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Abstract
The accuracy of students’ relative comprehension judgments when reading texts is typi-
cally rather low. This has been ascribed to students grounding their comprehension judg-
ments on cues that are not diagnostic of their actual comprehension level. Asking students 
to complete causal diagrams—a diagramming scaffold—before judging comprehension 
has proved effective in providing them with more diagnostic cues and thereby fostered 
metacomprehension accuracy and self-regulated learning. However, there is still room 
for improvement. We investigated experimentally whether adding the instruction to stu-
dents to self-assess their causal diagrams: (1) would lead to more accurate judgments 
than comprehension judgments, (2) would boost their utilization of diagnostic diagram 
cues by increasing the saliency of those cues, and (3) would enhance metacomprehension 
accuracy. Participants (N = 427 secondary students in The Netherlands) were randomly 
assigned to one of three conditions, namely (1) only diagram completion, (2) diagram 
completion plus diagram self-assessment, or a (3) filler task after reading (control). Self-
assessments were more accurate than comprehension judgments, while both correlated 
strongly. However, no significant differences were found between diagramming conditions 
concerning diagram cue utilization and metacomprehension accuracy. Apparently, students 
self-assess their diagrams even without instruction to do so. Nonetheless, the effect of the 
diagramming scaffold for improving relative metacomprehension accuracy was replicated 
and extended to absolute metacomprehension accuracy.

Keywords Cue utilization · Diagramming · Metacomprehension accuracy · Scaffolding · 
Self-assessment · Self-regulated learning
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Scaffolding self-regulated learning from causal-relations texts: 
Diagramming and self-assessment to improve metacomprehension 
accuracy?

Learning from texts is an important part of almost all school subjects. In the process of 
self-regulated learning from reading, students make comprehension judgments (Dunlosky 
& Lipko, 2007) and (re)study and strategy decisions (Thiede et al., 2009). According to 
theories of self-regulated learning, (in)accurate comprehension judgments are conducive to 
(in)effective (re)study decisions and suboptimal strategy choices (Butler & Winne, 1995; 
Dinsmore & Parkinson, 2013). Research has shown that students have great difficulties with 
accurately judging their understanding (Stone, 2000; van de Pol et al., 2019). The problem 
becomes then that erroneous comprehension judgments may lead to inefficient or insuf-
ficient allocation of effort and ultimately to deficient performance (Kanfer & Ackerman, 
1989). Given the central role of learning from texts in education, understanding comprehen-
sion judgments has attracted substantial research (Dunlosky & Thiede, 2013; Händel et al., 
2020).

Already a few decades ago, attention was drawn to the problem of inaccurate compre-
hension judgments, calling it “the illusion of knowing” or “failure in the self-assessment 
of comprehension” (Glenberg et al., 1982). Since then, tens of studies have consistently 
shown how inaccurate students’ judgments of their own understanding are, with a correla-
tion between students’ judgments and their actual understanding of 0.27 reported as aver-
age across over 20 datasets (cp. Dunlosky & Lipko 2007; Maki, 1998), a figure deemed as 
“alarming” (Graesser, 2007, p. 4). After all, on the way to the goal of text understanding, 
why would one expect a learning regulation decision (e.g., use of strategies for comprehen-
sion or allocation of processing resources) to be judicious if it is based on faulty monitoring?

The pervasiveness of inaccurate comprehension judgments has been explained by 
research showing that students tend to base their judgments on cues which are not diagnostic 
or representative of actual comprehension (de Bruin et al., 2017; Koriat, 1997; Thiede et al., 
2010). Consequently, generative interventions have been developed and evaluated to scaf-
fold students in the accuracy of their comprehension judgments (hereinafter metacompre-
hension accuracy) by making diagnostic cues more salient and thereby available to them. 
In the last decade, a diagramming scaffold has shown effectiveness to enhance students’ 
metacomprehension accuracy (for a review, see van de Pol et al., 2020). In completing dia-
grams, students are faced with cues that are diagnostic of their comprehension (e.g., number 
of completed diagram boxes; see Fig. 1 for an example diagram with four empty boxes to 
be completed by the students). However, there is still room for improvement concerning stu-
dents’ metacomprehension accuracy and utilization of the diagram cues (Prinz et al., 2020).

In this study, building on the diagramming paradigm (van de Pol et al., 2019; van Loon 
et al., 2014), we test whether asking students to self-assess their own diagrams (i.e., another 
scaffold) by indicating how many diagram boxes they judge to have completed correctly 
(see Fig. 1 for an example diagram), increases diagnostic cue utilization and thereby the 
accuracy of comprehension judgments, provided that self-assessments are accurate enough. 
The expected role of self-assessment scaffold is to focus students’ attention on the most 
diagnostic—yet underutilized—cue of number of correctly completed diagram boxes, 
which could elicit a deeper reflection on their own text understanding as a means for their 
self-assessments. In addition, self-assessments have been long and frequently used in the 
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classroom for a variety of purposes (Andrade, 2019; Gale, 1984) and are a scaffold that 
students can take on their own without need for a particular material or additional support 
from their teachers.

Next, we will first explain how cue diagnosticity and cue utilization affect metacompre-
hension accuracy, before turning to the diagramming scaffold and subsequently to previous 
results on students’ self-assessments.

Cue utilization and cue diagnosticity

In their influential review, Butler and Winne (1995) argued that one of the main reasons 
why students have difficulty in monitoring their own comprehension pertains to students’ 
cue-utilization. That is, students might use cues that lack validity for predicting performance 
(i.e., cue diagnosticity). The use of cues is central to the predominant view that metacog-
nitive judgments are inferential in nature (Bjork et al., 2013; Dunlosky et al., 2020), as 
opposed to early assumptions (Hart, 1965) that people have direct access to a sort of internal 
monitor, from where information on memory content is readily available (Koriat, 2012).

Both (perceived) task characteristics and students’ progress on tasks are described as a 
set of features or a profile of cues (Butler & Winne, 1995). Students weight the cues (e.g., 
domain knowledge, mental effort, and/or remaining time) to predict their performance in an 
analogous way to a multiple regression model, thereby simultaneously integrating multiple 
cues (Brunswik, 1956). Cue utilization for a metacognitive judgment is then determined for 
each cue by the correlation between the cue and the judgment (Koriat, 2012).

Cues, however, differ in their diagnosticity or extent to which they predict performance. 
Historically, this notion has been expressed via different terminology such as “ecological 
validity” or “trustworthiness” of a cue (Brunswik, 1956), “cue relevance” (Nystedt & Mag-
nusson, 1973), “cue reliability” (York et al., 1987), and “cue validity” (Balzer et al., 1989). 

Fig. 1 Pre-structured diagram as presented to students (top) and correctly completed (bottom). Based on 
study materials from Van Loon et al. (2014).
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Metacomprehension accuracy varies accordingly with the diagnosticity of the cues used for 
metacognitive judgments (Prinz et al., 2020). Therefore, cue utilization should be contin-
gent on cue diagnosticity if judgment accuracy is to be maximized (Brunswik, 1956; van de 
Pol et al., 2020). That is, people should use diagnostic cues to produce accurate judgments. 
However, when monitoring text comprehension, students generally use cues of low diag-
nosticity such as domain familiarity and interest in the topic (Thiede et al., 2010). Empirical 
studies show, on the one hand, that producing content related to a certain text (e.g., sum-
maries and diagrams), generates cues of the highest diagnosticity (i.e., predictive power) 
of performance on comprehension tests; but on the other hand, that, unfortunately, students 
rarely use those cues (Thiede et al., 2010).

The diagramming scaffold for metacomprehension

A direct application of cue-utilization theory and the available evidence on diagnostic cues 
is that scaffolds can be designed to guide students towards generating and/or using more reli-
able cues that enhance their metacognitive judgments and thereby their self-regulated learn-
ing (Björkman, 1994; Dunlosky & Thiede, 2013; van de Pol et al., 2020). Tested scaffolds in 
the form of generative tasks known to enhance monitoring of reading comprehension have 
included listing keywords (de Bruin et al., 2011; Thiede et al., 2003), summarizing (Thiede 
et al., 2010; Thiede & Anderson, 2003), concept mapping (Redford et al., 2012; Thiede et 
al., 2010) and more recently, completing pre-structured diagrams (van de Pol et al., 2019; 
van Loon et al., 2014).

