiom comprehension
is to a certain extent comparable to comprehension of expository texts (Langlotz 2006). When
idioms are correctly understood, a learner also needs to focus on processing of the gist of this
idiom. An idiomatic phrase is assumed to activate the same lexical items in a mental represen-
tation that are involved in the comprehension of non-metaphorical discourse (Sprenger et al.
2006). When idioms are stored and activated in memory, the idiom is activated with connections
to contextual information, and the learner’s prior knowledge (Cain and Towse 2008; Langlotz
2006; Levorato and Cacciari 1992, 1999). When the idiom’s concept node is activated, this
activation spreads to the lexical-syntactic level (which are the words of which the idiom
consists), and also to the conceptual level (prior knowledge and contextual information). The
knowledge about the gist of idioms is stored through these connection patterns (Cutting and
Bock 1997; Langlotz 2006; Sprenger et al. 2006). Thus, to understand and use idiomatic
expressions, learners should not only focus on retrieval of the literal meaning, but they also
have to focus on connections which indicate their understanding of the gist.

Learning idioms is an interesting activity for metacognition research, because it has
characteristics of associative learning tasks like study of related word pairs, and also
characteristics of content-rich educational materials. If idioms can be processed with or
without attention to gist, presumably the nature of idiom learning has implications for
monitoring and regulation. As yet, it is unknown how well children can monitor and regulate
study when learning idioms. Because idiom learning has characteristics of associative
learning tasks, learners’ monitoring accuracy and subsequent regulation are expected to
benefit from a delayed-JOL instruction when compared with an immediate JOL instruction.
A delayed-JOL instruction is assumed to lead children base JOLs on long-term memory
retrieval (Nelson and Dunlosky 1991), which provides them with a more accurate indication
of future test performance than when making immediate judgments when the information is
still present in working memory. Because idioms can be processed with a focus on literal
retrieval of the meaning, when judging learning of idioms, an attempt to retrieve the meaning
can provide learners with a valid cue regarding future performance. Therefore, delayed-JOLs
should be more accurate than immediate JOLs, and subsequent regulation should be more
accurate following delayed-JOLs than following immediate JOLs.

Moreover, to fully understand the gist of idioms, they also need to be connected to prior
knowledge and contextual information (Levorato and Cacciari 1999; Sprenger et al. 2006).
If, for example, a student understands the idiom ‘throw in the towel’, then the mental
representation of the idiom should not only capture the literal meaning, but also the gist of
the idiom, because of connections with prior knowledge and possible contexts in which this
idiom can be used.

Previous research has shown that sentence generation facilitates memory performance
(Graf 1982). The present study investigates whether sentence generation could also improve
metacognitive skills. When a learner has good idiom understanding, he should be able to
create a novel sentence in which he correctly uses the studied idiom. Because sentence
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generation is assumed to focus learners’ attention on valid cues regarding gist information,
when making JOLs this instruction is expected to have a beneficial effect on monitoring
accuracy when compared to immediate JOLs and delayed-JOLs without this generation
instruction (Anderson and Thiede 2008; Thiede et al. 2003). Moreover, we hypothesize that
regulation would be more accurate following sentence generation than following immediate
JOLs and mere delayed-JOLs.

Reaction times when providing JOLs

As indicated above, immediate JOLs, delayed JOLs, and JOLs after sentence generation are
expected to be based on different cues. Measures of reaction times (RTs) when children
make JOLs (hereafter referred to as JOL RTs) provide an opportunity to further investigate
assumptions about the use of cues.

First of all, retrieval of accessible information from working memory is a faster process
than long-term memory retrieval (Conway and Engle 1994; Sternberg 1969). Thus, if
children base JOLs on targets that remained active in working memory when monitoring
idiom understanding immediately after learning, these immediate JOL RTs should be shorter
than JOL RTs for the judgments which are provided after a delay.

When investigating possible differences in cue use between monitoring following the
delayed-JOLs with or without sentence generation, it is especially interesting to look at
the JOLs at the low end of the scale. When children provide low JOLs, they indicate
that they have low confidence to produce the correct meaning of the idiom at the test.
Research on JOL RTs shows that low JOLs are usually accompanied by slow JOL RTs,
because information which learners attempted to retrieve did not come to mind easily
(e.g., Benjamin et al. 1998; Koriat and Ma’ayan 2005; Metcalfe and Finn 2008b; Son
and Metcalfe 2005). Findings by Metcalfe and Finn (2008b) showed that when learners
made self-paced JOLs about an associative learning task, RTs for the low JOLs were
longer than RTs for higher JOLs.

