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A B S T R A C T   

Background: Monitoring is important for self-regulated learning from text, but is often inaccurate. Completing 
causal diagrams after reading texts has been shown to improve monitoring accuracy. 
Aims: We investigated whether providing one or two model answer diagrams and self-assessment instructions 
would improve learners’ monitoring accuracy, regulation accuracy, and text comprehension. Because little is 
known about how accurately learners who are reading in a language other than their home language monitor 
their comprehension, we also explored whether effects differed between readers who have English or another 
language as their home language. 
Sample: Participants were 258 secondary school students at international schools in Singapore and Spain; 103 
spoke a language other than English at home. 
Methods: Participants read 4 texts, completed diagrams on these texts, monitored comprehension, took a first 
comprehension test, self-assessed their diagram under one of 6 conditions resulting from a 3 (model answer: 0, 1, 
2) x 2 (self-assessment instructions: yes, no) design, made restudy decisions, made monitoring judgments, and 
completed a final comprehension test. 
Results: Comprehension benefitted most when learners had access to two model answers. There were no effects of 
model answers or self-assessment instructions on monitoring accuracy. Regulation accuracy improved with 
model answers combined with self-assessment instructions. There was no differential effect of home language. 
Conclusions: This study supports prior research showing the benefit of model answer diagrams on comprehension. 
Yet, improvements in regulation accuracy suggest that model answers combined with self-assessment in-
structions support more effective self-regulated learning behaviors.   

1. Introduction 

Reading with comprehension is an essential skill for full access to a 
knowledge society (reading news/social media, voting, etc.). Moreover, 
text comprehension is an essential skill for learning in secondary edu-
cation, and one that students reading in a foreign language often 
struggle with. Reading comprehension requires complex self-regulation 
skills: effective readers create an accurate mental model of the text as 
they interpret and integrate what they read with their prior knowledge 
(Kintsch, 1998, 2005; Kim, 2017), which requires that they monitor the 

quality of their mental model to ensure they understand what they read, 
and regulate their learning behaviors accordingly, by restudying (parts 
of) a text that are not yet understood well (Dunlosky & Rawson, 2012; 
Maki & Berry, 1984; Prinz et al., 2020a; Thiede et al., 2019). 

However, students’ comprehension monitoring (or meta-
comprehension; Dunlosky & Lipko, 2007) is often inaccurate, which 
results in suboptimal regulation (Thiede & Dunlosky, 1999) and 
consequently in remembering less information from the texts (Rawson 
et al., 2011). Inaccurate monitoring often results from making judg-
ments based on surface-level cues that are not predictive of actual 
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comprehension test performance, such as interest in the text topic, or 
ease of reading (Koriat, 1997). Generative activities (Fiorella & Mayer, 
2016), such as creating or completing a diagram that represents the 
causal relations described in the text (van de Pol et al., 2020; van Loon 
et al., 2014), give learners cues about the quality of their mental model 
(Kintsch, 1998) and thus improve monitoring accuracy (van de Pol et al., 
2019; 2020; 2021; Van Loon et al., 2014; Yang et al., 2023). 

While diagramming improves monitoring accuracy, its effects are 
only moderate (Prinz et al., 2020b). Feedback in the form of model 
answers (e.g., a correctly completed diagram) that students can use to 
self-assess their own diagram, providing more predictive cues about the 
quality of their own text representation, improves monitoring accuracy 
in other types of tasks (Follmer & Tise, 2021; Froese & Roelle, 2022; 
Rawson & Dunlosky, 2007; Van Loon & Roebers, 2017). A recent study 
suggests this also applies when diagramming immediately after reading 
a text (Braumann et al., 2024a). The present study builds on those 
findings to investigate if students’ text comprehension, monitoring ac-
curacy, and regulation accuracy would further benefit from receiving 
multiple standards (i.e., correct and partially correct) and explicit self--
assessment instructions when diagramming at a delay (i.e., after reading 
several texts). We also explore if these effects differ for students whose 
home language is not the language of instruction. 

1.1. Self-regulated learning from texts: monitoring and regulation 

Self-regulated learning from texts requires readers to accurately 
monitor their comprehension of the text in order to inform their sub-
sequent learning behaviors (i.e., regulation) (Thiede & Anderson, 2003). 
Readers show good comprehension of a text when they create an ac-
curate mental model (situation model) of the gist of the text (Kintsch, 
1998), based on their interpretation of the words and sentences, inte-
grated with their prior knowledge. 

However, students from elementary through tertiary education 
typically struggle to accurately monitor how well they understand what 
they read (Prinz et al., 2020a). Monitoring accuracy, measured by 
comparing learners’ judgments of how well they understand a text 
(Judgments of Learning, or JoLs) with their actual performance on a 
comprehension test about that text, has been found to be rather low 
(Maki, 1998; r = 0.24 in Prinz et al., 2020a; mean correlation = 0.242 in 
Yang et al., 2023). Typically, learners overestimate their understanding 
(Follmer & Tise, 2021; Foster et al., 2016; Griffin et al., 2019; Lipko 
et al., 2009). Without accurate monitoring, learners struggle to make 
accurate regulation decisions. 

Regulation refers to when learners adapt, or plan to adapt, their 
learning behavior or strategies, ideally based on the insights obtained 
through monitoring (Griffin et al., 2013). Regulation behavior may 
include the decision to terminate studying a text if it is well-understood 
or to restudy a text to create a stronger mental model if it is not yet 
well-understood. Regulation accuracy refers to how well learners’ regu-
lation decision matches their comprehension. Learners with high regu-
lation accuracy make regulation decisions that match their (judgments 
of their) comprehension; that is, there are two measures of regulation 
accuracy, one that captures how well regulation decisions match actual 
comprehension (comprehension-based regulation accuracy) and one that 
shows how well regulation decisions match monitoring judgments of 
comprehension (monitoring-based regulation accuracy). The latter in-
dicates if students use their monitoring judgments to inform their 
regulation decisions; the former indicates whether their regulation de-
cisions match their actual learning needs. In case of fully accurate 
monitoring, the values of both regulation accuracy measures would be 
the same. Learners show low regulation accuracy when they (judge 

they) do not understand a text yet decide not to restudy it, or when they 
(judge they) do understand a text well but decide to spend valuable 
study time restudying that same text. Thus, for effective self-regulated 
learning, students also should have high regulation accuracy, and ac-
curate monitoring seems a pre-condition for accurate regulation. 

