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Abstract
This study investigated teachers’ monitoring and regulation of students’ learning from texts. 
According to the cue-utilization framework (Koriat,  in Journal of Experimental Psychology, 
126, 349–370, 1997), monitoring accuracy depends on how predictive the information (or cues) 
that teachers use to make monitoring judgments actually is for students’ performance. Accurate 
monitoring of students’ comprehension is considered a precondition for adaptive regulation 
of students’ learning. However, these assumptions have not yet been directly investigated. We 
therefore examined teachers’ cue-utilization and how it affects their monitoring and regulation 
accuracy. In a within-subjects design, 21 secondary education teachers made monitoring 
judgments and regulation decisions for fifteen students under three cue-availability conditions: 
1) only student cues (i.e., student’s name), 2) only performance cues (i.e., diagrams students 
completed about texts they had read), and 3) both student and performance cues (i.e., student’s 
name and completed diagram). Teachers’ absolute and relative monitoring accuracy was higher 
when having student cues available in addition to diagram cues. Teachers’ relative regulation 
accuracy was higher when having only performance cues available instead of only student 
cues (as indicated by a direct effect). Monitoring accuracy predicted regulation accuracy and 
in addition to a direct effect, we also found and indirect effect of cue-availability on regulation 
accuracy (via monitoring accuracy). These results suggest that accurate regulation can be brought 
about both indirectly by having accurate monitoring judgments and directly by cue-utilization. 
The findings of this study can help to refine models of teacher monitoring and regulation and can 
be useful in designing effective interventions to promote teachers’ monitoring and regulation.

Keywords  Teacher monitoring · Teacher judgment accuracy · Teacher regulation · 
Adaptive regulation · Metacomprehension accuracy · Text comprehension

Teachers’ ability to adaptively regulate students’ learning is a crucial aspect of teachers’ 
professional competence (e.g., Südkamp et al., 2012), as it has been shown to improve stu-
dents’ learning outcomes (Van de Pol et al., 2010). Adaptive regulation of student learning 
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is defined in the literature as the provision of guidance or support that is adapted to a stu-
dent’s current level of understanding (Hardy et al., 2019; Parsons et al., 2018; Van de Pol 
et  al., 2010). Thus, making an accurate (i.e., adaptive) regulation decision also requires 
accurate monitoring of a student’s current level of understanding (e.g., Thiede et al., 2019).

The present study focuses on teachers’ monitoring and regulation of students’ text learn-
ing. As studying texts is an activity performed in almost every school subject, regulating 
students’ learning of texts is commonly required of teachers in their daily classroom prac-
tices (Artelt & Rausch, 2014). Whereas a lot of research has been conducted on (how to 
improve) students’ ability to self-monitor and self-regulate their learning from texts (see 
Griffin et  al., 2019 for a review), much less is known about (how to improve) teachers’ 
monitoring and regulation of students’ text learning. Therefore, the present study investi-
gated whether and how providing teachers with information from which students’ under-
standing could be inferred, would improve their monitoring and regulation accuracy.

Monitoring and regulation accuracy

There seems to be agreement in the literature on teachers’ regulation of student learning 
(e.g., Thiede et al., 2019; Van de Pol et al., 2010) that accurate monitoring is a necessary 
but not sufficient condition for making accurate regulation decisions. Accurate monitoring 
is defined as accurately judging one’s own/a student’s current level of understanding and 
accurate regulation as accurately deciding on what subsequent study activity the learner 
should engage in. According to the cue-utilization framework (Koriat, 1997), to arrive at 
accurate monitoring judgments, teachers need to have and use bits of information (also 
known as ‘cues’) that are predictive or diagnostic of students’ comprehension (Dunlosky 
et al., 2016; Koriat, 1997; Thiede et al., 2015; also see Fig. 1 for a conceptual model). Gen-
erally, cues that pertain to students’ performance such as performance on a practice task 
are more diagnostic than cues that pertain to student characteristics (e.g., students’ gender) 
or that pertain to the task (e.g., text length) (Van de Pol et al., 2019; Oudman et al., 2018; 
Thiede et al., 2015).