However, JOL RT research provided evidence that not all delayed-JOLs are necessarily
based on a retrieval attempt (Metcalfe and Finn 2008b; Son and Metcalfe 2005). When
investigating delayed-JOLs for an associative name learning task, Son and Metcalfe (2005)
found that learners did not spontaneously attempt retrieval, and the low JOLs were provided
quickly. Moreover, Metcalfe and Finn (2008b) found that when participants had to provide
JOLs under time constraints, low JOLs were provided fast. This finding led to the assump-
tion that two different processes can underlie delayed-JOLs: Retrieval of studied informa-
tion, and a quick assessment stage in which participants do not attempt to literally retrieve
information (Metcalfe and Finn 2008b; Son and Metcalfe 2005).

In the present study, learners provide self-paced JOLs about the studied idioms.
Differences in JOL RTs between the sentence generation and uninstructed delayed-JOL
conditions are expected to occur at the low end of the JOL scale. When learners provide
JOLs following sentence generation, low JOLs are presumed to result from cues that the
idiom could not be connected to prior knowledge and contextual information, instead of
from an unsuccessful attempt to retrieve the literal meaning. Therefore we expect low JOLs
after sentence generation to be fast. The processes involved in making uninstructed delayed-
JOLs are expected to differ from those involved when the person first generates sentences. In
line with the assumption that delayed-JOLs are based on a retrieval attempt (Rhodes and
Tauber 2011), we expect to replicate findings by Metcalfe and Finn (2008b) that low
delayed-JOLs are accompanied by slow RTs.
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Development of metacognitive skills

For associative learning tasks, the delayed-JOL effect has also been demonstrated in studies
with young learners (Koriat and Shitzer-Reichert 2002; Schneider et al. 2000). It has been
shown that monitoring skills for associative learning tasks can develop at a young age;
children 6 years of age could more accurately predict their recall after a delay rather than
immediately after study (Schneider et al. 2000). Research on metacognitive skills when
learning paired associates showed that age differences are more apparent when investigating
children’s regulation of study. Findings indicate that sixth-grade learners show better
regulation abilities than fourth-grade learners (e.g. Dufresne and Kobasigawa 1989; Krebs
and Roebers 2010). Thus, even though monitoring for associative learning tasks can be
accurate for young children, the ability to use JOLs to guide subsequent study does not seem
to be developed until around 10 years of age (Dufresne and Kobasigawa 1989; Zimmerman
and Martinez-Pons 1990).

Research on development of idiom learning indicates that children aged seven and over
start to develop the ability to understand the meaning of idioms, and idiom comprehension
skills continue to develop into adolescence (Brinton et al. 1985; Cain et al. 2009). Until
present, it is unclear whether developmental differences affect monitoring and regulation of
idiom study. To date, most research on metacognition when studying complex verbal
materials has focused on adult learning. While there are some studies on paired associate
learning in young children (e.g. Schneider et al. 2000), to the best of our knowledge, only a
study by De Bruin et al. (2011) investigated how monitoring and subsequent regulation of
study could be improved when children had to study expository text. They investigated
whether generating keywords improved fourth-, sixth-, and seventh-graders’ JOL accuracy.
De Bruin et al. (2011) showed that generating keywords after a delay improved monitoring
accuracy only for sixth- and seventh-graders. For the fourth-graders, there was no effect of
the delayed generation task. These findings imply that age differences in monitoring may
occur for more complex learning tasks (Brown et al. 1983; De Bruin et al. 2011; Krebs and
Roebers 2010). De Bruin et al. (2011) asked children, in addition to providing JOLs, to
select texts that they would like to restudy. The results showed that participants did use their
monitoring to decide which texts to reread, even the fourth-graders. Thus, even though
fourth-graders could not accurately monitor their learning, they did use the results of their
monitoring to regulate their study.

These findings indicate that, when learning more complex, educationally relevant verbal
materials, it is not yet clear whether and how monitoring and regulation can be improved for
fourth-graders. Because idiom learning can be considered a complex task, we explored
whether sixth-graders would show more accurate monitoring and more accurate regulation
than fourth-graders, in line with the findings by De Bruin et al. (2011).