1.2. Improving monitoring accuracy 

Understanding the theoretical basis of monitoring accuracy ensures 
interventions designed to improve monitoring accuracy target the 
relevant mechanisms. The Situation-Model Approach to Meta-
comprehension (Yang et al., 2023) relies on Koriat’s (1997) cue utiliza-
tion framework, which posits that learners do not have direct insight 
into their actual comprehension, but rather, rely on various cues when 
monitoring their comprehension. Some cues, such as a learner’s ability 
to summarize the gist of a text, are highly predictive, or diagnostic, of 
their comprehension, whereas others, such as ease of reading, personal 
interest in a topic, size of font, are not (Griffin et al., 2019; Thiede et al., 
2010). If learners’ monitoring judgments are inferential and based on a 
variety of predictive and non-predictive cues, then some judgments will 
be more accurate than others, depending on the diagnosticity of the cues 
the learner used to make that specific judgment (Koriat, 1997). When 
learners have access to cues that give them insight into their mental 
model of the text (situation model; Kintsch, 1998), their meta-
comprehension judgments should be more accurate. 

Given the Situation Model Approach to Metacomprehension, 
diagramming, and especially delayed diagramming, should improve 
monitoring accuracy because completing a diagram of the causal re-
lations described in the text gives learners access to diagnostic cues 
regarding their situation model of the text (e.g., when they cannot 
complete all boxes, they know they have not sufficiently understood the 
text). This is especially so when diagramming is done at a delay, because 
the diagram is completed based on the mental model held in long-term 
memory, not the surface features which would have degraded from short 
term memory due to the delay. Indeed, adolescents who read texts and 
then created diagrams of the underlying causal structure of texts at a 
delay (i.e., after reading all six texts) had improved monitoring accuracy 
compared to those who created diagrams immediately after reading a 
text and also compared to those who did not complete diagrams (van 
Loon et al., 2014). This finding has been replicated in a study by Van de 
Pol et al. (2019), which found that both drawing diagrams and 
completing diagrams at a delay improved monitoring accuracy over no 
diagram control conditions. 

Delayed diagramming has a moderate impact on monitoring accu-
racy (g = 0.72; Prinz et al., 2020b), and there is room for further 
improvement. An additional intervention that has been found to be 
effective with other types of generative activities to support monitoring 
accuracy is to provide feedback on the generated product in the form of 
standards, or model answers. Such feedback provides learners with more 
diagnostic cues about the quality of their own generated product, as they 
compare their response to the standard and use it to improve compre-
hension (Braumann et al., 2024a). Feedback has been shown to improve 
monitoring accuracy in several studies, for instance: Using correct 
answer feedback to evaluate middle school students’ key term defini-
tions (Lipko et al., 2009); providing correctness feedback on a reading 
comprehension test (Follmer & Tise, 2021); providing feedback on 
secondary students’ self-assessment of their problem-solving skills 
(Baars et al., 2014); and using full definitions to self-assess key term 
learning (Dunlosky et al., 2011). Recently, Braumann et al. (2024a) 
found that immediate diagramming with a model answer standard 
improved monitoring accuracy and text comprehension in 18–23 year 
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olds. This could be because feedback supports learners in engaging with 
their situation model. Given that delayed diagramming gives learners 
access to cues about their situation model and results in higher moni-
toring accuracy than immediate diagramming, it is important to know 
whether feedback further improves monitoring accuracy over and above 
the moderate improvement already provided by delayed diagramming. 

To benefit from model answer feedback, learners should actively 
engage with the feedback and compare their answers with the model 
answers (Nicol, 2020). Yet not all studies explicitly instructed them to do 
so (exceptions: Dunlosky et al. (2011) and Lipko et al. (2009)). It is 
unclear to what extent explicit self-assessment comparison instructions 
impact the effectiveness of feedback interventions in improving moni-
toring accuracy. 

There is evidence that having access to multiple examples of correct 
answer feedback may support learners in engaging better with the 
feedback (Nicol, 2020) and improving subsequent work (Lin-Siegler 
et al., 2015), particularly for generative writing activities. Learners are 
thought to engage with feedback through a comparison process (Butler 
& Winne, 1995; Nicol, 2020), and having multiple model answers allows 
them to compare their response to the correct standard and also the 
partially correct model to the correct standard. These multiple com-
parisons could result in more engagement with the standard and could 
generate more diagnostic cues as learners examine their own and the 
partially correct model for differences with the correct standard. How-
ever, there is no empirical evaluation of the differential impact of no, 
one or two different model answers on monitoring accuracy. 

Moreover, little is known about the impact of feedback on regulation 
accuracy. As the desired outcome of improved monitoring accuracy is 
better regulation accuracy (which in self-regulated learning situations 
would ultimately lead to better comprehension), prior findings about the 
effect of generative activities on regulation accuracy are also relevant. 
Previous studies have either not calculated regulation accuracy, or 
shown readers to have high regulation accuracy which is not signifi-
cantly impacted by delayed diagramming interventions (van de Pol 
et al., 2019; van Loon et al., 2014). 

Finally, it is an open question whether such interventions are less, 
equally, or more effective for students who have a home language other 
than the language of the intervention. Very little research on monitoring 
and regulation has addressed this issue. There is evidence that language 
proficiency correlates with performance on language-based tasks (e.g., 
OECD, 2012) and there is evidence of a bilingual advantage for 
higher-order skills (Adesope et al., 2010; Grundy & Timmer, 2017). Like 
other higher-order skills, monitoring accuracy is often measured using 
verbal instructions (Buehler et al., 2021) and may therefore be affected 
by language proficiency (Ebert, 2015). Given the interplay between 
language skills and metacognition, it is not clear whether and how 
having a home language other than the language of instruction might 
impact monitoring accuracy. A prior study that did examine monitoring 
accuracy of learners reading in a second language showed that students 
answered more comprehension questions correctly when working in 
their home language, but found no differences in monitoring accuracy 
between students working in their home or a second language (Buehler 
et al., 2021). 