In developing the diagramming paradigm (i.e., read texts + use diagramming scaf-
fold + make comprehension judgments + choose texts to restudy + take a comprehension test; 
see Fig. 2), Van Loon et al. (2014) adapted the metacomprehension paradigm by introducing 
a diagnostic-cue-generation scaffold in the form of a pre-structured diagram (see Fig. 1 for 
an example) between text reading and comprehension judgments. After making the compre-
hension judgments, students are prompted with the metacognitive control or self-regulation 
decision of which text(s) they would like to restudy, if any.

Fig. 2 The diagramming scaffold for metacomprehension accuracy with the constructs involved in hy-
potheses H1, H2, and H3 as well as the others
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Scaffolding students with pre-structured diagrams to be completed is particularly well-
suited to expository texts (as opposed to narrative texts). Expository texts are commonplace 
for example in science, geography, and history subjects where the storyline is supported by 
causal relations (Fiorella & Mayer, 2016; Wiley et al., 2005). In general, expository texts are 
harder to comprehend (Williams, 2007), which by extension might complicate metacom-
prehension accuracy. Hence, a focus and context for the applicability of the pre-structured 
diagram completion scaffold.

To further improve and understand better its working mechanism, the diagramming scaf-
fold has been tested experimentally in terms of timing (i.e., immediately after reading a 
text vs. after a delay) (van Loon et al., 2014) and level of support (i.e., completing a pre-
structured diagram vs. drawing the diagram from scratch) (van de Pol et al., 2019). Aligned 
with the delayed-judgment effect (Rhodes & Tauber, 2011), it was found that students who 
completed the diagrams after a delay outperformed those who did it immediately after read-
ing each text in terms of both metacomprehension accuracy and metacomprehension-based 
regulation (van Loon et al., 2014; see Fig. 2 for the constructs). Regarding level of sup-
port, however, no statistically significant difference was found between either completing 
or drawing the diagrams and either metacomprehension accuracy or regulation (van de Pol 
et al., 2019).

Probably because students do not actually restudy the texts that they select to, no statis-
tically significant differences have been found in test scores between students in the dia-
gramming and no-diagramming conditions (see Table 1). Also contained in Table 1 are 
the results regarding both cue diagnosticity (i.e., traditionally determined by the Pearson 
correlation between each diagram cue and the test scores) and cue utilization (i.e., tradition-

Table 1 Diagramming paradigm findings (statistical means) for causal relations in expository texts (no dia-
gram and delayed diagram conditions)

Van Loon et 
al. (2014)

Van de Pol et 
al. (2019)

No diagram → Delayed diagram (p contrast)
 Relative metacomprehension accuracy (–1.0 to 1.0; gamma 
correlation)

0.07 → 0.56 
(p = .005)

0.00 → 0.43 
(p = .002)

 Metacomprehension-based regulation (–1.0 to 1.0; gamma 
correlation)

−0.69 → 
−0.74 
(p = .984)

−0.68 → −0.76 
(p = .700)

 Comprehension-based regulation (–1.0 to 1.0; gamma correlation) N/A −0.17 → −0.31 
(p = .114)

 Test score (relations) (0–4) 1.77 → 1.97 
(p = .175)

1.20 → 1.17 
(p = .163)

Cue diagnosticity (Pearson correlation)
 Omission errors −0.39 −0.26
 Completed boxes N/A 0.26
 Commission errors −0.17 −0.14
 Correct boxes 0.49 0.39
Cue utilization (Gamma correlation)
 Omission errors −0.64 −0.71
 Completed boxes N/A 0.71
 Commission errors −0.16 0.10
 Correct boxes 0.59 0.57
N/A: not available
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ally calculated as the gamma correlation between each diagram cue and the comprehension 
judgments; see these constructs in context in Fig. 2) for four diagram cues, namely, number 
of omission errors (i.e., diagram boxes left empty), number of completed boxes (i.e., the 
opposite of omissions), number of commission errors (i.e., diagram boxes completed incor-
rectly), and the number of correct boxes (i.e., diagram boxes completed correctly). As can 
be observed, “number of correct boxes” is the cue of highest diagnosticity, while “number 
of omissions errors” (together with its opposite, number of completed boxes) seems to be 
more utilized. Note that cue utilization is calculated using correlations, so causality cannot 
be asserted.

Diagramming increases the availability of diagnostic cues (van de Pol et al., 2020). How-
ever, despite the clear beneficial effect of the diagramming scaffold on metacomprehension 
accuracy (see Table 1), further improvement is warranted. Promoting students’ utilization of 
diagnostic cues might be a key to such enhancement. In this work, we investigate whether 
students’ self-assessments of their own diagrams contribute to narrowing the gap between 
cue diagnosticity and cue utilization. With such self-assessments students are asked, as a 
scaffold, to indicate how many diagram boxes they have (1) completed and (2) completed 
correctly.

Students’ self-assessment of their answers

Students’ self-assessments have a long tradition in educational psychology, either in the 
classroom across educational levels, for distance learning, or for independent learning 
(Andrade, 2019; Boud & Falchikov, 1989). Different terms used for self-assessments are 
“self-scoring”, “self-marking”, “self-rating”, “self-evaluation”, and “self-diagnosis”.

According to Gale’s (1984) taxonomy, an important purpose of using self-assessment 
scaffolds entails the diagnosis and self-remediation of learning problems, which in the light 
of self-regulated learning theory could be interpreted as the reciprocal interaction between 
monitoring and control (Nelson & Narens, 1990). In her review, Gale (1984) includes other 
applications of self-assessment of which the most related to this study are to emphasize key 
issues, to increase students’ attention to the object of self-assessment (e.g., in our case, the 
number of correct diagram boxes as a diagnostic cue for students’ comprehension judg-
ments), and as retrospective organizers of prior learning.

In this study, we use the self-assessment scaffold as a means to focus learners specifi-
cally on the most diagnostic cue(s) of their diagrams, by making them more salient, as a 
step towards increasing the use of these cues when judging their comprehension. This is 
expected to improve their metacomprehension accuracy. More specifically, according to 
Koriat et al. (1980), the mechanism for making judgments of learning (JOLs, or comprehen-
sion judgments in their projection to our case), consists of three stages, namely, (1) search-
ing memory for relevant evidence, (2) judging the evidence, and (3) translating the evidence 
into a number. We consider Brunswik’s (1956) notion of the integration of multiple cues in a 
fashion that is analogous to a multiple regression model to be part of the first stage. If we ask 
students to self-assess their diagrams and make a comprehension judgment right thereafter, 
based on this line of reasoning, we are influencing stages one and two, since both the com-
pleted diagram and its self-assessment are fresh in students’ memory and are thereby avail-
able in stage three of expressing the comprehension judgment as a more accurate number.
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Previous research provides evidence that students are already able to use the diagnostic 
cues of omissions and number of correct boxes to a certain extent when judging their com-
prehension. In the study by Van Loon et al. (2014), the utilization of the omissions cue was 
−0.64 and that of correct boxes was 0.59 (see Table 1). Our assumption is that by having 
students explicitly self-assess these diagnostic cues, they become more salient, the use of 
these cues increases and hence metacomprehension accuracy improves. Even though their 
self-assessments will not always be accurate, based on previous research it is reasonable 
to assume that students should be able to profit to a certain extent from making explicit 
self-assessments.