Present study

The aim of the present study was to investigate whether a delayed-JOL and a sentence
generation instruction improve monitoring accuracy and subsequent regulation of idiom
study compared to an immediate JOL instruction. To explore whether developmental
differences affect monitoring and regulation of study with an idiom learning tasks, we tested
both fourth- and sixth-graders. JOL RTs were measured in order to acquire information
about the effects of instructions on the speed of providing JOLs, which might provide insight
into cues used when judging idiom learning.
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We tested the following hypotheses: Regarding monitoring accuracy, we expected that
delayed-JOLs would be more accurate than immediate JOLs (Hypothesis 1a), that JOLs after
sentence generation would be more accurate than delayed-JOLs (Hypothesis 1b), and that
monitoring would be more accurate for sixth-grade than fourth-grade learners (Hypothesis
1c). Because monitoring accuracy has been shown to affect regulation, we expected that
restudy selections would be more accurate following delayed-JOLs than immediate JOLs
(Hypothesis 2a), and moreover that restudy selections would be more accurate following
sentence generation than following delayed-JOLs (Hypothesis 2b). Furthermore we
expected restudy selections to be better for sixth-grade than fourth-grade learners
(Hypothesis 2c). With regard to JOL RTs we expected immediate JOLs to be faster than
delayed-JOLs and JOLs after sentence generation (Hypothesis 3a), and we expected that the
low JOLs would be provided faster following sentence generation than for uninstructed
delayed-JOLs (Hypothesis 3b).

Method

Participants and design

Participants were 90 primary school pupils, 49 fourth-grade students (18 boys and 32 girls,
M=9.9 years, SD=0.6 years) and 41 sixth-grade students (15 boys and 26 girls,M=12.0 years,
SD=0.6 years). They were recruited from five elementary schools in the south of the
Netherlands. For all participants, parental consent was obtained. The study was based on a 2
(grade level)×3 (instruction) between-subjects design. For the idiom study task, participants
were assigned randomly to one of three groups, which were immediate JOL (n=30, 17 fourth-
grade, 13 sixth-grade); uninstructed delayed-JOL (n=28, 15 fourth-grade, 13 sixth-grade); and
delayed-JOL after sentence generation (n=32, 17 fourth-grade, 15 sixth-grade).

Materials

Idioms Twenty Dutch idioms with their meanings were selected for the idiom learning task,
Table 1 shows examples of the idioms. A pilot study involving 24 elementary school
children who did not participate in the final experiment confirmed that these idioms were
unfamiliar to students of this age. In this pilot study, learners (10 4th grade and 14 6th grade
pupils) were asked if they knew the meaning of 35 idioms. These idioms were presented to
them without their meaning. They were told to write down the meaning of the idiom if they
thought they knew this, and leave a question-mark if they did not know the meaning of the
idiom. From the 35 idioms in this pilot study, 20 idioms were selected for the present study.
For the selected idioms, none of the 4th grade learners wrote down the correct meaning (of
their responses 55.0 %, SD=23.1, was a question mark; 45.0 %, SD=23.1, was an incorrect

Table 1 Examples of Dutch idioms

Dutch idiom English translation Meaning

Korte armen hebben To have short arms To have a lack of money

Een bok schieten To shoot a goat To do something stupid

De hoogte hebben To have height To be drunk

Met spek schieten To shoot with bacon To brag about something
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response). Only 3.6 % (SD=3.4) of the responses of the 6th grade learners was correct
(whereas 72.5 %, SD=16.6, was a question mark; and 25.0 %, SD=15.5, an incorrect
response).

In the study phase, the idiom with the meaning and an example sentence in which the
idiom was used were presented on a laptop computer screen. An example of an English
equivalent of the learning task is ‘Step on it (idiom) – Hurry up (meaning) – Step on it, the
taxi will be here any time and you’re not even dressed (example sentence)’.

JOLs When requested to provide JOLs, participants were presented with the idiom on the
screen, and the question: “How confident are you that you will be able to provide the meaning
of this idiom at the test?” JOLs were given with a mouse click on a thermometer with nine
squares, comparable to the thermometer used by Koriat and Shitzer-Reichert (2002). The scale
was depicted as a color drawing of a thermometer ranging from deep blue (the first square, no
chance to recall the meaning) to deep red (the ninth square, completely certain to recall the
meaning).

Sentence generation instruction Participants were instructed to generate 20 novel sentences
in which the 20 previously studied idioms occurred. The idiom was provided on the screen
as a cue, and the children were encouraged to generate a meaningful novel sentence in which
they used the idiom. The children orally produced the novel sentences, the experimenter
typed the sentences.

Selection for restudy Participants were shown a sheet of paper with a 2×10 array in which
each cell was filled by a previously studied idiom. The format of an array was chosen
because this places less demands on working memory capacity than an item-by-item format
(Thiede and Dunlosky 1999). The order of items was randomized, because Ariel et al. (2011)
demonstrated that decisions for re-study are influenced by presentation order. Participants
were required to mark with a pen, which phrases they would like to re-study, and 0 to 20
items could be selected.

Test The test consisted of self-paced recall of the 20 idioms, in which participants were
asked to type the correct meaning when provided with the idiom.

Apparatus The idioms, sentence generation task, JOL task, and recall test were presented on
a PC compatible laptop and E-prime software (Schneider et al. 2002) was used for stimulus
presentation as well as response and reaction time recording. For each participant, the order
of items in the subtasks was randomized anew by the software from study to test.