1.3. The present study 

Accurately monitoring comprehension of text is an important skill in 
secondary education, especially as students prepare to transition to 
tertiary education. We investigated to what extent self-assessment in-
structions and the number of model answers individually and jointly 
affect students’ text comprehension, monitoring, and regulation 

accuracy. We used a typical metacomprehension accuracy paradigm 
(Griffin et al., 2019; Prinz et al., 2020a; van de Pol et al., 2020), spe-
cifically the delayed diagramming design (van de Pol et al., 2019; 2021; 
van Loon et al., 2014) and modified it by adding a novel comparative 
self-assessment phase that empirically assesses the impact of multiple 
model answers and comparison-based self-assessment instructions. 
Thus, this study builds on the literature on improving self-monitoring 
and self-regulation accuracy by means of generative activities, in 
particular, diagramming, and makes three new contributions to it, by 
evaluating whether: 1) feedback via model answers, and especially 
multiple model answers, improves text comprehension, monitoring ac-
curacy and regulation accuracy with delayed diagramming; 2) explicit 
self-assessment instructions further improve comprehension, moni-
toring and regulation accuracy; and 3) alignment of home language and 
language of instruction has an impact on the efficacy of the intervention. 

In the present study, all secondary school students read four different 
texts in English, completed diagrams of the relationships presented in 
the texts, judged their understanding, and completed a comprehension 
test of causal relations. In the self-assessment phase, participants then 
received no, one (correct), or two (correct and partially correct) model 
answers and were provided with their diagram along with the model 
answers (no self-assessment instructions) or were explicitly asked to 
compare their diagram to model answers (self-assessment instructions). 
Participants were then asked to indicate what updates they would make 
to their diagram based on their self-assessment and to make restudy 
decisions, after which they engaged in a second round of judgments of 
learning and a second test of inferences. 

We addressed the following research questions (RQs): 

RQ1: To what extent does the availability of a correct model answer, 
or a combination of correct and partially correct model answers, and 
self-assessment instructions individually and jointly affect students’ 
comprehension, monitoring, and regulation accuracy? 

Based on McCrudden et al. (2007) and Braumann et al. (2024a), who 
found beneficial effects of receiving a (correct) model answer on 
monitoring accuracy and comprehension, we expected that availability 
of model answers would lead to higher text comprehension (H1a), 
higher monitoring accuracy (H2a), and higher regulation accuracy 
(H3a) compared to no model answers. Based on Nicol (2020), we 
furthermore expected that receiving two model answers of varying 
correctness would be more beneficial than one model answer for text 
comprehension (H1b), monitoring accuracy (H2b), and accuracy (H3b), 
as receiving one fully and one partially correct model answer provides 
more opportunities for learners to engage with the feedback and esti-
mate the quality of their own diagram. We also expected an interaction 
effect with comparison instructions, such that explicitly prompting 
learners to compare their own and the model answers would lead to 
higher comprehension (H1c), monitoring accuracy (H2c) and regulation 
accuracy (H3c) compared to the other conditions. 

RQ2: How does home language (English or not English) impact how 
comparative self-assessment and the number of model answers 
individually and jointly impact comprehension, monitoring accu-
racy, and regulation accuracy? 

Based on Buehler et al. (2021), we predicted that participants whose 
home language is English (the language of instruction at the school and 
the language of the intervention) have better comprehension than those 
whose home language is not English. We explored whether the inter-
vention would support the monitoring and regulation accuracy of 
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non-home language English students more than English home language 
speakers. 

2. Methods 

2.1. Participants and design 

In total, 435 grade 11 and 12 students enrolled at English-language 
instruction international schools1 in Singapore and Spain were invited 
to participate in the study through their English and/or psychology 
classes. The participating schools have highly diverse student pop-
ulations, representing 100+ nationalities. An a priori power analysis for 
3 × 2 ANOVA in G*Power (version 3.1.9.6; Faul et al., 2007) showed 
that 244 participants were needed to achieve a power of 0.80 with a 
medium-sized effect (0.20). The number of students who were present 
on the day of the study, who consented to participate in the study, and 
who completed the study during the class period was 258 (age: M =
16.5, SD = 0.75); we did not collect data on student absences and we did 
not collect data on how many students did not complete the study due to 
technical difficulties (e.g., wifi issues, page loading errors, etc.) vs other 
reasons. Because we did not expect gender differences in meta-
comprehension accuracy based on the prior literature, we did not solicit 
information about participants’ gender. 103 participants reported hav-
ing a home language other than English. Students participated as part of 
their regular classes, so all students present participated in the study. 
However, active consent was obtained from students for use of their 
data, parents were informed at least one week in advance and gave 
passive consent for the use of their child’s data (i.e., they could opt out). 
No parents opted out and three students did not consent to having their 
data used. Ethical approval for this study was obtained from the Ethics 
Committee of Utrecht University in October 2021. 

The study had a 3 × 2 between-subjects design with factors Model 
Answer (0/1 (correct)/2 (correct, partially correct)) and Self- 
Assessment Instruction (yes/no). Participants were randomly assigned 
to one of the six conditions: No model answer and no self-assessment 
instructions (control) (n = 51); One model answer and no self- 
assessment instructions (n = 43); Two model answers and no self- 
assessment instructions (n = 42); No model answer and self- 
assessment instructions (n = 39); One model answer and self- 
assessment instructions (n = 47); Two model answers and self- 
assessment instructions (n = 36). The study consisted of two phases. 
The first phase followed the typical ‘generation paradigm’: Participants 

read texts; completed a causal diagram; judged their understanding; and 
completed a comprehension test. In the second phase, participants 
reviewed their diagram along with (depending on assigned condition) 0, 
1, or 2 model answers and with or without explicit instructions to self- 
assess their diagram; identified updates for their diagram; made 
restudy decisions; judged their understanding; and again completed a 
comprehension test. 