The accuracy of self-assessments has long been of interest as well (Gale, 1984). Mixed 
results are found in reviews of self-assessment studies (Andrade, 2019; Brown & Harris, 
2014; Yan et al., 2022), but the type and purpose of self-assessment scaffolds should be used 
as determining criteria for comparable findings. In the initial metacomprehension paradigm, 
Glenberg and Epstein (1985) observed that, after reading a text and answering an inference 
question, subjects were accurate in judging the correctness of their answers. Thereafter, stu-
dents’ self-assessment of their answers has been consistently found more accurate than their 
comprehension judgments (Glenberg & Epstein, 1987; Huff & Nietfeld, 2009; Maki et al., 
1994; Ramdass & Zimmerman, 2008; Walczyk & Hall, 1989). Such stable effect has been 
explained by the vantage point of being able to rely on the experience with the task, since 
the assessment occurs a posteriori (i.e., after taking the test or, in this case, completing the 
diagram) (Labuhn et al., 2010).

In sum, we expect the self-assessment scaffold to contribute to enhancing metacompre-
hension accuracy by increasing the saliency of diagnostic cues when making confidence 
judgments (Glenberg et al., 1987; Huff & Nietfeld, 2009).

Present study

This work built on the diagramming paradigm (van Loon et al., 2014) where participants 
(1) read six texts containing a number of facts and causal relations, (2) complete diagrams 
based on the texts’ causal relations (or a filler task in the control condition), (3) judge their 
comprehension for each text’s facts and causal relations (i.e., comprehension judgments), 
(4) select texts for restudy (without actually restudying them), and (5) are tested on each text 
for their reading comprehension (comprising both the facts and causal relations in the texts).

Two different types of metacomprehension accuracy have been explored in metacompre-
hension research, namely, relative (also called “resolution” or “discrimination”) and abso-
lute (also called “calibration” or “bias”; Dunlosky & Lipko 2007). Since the two kinds of 
accuracy are statistically independent, we follow the recommendation in the field to report 
both (Dunlosky & Thiede, 2013). In line with reporting recommendations for absolute 
metacomprehension accuracy (Nelson & Dunlosky, 1991; Pieschl, 2009; Stone, 2000), the 
calibration curves for facts and causal relations are computed.

The diagramming paradigm allows for estimating the effect of metacognitive monitoring 
on metacognitive control in that context, which we refer to as “metacomprehension-based 
regulation”, and also to compute the “comprehension-based regulation” (i.e., association 
between restudy selections and actual test performance; cf. van de Pol et al., 2020). The 
calculation of regulation measures answers the call to account for metacognitive control 
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processes when studying metacognitive judgments (Pieschl, 2009), since monitoring and 
control processes inform each other.

In the diagram completion scaffold, the number of correct boxes has been found to be the 
most diagnostic cue but also not the most utilized cue by the students. Obviously, students 
do not have access to the correctness of their completed diagram. The closer they can get 
is by self-assessing their diagrams. By adding a self-assessment scaffold in the form of 
prompts to the diagram completion scaffold, we expect to draw students’ attention towards 
the correct boxes (the most diagnostic cue).

We contrast the effects of a diagram completion (DC), a diagram completion plus self-
assessment (DC + SA), and a filler-task control group (C) on students’ metacomprehension 
accuracy regarding the causal relations in the texts. Figure 2 shows the constructs involved 
in the hypotheses in the context of the diagramming paradigm. Our three hypotheses are as 
follows.

H1 Self-assessment hypothesis: Self-assessments are more accurate than comprehen-
sion judgments and they predict comprehension judgments to some extent in the dia-
gramming paradigm.
In a variety of related literature, self-assessments have been repeatedly shown to be 
more accurate than comprehension judgments, which is sometimes referred to as the 
“postdiction superiority effect” (Pierce & Smith, 2001). We expect these results to 
extend to the diagramming paradigm. This hypothesis also serves as an assumption 
for the following ones, as we intend to use a presumably more accurate judgment 
(i.e., self-assessment) to improve a presumably less accurate one (i.e., comprehension 
judgment). In addition, we would like to find out the extent to which they are corre-
lated, as a strong relationship could mean that influencing one judgment would have a 
reflection on the other, thereby providing more opportunities for enhancing judgment 
accuracy. Similarly, we are interested in whether the accuracy of self-assessments 
predicts the accuracy of comprehension judgments.

H2 Diagnostic-cue-utilization hypothesis: Students who self-assess their diagrams 
utilize the diagnostic cues generated at diagram completion more when monitoring 
text learning compared to students who only complete the diagram.
This is, diagnostic cue utilization for DC + SA > DC. This hypothesis builds on the 
previous finding that the number of correctly completed diagram boxes is the most 
diagnostic cue generated with the diagramming scaffold (van de Pol et al., 2020). 
Through asking students to self-assess their correctly completed diagram boxes, we 
expect to focus students’ attention on this most diagnostic cue and thereby that they 
increase its utilization when making their comprehension judgments.

H3 Metacomprehension-accuracy hypothesis: Students’ metacomprehension accu-
racy (both relative and absolute) will be higher when they self-assess their diagrams 
than only diagramming, and in turn, higher for diagramming only than no diagram-
ming (i.e., control).
This is, metacomprehension accuracy for DC + SA > DC > C. It has been experimen-
tally shown (e.g., van de Pol et al., 2019; van Loon et al., 2014) that DC significantly 
enhances relative metacomprehension accuracy over no diagramming (i.e., C). We 

1 3



Scaffolding self-regulated learning from causal-relations texts:…

expect that DC + SA will further increase metacomprehension accuracy by drawing 
students’ attention to diagnostic but underutilized cues as indicated by the previous 
studies when analyzing accuracy shortcomings. Compared to relative accuracy, abso-
lute metacomprehension accuracy has been significantly less investigated (Prinz et al., 
2020). Nonetheless, we expect that in both conditions, DC + SA and DC, the relative 
accuracy improvement extends also to absolute metacomprehension accuracy, given 
the more direct connection that the latter represents between judgment and perfor-
mance (i.e., operationalized by the simple absolute deviation). In a review by Van 
de Pol et al. (2020), four of the five drawing (i.e., concepts maps or other schemas) 
studies analyzing absolute metacomprehension accuracy reported that the drawing 
intervention enhanced absolute accuracy.

For completeness and comparability with previous studies, we contrast the previous aspects 
regarding factual information in addition to the causal relations in the text. However, since 
the diagram scaffold targets causal relations and not facts, we do not expect that the previ-
ous hypotheses hold for facts. Similarly, although outside our hypotheses for this study, 
we supplementarily analyze other important indicators customarily reported in the diagram 
paradigm such as those related to the regulation (or control) that students exercise when 
making restudy selections and to reading comprehension as such, as determined by the 
comprehension test. In this way, we provide a holistic view of the diagramming paradigm 
indicators capturing different facets of the learning process.

Method

Three experimental conditions were employed in a between-subjects design that consisted 
of five steps as depicted in Fig. 3.

Fig. 3 Experimental design

 

1 3



H. J. Pijeira-Díaz et al.

Participants

Participants (N = 4271) were secondary education students between 11 and 17 years of 
age (M = 14.54, SD = 1.06). The gender distribution was 213 females, 204 males, and 10 
unknown (students who did not indicate their gender in the questionnaire). Most learn-
ers were Dutch nationals (n = 415), while 12 were of other nationalities. Students were not 
asked to indicate their mother tongue, but they were all following their education in regular 
Dutch classrooms. Therefore, their level of Dutch was deemed as sufficient for the experi-
ments. Participation in the study was voluntary. Students gave informed written consent 
while parents gave passive consent. In other words, parents could object if they did not 
agree that their child would participate in the study. We complied with the APA ethical stan-
dards for treatment of human participants, informed consent, and data management.

Within school classes, participants were randomly divided into three groups corre-
sponding to the experimental conditions: (1) DC (n = 145), (2) DC + SA (n = 143), and (3) 
C (n = 139). There were no statistically significant differences (at the 95% confidence inter-
val) among groups in terms of gender (p = .863), educational level (p = .978), nationality 
(p = .721), or age (p = .440). Conversely, there were significantly (p < .001) more students 
with dyslexia in the control group (n = 41) than in the diagram completion (n = 27) and in the 
diagram completion plus self-assessment (n = 16) groups.