In the literature, regulation accuracy is often operationalized as the extent to which 
teachers’ (or students’ own) judgments of what the student should do next, are aligned 
with their monitoring judgments of the student’s understanding (e.g., Engelen et  al.,  
2018; Van Loon et al., 2014), regardless of the accuracy of those monitoring judgments. 
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Part of this figure is based on “Methodology for investigating human
metamemory: Problems and pitfalls” by J. Dunlosky, M. L. Mueller, and K. W.
Thiede, 2016. In J. Dunlosky & S. K. Tauber (Eds.), The Oxford Handbook of
Metamemory.Oxford University Press.
doi: 10.1093/oxfordhb/9780199336746.013.1

Fig. 1   Conceptual Model of the Relations between Cues, Monitoring Judgments, Test Scores, and Regula-
tion Decisions
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In other words, this measure gives an indication of whether teachers (or students) use  
their monitoring judgments in making regulation decisions. This has been referred to as a 
monitoring-based measure of regulation accuracy (Van de Pol et al., 2020; Van Loon et al., 
2014; also see Fig. 1). For sake of clarity, we refer to this as monitoring-regulation consistency,  
as it pertains to the degree to which teachers’ regulation judgments are in line with their 
monitoring judgments. Note though, that defining regulation accuracy as the consistency 
between monitoring and regulation judgments can lead to a situation in which high  
regulation accuracy does not necessarily mean that the regulation decision is adapted to 
the student’s actual needs. That is, the teacher or student may base their regulation decision 
on their monitoring judgment, but if that monitoring judgment is an overestimation or 
underestimation of the student’s performance, the regulation decision does not match the 
student’s needs.

That problem can be circumvented by defining regulation accuracy as the extent to 
which teachers’ (or students’) judgments of what the student should do next, are aligned 
with the student’s actual understanding/performance. This has been referred to as a 
comprehension-based measure of regulation accuracy (Van de Pol et  al., 2020; also see 
Fig. 1), and provides a direct measure of whether the teachers’ regulation decision is in line 
with a student’s needs. Thus, both monitoring-regulation consistency and comprehension-
based regulation accuracy provide relevant, but different information (except in a situation 
in which monitoring judgments are perfectly accurate, in which case both measures have 
the same outcome). That is, monitoring-regulation consistency provides information about 
the extent to which monitoring and regulation judgments are aligned and thus indicate 
to what extent a monitoring judgment has been used to make a regulation judgment (in 
which case one would/could expect that interventions to successfully increase monitoring 
accuracy would also affect regulation accuracy). Comprehension-based regulation accuracy 
provides information about how the quality of a regulation judgment; that is, the extent to 
which the regulation judgment matches a student’s actual understanding and thus indicates 
how successful such a regulation judgment will probably be. Therefore, including both 
measures in research is important for deepening our understanding of teachers’ regulation 
and how accurate regulation is brought about.

Empirical research on improving teachers’ monitoring and regulation 
accuracy

A few studies have shown that teachers’ monitoring accuracy and comprehension-based 
regulation accuracy is low, but that providing access to diagnostic cues can promote mon-
itoring and/or regulation accuracy. As in research on students’ self-monitoring and self-
regulation, studies on teachers’ monitoring and regulation of student learning have defined 
and measured monitoring accuracy in relative and absolute terms. Relative accuracy refers 
to the degree to which a teacher can indicate which items (e.g., word-pairs, texts, problem-
solving tasks) a student has learned better relative to other items (monitoring) or which 
items need more restudy than others (regulation). Absolute accuracy indicates how accu-
rately teachers know how well students have learned each item in itself (monitoring) or 
how much each item needs to be restudied (regulation).