2.2. Materials 

The materials were based on those used in van Loon et al. (2014) and 
van de Pol et al. (2019; 2021). All materials were presented in the 
Gorilla Experiment Builder online platform in English (http://www. 
gorilla.sc). 

2.2.1. Initial instructions 
The initial instructions presented participants with a visual overview 

of the steps of the study and a practice trial with all steps and in-
structions of their assigned condition. 

2.2.2. Prior knowledge test 
The prior knowledge test consisted of four questions, one open- 

answer question based on the topic of each text (e.g.,“In the United 
States, subway cars have been sunk into the ocean. What are some 
consequences of this?”). Each test question was presented on a separate 
screen. 

2.2.3. Texts 
Four texts on various science and social science topics were pre-

sented, each on a separate screen. The texts contain causal connections 
so readers can make causal inferences (Wiley et al., 2005). Three of the 
texts (Suez Canal, Botox, Subway Cars) were based on those used in 
previous delayed diagramming studies (van de Pol et al., 2019, 2021; 
van Loon et al., 2014); they were translated into English and the 
translations were checked by an expert on text comprehension and a 
home language English speaker. One additional text (Pesticides) was 
created for this study to ensure that there was a balance of diagram types 
represented (i.e., two texts required linear diagrams, two texts required 
serial diagrams; see Fig. 1). Average length of the four texts was 172.25 
words (SD = 4.2). The Gorilla software randomized the order of the four 
texts for each participant (but individual participants received the same 
order in each phase of the study, i.e., the diagrams were in the same 
order as the texts). Two sample texts (corresponding to the diagrams in 
Fig. 1) along with the relevant comprehension test questions are pro-
vided in the Supplementary Materials. 

2.2.4. Diagrams 
Participants were provided with diagrams that included the correct 

number of nodes in the correct layout (linear or serial) based on the 
underlying causal structure of the text. In addition, the information for 
one node (either the first or final) was always provided. Each diagram 
required participants to complete four empty nodes with causally con-
nected information from the relevant text. Participants were instructed 
to fill in the information in the remaining nodes and were also encour-
aged to include causal transition words or phrases in the diagram such as 
‘because’ or ‘therefore’. Each diagram was presented on a separate 
screen. 

2.2.5. Judgments of learning 
Participants were asked to judge their understanding of the causal 

relations presented in the texts (response options ranging from 0 to 4), 
using the following prompt: “How many points do you think you will 
receive on a test question assessing your comprehension of the con-
nections between the different ideas in the text “TEXT TITLE”?” The 
judgment of learning for each text was presented on a separate screen 
and required a response. Judgments were made after completing the 

1 International schools refer to English-medium schools which offer 
internationally-recognized exit qualifications (e.g., International Baccalaureate 
Diploma, Advanced Placement). International Schools can be classified as Type 
A (traditional), which are those which were founded to educate the children of 
expatriates around the world; Type B (ideological), which are committed to 
education for global peace; and Type C (non-traditional), which are for-profit 
and serve the local (host country) upper and middle class families (Bunnell 
et al., 2016). International schools currently serve almost 7 million students 
around the world (ISC Research, 2024). The international schools involved in 
the study were traditional, established to provide an English-language educa-
tion primarily to children of expatriates (or dual nationals), with one included 
school also educating students from other countries with a mission of educating 
for peace. The majority of students attending the schools are considered Third 
Culture Kids, defined as “a person who spends a significant part of his or her 
first 18 years of life accompanying parent(s) into a country that is different from 
at least one of the parent’s passport country(/countries) due to a parent’s 
choice of work or advanced training” (Pollock et al., 2017; cited in Tan et al., 
2021). All included schools offered the same internationally-recognized quali-
fication (International Baccalaureate Diploma Programme) and also accepted 
students with limited English proficiency as part of their admissions process. 
Given the similarities in terms of school type, student backgrounds, and 
educational program, the participants from the different schools are expected to 
be similar. 
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diagram in phase 1 (JoL1) and after making restudy decisions in phase 2 
(JoL2). 

2.2.6. Comprehension tests 
Participants completed two comprehension tests, one at the end of 

each phase (Test1 and Test2, respectively). These two comprehension 
tests were identical to each other and consisted of four questions in total, 
one question per text, each of which required participants to recall four 
causal relations (see Supplementary Materials). Each question appeared 
on a separate screen. 

2.2.7. Diagram review, model answers, and self-assessment instructions 
At the start of the second phase, all participants were presented with 

their own filled-out diagram to review. Depending on their assigned 
condition, they also received model answer diagrams (0,1,2) along with 
their own diagram, and received instructions (or not) to self-assess their 
diagram. When participants received zero model answers, they saw only 

their own completed diagram on the screen. When participants saw one 
model answer, it was a correct standard model answer presented 
alongside their own diagram. Participants were told “Here is a sample 
diagram for [TITLE] text. This diagram would receive 4 points (full 
marks).” When participants saw two model answers, one was the correct 
standard model answer and the other contained one commission error; 
these were again presented alongside their own diagram. In the model 
answer that contained an error, the text in the remaining nodes was 
correct, but was not identical to the correct standard diagram, thus 
requiring close reading of the diagrams to identify the commission error. 
They were told “Here are two sample diagrams for [TITLE] text. This 
diagram would receive 4 points (full marks). This diagram would receive 
3 points.” The diagrams were presented in the same order between 
conditions, such that participants’ own diagrams were always displayed 
at the top of the screen (0, 1, and 2 model answer), the correct model 
answer was displayed below the participant response (1 and 2 model 
answers), and the partially correct model was displayed at the bottom of 

Fig. 1. Example serial and linear diagram.  
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the screen (2 model answers). 
Participants in the self-assessment instruction conditions received an 

additional prompt to self-assess their own diagram. Those who did not 
receive any model answers were prompted with “Please study your di-
agram. Be sure to compare your diagram to the task instructions.” Those 
who received one or two model answer(s) were told “Please study the 
diagram(s). Be sure to compare your own diagram to the diagram that is 
provided.” See Supplementary Materials for sample correct and partially 
correct diagrams. 