Materials

Seven booklet types were used for the experiment, one for each experimental step (adding 
up to five, namely, one with the six texts to read, one for the experimental or control treat-
ment, one for the comprehension judgments, one for the restudy decisions, and one with 
the comprehension test; see Fig. 3), an initial one for practice and a final one with puzzles 
as pastime to prevent students from leaving their seats until all of them had finished the 
experimental booklets.

Since there were six texts, six versions of each experimental booklet type were made to 
counterbalance the order of the topics, using a Latin Square design (e.g., one version would 
have the order Text1-Text2-Text3-Text4-Text5-Text6, the next one Text2-Text3-Text4-
Text5-Text6-Text1, and so on). Texts and diagrams were placed one to a page and with a 
blank page between two of them.

Practice materials

The practice booklet contained general instructions and descriptions of the experiment (e.g., 
“work at your own pace”), two example texts, example questions about factual information 
in the texts, example questions about causal relations in the text, and an example of the 
format used to give comprehension judgments.

1  444 students participated in the experiment, but due to data issues, the researchers decided to exclude the 
data from 17 of them. Examples of such issues were missing experimental booklets and the reporting of 
invalid values maybe because those students did not understand (parts of) the task properly or did not take 
the task seriously (e.g., indicating self-assessment values of 48, 96, or −3, when the possible range was 0–4).
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Texts

We used the same six expository causal-relations texts previously used in studies of the 
diagramming scaffold (e.g., van de Pol et al., 2019; van Loon et al., 2014). The topics are 
“Sunken Subway Cars”, “The Use of Botox”, “The Suez Canal”, “The Benefits of Music”, 
“Money and Happiness”, and “Renovation of Concrete Buildings”. The texts are written in 
Dutch and range in length from 158 to 186 words (M = 169.3; SD = 10.7). Each text contains 
four causal relations, which are the focus of the scaffold, and five facts. As examples, the 
English translation of two of the texts is available in Appendix A. The initial practice texts 
were about “Sport is Healthy” (95 words) and “Suburbs” (111 words).

Experimental tasks

In the DC group, pre-structured diagrams were provided with five diagram boxes (four 
empty and one pre-filled; see Fig. 1 for an example). The experimental task in the DC + SA 
group was similar but with an extra page in the booklet containing the self-assessment scaf-
fold, namely, 12 (2 SA questions/diagram x 6 diagrams) self-assessment questions. The 
diagram self-assessment scaffold read: “Now look back at the diagrams you filled in. For 
each diagram, enter how many boxes you have completed in total and how many boxes you 
think are correct. (Boxes are filled in correctly if you mentioned there the relationships from 
the text.) ATTENTION: you are not allowed to change the diagrams or write anything else 
on the booklet with the diagrams!”. Then, on the same page, diagram self-assessment was 
prompted for each text as follows: “Diagram [TEXT_NAME]. How many boxes did you 
complete? How many boxes did you complete correctly?” In the control group, a picture 
matching task was used as filler task. Each pair of images was related to the topics (e.g., a 
ship crossing the Suez Canal, a concrete wall, and a metro station). To ensure that partici-
pants received the same information in all three conditions, the same statement provided 
in the pre-filled diagram box in the diagramming groups was provided to the control group 
before the picture matching task (on the same page corresponding to each text title).

Comprehension judgments and restudy selections

Students made the comprehension judgments for each text separately for facts (0–5; spaced 
number list) and causal relations (0–4; spaced number list). Comprehension judgments were 
prompted as: “How many questions do you think you will answer correctly on the test 
about the text [TEXT_NAME]? On a subsequent page, the six text titles were listed next to 
a checkbox for students to mark which text(s) they wanted to restudy, if any. The question 
read: “Which text(s) would you like to read again before taking the test?”

Reading comprehension test

Finally, the test questions asked for the four causal relations and five facts in each text. An 
example of a test question for the causal relations in the “Suez Canal” text was: “The dis-
tance for ships navigating between Jeddah and Rotterdam has been significantly shortened. 
Why? Give your answer as complete as possible. Mention 4 causal relations.”
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Procedure

The experiment was conducted in classrooms. Each student received an envelope with the 
separate booklets described above for each step on one corner of their table.

They started with a simultaneous practice exercise to get familiar with the procedure and 
the tasks. The practice exercise involved reading two texts. After reading the first practice 
text, students took a test on the facts and causal relations from the text. Then, a diagram 
for the causal relations in the text was drawn on the blackboard by research assistants as a 
demonstration. Once students read the second practice text, they were given 1 min to draw 
a diagram for the causal relations. After that, the correct diagram was drawn on the black-
board. To finalize the practice, students were shown (in the same practice booklet) how to 
indicate their comprehension judgments.

After the practice, students were asked to complete one booklet at a time at their own 
pace and to place the booklets when completed on the other corner of their tables. Once 
there, the research assistants picked up the booklets to prevent participants to look back at 
them. The experiment lasted about 1 h, in addition to 15 min of instructions and practice.

Coding students’ diagrams and tests

Given the volume of data and the availability of research assistants to code students’ 
answers, the data were processed in two waves, first the data for 210 students and then the 
data for the remaining 217. In each wave, a different pair of research assistants worked first 
on coding 20% of the data to ensure satisfactory interrater reliability, and then one of them 
coded the remaining 80%. In the first wave of data processing and coding, the interrater reli-
ability surpassed Cohen’s κ = 0.70. In the second wave, the interrater reliability went over 
Cohen’s κ = 0.83. Therefore, the respective coders achieved sufficient interrater reliability in 
both waves (Cohen, 1988).

The diagram content was analyzed by first coding each diagram box as completed (i.e., 
some content was written) or as an omission (i.e., no response was provided). Completed 
boxes were in turn coded as correct (i.e., an element of the causal relation structure con-
tained in the texts) or as a commission error (i.e., incorrect answer). Commission errors 
included information not contained in the texts or factual information. Repeated information 
such as rephrasing the content of the pre-filled box was also coded as commission error. 
Students’ test answers were scored according to the number of correct facts (0–5) and the 
number of correct causal relations (0–4).

Operationalization of measures

Relative metacomprehension accuracy was operationalized by the intra-individual Good-
man-Kruskal’s (1954) gamma correlation2 between comprehension judgments and actual 
test scores, following the vast majority of the metacomprehension literature (Dunlosky et 
al., 2011; van de Pol et al., 2020). The closer to +1, the higher the relative metacomprehen-
sion accuracy.

For absolute metacomprehension accuracy, we used the two most common indicators 
or operationalizations, namely, (1) bias and (2) deviation or accuracy (Pieschl, 2009). Both 

2  Gamma correlations are also referred to as discrimination or resolution accuracy (Nelson, 1984).
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measures are based on the mean difference between comprehension judgments and the 
corresponding test scores, but they diverge in whether the difference is signed (bias) or 
unsigned (deviation). Accordingly, they measure different aspects of absolute accuracy and 
complement one another. Bias allows for determining over- and underconfidence. Posi-
tive values of bias indicate (the degree of) overconfidence (i.e., students’ comprehension 
judgments are higher than their actual test results, and the extent thereof), and conversely, 
negative values indicate (the degree of) underconfidence. A calibration curve is customarily 
used to visualize bias (Stone, 2000). A calibration curve contains the average of actual test 
scores for each value on a comprehension judgment scale. A recommended supplementary 
aid to the calibration curve, which we therefore included, is the line of perfect calibration 
(i.e., 100% accuracy; Dunlosky & Thiede 2013; Weingardt et al., 1994).

Since with bias positive and negative values cancel each other out as it is a signed dif-
ference, deviation is a more proper measure for absolute metacomprehension accuracy. The 
smaller the deviation value (i.e., the closer to zero), the higher the absolute metacomprehen-
sion accuracy. In this paper, unless otherwise stated, we use absolute metacomprehension 
accuracy to refer to the deviation of the judgments with respect to the test scores.