Van de Pol et al. (2019) investigated how the availability of cues affected teachers’ relative  
monitoring accuracy and relative comprehension-based regulation accuracy of students’ 
text learning. The availability of diagnostic performance cues (i.e., cues predictive of 
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students’ understanding, which teachers can derive from a student product made available 
to them, such as students’ prior performance on a diagramming task about the text1) and 
non-diagnostic student cues (i.e., cues teachers have when knowing a student’s name, such 
as their classroom behaviour, motivation, or socio-economic status) was manipulated. That 
is, teachers had access to both student and performance cues (i.e., they saw students’ names 
and the diagrams students completed about the texts they had read) or only student cues 
(i.e., only seeing students’ names). In both conditions, task cues were available (i.e., cues 
derived from the task-materials such as task-difficulty; cf. Cooksey et al., 2007; Oudman 
et  al., 2018; Webb, 2015). Teachers’ relative monitoring accuracy was low both when 
having only student cues available and when having student cues and performance cues 
available. In addition, relative monitoring accuracy was not significantly higher in the 
latter condition compared to the first. Teachers’ relative comprehension-based regulation 
accuracy, however, did improve when having both performance cues and student cues 
available instead of only student cues. That is, teachers were better able to match restudy 
decisions to students’ actual text comprehension when student and performance cues (e.g., 
diagrams) were available compared to student cues alone. As expected, teachers’ regulation 
decisions about whether or not the student should restudy each text were strongly in 
line with their monitoring judgments with no differences between conditions (i.e., high 
monitoring-regulation consistency; between -0.68 to -0.74). Summarizing, having 
diagrams available helped teachers to get insight into students’ needs for further study (i.e., 
comprehension-based regulation accuracy), but did not affect the alignment of monitoring 
judgments and study-needs (i.e., monitoring-regulation consistency).

Teachers in the studies of Thiede et  al. (2015, 2018) also showed low levels of rela-
tive monitoring accuracy of students’ math comprehension, but their absolute monitoring 
accuracy was somewhat higher (cf. Thiede et al., 2018). When the teachers participated in 
a professional development program aimed at implementing student-centered instruction in 
the classroom – which helped them to gather diagnostic performance cues about their stu-
dents’ mathematical understanding (e.g., from students’ performance on practice problems 
performed in class) – both their relative and absolute monitoring accuracy improved.

Although accurate monitoring is seen as an important condition for accurate 
comprehension-based regulation, the relation between monitoring accuracy and regulation 
accuracy has – to the best of our knowledge – not been tested before. Some studies have 
focused on effects of cue-availability conditions on monitoring-regulation consistency 
(e.g., Engelen et al., 2018; gamma = -0.60 to -0.74; Van Loon et al., 2014; gamma = -0.53 
to -0.74), but this pertains to the degree to which the monitoring judgments and regulation 
judgments are aligned and not the alignment of the regulation judgments with students’ 
actual understanding (i.e., comprehension-based regulation accuracy).

Furthermore, some studies have tested the effects of cue-availability conditions on teachers’ 
monitoring accuracy and regulation accuracy separately (e.g., Van de Pol et al., 2019; Engelen  
et  al., 2018), not in conjunction. Yet, the fact that teachers’ regulation decisions became 
more in line with students’ actual understanding (i.e., comprehension-based regulation  
accuracy) when having access to more diagnostic cues whereas monitoring accuracy did not 
(Van de Pol et al., 2019), indicates that the relation between monitoring and comprehension-
based regulation accuracy may not be as straightforward as has been assumed (in the study of 

1  This diagramming task stems from Van Loon et al. (2014). In this task, students complete a pre-struc-
tured diagram about the causal relations in each text after having read all texts (N = 6) and without seeing 
the texts.
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Van de Pol et al. (2019), effects of conditions on monitoring accuracy and comprehension-based  
regulation accuracy were presented separately). Although no previous research has directly 
tested the relation between monitoring accuracy and regulation accuracy, Van de Pol et al. 
(2014) investigated the relation between teachers’ monitoring actions and the extent to 
which teachers’ regulatory actions were in line with students’ actual understanding (i.e., 
comprehension-based regulation accuracy). Teachers who participated in a professional 
development program that aimed at increasing their comprehension-based regulation accu-
racy, asked more diagnostic questions in class that provided them with information about 
students’ comprehension and regulated their students’ learning more accurately compared 
to teachers who did not participate in this program. In addition, these diagnostic questions 
mostly preceded teachers’ regulatory actions. Yet, the actual accuracy of these teachers’ 
monitoring actions was not measured, nor was the relation between monitoring accuracy 
and comprehension-based regulation accuracy analyzed statistically.