2.2.8. Diagram updates 
Participants were provided with their diagram and the model an-

swers according to their assigned condition and were asked “What is one 
change you would make to this diagram?” followed by “Why would you 
make this change?”, all on one screen. They had an option to make more 
changes, which would bring them to the same (blank) screen again. The 
maximum number of changes any participant made was 4. 

2.2.9. Restudy decisions 
Participants were told there would be a second test on the texts and 

“You will now have the chance to decide if you would like to restudy any 
of the texts before taking the test.” On the next screen, they were pro-
vided with all four text titles and a yes/no selection for whether they 
would like to restudy the text. Then they were told “In the interest of 
time, you will not restudy the selected texts during this session,” and 
were taken to the final judgments of learning and test. 

2.3. Procedure 

Students participated at their schools, as part of their regular classes. 
The study had the duration of one lesson period (ca. 75 min.) The par-
ticipants accessed the study materials from their laptops in class. Par-
ticipants were provided a link, provided (or withheld) consent for the 
use of their data, read the initial instructions and then completed a 
practice trial aligned with their assigned condition, which was randomly 
assigned in balanced mode (random without replacement) by the Gorilla 
software. They were given the opportunity to ask questions at this point 
if anything in the procedure was unclear to them. Then, all participants 
completed the prior knowledge test and read all four texts (order ran-
domized between participants); they could not go back to review a 
previously-read text. Then participants completed the diagramming 
task, filling out the diagrams for each of the four texts (in the same 
order) without having access to the texts. After completing all four di-
agrams, participants were asked to make a judgment of learning on each 
of the four texts. Subsequently, they completed the comprehension test 
on all four texts. This was followed by the diagram review, during 
which, depending on assigned condition, participants were presented 
with zero, one, or two model answers and were instructed (or not) to 
self-assess their diagram. All participants were then asked, for each di-
agram, to indicate what updates they would make to their own diagrams 
and provide a reason for that update. Next, participants had the option 
to select texts for restudy, were asked to make judgments of learning 
again on each of the four texts, and finally, completed the comprehen-
sion test again. 

2.4. Measures 

For all measures, 10% of the participant responses were scored by 
two coders independently. Interrater agreement was good (see α values 
below; Krippendorff, 2004), so the remainder were coded by a single 
rater (first author). 

2.4.1. Performance on tests 
The prior knowledge tests were scored by assigning one point per 

correct idea unit from the diagram/comprehension test scoring guide (i. 
e., possible range: 0–4 points). We did not subtract points when 

incorrect information was provided (Krippendorff α = 0.80). 
Comprehension tests were scored using coding schemes from other 

studies that used the same materials (e.g., van de Pol et al., 2021). On 
each test question, participants could receive 0–4 points, one point per 
correct idea unit that was causally connected to preceding ideas. Test 
responses were segmented into idea units and each segment was scored 
as correct, a commission error (incorrect information or repeated in-
formation), or an omission error (omitted information). Participants got 
credit for correct idea units and no credit for errors; we did not subtract 
points for errors (segments α = 0.85, correct elements α = 0.95, com-
mission errors α = 0.87, correct sequences α = 0.88). 

2.4.2. Monitoring accuracy 
Students’ absolute monitoring was computed by taking the absolute 

(i.e., unsigned) difference between a participant’s judgment of learning 
about a text and their actual performance on the comprehension test on 
that text; absolute monitoring was computed twice per participant, once 
in each phase. Values range from 0 to 4; scores of 0 indicate perfect 
monitoring accuracy. 

2.4.3. Regulation accuracy 
Regulation accuracy can be defined in two different ways: 

monitoring-based or comprehension-based, as described in section 1.1. 
Monitoring-based regulation accuracy reflects the correlation between 
students’ judgment of learning about a text and their restudy decision 
for that text (i.e., whether they select less-well understood texts for 
restudy). This measure shows to what extent the learner accurately uses 
their monitoring judgment to inform subsequent study activities. How-
ever, it does not reflect whether the restudy decision was accurate in the 
sense that it is what the learner should be doing, based on their actual 
performance. Thus, comprehension-based regulation accuracy reflects 
the correlation between students’ actual performance on the compre-
hension test about a text and their decision to restudy that text. 

We calculated absolute measures of both measures of regulation 
accuracy based on the second set of judgments of learning and restudy 
decisions (monitoring-based) and the second comprehension test scores 
and restudy decisions (comprehension-based) per text. We used the 
approach of Baars et al. (2014; also used in van de Pol et al., 2021): Low 
judgments of learning or test scores combined with the (desirable) de-
cision to restudy that text resulted in higher accuracy (closer to 1), and 
higher judgments of learning or test scores combined with the (desir-
able) decision not to restudy that text resulted in higher accuracy (see 
Table 1). 

2.5. Data analysis strategy 

To analyze the effects of self-assessment instructions and model an-
swers on students’ test performance, monitoring and regulation accu-
racy, we fitted linear mixed models using the lme4 package and obtained 
the result using the anova () function, which provides F statistics based 
on sequentially decomposing the contributions of the fixed effects (Bates 
et al., 2015). The linear mixed models accounted for the nested data 
structure with texts (level 1) clustered in students (level 2), with number 
of model answers (0, 1, 2) and self-assessment instructions (yes, no) as 
fixed effects, as well as an interaction between model answers and 
self-assessment instructions. The adjusted intra-class coefficients (ICCs) 

Table 1 
Regulation accuracy conversion.  