Metacomprehension-based regulation was determined by the intra-individual gamma 
correlation between a student’s comprehension judgments and their binary restudy selec-
tions (0 = text not selected for restudy, 1 = text selected for restudy), separately for facts and 
causal relations. The closer to -1, the more precise the metacomprehension-based regulation.

Comprehension-based regulation was estimated by the intra-individual gamma correla-
tion between a student’s binary restudy selections (0 = text not selected for restudy, 1 = text 
selected for restudy) and their test scores, separately for facts and causal relations. The 
closer to −1, the more precise the comprehension-based regulation.

Regarding self-assessments, measures were computed analogously as for absolute meta-
comprehension accuracy and aligned with previous operationalizations in the literature 
(e.g., Kostons et al., 2012), including bias and deviation (i.e., accuracy) for the self-assess-
ment of completed and correct boxes. Bias is therefore the mean difference between the 
self-assessed number of completed or correct boxes and the number of actual completed or 
correct boxes, respectively. Similarly, as for absolute metacomprehension accuracy, positive 
bias values indicate overconfidence (i.e., students’ self-assessments were higher than their 
actual diagramming results), and conversely, negative values indicate underconfidence. The 
calibration curve was also computed for self-assessments. In terms of deviation, the smaller 
the value (i.e., the closer to zero), the higher the self-assessment accuracy.

Following previous diagram paradigm studies (e.g., van de Pol et al., 2019; van Loon 
et al., 2014), cue utilization was determined for each student by the gamma correlation 
between each diagram cue (i.e., omissions, completed boxes, commission errors and correct 
boxes) and the corresponding comprehension judgment.

Also aligned with the previous diagram paradigm studies, cue diagnosticity was esti-
mated for each student by the Pearson correlation between each diagram cue (e.g., number 
of commission errors) and the test scores. For both cue utilization and cue diagnosticity, 
the values should be interpreted depending on the particular cues as follow. For completed 
boxes and correct boxes, values closer to +1 indicate both higher utilization and higher 
diagnosticity of those cues. Conversely, for omissions and commission errors, values closer 
to −1 indicate both higher utilization and higher diagnosticity of those cues.
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Analyses

Given the hierarchy or nesting within the data (i.e., several judgments within students and 
several students from a class), we computed the intraclass correlation coefficient (ICC) to 
determine whether it was necessary to run multilevel analyses instead of ANCOVAs to 
test the hypotheses (Peugh, 2010). The ICCs are listed in Table 2. In general, ICC > 0.05 
indicates an amount of clustering and non-independence requiring the use of multilevel 
modeling (Arend & Schäfer, 2019). For the variables in Table 2, the judgment level is 
only applicable for absolute metacomprehension accuracy since for the other variables the 
judgments are aggregated at the student level by the gamma correlations. For the variables 
where the judgment level is not applicable, we can see from Table 2 that ICC < 0.05 at 
the class level, leaving only the student level. In those cases, ANCOVA with dyslexia as 
covariate was used (see Appendix B for SPSS syntax) because dyslexia was the only demo-
graphic with significant differences across experimental groups (see Participants). Bonfer-
roni adjustments were employed to control for multiple comparisons in the post-hoc tests. 
T-tests were used to check for differences in cue diagnosticity and utilization across the two 
diagram groups for each of the diagram cues. In addition, a t-test was used to compare the 
accuracy of self-assessments to that of comprehension judgments. The relationship between 
self-assessments and comprehension judgments was tested using Pearson correlation analy-
sis (two-tailed).

When it comes to absolute metacomprehension accuracy, however, ICC was above 0.05 
in at least two levels. Accordingly, we ran multilevel analyses considering two levels (i.e., 
judgment and student) for absolute metacomprehension accuracy for facts and causal rela-
tions. Multilevel regression was used for modelling how self-assessment accuracy of cor-
rect boxes predicts absolute metacomprehension accuracy for both facts and relations. All 
multilevel analyses were performed using Mplus (Muthén & Muthén, 2017) version 8.3.

Variable ICC 
Judgment

ICC 
Student

ICC 
Class

Relative metacomprehension ac-
curacy: Facts

N/A 0.37 0.02

Relative metacomprehension ac-
curacy: Relations

N/A 0.37 0.02

Absolute metacomprehension ac-
curacy: Facts

0.97 0.30 0.02

Absolute metacomprehension ac-
curacy: Relations

0.74 0.15 0.02

Metacomprehension-based regula-
tion: Facts

N/A 0.29 0.02

Metacomprehension-based regula-
tion: Relations

N/A 0.33 0.01

Comprehension-based regulation: 
Facts

N/A 0.46 0.02

Comprehension-based regulation: 
Relations

N/A 0.44 0.04

Table 2 Intraclass correlation 
coefficient (ICC) for the study 
variables at the judgment, stu-
dent, and class levels

N/A: not available
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Results

Table 3 contains the means and standard deviations of the study variables for each of the 
experimental groups. When applicable, the information is presented separately for facts and 
causal relations.

Self-assessment accuracy (H1)

We hypothesized, based on the literature, that self-assessments would be more accurate 
than comprehension judgments and we wanted to find out the strength of the relationship 
between self-assessments and comprehension judgments. The students had a self-assess-

Table 3 Means (and standard deviations) of the study variables per condition
Control Diagram 

completion
+ Self-assessment

Completed boxes (0–4) N/A 2.86 (1.32) 2.99 (1.3)
Omission errors (0–4) N/A 1.14 (1.32) 1.01 (1.3)
Commission errors (0–4) N/A 1.28 (1.09) 1.32 (1.09)
Correct boxes (0–4) N/A 1.57 (1.2) 1.67 (1.2)
Self-assessment: Completed boxes (0–4) N/A N/A 3.17 (1.26)
Self-assessment: Correct boxes (0–4) N/A N/A 2.28 (1.32)
Self-assessment bias: Completed boxes (-4–4) N/A N/A 0.15 (0.62)
Self-assessment bias: Correct boxes (-4–4) N/A N/A 0.58 (1.13)
Self-assessment accuracy: Completed boxes (0–4) N/A N/A 0.18 (0.62)
Self-assessment accuracy: Correct boxes (0–4) N/A N/A 0.85 (0.93)
Comprehension judgments: Facts (0–5) 2.74 (1.18) 2.41 (1.34) 2.52 (1.33)
Comprehension judgments: Relations (0–4) 2.08 (1.06) 2.03 (1.17) 1.98 (1.16)
Restudy selections (texts/student) (0–6) 2.15 (1.25) 2.61 (1.14) 2.71 (1.30)
Test score: Facts (0–5) 1.63 (1.13) 1.45 (1.11) 1.51 (1.11)
Test score: Relations (0–4) 1.42 (1.10) 1.47 (1.17) 1.50 (1.18)
Relative metacomprehension accuracy:
Facts (–1.0 to 1.0)

0.11 (0.65) 0.15 (0.65) 0.15 (0.59)

Relative metacomprehension accuracy: Relations 
(–1.0 to 1.0)

0.11 (0.64) 0.36 (0.58) 0.32 (0.61)

Metacomprehension bias: Facts (–5 to 5) 1.12 (1.55) 0.96 (1.52) 1.02 (1.52)
Metacomprehension bias: Relations (–4 to 4) 0.66 (1.43) 0.56 (1.27) 0.49 (1.27)
Absolute metacomprehension accuracy:
Facts (0–5)

1.53 (1.15) 1.39 (1.14) 1.45 (1.11)

Absolute metacomprehension accuracy: Relations 
(0–4)

1.24 (0.98) 1.03 (0.93) 0.99 (0.93)

Metacomprehension-based regulation: Facts 
(–1.0 to 1.0)

–0.6 (0.64) –0.67 (0.55) –0.78 (0.46)

Metacomprehension-based regulation: Relations 
(–1.0 to 1.0)

–0.54 (0.70) –0.71 (0.52) –0.70 (0.51)

Comprehension-based regulation: Facts (–1.0 to 1.0) –0.15 (0.70) –0.16 (0.67) –0.18 (0.72)
Comprehension-based regulation: Relations 
(–1.0 to 1.0)

–0.20 (0.72) –0.33 (0.67) –0.32 (0.69)

N/A: not available
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ment accuracy for completed boxes of 96%3 and for correct boxes of 79%. Regarding abso-
lute metacomprehension accuracy, the average values were 69%, 74% and 75% for the C, 
DC, and DC + SA conditions respectively. Therefore, as expected, the self-assessments of 
correct boxes were significantly more accurate than comprehension judgments for causal 
relations, t(1605) = –2.993, p = .003, Cohen’s d = −0.150.