In addition, we know of only two studies that investigated the relation between teach-
ers’ monitoring accuracy and students’ learning, suggesting that this improvement in learn-
ing was related to improved regulation of the teachers. That is, Thiede et al. (2015, 2018) 
have shown that when teachers became more accurate at monitoring students’ (mathemat-
ics) comprehension by participating in a professional development program, students per-
formed better. Yet, teachers’ comprehension-based regulation accuracy (i.e., the relation 
between teachers’ regulation decisions and students’ actual understanding) was not meas-
ured in these studies.

Further improving teachers’ monitoring and regulation accuracy

The studies discussed in the previous section show that making sure that teachers can 
derive and use diagnostic cues, affects their monitoring and comprehension-based regula-
tion accuracy. However, there was room for further improvement. It can be hypothesized 
that, next to providing information from which diagnostic cues can be derived, taking away 
access to non-diagnostic student cues, for example by blinding students’ work, may fur-
ther improve teachers’ monitoring and comprehension-based regulation accuracy. In other 
disciplines such as social psychology, biomedical science, and forensic science, blinding 
has been shown to be a powerful solution to mitigate biases in judgments, as it takes away 
many non-diagnostic cues (Robertson & Kesselheim, 2016). As stated by Robertson and 
Kesselheim “The classic icon of Lady Justice wearing a blindfold symbolizes the paradoxi-
cal insight that less information can sometimes produce better decisions” (p. 3). In the field 
of education, some initial studies suggest that blinding can improve teachers’ monitoring 
accuracy. Oudman et al. (2018) showed that primary education teachers’ monitoring of stu-
dents’ mathematical comprehension was more accurate when students’ work on a practice 
task was blinded than when it was not blinded (i.e., when teachers only had student cues 
available or student and performance cues). Analysis of think aloud data, recorded while 
teachers monitored students’ math comprehension, showed that when students’ work was 
blinded, teachers made less use of student cues and task cues, which are both known to 
have low diagnosticity levels. Surprisingly, although teachers did not have access to student 
cues, they still used some. That is, they appeared to fabricate student cues: even though 
they did not know the identity of the student, they tried to guess characteristics of students 
based on the work they saw (e.g., their gender or motivation) when making monitoring 
judgments. In line with Oudman et al.’s findings, Engelen et al. (2018) found somewhat 
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more accurate teacher monitoring of students’ text comprehension when primary educa-
tion teachers saw blinded student work (i.e., summaries, also see Thiede & Anderson, 
2003) compared to seeing work of students they knew or when only knowing a student’s 
name (note that a direct statistical comparison between these conditions could not be made 
because they were distributed across two experiments).

The current study

We investigated to what extent the availability of different types of cues affects secondary 
education teachers’ monitoring accuracy and comprehension-based regulation accuracy 
when judging students’ text comprehension. That is, we investigate to what extent cue-
availability affects teachers’ ability to accurately judge students’ understanding (i.e., 
monitoring accuracy) and to make regulation decisions that are in line with students’ 
understanding (i.e., comprehension-based regulation accuracy). In addition, we report 
teachers’ monitoring-regulation consistency. We extend previous research by including 
both monitoring-regulation consistency and comprehension-based regulation accuracy 
and by investigating how accurate comprehension-based regulation is brought about and to 
what extent accurate monitoring is a necessary first step for arriving at accurate regulation.

In some conditions, teachers had access to causal diagrams that students completed 
about each text. In the current study, each teacher was asked to make monitoring and regu-
lation judgments about 15 students in total; they made judgments about five different stu-
dents under three conditions in a within-subjects design, in which the availability of cue-
types was manipulated. Teachers were provided with: 1) only student cues (i.e., the name 
of the student to be judged; name-only condition), 2) both student cues and performance 
cues (i.e., both the name of the student and the completed diagram; name + diagram condi-
tion), and 3) only performance cues (i.e., a diagram the student completed about the texts 
(s)he had read, containing cues that are diagnostic of students’ comprehension of causal 
relations in the text, cf. Van Loon et al., 2014; diagram-only condition). Task cues evoked 
by the texts were always available because teachers read the texts before making moni-
toring judgments. In addition to manipulating the availability of cues, we also measured 
teachers’ actual cue-utilization to be able to explain differences between conditions.