JoL2 or Test2 score: Restudy Decision: No Restudy Decision: Yes 

0 0 1 
1 0.25 0.75 
2 0.5 0.5 
3 0.75 0.25 
4 1 0  
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for all outcome variables indicate 24%–62% of the random variance in 
monitoring accuracy, comprehension, and regulation were due to dif-
ferences between students. We used the maximum likelihood estimation 
with robust standard errors (lmer default, REML = true) which is robust 
to non-normality and which excludes missing data. To explore the ef-
fects of home language on our outcome variables, we re-ran the same 
models, adding home language as a fixed effect and as a third interaction 
term. We used the check_model () function (Luedecke et al., 2021) to 
confirm the data met the assumptions for all models. The dataset is 
available on OSF at https://osf.io/4dhxm/?view_only=6010f8c601ab4 
78dac52d7faf6579026. 

3. Results 

3.1. Preliminary analyses 

To understand how accurate participants’ monitoring was overall, 
and whether they tended towards over- or underestimation, we con-
ducted exploratory preliminary analyses on monitoring accuracy on the 
first test. Accuracy was relatively high in this sample. Of the monitoring 
judgments made at time 1, 30% were perfectly accurate, and 71% were 
highly accurate (monitoring accuracy of 0 or 1). In addition, almost 10% 
of participants (24 participants) had high monitoring accuracy (0 or 1) 
on all four texts at time 1. Nevertheless, there was a deviation of 1 or 
more on 70% of the judgments, and a mixed-effects model with the 
calculated difference between judgments of learning and performance as 
fixed effects at time 1 showed that on average, participants tended to 
over-estimate their understanding, meaning that their judgment of 
learning scores exceeded their test performance scores, t(257) = 5.10, p 
< 0.001. Table 2 provides descriptive statistics of all main variables, per 
condition; descriptive statistics for participants with a home language 
other than English are available in Supplementary Materials. 

3.2. Effect of model answers and self-assessment instructions on text 
comprehension (H1) 

There was a significant main effect of model answers on students’ 
comprehension test performance in phase 2, F (2,252) = 3.45, p = .03. 
There was no significant main effect of Self-Assessment Instruction, F 
(1,252) = 1.52, p = .22, and no significant interaction effect, F (2,252) 
= 0.83, p = .44. As for the effects of model answers, pairwise compar-
isons showed that students who received two model answers performed 
significantly better on the second comprehension test than students who 
received no model answers, t (252) = − 2.56, p = .03. No other com-
parisons were significant. 

3.3. Effect of model answers and self-assessment instructions on 
monitoring accuracy (H2) 

We found no significant main effect of model answers, F (2,252) =
0.43, p = .65, or self-assessment instructions, F (1,252) = 2.24, p = .14, 
nor a significant interaction effect, F (2,252) = 0.50, p = .61, on 
monitoring accuracy in phase 2. 

3.4. Effect of model answers and self-assessment instructions on 
regulation accuracy (H3) 

There was a small, significant main effect of model answers on 
monitoring-based regulation accuracy, F (2,252) = 5.14, p = .007, 
partial η2 = .04, and on comprehension-based regulation accuracy, F 
(2,252) = 3.04, p = .05, partial η2 = .02. There was no significant main 
effect of self-assessment instructions on either monitoring-based, F 
(1,252) = 0.07, p = .80, or comprehension-based, F (1,252) = 0.02, p =
.90, regulation accuracy. However, there was a small but significant 
interaction effect of model answers and self-assessment instructions on 
monitoring-based regulation accuracy, F (2,252) = 5.05, p = .007, Ta
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partial η2 = .04, but not on comprehension-based regulation accuracy, F 
(2,252) = 2.07, p = .13 (H3c). 

The interaction effect is visualized in Fig. 2. The figure suggests that 
receiving model answers positively affected students’ monitoring-based 

regulation accuracy when they were not instructed to compare their 
answers to the model answer, whereas for students who did receive such 
instructions, accuracy only improved when they received two model 
answers. Pairwise comparisons were conducted using the emmeans 

Fig. 2. Plot of model answer and self-assessment instructions on monitoring-based regulation means.  

Fig. 3. Plot of model answer and self-assessment instructions on monitoring-based regulation means with home language as a factor.  

S.L. Hepner et al.                                                                                                                                                                                                                               
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function in R (Lenth, 2023) to explore the differences in 
monitoring-based regulation accuracy across the interaction number of 
model answers and self-assessment instructions (yes or no), using the 
Kenward-Roger degrees of freedom and the Tukey p-value adjustment 
method. The greatest difference in monitoring-based regulation accu-
racy was between those with no model answers and no self-assessment 
instructions compared to those with two model answers and 
self-assessment instructions (estimated mean difference = -0.15, t (252) 
= − 3.25, p = .02), while those who had access to self-assessment in-
structions also did significantly better when they had two model answers 
instead of one (estimated mean difference = -0.15, t (252) = − 2.92, p =
.04). 

3.5. Impact of home language on comprehension, monitoring accuracy 
and regulation (RQ2) 

The models that added home language not English as a factor showed 
no main effect of home language (monitoring accuracy: F (1,237) =
0.06, p = .8; comprehension: F (1,237) = 2.95, p = .09, partial η2 = .01; 
monitoring-based regulation accuracy: F (1,237) = 0.02, p = .90; 
comprehension-based regulation accuracy: F (1,237) = 0.19, p = .66), 
and otherwise yielded a rather similar pattern of results as the models 
without home language: A main effect of model answers on compre-
hension test performance at time 2, F (2,237) = 4.37, p = .01, partial η2 

= .04, with a significant difference between 0 and 1 model answers, t 
(237) = − 2.41, p = .04, and a significant difference between 0 and 2 
model answers, t (237) = − 2.66, p = .02, but not between 1 and 2 model 
answers, t (237) = − 0.32, p = .95. In addition, there was a main effect of 
model answers on monitoring-based regulation accuracy, F (2,237) =
7.18, p = .001, partial η2 = .06, and on comprehension-based regulation 
accuracy, F (2,237) = 3.50, p = .03, partial η2 = .03. For monitoring- 
based regulation accuracy there was a significant difference between 
0 model answers and 2 model answers, t (237) = − 3.59, p = .001, and 
between 1 and 2 model answers, t(237) = − 2.93, p = .01. For 
comprehension-based regulation accuracy, there was only a significant 
difference between 1 and 2 model answers, t (237) = − 2.38, p = .048. As 
with the analysis without the home language variable, there was an 
interaction effect for monitoring-based comprehension accuracy, F 
(2,237) = 3.63, p = .03 (Fig. 3). 