Procedure

Figure 1 depicts an overview of the procedure of the study. All children were tested
individually in quiet rooms of their schools. Testing time was about 40 min per child. The
children were instructed that idioms with their meaning would appear on the computer
screen together with an example sentence in which the idiom was used. They were told they
had to study the idioms so they would be able to show that they comprehended the meaning
when cued with the idiom. They were presented with an example of a study trial and an
example of a test trial before the idiom learning task started. The study phase was self-paced,
that is, the idiom, its meaning, and the example sentence remained on the screen until the
participant pressed the space bar. No feedback was provided during idiom learning.
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Before providing JOLs, children received an explanation of the thermometer and practiced
with an example. Depending on assigned condition, JOLs were provided either immediately
after studying each idiom (immediate JOL instruction), after studying all idioms and performing
a filler task (delayed-JOL instruction), or after studying and generating sentences for all idioms
(sentence generation instruction). Note that following the sentence generation instruction, JOLs
were also provided after a delay. Participants in the sentence generation condition first practiced
the sentence generation task with an example idiom. After generating an example sentence they
received feedback once on the quality of this sentence. Then the actual generation task started.
When the children indicated that they could not generate a sentence for an idiom, the
experimenter encouraged them a maximum of three times to try to generate a sentence. No
feedback was provided on the quality of the generated sentences. Participants in the other
conditions performed a filler task (a mental rotation task), which was done to create the same
delay for all participants between the self-paced study phase and the recall test.

After studying and providing JOLs, interspersed with a sentence generation or filler task
depending on assigned condition, participants had the opportunity to select which items they
would like to restudy. They were reminded that they had to take a test at a later point, on
which they had to correctly recall the meaning of the 20 idioms. Note that they did not
actually get to restudy those items because restudy would have intervened between JOLs and
recall on the test (Thiede and Dunlosky 1999).

Fig. 1 Representation of the procedure of the study
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The test was self-paced, after pressing the F1 key, the next idiom appeared. After completing
the test, all the children were told that they performed well and were thanked for their
participation.

Analyses

Test performance scoring For 52 participants (57 %), two raters, who were blind to the
experimental condition, coded the responses on the test items as incorrect (0), partially correct
(0.5), or completely correct (1). Each meaning of an idiom consisted of 1–3 idea units and credit
was given for responses that expressed these ideas. Comprehension was emphasized, so if the
participant respondedwith a paraphrase of the original meaning, for example ‘make haste’ instead
of ‘hurry up’ when cued with ‘step on it’, this was scored as correct. Partial credit was given if a
response expressed one or two but not all of the idea units contained in a definition. The raters
agreed on coding 94 % of the time. Because inter-rater agreement was high, one rater scored the
test performance of the remaining participants, and these scores were used in the analysis.

Monitoring and regulation accuracy The gamma correlation was used to measure monitoring
accuracy and regulation of study, because this non-parametric statistic is considered the most
appropriate measure of relative accuracy (Nelson 1984). To assess monitoring accuracy, intra-
individual gammas were calculated between participants’ JOLs and their actual score for each
of the 20 idioms. For six participants, monitoring gammas could not be computed, because of
invariance in test performance (i.e., they had no items correct on the test). For regulation of
study, the intra-individual gamma correlation between JOLs and whether an idiom was selected
for restudy (yes = 1, no = 0) was calculated, as operationalized by Thiede et al. (2003). More
accurate regulation was indicated by a stronger negative correlation, a gamma of −1 indicates
that previous JOLs are adequately translated into the selection of idioms for restudy. For three
participants gammas could not be computed, because of invariance in restudy selections.

For monitoring accuracy gammas and regulation of study gammas, the ANOVA assump-
tion of equality of variance was violated. Therefore, gammas were transformed using the
Fisher-Z transformation (Fisher 1915). Note that the Fisher-Z transformation did not change
the pattern of results in any substantive manner. For the analyses described below, all
reported post-hoc tests are Bonferroni-corrected t-tests, and partial eta squared is reported
as a measure of effect size.

RT data To investigate the effects of JOL instructions on JOL RTs, JOLs were coded into three
levels: Low (JOL rating 1–3); Intermediate (JOL rating 4–6), and High (JOL rating 7–9).
Because of the hierarchical structure of the data (each participant provided 20 JOLs, and
participants were nested in grade levels), the effect of instructions on JOL RTs was investigated
with a mixed model multilevel regression analysis. For this analysis, a random intercept was
included for every participant. JOL instruction, Grade level (grade 4 and grade 6) and JOL level
(low, intermediate, high) were included as fixed factors, and in addition the interaction JOL
Instruction * JOL level was added to the model. JOL RTs were measured in ms, for significant
effects the regression coefficients, standard errors, and 95 % confidence intervals are reported.