The first research question was: to what extent does cue-availability affect teachers’ 
monitoring accuracy (RQ1)? We describe our hypotheses in this section; an overview  
of the hypotheses is presented in Table 1. We hypothesized that teachers’ monitoring of 
students’ performance would be more accurate when only performance cues were avail-
able (diagram-only condition) than when student cues were available either as the only 
source of information (name-only condition; H1.1) or in addition to performance cues 
(name + diagram condition; H1.2; Van de Pol et al., 2019; Engelen et al., 2018; Oudman 
et al., 2018; Robertson & Kesselheim, 2016). Based on the cue-utilization framework (cf. 
Koriat, 1997) one would expect that teachers’ monitoring would be more accurate when 
having access to student and performance cues (name + diagram condition) than when only 
having access to student cues (name-only condition). Yet, previous studies did not find this 
difference (Van de Pol et al., 2019; Engelen et al., 2018; Oudman et al., 2018). We there-
fore explored differences between these two conditions (E1.3).

To be able to explain possible differences between conditions, we also measured 
teachers’ cue-utilization. Our second research question was: What performance cues, 
student cues, and task cues do teachers use when monitoring students’ text comprehension 
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(RQ2)? Based on Oudman et al. (2018), we expected that teachers would mainly use: (a) 
student cues and task cues in the name-only condition, (b) student, task, and performance 
cues in the name + diagram condition, and (c) task, performance and, possibly, fabricated 
student cues in the diagram-only condition.

Finally, we focused on the relations between cue-availability, monitoring accuracy, and 
comprehension-based regulation accuracy. The third research question was: to what extent 
does the availability of cues directly and/or indirectly affect teachers’ comprehension-
based regulation accuracy (RQ3)? For comprehension-based regulation accuracy, we had 
the following hypotheses (see Table 1). Assuming that monitoring is more accurate in the 
diagram-only condition than in the name-only condition (i.e., H1.1) or name + diagram  
condition (i.e., H1.2) and that more accurate monitoring results in more accurate  
comprehension-based regulation (H3.1), we expect that there will be an indirect effect  
of condition on comprehension-based regulation accuracy via monitoring accuracy:  
Comprehension-based regulation accuracy will be higher in the diagram-only condition 
than in the name-only condition (H3.2a) or in the name + diagram condition (H3.2b). If 
there would be a difference in monitoring accuracy between the name + diagram and name-
only condition, we would also expect an indirect effect on comprehension-based regulation 
accuracy (E3.2c).

We also investigated the direct effects of condition on comprehension-based regulation; 
teachers possibly use different (constellations of) cues for their monitoring and regulation 
decisions, which may result in direct effects of cue-availability on comprehension-based  
regulation (cf. Van de Pol et al., 2019). Regarding the direct effects, we explored differences in 
regulation accuracy between the diagram-only condition and the name-only condition (E3.3a)  
and the diagram-only and name + diagram condition (E3.3b). Based on the cue-utilization 
framework and the findings of Van de Pol et  al. (2019), we hypothesized that teachers’ 
regulation would be more accurate in the name + diagram condition compared to the name-
only condition (H3.3c).

Table 1   Overview of the Hypotheses and Findings of the Current Study

a An ‘E’ indicates an explorative question without pre-defined hypothesis

Hypothesis Hypothesis supported?