There was a strong and statistically significant correlation (r = .64) between the self-
assessment of correct boxes and the comprehension judgments for causal relations. In 
other words, self-assessments explained 41% (R2 = 0.41) of the variance in comprehension 
judgments.

Next, we were interested in examining whether self-assessment accuracy of correct 
boxes predicted absolute metacomprehension accuracy. The results of the multilevel regres-
sion analysis of absolute metacomprehension accuracy for both facts and relations (sepa-
rately) as a function of self-assessment accuracy of correct boxes are displayed in Table 4. 
The model in the case of both facts and relations is statistically significant. Nonetheless, 
self-assessment accuracy of correct boxes explained only 2.9% (R2 = 0.029) of the variance 
of absolute metacomprehension accuracy for facts and 6.8% (R2 = 0.068) for that of rela-
tions. Therefore, the effect seems to be small despite the statistical significance of the model.

3  Accuracy percentages are determined from the values of Table 3 by the formula (1 − value / max_pos-
sible_value) * 100. Example: (1 − 0.18 / 4) * 100 = 96%.

Table 4 Parameter estimates from the multilevel regression separate analyses for facts and relations with self-
assessment accuracy of correct boxes as independent variable and absolute metacomprehension accuracy for 
facts and relations as dependent variables
Model B SE B p
Facts 0.181 0.037 < 0.001
Relations 0.239 0.041 < 0.001

Table 5 Diagnosticity (Pearson correlation) and utilization (gamma correlation) of diagram cues with t-test 
contrast results between conditions

Diagram completion + Self-assessment t-test
Facts
M (SD)

Relations
M (SD)

Facts
M (SD)

Relations
M (SD)

p 
Facts

p Rela-
tions

Cue diagnosticity
 Completed boxes 0.06a (0.47) 0.37 (0.41) 0.07a (0.46) 0.34 (0.38) 0.894 0.557
 Omission errors −0.06a (0.47) −0.37 (0.41) −0.07 a (0.46) −0.34 (0.38) 0.894 0.557
 Commission errors −0.02a (0.45) −0.14 (0.47) 0.08 (0.43) −0.21 (0.46) 0.063 0.176
 Correct boxes 0.09 (0.48) 0.54 (0.37) 0.03a (0.47) 0.54 (0.39) 0.235 0.998
Cue utilization
 Completed boxes 0.52 (0.57) 0.57 (0.54) 0.42 (0.66) 0.53 (0.56) 0.278 0.657
 Omission errors −0.52 (0.57) −0.57 (0.54) −0.42 (0.66) −0.53 (0.56) 0.278 0.657
 Commission errors 0.14 (0.58) 0.18 (0.62) 0.06a (0.64) −0.02a (0.69) 0.340 0.014
 Correct boxes 0.42 (0.54) 0.42 (0.56) 0.39 0.58) 0.48 (0.52) 0.576 0.438
a Correlation NOT significantly different from 0; p > .103.
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Diagnosticity and utilization of diagram cues (H2)

Means and standard deviations for the diagnosticity and utilization of diagram cues per 
diagram condition are listed in Table 5. Logically, since the intervention targeted relations, 
none of the cues were diagnostic for test scores on the factual questions in either condi-
tion (r ≤ .09). Regarding test scores on causal relations, for both diagramming conditions, 
the number of correct boxes was the most diagnostic cue (r = .54), followed by the equally 
diagnostic number of omissions and completed boxes (|r| = 0.34). Commission errors for 
relations were the least diagnostic cues with the weakest Pearson correlations (|r| ≤ 0.21). 
There were no significant differences (p > .060) in cue diagnosticity for any of the cues 
between diagramming conditions.

In terms of cue utilization, the pattern was the same for facts and relations in both condi-
tions. Omissions and completed boxes—which were relatively diagnostic—were the most 
utilized cues (|r| ≥ 0.42), followed by correct boxes, which were the most diagnostic cue 
(|r| ≥ 0.39). Commission errors, which were the least diagnostic cue, were also the least 
utilized cue (r ≤ .18). The utilization of commission errors in the self-assessment condition 
was negligible (r ≤ .06).

We hypothesized that students who self-assessed their diagrams would utilize the diag-
nostic cues more when monitoring text learning compared to students who only completed 
the diagrams. However, commission errors for relations (which was the least diagnostic 
cue) was the only cue showing significant differences between diagramming conditions, 
t(265) = −2.466, p = .014, Cohen’s d = −0.302. Students in the self-assessment group utilized 
the commission errors cue for relations significantly less (γ = −0.02) than their counterparts 
who completed the diagram without self-assessment (γ = 0.18).

Metacomprehension accuracy (H3)

We hypothesized that students’ metacomprehension accuracy (absolute and relative) would 
be higher in the DC + SA group compared to the DC and C groups, and higher in the DC 
group than in the C group. There were significant differences among conditions regarding 
relative metacomprehension accuracy for relations, F(3, 384) = 4.175, p = .006, η2

p = 0.032
. Pairwise comparisons with Bonferroni adjustments showed that students in the DC and 
DC + SA conditions had indeed significantly higher relative metacomprehension accuracy 
than those in the control condition, p = .007 and p = .040 respectively. However, contrary 
to our expectations, there were no significant differences between the two diagramming 
conditions (p = 1.000). There were also no significant differences among conditions in terms 
of relative metacomprehension accuracy for facts, F(3, 390) = 0.33, p = .804,η2

p < 0.003.

Effects B SE B p
Facts
Control vs. Diagramming only −0.136 0.085 0.108
Control vs. Diagramming + self-assessment −0.071 0.086 0.405
Diagramming only vs. + self-assessment 0.064 0.077 0.402
Relations
Control vs. Diagramming only −0.209 0.096 0.030
Control vs. Diagramming + self-assessment −0.245 0.087 0.005
Diagramming only vs. + self-assessment −0.036 0.061 0.554

Table 6 Parameter estimates 
from the multilevel analysis of 
absolute metacomprehension ac-
curacy for facts and relations
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Analogous results were obtained for absolute metacomprehension accuracy (see Table 6) 
(see Analyses). For causal relations, both diagramming conditions led to significantly higher 
accuracy (two-tailed p < .030) than the control condition, but the two diagramming condi-
tions did not differ (two-tailed p = .554). For facts, no pairwise comparisons showed signifi-
cant differences (two-tailed p > .108).

Fig. 5 Self-assessment calibration curves (bias) for completed and correct boxes

 

Fig. 4 Calibration curves of comprehension judgment bias for facts and causal relations
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On average, overconfidence (i.e., positive values of absolute metacomprehension accu-
racy, see Table 3) was found in all conditions for both facts and causal relations. The cali-
bration curves for the bias in comprehension judgments and self-assessments are presented 
in Figs. 4 and 5 respectively. In both charts, the underconfidence and overconfidence areas 
are presented respectively to the left and right of the perfect calibration line. Both show the 
overconfidence tendency, and that overconfidence tends to grow as we get closer to the top 
of the scale.