Results

Table 2 presents Mean study time, Mean JOLs and Mean of individual Median JOLs for
each experimental condition and grade, and JOL skewness is reported with z-scores to
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provide insight into the JOL distributions. In addition, Table 2 presents the percentage of
idioms selected for restudy, and the percentage of correct test performance. In the analyses
described below, interaction effects are only reported when significant.

ANOVAs showed no significant difference between the Mean study time per idiom for
the different conditions, F(2, 89)=.56, p=.57. Because the JOL distribution was skewed,
Median JOLs were used to investigate whether there was a relation between JOL instructions
and JOL magnitudes. ANOVAs exhibited no significant relation between JOL instructions
and Median JOLs, F(2, 87)=.70, p=.50. In addition, there was no significant relation
between JOL instructions and test score, F(2, 87)=.89, p=.41.

Monitoring accuracy and regulation of study

Table 3 shows the regular and the Fisher-Z transformed gamma correlations for monitoring
accuracy. A 3 (JOL Instruction)×2 (Grade) ANOVA revealed a significant main effect of JOL

Table 2 Mean study time per idiom (in seconds), Mean JOLs, mean of individual Median JOLs, JOL
distribution, selection for restudy, and test performance (standard deviations of the mean in parentheses)

JOLs Fourth grade Sixth grade

Immediate Delayed Sentence
generation

Immediate Delayed Sentence
generation

n 17 15 17 13 13 15

Mean Study Time per
Idiom

7.8 (2.7) 8.9 (4.4) 8.2 (2.3) 8.7 (2.9) 8.8 (3.5) 7.8 (3.0)

Mean JOLs 5.6 (2.2) 5.3 (2.8) 5.2 (3.0) 5.7 (2) 5.8 (2.6) 4.8 (3.2)

Median JOLs 5.5 (1.4) 5.2 (2.1) 5.2 (2.1) 5.6 (1.4) 5.7 (1.7) 4.8 (2.7)

z-score skewness JOLs −2 −0.71 −0.67 −2.27 −1.85 1.03

Selection for restudy (%) 55.6 (20.7) 47 (17) 51.8 (20.1) 35.8 (22.1) 43.8 (10.2) 55.3 (23.5)

Correct test performance
(%)

26.8 (23.5) 23.5 (19.4) 34.3 (23.7) 36 (20.5) 33 (19.4) 36.8 (23.5)

Mean study time per idiom, Mean JOLs, Mean of individual Median JOLs, z-scores indicating skewness of
JOLs, percentage of items selected for restudy, and percentage correct performance for the JOL instructions
and grade levels

Table 3 Monitoring accuracy and regulation of study (standard deviations of the mean in parentheses)

JOL instructions Fourth grade Sixth grade

Immediate
JOL

Delayed-JOL Sentence
generation

Immediate
JOL

Delayed-JOL Sentence
generation

Monitoring Accuracy

Regular Gammas .25 (.38) .75 (.26) .78 (.24) .22 (.43) .70 (.29) .89 (.09)

Fisher-Z Gammas .31 (.49) 1.35 (.87) 1.35 (.76) .26 (.50) 1.2 (.82) 1.7 (.67)

Regulation of Study

Regular Gammas −.14 (.37) −.73 (.24) −.79 (.42) −.41 (.3) −.78 (.21) −.93 (.07)

Fisher-Z Gammas −.18 (.46) −1.17 (.73) −1.7 (.97) −.48 (.36) −1.38 (.81) −2.01 (.68)

Regular gamma correlations and Fisher-Z transformed gamma correlations indicating monitoring accuracy
and regulation of study for the JOL instructions and the grade levels
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instruction on monitoring accuracy, F(2, 81)=24.61, p<.001, ηp
2=.39. Post hoc tests

showed higher monitoring accuracy for participants who received the delayed-JOL
instruction (p<.001) and the sentence generation instruction (p<.001) than for partic-
ipants who received the immediate JOL instruction. This finding that delayed-JOLs led
to more accurate monitoring than immediate JOLs confirms Hypothesis 1a. Results did
not show a significant difference between the sentence generation and the delayed-JOL
instruction (p=.259; Hypothesis 1b). Moreover, there was no main effect of Grade level
on monitoring, F(1, 78)=.09, p=.77 (Hypothesis 1c).