RQ1: To what extent does cue-availability affect teachers’ monitoring accuracy?
H1.1 Diagram-only > name-only No
H1.2 Diagram-only > name + diagram Absolute and relative accuracy:

Diagram only < name + diagram
E1.3a Name + diagram ? name-only No difference
RQ3: To what extent does the availability of cues (in)directly affect comprehension-based regulation accuracy?
H3.1 Monitoring accuracy—> regulation accuracy Yes, for relative and absolute accuracy
Indirect effects
H3.2a Diagram-only > name-only No
H3.2b Diagram-only > name + diagram Yes, for absolute accuracy
E3.2c Name + diagram ? name-only No difference
Direct effects
E3.3a Diagram-only ? name-only Relative accuracy: diagram-only > name-only
E3.3b Diagram-only ? name + diagram No difference
H3.3c Name + diagram > name-only Relative accuracy: Name + diagram > name-only
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For monitoring-regulation consistency (i.e., the relation between teachers’ monitoring 
and regulation judgments), we do not expect differences between conditions. We expect 
that if monitoring accuracy increases in one condition (indicating that their monitoring 
judgments are more in line with students’ actual understanding), their comprehension-
based regulation accuracy (indicating that their regulation judgments are more in line with 
students’ actual understanding) will also increase. Yet, the consistency between teachers’ 
monitoring judgments and regulation judgments (i.e., monitoring-regulation consistency) 
is not necessarily expected to increase based on cue-availability. This has also been shown  
in previous studies, which have shown that there were no differences in monitoring- 
regulation consistency under conditions differing in the availability of performance cues 
(Engelen et al., 2018; Van Loon et al., 2014). Therefore, we will only report the descriptive 
statistics for monitoring-regulation consistency.

Method

Design and participants

In a within-subjects design, teachers were asked to judge the test performance of five stu-
dents (+ one practice student per condition) under each of the three conditions. Teachers 
were provided with: 1) only student cues (i.e., the name of the student to be judged: name-
only condition), 2) both student- and performance cues (i.e., both the name of the student 
and the diagram the student completed about the text: name + diagram condition), or 3) 
only performance cues (i.e., the completed diagram: diagram-only condition). For the stu-
dent materials, six versions (based on a Latin Square Design) were used in which the order 
of the texts differed. Within each version, the order of the texts was kept the same for the 
different activities (e.g., making judgments, restudy selections).

Teachers

A multilevel power analysis based on parameters from Van de Pol et  al.  (2019), with a 
power of 0.80, showed an N of 19 when α = 0.05 and an N of 23 when α = 0.025. We man-
aged to collect data from 21 teachers (14 women) who taught at nine different schools 
in the Netherlands in year 1 to 5 of pre-university or senior general secondary education. 
Teachers’ age ranged from 22 to 58 years (M = 39.01, SD = 10.77). Their teaching experi-
ence ranged between 1 and 35 years (M = 13.47, SD = 9.33).2

Students

Students (N = 568) participated in a parallel ‘student study’ in which they were assigned 
to a control condition (completing a picture matching task), a diagram completion condi-
tion (completing diagrams about the texts), or a diagram completion + instruction condi-
tion (completing diagrams about the texts and inspecting their diagrams afterwards with 
particular instruction without the opportunity to change their diagrams). Because of time 

2  Results of a recent review showed that “job experience is not associated or only weakly associated with 
judgment accuracy.” (Urhahne & Wijnia, 2021, p.10).
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constraints, teachers could not judge the comprehension of all students. Therefore, they 
made judgments about five students (+ 1 practice student) per condition, so 15 judgments 
in total (or 18 when counting the practice students, but these were not included in the anal-
yses). Six students from each class were randomly selected for teacher judgments in the 
name-only condition and six students for teacher judgments in the name + diagram condi-
tion, resulting in a sample of 252 students (Mage = 15.08, SD = 1.00).3 The six students in 
the name-only condition were students drawn from the control condition (n = 2), diagram 
completion condition (n = 2) and diagram completion + instruction condition (n = 2), and 
the six students in the name + diagram condition were drawn from the diagram completion 
condition (n = 3) and the diagram completion + instruction condition (n = 3) in the ‘student 
study’. For teachers’ judgments in the diagram-only condition, data from six students in 
year 3 of pre-university secondary education (Mage = 15.28, SD = 0.37) from another study 
with the same materials was used (Van de Pol et al., 2019). Thus, the teachers did not know 
these students, which was done to ensure that teachers would not be able to guess from 
which student the work stemmed (e.g., by recognition of hand-writing).