Supplementary analyses

Even though the analyses provided here do not form part of the hypotheses, they are added 
for comparability with previous studies of the diagram scaffold and for completeness (e.g., 
for meta-analyses purposes). No significant differences were found among conditions in 
comprehension judgments for relations, F(3, 2521) = 1.651, p = .176, η2

p = 0.002. Con-
versely, significant differences were found among conditions in terms of comprehension 
judgments for facts, F(3, 2515) = 10.449, p < 0.001, η2

p = 0.012. Students in the C condition 
gave significantly higher comprehension judgments for facts than their DC (p < 0.001) or 
DC + SA (p = .001) counterparts.

There were statistically significant differences among conditions for restudy selections, 
F(3, 418) = 6.447, p < 0.001, η2

p = 0.044. Pairwise comparisons showed that students in the 
C condition selected significantly less texts for restudy than their counterparts in the DC (p 
= .003) and DC + SA (p < 0.001) groups.

Regulation

There were no statistically significant differences among conditions in terms of metacom-
prehension-based regulation for relations, F(3, 368) = 2.411, p = .067, η2

p = 0.019 or meta-
comprehension-based regulation for facts, F(3, 367) = 2.214, p = .086, η2

p = 0.018. On the 
other hand, there were no significant differences either in comprehension-based regulation 
for relations, F(3, 372) = 0.878, p = .542, η2

p = 0.007; or comprehension-based regulation 
for facts, F(3, 375) = 0.346, p = .792, η2

p = 0.003.

Reading comprehension

There were no significant differences among conditions in terms of test scores for relations, 
F(3, 2538) = 1.189, p = .130, η2

p = 0.002. However, there were statistically significant differ-
ences among conditions for test scores for facts, F(3, 2540) = 4.289, p = .005, η2

p = 0.005, 
with students in the control condition scoring significantly higher than those in the diagram-
ming-only condition (p = .006), and no other significant difference (p > .165).
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Discussion

Metacomprehension accuracy and self-assessments

Contrary to our expectations, diagramming students with and without self-assessment did 
not differ significantly in their relative or absolute metacomprehension accuracy for causal 
relations. In other words, the self-assessment scaffold did not produce the intended theo-
rized results. The only difference caused by prompting self-assessments was a significant 
decrease in the utilization of the commission errors cue (a cue that was found to have a low 
diagnostic value), to the extent that the utilization coefficient for that cue was negligible 
(i.e., not significantly different from zero).

Concurrently, comprehension judgments for causal relations correlated strongly with the 
self-assessment for correct boxes, which are the opposite of commission errors. Looking 
only at the DC + SA condition, one could be tempted to say that the scaffolding prompt for 
self-assessing correct boxes focused students’ attention on correct boxes, the most diagnos-
tic cue, in detriment of commission errors, the least diagnostic cue. However, that would 
have also caused differences in the utilization of the correct boxes cue between diagram-
ming conditions (due to the difference between receiving the scaffolding prompt or not), 
which was not the case. It seems therefore more plausible to conclude that students implic-
itly and automatically self-assess their diagram answers, even without explicit instruction to 
do so. Such behavior could correspond to a natural process of self-monitoring during task 
completion (Ramdass & Zimmerman, 2008). The complete overlooking of the commis-
sion errors cue might be explained then by students implicitly monitoring all the diagram 
cues, but when prompted to self-assess correct boxes, the effect is not that they increase the 
attention they are already paying to it (or at least not significantly), but that the opposite or 
contrasting cue (i.e., commission errors) is overshadowed.

In line with previous studies (e.g., van de Pol et al., 2019; van Loon et al., 2014), diagram-
ming proved again to be an effective scaffold to improve students’ relative metacomprehen-
sion accuracy for causal relations when learning from expository texts. Such improvement 
was, however, less sizeable (on average up to a Goodman-Kruskal gamma of 0.36) than 
previous best reported results (on average up to 0.56). In any case, students in both diagram-
ming conditions were roughly, on average, three times more accurate in terms of relative 
accuracy than those in the control condition. This enhancement is also visible in the contrast 
with relative accuracy for facts (not targeted by the intervention), where values did not differ 
significantly across conditions. The obtained relative accuracy is in between best and worst 
average results previously reported for other scaffolds in the form of generative interven-
tions such as listing keywords (0.11–0.7; de Bruin et al., 2011; Thiede et al., 2003) and 
concept-mapping (0.35–0.67; Redford et al., 2012; Thiede et al., 2010); while lower than 
those reported for summarizing (0.55–0.60; Thiede et al., 2010; Thiede & Anderson, 2003).

Similarly, diagramming also increased absolute metacomprehension accuracy signifi-
cantly. This increase, however, was less substantial (1.09 times better than the control con-
dition) than the increase in relative accuracy (3.27 times better than the control condition). 
Noteworthy, students’ monitoring was much more accurate in absolute than in relative 
terms; concretely, 6.27 times, 2.06 times, and 2.35 times respectively in the C, DC and 
DC + SA conditions. From this comparison across conditions we can also conclude that, 
although the gap between relative and absolute metacomprehension accuracy is still con-
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siderable, diagramming contributed to reduce the gap. Adding to the literature contrasting 
the two types of accuracy, our results corroborate that they are statistically independent and 
show that average students’ metacomprehension skills differ significantly from low relative 
accuracy to high absolute accuracy. Such a gap between students’ skills concerning the two 
types of accuracy might originate in or relate to the nature and interpretation of each type. It 
comes to say that for students it is much more difficult to discriminate their comprehension 
judgments among different texts than to judge each text separately as it would correspond to 
absolute metacomprehension accuracy. A possible reason for the smaller effect on absolute 
than relative metacomprehension accuracy therefore is that absolute accuracy was overall 
higher and accordingly, less room was left for differences between conditions.

The overconfidence effect for absolute accuracy (Gigerenzer et al., 1991; Koriat, 2012; 
Labuhn et al., 2010) was once again replicated. Overconfidence seemed to account for the 
gap between high and perfect absolute metacomprehension accuracy. Similarly, overconfi-
dence was the norm for self-assessments, but still their accuracy aligns with early findings 
in the metacomprehension literature that students can judge reasonably well the correctness 
of their answers, and with higher accuracy than their comprehension judgments (Glenberg 
& Epstein, 1985; Maki et al., 1994).

Cue diagnosticity and utilization

Comparing our findings to previous research (van de Pol et al., 2019, 2020; van Loon et 
al., 2014) in terms of cue diagnosticity and utilization, we observe that the patterns remain 
the same. The pattern of diagnosticity for diagram cues stably shows that the number of 
correctly completed boxes is the most diagnostic cue, while number of commission errors 
remains the least diagnostic. Analogously, the pattern of cue utilization remains that omis-
sion errors and completed boxes are the most utilized cues and commission errors the least, 
the latter being sometimes even negligible. Taken together, although the number of correct 
boxes is the most diagnostic diagram cue, it is does not seem to be the most utilized by the 
students. Contrary to our hypothesis, the scaffold of prompting self-assessments did not 
translate into increased utilization of the number-of-correct-responses cue, maybe, as sus-
pected above, because they already implicitly self-assess their answers as part of the task.

Regulation and reading comprehension

In concordance with previous diagramming studies (e.g., van de Pol et al., 2019; van Loon 
et al., 2014), a strong negative gamma correlation was found for metacomprehension-based 
regulation (i.e., association between comprehension judgments and restudy selections) both 
for facts and causal relations, with learners being more likely to select those texts for restudy 
that they judged their learning to be poor on. These results add to the evidence support-
ing the theoretical if-metacognitive-monitoring-then-metacognitive-control contingency 
(Winne, 2010) in the metacomprehension paradigm (Thiede et al., 2003). In other words, 
students’ restudy selections (i.e., metacognitive control) are markedly influenced by their 
comprehension judgments (i.e., metacognitive monitoring).

Regarding comprehension-based regulation (i.e., association between restudy selections 
and reading comprehension), no significant difference was found between conditions. Nev-
ertheless, the results for the control and both diagramming conditions are numerically quite 
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close to those of Van de Pol et al. (2019) in their control and diagram completion conditions, 
hinting at a stable effect.