4. Discussion 

We investigated whether text comprehension, monitoring, and 
regulation accuracy could be further improved by providing feedback in 
the form of one (correct) or two (correct and partially correct) model 
answers and explicit self-assessment instructions after diagramming the 
causal relations in a text. We also explored whether the impact of model 
answers and self-assessment instructions was different for speakers of a 
home language other than English. 

4.1. Do model answers and self-assessment instructions affect text 
comprehension (H1), monitoring accuracy (H2) and regulation accuracy 
(H3)? 

With regard to text comprehension, the results partially support our 
hypothesis that model answers would improve comprehension (H1a) 
and that two model answers would be better than one or none (H1b), 
especially when self-assessment instructions were provided (H1c). 
Indeed, we found that students who received two model answers out-
performed students who did not receive model answers on the final 
comprehension test. However, based on prior studies (McCrudden et al., 
2007; Braumann et al., 2024a, 2024b) we would have expected that 
receiving one correct diagram would also be beneficial for text 
comprehension, as a diagram is thought to make implicit causal re-
lations from the text visually available to learners and students report 
using diagrams to prepare for comprehension tests (Braumann et al., 

2024b). We should note that in those studies, the correct diagram was 
studied immediately after reading or reading + diagram completion, 
whereas we applied a delayed design. Possibly, benefits of diagram 
study for text comprehension only arise when initial reading and 
studying a visualization of the important relations in the text in a correct 
diagram are more closely connected in time. Moreover, while an overall 
beneficial effect of model answers compared to no model answers was 
found by Braumann et al. (2024a), exploratory post-hoc analyses sug-
gest that this effect was mainly driven by the diagramming + correct 
diagram condition compared to the no diagramming/no model answer 
control condition. Similarly, a recent study (which appeared after our 
study was conducted) showed that immediate diagramming with a 
correct model answer improved comprehension more than delayed 
diagramming with a correct model answer (Braumann et al., 2024b). 
Our findings suggest that delayed diagramming followed by two model 
answers (a correct and partially correct one) was effective for improving 
text comprehension. Perhaps it was the opportunity to examine both a 
correct and partially correct model answer, allowing participants to 
examine the differences between the diagrams, and therefore get a 
better understanding of the important features of the correct causal re-
lations, which further improved comprehension over the diagramming 
intervention alone and provided the expected benefit of model answers. 
This finding adds to the literature on the effects of feedback on students’ 
performance (e.g., Koenka et al., 2021; Nicol, 2020). 

As for monitoring accuracy, the finding from the preliminary ana-
lyses that students tend to overestimate their performance is in line with 
findings from many prior studies (e.g., Griffin et al., 2019; Lipko et al., 
2009). With regard to our hypotheses, in contrast to our expectations, 
we found no significant effects of model answers (H2a&b) alone or 
combined with self-assessment instructions (H2c). It is hard to explain 
why receiving one or two model answers would not improve students’ 
monitoring accuracy, especially when they also received explicit in-
structions to compare their own diagram to the model answer(s), yet this 
finding is in line with the recent study by Braumann et al. (2024b), who 
similarly found no significant effect of receiving a model answer in 
delayed diagramming. One possible reason is that on average, students 
in the present study were quite accurate, with the preliminary analyses 
showing that 71% of the monitoring judgments deviated not at all or 
only by 1 point from their actual performance on the first test (before the 
model answers were presented). It could also be that the delayed 
diagramming intervention all participants engaged in gave them access 
to effective cues regarding their situation model (i.e. strong control 
condition) and perhaps the model answer intervention was not strong 
enough to further improve metacomprehension accuracy. 

Finally, we expected the hypothesized beneficial effects of model 
answers and self-assessment instructions on monitoring accuracy and 
text comprehension to translate into improved regulation accuracy as 
well. Interestingly, despite the fact that we found no significant effects of 
our interventions on monitoring accuracy, we did find a significant main 
effect of model answers on monitoring-based and comprehension-based 
regulation accuracy, as well as an interaction effect of model answers 
and self-assessment instructions on monitoring-based regulation accu-
racy. These findings suggest that students who received model answers 
used their monitoring judgments when making restudy decisions, and 
more so when they received two model answers of varying correctness 
combined with self-assessment instructions. Note, that this measure 
shows they used their monitoring judgments when making regulation 
judgments, which is important in self-regulated learning, because when 
monitoring is accurate, we want learners to rely on these judgments to 
make regulation decisions. However, since monitoring accuracy did not 
increase, monitoring-based regulation decisions are not necessarily in 
line with students’ actual needs for restudy. It is also somewhat sur-
prising in light of the lack of significant effect on monitoring accuracy, 
that the effect of model answers on comprehension-based regulation 
accuracy shows that students who received model answers made restudy 
decisions that were in line with their actual test performance. Although 

S.L. Hepner et al.                                                                                                                                                                                                                               
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many studies on improving self-monitoring and self-regulation only use 
one measure of regulation accuracy, our results highlight the impor-
tance of evaluating the effect of metacomprehension interventions on 
both aspects of regulation accuracy to unravel the impact of the in-
terventions on students’ self-regulated learning (see also Van de Pol 
et al., 2020). 

4.2. Do effects differ for students whose home language is not English? 

In our exploration of how home language interacted with the effects 
of model answers and self-assessment instructions, we expected that 
model answers would more positively support text comprehension of 
speakers of other home languages (Buehler et al., 2021). However, we 
found no effects of home language; thus, it seems that the beneficial 
effects of model answers and self-assessment instructions on text 
comprehension and regulation accuracy did not significantly differ for 
students with and without English as a home language. In line with the 
findings of Buehler et al. (2021) and the results in the overall sample, the 
intervention did not result in differences in monitoring accuracy for 
speakers of home languages other than English (the language of the 
intervention). Buehler et al. (2021) suggest that making monitoring 
judgments may be language independent, and that, provided students 
have adequate language proficiency to understand the task and texts, 
they can make metacomprehension judgments in any language. 
Although we did not measure proficiency (only home language), our 
students’ were exposed to highly academic language through their 
educational program, and their comprehension test performance scores 
(and the word count data) suggest our students were quite proficient in 
English. So, our results that learners’ ability to make monitoring and 
regulation judgments does not differ based on home language seem to 
lend some support to this theory. 