Table 3 shows the regular and the Fisher-Z transformed gamma correlations for regulation of
study. The 3 (JOL instruction) * 2 (Grade level) ANOVA on regulation of study showed a
significant effect of JOL instruction, F(5, 81)=34.87, p<.001, ηp

2=.39. Post hoc tests showed
that the delayed-JOL instruction improved regulation of study when compared to the immediate
JOL instruction (p<.001), confirming Hypothesis 2a. The sentence generation instruction
improved regulation of study when compared to both the immediate JOL (p<.001) and the
delayed-JOL (p=.01) instructions, confirming Hypothesis 2b, which predicted that regulation
would be most accurate following sentence generation.

The effect of Grade is not significant, F(5, 81)=1.67, p=.07, ηp
2=.04, although there is a

tendency indicating that regulation of study may be more accurate for sixth-graders than for
fourth-graders. This finding, although only marginally significant, seems to be in line with
Hypothesis 2c, which predicted better regulation for the older age group.

There was no significant effect of JOL instruction on percentage of idioms selected for
restudy, F(2, 87)=1.34, p=.27; nor of Grade on percentage of items selected for restudy,
F(1, 88)=2.09, p=.15. This shows that the abovementioned effects were not due to differences
in the number of items selected.

JOL reaction times

Figure 2, in which JOL RTs are visible as a function of JOL instructions and JOL levels,
provides a visual representation of the results of the analyses described below.

The multilevel regression analysis revealed significant main effects of JOL instruction, JOL
level, and Grade level, and moreover a significant JOL Instruction * JOL level interaction effect.
The significant effect of JOL instruction on JOLRTs, F (2, 1773)=120.06, p<.001, shows, in line
with Hypothesis 3a, that immediate JOLs were provided faster than delayed-JOLs (b=−1287.89,
SE=87.86, CI=−1460.21 to −1115.57), and JOLs after sentence generation (b=−632.22,
SE=139.32, CI=−905.48 to –358.97). There was no significant difference between mean JOL
RTs following the sentence generation and the delayed-JOL instruction, p=.192.

Even though we did not have specific hypotheses regarding the effect of grade level on
overall JOL RTs, we will report the analyses in order to provide a complete picture of the
data. The significant effect of Grade level, F (1, 1773)=46.41, p<.001, shows JOLs were
provided faster by the sixth-graders than the fourth-graders (b=479.50, SE=.70.30, CI=
341.44 to 617.55).

Importantly, as visible in Fig. 2, there was an interaction effect between JOL instruc-
tions and JOL levels, and this interaction effect was significant, F (4, 1773)=8.91, p<.001.
Further investigation of this interaction effect shows, in line with Hypothesis 3b, that the
JOL RTs differ at the low end of the JOL scale (JOLs 1 – 3). As expected, for low JOLs
there was a significant difference between the delayed-JOL condition and the sentence
generation condition, F (2, 479)=36.87, p<.001. Low JOLs were provided faster following
the sentence generation instruction than following the delayed-JOL instruction (b=662.97,
SE=164.77, CI=339.20 to 986.74).
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Discussion

This study investigated children’s metacognitive skills when learning idioms. We aimed to
address the question of whether these skills would improve by focusing attention on literal
retrieval cues and gist cues prior to monitoring. Therefore, we investigated the effects of
immediate JOL, delayed-JOL, and sentence generation instructions on monitoring and
regulation of fourth- and sixth-grade learners.

First of all, we hypothesized that delayed-JOLs would be more accurate than immediate
JOLs (Hypothesis 1a). Results on monitoring accuracy show that, in line with our expecta-
tions, providing JOLs after a delay improved monitoring. Also when providing JOLs
following sentence generation, monitoring accuracy significantly improved when compared
to immediate JOLs. Contrary to our expectations (Hypothesis 1b), monitoring accuracy did
not differ between the delayed-JOL and the sentence generation group. Monitoring of idiom
study was highly accurate following both instructions: Mean gamma correlations were .73
following delayed-JOLs and .84 following sentence generation. Note that both following
delayed-JOL and sentence generation instructions, monitoring judgments were provided
after a delay. Thus, the benefits of the sentence generation instruction on monitoring may be
attributable to the delayed-JOL procedure. In addition, we expected that JOLs would be
more accurate for sixth-graders than for fourth-graders (Hypothesis 1c). This expectation
was not confirmed, monitoring accuracy did not differ between the two age groups.

In line with our expectations (Hypothesis 2b), the sentence generation instruction im-
proved regulation of study, compared to both delayed-JOL and immediate JOL instructions.
In addition, as predicted by Hypothesis 2a, the delayed-JOL instruction led to better regulation

Fig. 2 JOL RTs (in ms) as a function of JOL instruction and JOL level. Error bars indicate the 95 %
Confidence Interval. JOL RTs are fastest for Immediate JOLs. For the low JOLs, JOL RTs are faster following
sentence generation than following uninstructed delayed-JOLs
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than the immediate JOL instruction. Moreover, the nearly significant effect of grade level on
regulation of study implies that regulation was more accurate for sixth-graders than for fourth-
graders, in line with our expectations (Hypothesis 2c). Older children tended to regulate study
more accurately than the younger ones, by more often selecting idioms for restudy that they had
judged as more difficult, and vice versa.