Metacomprehension-based regulation, which accounts for the monitoring-control rela-
tionship, was over two times more effective for causal relations and over four times more 
effective for factual information than comprehension-based regulation, which accounts for a 
control-performance relationship. Although in different proportions, these findings replicate 
previous ones by Van de Pol et al. (2019) signaling a much stronger connection between 
monitoring and control (or regulation) than between control and performance. This is a 
quantified reflection of the consequences of low monitoring accuracy for students’ academic 
performance. A direct actionable consequence is thus that improving the accuracy of com-
prehension judgments (i.e., monitoring) would automatically enhance that of comprehen-
sion-based regulation.

Regarding test scores, the results were different compared to previous studies that used 
the same materials. For causal relations, Van Loon et al. (2014) found that delayed-dia-
gramming students significantly, and with a large effect size of η2

p = 0.14 (Cohen, 1988), 
outperformed control students in the test. Conversely, neither Van de Pol et al. (2019) nor us 
in this study found a significant difference for test scores of causal relations.

Limitations

Next, some potential limitations of the study are discussed. Pre-structured diagrams were 
provided to the students instead of asking them to create their own diagrams or concept 
maps. While the idea is to reduce the extraneous load of the intervention, as concept maps 
have been shown to require more training for their optimal effectiveness (Farrokhnia et al., 
2019), it can also happen that the student, even knowing the causal relations perfectly, strug-
gles to fit their causal relation structure into the diagram structure (e.g., sometimes they put 
together in a box what in the model answers belongs to two separate boxes). This situation 
can create some undesired and artificial misalignment in the cues. However, this potential 
limitation would apply equally to both diagramming conditions, thereby not affecting the 
relative comparison among them.

The results of the study, as pertains to the diagramming paradigm in general, correspond 
to the reading comprehension of causal relations. Different results might be obtained for 
example in the context of reading comprehension of declarative, conceptual, or procedural 
knowledge.

Furthermore, in the diagramming paradigm, regulation or control is limited to the restudy 
selections, but the repertoire of learning strategies is much wider (e.g., help-seeking and 
consulting other sources). Although regulation was not a central aspect of this study, it is 
important to consider it when analyzing the diagramming paradigm holistically in all the 
learning facets it represents (e.g., reading, generative learning, monitoring, and control).

Implications

The study has predominantly implications of theoretical and practical character since, meth-
odologically, we followed the diagramming paradigm tradition, including materials and 
operationalizations, in order to maximize comparability with previous studies and results.
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The study provided reinforcement for the theorized strong relationship between meta-
cognitive monitoring and metacognitive control, which is more often assumed than shown 
empirically. The problematic of students’ low relative metacomprehension accuracy is well-
known in the metacognition literature and attested by reviews of tens of studies (e.g., Maki 
1998; Prinz et al., 2020). This research showed that, conversely, students’ absolute meta-
comprehension accuracy is high (six times higher than relative accuracy in the control con-
dition, and two times higher in the diagramming conditions). Although absolute and relative 
accuracy are statistically independent from one another, an interesting implication of the 
diagram scaffold was that the gap between both types of accuracy was reduced.

Even more accurate than absolute metacomprehension were the self-assessments. 
Although mixed results have been found concerning self-assessment accuracy in the lit-
erature for different tasks and purposes, in the metacomprehension paradigm, of which dia-
gramming is a particularization, their high accuracy has been shown to be much more stable, 
and our results align with those previous ones. An implication is therefore that teachers 
could pedagogically use students’ self-assessments in tasks comparable to the metacompre-
hension paradigm and expect them to be reasonably accurate.

Last but not least, a practical implication is that teachers willing to help students to 
increase both their relative and absolute metacomprehension accuracy—and thereby their 
self-regulatory skills—of expository texts containing causal relations, can have them com-
plete causal relations diagrams about the texts, without explicitly asking students to self-
assess their diagrams; they seem to do that implicitly anyway.

Future Research

Future research should explore other scaffolds to focus students’ attention more on the 
diagnostic cues when making comprehension judgments. Nudging theory, originally from 
behavioral economics but increasingly applied to education (Damgaard & Nielsen, 2018), 
offers a framework to influence behavior while keeping autonomy. An interesting follow-
up research question, benefiting from cross-fertilization among disciplines, is then how to 
nudge students towards using more diagnostic cues.

Next to inappropriate cue utilization, inaccurate metacognitive monitoring can also 
result from an overload of cognitive resources (Butler & Winne, 1995). Theoretically, this 
warrants exploration in the light of Easterbrook’s (1959) influential cue utilization theory, 
which explained a performance reduction under too high arousal via a sharpened selectiv-
ity in the attention focus, causing a narrowing in the number of cues attended to. Method-
ologically, these aspects are of increasingly accessible exploration via wearable sensors that 
enable measuring arousal in a continuous, unobtrusive, objective, and real-time fashion. We 
expect such avenues of research to produce valuable insights on metacomprehension accu-
racy shortcomings from a different, scarcely explored angle. Such approaches have already 
been undertaken by means of self-reported arousal (e.g., Prinz et al., 2019).

Opportunities for better understanding cue-utilization are also evident with eye-tracking 
research by identifying the diagram areas that students look at, both by fixations on specific 
boxes and by saccades while transitioning between boxes.

Nudging theory, arousal theory, wearable sensors, and eye-tracking glasses are just 
examples from a fertile ground of multidisciplinary approaches that could leverage theo-
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retical and technological advances to further improve the already effective diagramming 
scaffold for raising metacomprehension accuracy.

Appendix A

Text “The Benefits of Music”.
Learning to play an instrument can have many benefits. This is because in order to read a 

sheet of music and to play notes one has to use various areas of the brain, such as the amyg-
dala and the hippocampus. Canadian research findings showed that as a result of using these 
different brain areas, 12-year-old children who learned to play music achieved higher scores 
on an IQ test. In addition, using the brain while learning music can improve spatial skills, 
which are useful for solving math tasks, such as fractions. Furthermore, music can help with 
retrieving memories. For example, an old song can remind you of something that happened 
a long time ago. Patients with Alzheimer’s disease can, for example, also be supported to 
recall memories through music. This was shown in research by the scientist Dr. Polk. He 
examined an elderly woman with Alzheimer’s, who turned out to recognize all the pieces of 
music she had learned in the past.

Text “Renovation of Concrete Buildings”.
Concrete is still a widely-used building material. For almost seventy years, many large 

buildings have been made of concrete. Today, concrete usually must be tested to indicate 
that it is a suitable material to build large buildings. When building with concrete, it is 
important to consider the consequences of the heating system that will be used in the build-
ing. Central heating can dry out concrete. When concrete dries, it shrinks. This means 
that concrete buildings tend to shrink and thus become smaller than they originally were. 
Because of this shrinkage, elevators in concrete buildings often get stuck at some point. That 
is why it is often necessary to make elevators smaller and to shorten the elevator shafts. In 
1952, the so-called Mazzo building was made of concrete panels. Due to the effect of central 
heating, the Mazzo building shrank by 12 cm. Mr. Nicolas, an elevator mechanic, explained 
that extensive renovation work was needed to adjust the elevators of the Mazzo building.

Appendix B

SPSS syntax for relative metacomprehension accuracy ANCOVA analysis with dyslexia as 
a covariate. The ANCOVAs of the other variables were carried out similarly.

UNIANOVA RelativeMetacomprehensionAccuracy BY Condition Dyslexia.
/METHOD = SSTYPE(3).
/INTERCEPT = INCLUDE.
/POSTHOC = Condition(BONFERRONI).
/EMMEANS = TABLES(Condition) COMPARE ADJ(BONFERRONI).
/EMMEANS = TABLES(Dyslexia) COMPARE ADJ(BONFERRONI).
/PRINT ETASQ DESCRIPTIVE PARAMETER.
/CRITERIA = ALPHA(0.05).
/DESIGN = Condition Dyslexia.
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