4.3. Limitations and future research 

One limitation of this study is that the number of participants in our 
conditions was not perfectly balanced, as a substantial number of par-
ticipants did not manage to complete the study in time, which resulted in 
unequal drop-out across conditions. Another limitation is that the 
number of speakers of home languages other than English was relatively 
low, so the results of the analyses including home language as a factor 
should be interpreted with caution. These students were also not equally 
distributed across conditions. We intentionally asked demographic 
questions (including home language) at the end of the study to avoid 
stereotype threat (Steele & Aronson, 1995); however, this meant that we 
were not able to randomize participants into conditions based on their 
language background. 

Moreover, even though our sample included students from a variety 
of language backgrounds, all participants were attending English me-
dium of instruction international schools and participating in university- 
preparatory academic programs of study (e.g., the International Bacca-
laureate). The participants were therefore exposed to high levels of ac-
ademic English through their coursework, so perhaps even those who 
have home languages other than English had the academic language 
proficiency in English to perform well on the prescribed tasks which 
were in English; however, we did not collect standardized language 
proficiency data. Future studies examining the impact of home language 
on the efficacy of metacomprehension interventions should take lan-
guage into account when allocating participants to conditions, and also 
explore to what extent language proficiency plays a role, for instance by 
using standardized language assessments to more accurately differen-
tiate the impact of monitoring accuracy interventions of language 
learners at various levels of language proficiency. 

Instructing students to self-assess their diagrams did not improve 
their monitoring accuracy in our study. We cannot rule out that this is 
due to the prompts students received. In line with Nichol’s (2020) 
argument that self-assessment relies on comparison, in this study 

participants in the self-assessment and model answers conditions were 
prompted to compare their own diagram to the model answers. How-
ever, it is likely that students also engaged in such comparisons without 
explicit instructions, and as such, our self-assessment instruction may 
not have been specific enough to yield significant differences. Future 
studies could examine the impact of other self-assessment prompts, for 
example, asking students explicitly to focus on identifying their com-
mission errors. 

Another potential limitation is that the study materials may have 
been slightly too easy for this population. We used the same materials as 
previous diagramming studies. Although the participants in this study 
were of a similar age to those in other studies (e.g., van de Pol et al., 
2021), their mean performance scores were higher across the board 
(current study test 1 overall mean: 1.94; van de Pol et al., 2021: range 
from 1.13 to 1.45) and their responses were often quite thorough 
(average word count at test 1: 51; average word count of texts: 174). 
Moreover, as mentioned, 71% of initial judgments were quite accurate 
(no or only one point deviation between their judgment and actual 
performance at time one). This raises the question whether the short 
causal texts used in this intervention were too easy for this specific 
population. As most studies use these short texts, an interesting question 
for future studies to address is whether diagramming, receiving model 
answers as feedback, and/or receiving self-assessment instructions 
would improve monitoring and regulation accuracy and text compre-
hension also for longer, more complex texts, that are more similar to the 
type of academic text upper secondary students encounter in their 
studies. In addition, our study design required participants to complete 
two comprehension tests and the first test could also be seen as a 
generative activity that might have provided participants with some 
cues regarding their performance. However, they did not get any feed-
back on the comprehension test and since all participants completed the 
first test, we have no reason to assume that it would explain (potential) 
effects of condition. Finally, as our findings on model answers seem to 
differ somewhat from studies in which diagramming and feedback were 
engaged with immediately after reading each text rather than after 
reading several texts (but see Braumann et al., 2024b), future research 
should compare whether effects of model answers indeed differ with 
immediate and delayed diagramming, both with these shorter text ma-
terials and in the context of longer, more complex texts, and in studies 
with a similarly strong control. 

4.4. Implications for instruction 

In the classroom, students read for various purposes and are assessed 
in a variety of ways on their knowledge. When assessing for compre-
hension of knowledge gained from text, our results suggest that ensuring 
students have the opportunity to create a diagram (at a delay after 
reading) and providing them with correct and partially correct model 
answers would lead to higher scores, both for students working in their 
home language as well as those working in another academic language. 
This may be especially effective when students are reading shorter texts 
which explain specific phenomena. While our intervention did not 
improve monitoring accuracy over the effect of delayed diagramming, it 
also did not reduce monitoring accuracy. Our results suggest that asking 
students to decide whether they need to restudy texts based on their 
judgment of their understanding may also be helpful, as in our sample 
students used their monitoring judgments to make effective regulation 
decisions. 

5. Conclusion 

In contrast to our expectations, providing feedback in the form of 
multiple model answers and explicit self-assessment instructions after 
delayed diagramming (which improves monitoring accuracy; Van Loon 
et al., 2014; Van de Pol et al., 2019; 2021) did not further improve 
monitoring accuracy. We did find that students who received two model 
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answers scored higher on the final comprehension test. Interestingly, 
students who received two model answers and self-assessment in-
structions also showed highest monitoring-based regulation accuracy, 
meaning they used their monitoring judgments when making restudy 
decisions more strongly than other students. 

This study is one of the few studies we know of that examined the 
impact of such interventions on learners whose home language is not 
that of the school. Taking home language (English or not) into account 
as a factor did not change the findings, suggesting that in our sample, 
home language did not moderate the effects of the interventions; yet due 
to the low sample sizes when split by language, this result has to be 
interpreted with caution and needs to be substantiated in future 
research. The results of this study may also be helpful for teachers; even 
if a combination of correct and partially correct model answers did not 
improve meta comprehension in our sample, it did not hurt either, and 
fostered students’ comprehension compared to delayed diagramming 
alone. 
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