The measurements of JOL reaction times provided additional insights into effects of the
three instructions on cue utilization when monitoring idiom learning. Our findings suggest
that indeed, the JOL instructions led children to rely on different cues. In line with our
expectations, JOLs were made fastest following the immediate JOL instruction (Hypothesis
3a), presumably because immediate judgments were based on monitoring of information that
remained available in working memory (Nelson and Dunlosky 1991). Moreover, the speed
of providing monitoring judgments differed for the low JOLs, with which participants
indicated that they had low confidence that they would provide the correct meaning of the
idiom at the test. Low JOLs following sentence generation were provided faster than low
JOLs following uninstructed delayed-JOLs (Hypothesis 3b). The JOLs following the sen-
tence generation task show the same pattern as the judgments in the speeded JOL condition
by Metcalfe and Finn (2008b). These findings suggest that, when monitoring learning
following sentence generation, participants did not attempt to retrieve the meaning of the
idiom. On the other hand, following the delayed-JOL instruction, the RTs for the low JOLs
were longer. The slope for JOL RTs following the delayed-JOL instruction shows the same
pattern as findings on RTs for delayed-JOLs by Benjamin et al. (1998), and the uninstructed
delayed-JOL condition of the research by Metcalfe and Finn (2008b). This suggests that,
when children are asked to monitor idiom learning after a delay, they spontaneously attempt
to retrieve the meaning. On the other hand, monitoring idiom learning following sentence
generation seems to lead learners not to focus on retrieval fluency, but on a different cue.
Based on studies by Thiede et al. (2003) and De Bruin et al. (2011), we assume that the
sentence generation task leads learners to focus on valid cues related to the ability to connect
the idiom with prior knowledge, instead of retrieval fluency cues. The reaction time findings
thus seem to provide additional support for the argument that instructions can affect young
learners cue utilization.

Our results expand findings on the effect of instructions on metacognitive skills (e.g., De
Bruin et al. 2011; Nelson and Dunlosky 1991; Thiede et al. 2003) to children’s idiom
learning. It can be concluded that the delayed-JOL effect that was found with associative
learning tasks (Nelson and Dunlosky 1991) also applies to more complex and educationally
relevant tasks such as studying idioms. The memory retrieval account, which states that
JOLs are accurate because they rely on information from long-term memory (Nelson and
Dunlosky 1991; Rhodes and Tauber 2011) provides an explanation for more accurate
monitoring when judging idiom learning after a delay. This implies that metacognition for
idiom learning has characteristics of metacognition for associative learning tasks. This might
also explain why there was no difference in monitoring accuracy between fourth- and sixth-
graders. Note that the reaction times of the JOLs were longer for the fourth-graders than for
the sixth-graders, which might indicate that judging idiom learning was more difficult for the
younger learners. However, monitoring accuracy following the delayed-JOL instructions
and the sentence generation task was accurate for the fourth-graders as well as for the sixth-
graders. This finding is in line with findings by Schneider et al. (2000), who showed that
even young elementary school students can monitor learning of paired associates very well
when judging their memory after a delay.

Importantly, our findings that sentence generation led to more accurate regulation of study
than the delayed-JOL instruction, indicate that sentence generation does not only improve
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language learning (Graf 1982), but can also have a beneficial effect on metacognition. Our
findings on the beneficial effect of sentence generation can be explained by the nature of the
idiom learning task. In addition to having characteristics of associative learning tasks in which
target information can be retrieved literally, idiom learning also has characteristics of more
complex and educationally relevant text comprehension tasks. Because idiom processing can be
gist-based, with a focus on connections with contextual information and prior knowledge (Cain
and Towse 2008; Langlotz 2006; Levorato and Cacciari 1999; Sprenger et al. 2006), the
sentence generation instruction had a beneficial effect on regulation of study. Moreover, the
faster JOL reaction times for the low JOLs following sentence generation imply that retrieval of
the meaning of idioms is not needed for accurate JOLs and restudy selections.

Previous research by De Bruin et al. (2011) showed that tasks which helped learners focus on
the gist of novel information can improve monitoring and regulation for sixth-graders. However,
monitoring of fourth-graders was inaccurate. Thus, even thoughDeBruin et al. (2011) found that
a generation task affected regulation of fourth-graders, this regulation was based on inaccurate
monitoring and therefore this regulation was not expected to have a beneficial effect on
achievement. The present study is the first to show that after accurate monitoring, fourth-grade
learners’ regulation of study can be improved with the use of a sentence generation task. This is
an important finding because more effective regulation following accurate monitoring leads to
better academic achievement (Ertmer and Newby 1996; Thiede et al. 2003).

Even though themarginally significant effect of grade level on regulation has to be interpreted
with some caution, the findings on metacognition when learning idioms are in line with previous
research findings that developmental differences do not affect monitoring accuracy, but do affect
regulation of study (Dufresne and Kobasigawa 1989; Krebs and Roebers 2010). Results by
Krebs and Roebers (2012) suggested that effects of cognitive capacity are likely to be found with
tasks requiring higher metacognitive demands. A possible explanation for the present findings is
that older children have more cognitive capacity and are thus better at remembering how they
judged their idiom learning. Therefore, for these learners it might be less difficult to decide which
idioms need extra study before taking the test. Because sentence generation affected learners’
restudy decisions, but did not substantially affect the accuracy of monitoring, the assumption
arises that tasks which direct learners’ attention to gist cues have more influence on regulation
than on monitoring. Future research should further investigate the effect of developmental
differences on metacognitive skills when learning idioms.

Based on established theories (e.g., Thiede et al. 2003), we presume that learners focus on
gist when judging their learning following generation tasks. We did not directly measure the
cues used when learners made metacognitive judgments following Sentence Generation.
Another possible explanation for the effect of the sentence generation task could be that it
leads learners to attempt visualizing their semantic knowledge (Bransford 1979). Maybe this
could have affected their metacognitive judgments and JOL reaction times. Research by
Begg et al. (1989) indicated that metacognitive judgments are based on the ease of
processing. Possibly, the ease of sentence processing, that is, the ease of generating a correct
and complete sentence, informed learners about the quality of their gist representation,
Because we did not directly test cue utilization, future research should further investigate
what causes the exclusive influence of sentence generation on regulation of study.

Since this is the first study to examine the effect of delayed-JOLs and sentence generation
on monitoring and regulation of idiom learning, we should be careful with interpretations.
First of all, it is important to note that the measures of JOL RTs are indirect measures of cue
use. It could be that the faster RTs for the low JOLs following sentence generation do not
result from a focus on cues related to gist, but instead result from a retrieval attempt that
learners made when generating the sentences prior to providing JOLs. In that case, the low

Children’s monitoring and regulation of idiom study 187



reaction times may have been due to the retrieval attempt which was already made at the
time of the sentence generation task, instead of the cues that the learners derived about their
understanding of the gist of the idiom. However, if learners provide faster JOLs because they
focus on the earlier retrieval attempt, we would also expect faster JOL RTs for intermediate
and high JOLs following the sentence generation task. We did not find an overall difference
in JOL RTs between the Delayed-JOL and the Sentence Generation conditions. This makes
the plausibility of the explanation that the fast low JOL RTs are a result of a previous
retrieval attempt during sentence generation unlikely.

Possibly, the beneficial effect of the sentence generation condition could also be due to the
extra time the participants spent with the materials. Even though this explanation seems
unlikely, because in that case sentence generation would also be expected to improve monitor-
ing, it cannot be completely ruled out. Additionally, the less effective regulation in the delayed-
JOL group could possibly be explained by the distraction of the filler task, rather than by the
benefit of the sentence generation task. However, this explanation also seems improbable,
because if the learners were distracted prior to providing metacognitive judgments we would
also expect higher overall RTs for the delayed JOL group, whereas we found that only the RTs
for the low judgments were higher. However, future research could benefit from a design in
which learners who do not participate in a generation task are still presented with the target
materials before providing JOLs, instead of with a completely different filler task.

We did not include a condition in which JOLs were provided immediately after the
sentence generation task, because Thiede et al. (2005) showed that the delay between study
and generation is the only critical lag when investigating monitoring accuracy, and that the
lag between generation tasks and judgments is not that important. However, it might be
interesting to include an immediate sentence generation condition in future research.

Moreover, in the present study, participants selected items for restudy relatively short after
learning the idioms, whereas in educational contexts there is often more time between study
sessions. Therefore, in future research it would be interesting to investigate whether the lag
between study and restudy decisions influences the effect of the sentence generation instruction.

Importantly, the current work contributes to insights into the validity of cues on which
metacognitive judgments are based. Moreover, the findings add to the knowledge about
potentially effective techniques to improve regulation when young learners study educa-
tionally relevant materials. As to implications for education, our findings suggest that
sentence generation is preferable over delaying JOLs, as sentence generation improved
regulation of study more, and we know that regulation of study influences learning and
performance (Ertmer and Newby 1996). Thus, sentence generation instructions seem prom-
ising to improve self-regulated learning of educationally relevant materials such as idioms.
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