Materials

To better understand what the teachers did in this study, we first describe which tasks the 
students performed. Teachers namely judged students’ understanding in the context of the 
specific student tasks that we used in this study.

Expository texts

In this study, we used six expository texts that stem from Van Loon et al. (2014), on the 
following topics: “Sinking of metro cars”, “Botox”, “The Suez Canal”, “Music makes 
smart”, “Money does not bring happiness”, and “Concrete constructions”. For an example, 
see Appendix A. The texts had 169.3 words on average (SD = 10.6) and each contained 
four causal relations.

Diagram completion task and test prediction

Students completed pre-structured diagrams about each text. Their worksheet contained, 
for each text, five textboxes that were connected by arrows. One of the text boxes was 
already completed; the students were instructed to complete the rest of the diagram (see 
Fig. 2).

Test

Students completed a test consisting of six questions about the causal relations in the text 
(one question per text) (cf. Van Loon et al., 2014; for examples of questions, see Appendix 
B4). When taking the test, students were shown the title of the texts, accompanied by the 

3  One teacher judged only five students (i.e., four when not considering the practice student) in the dia-
gram-only condition due to disturbance of the experiment, resulting in one missing value in the diagram-
only condition.
4  The test also contained questions about facts in the text, but this data was not used for the current study as 
it falls outside the scope of the paper.
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question. The question required an essay-answer and per question, student could gain four 
points, one per causal relation (24 points in total).

Students’ comprehension of the text’s causal relations was measured by scoring stu-
dents’ essay answers. The performance on those questions was scored by assigning one 
point per correctly stated causal relation, resulting in a maximum of four points per text. As 
comprehension was emphasized, a response indicating gist understanding (i.e., the student 
did not mention what was literally stated in the text, but the students’ response indicated 
that they understood what was meant with the original text) was also scored as correct 
(cf. Van Loon et  al., 2014). Two raters independently scored 198 essays (13.10% of all 
test responses) on causal relation questions. Inter-rater reliability was high (Krippendorff’s 
alpha = 0.83; cf. Krippendorff, 2004). The test appeared to have a good internal consist-
ency, (α = 0.78; ω = 0.80; Cronbach, 1951; Hayes & Coutts, 2020).

Teachers’ monitoring judgments and regulation decisions

When making monitoring judgments, the instructions were as follows: “Have a look at this 
student’s diagrams (if available). Indicate below, for each text, how many questions about 
relations this student has answered correctly on the test.” Teachers were provided with the 
titles of each text and a judgment scale (0 – 4). On a next page, teachers were asked to 
indicate which text(s) they would advise the student to study again before making the test. 
Teachers were not allowed to look back at their judgments.

Procedure

Students

First, a session of about 60 min took place in the classrooms of the participating teachers 
(see Fig. 3). This session followed the standard metacomprehension paradigm (cf. Van de 
Pol et  al., 2020; Griffin et  al., 2019). For the current study, we only used students’ dia-
grams and test scores; effects of the student intervention on students’ monitoring and reg-
ulation are presented elsewhere (De Bruin et  al., 2017). First, students participated in a 
practice session. In this session, students read practice tests, answered practice test items 
and practiced in drawing diagrams. Then, students read all six texts in their own pace. Sub-
sequently, students completed a pre-structured diagram about each text, without being able 
to see the texts. Note that this is a delayed-diagram design as the students first read all texts 
and only then complete the diagrams (text-order is the same for texts and diagrams within 
students). Furthermore, students predicted, per text, how many points they would gain on 
the test and which text(s) they would restudy if given a test. They were then told that they 
did not actually have to restudy the texts as this would influence their test score. Finally, the 
students took a test.

Fig. 2   Diagram for the Text “The Suez Canal” that Students Had to Complete. Adapted from “Can students 
evaluate their understanding of cause-and-effect relations? The effects of diagram completion on monitor-
ing accuracy”, by M. van Loon et al. (2014), Acta Psychologica, 121, p. 145. Reprinted with Permission

778 J. van de Pol et al.



1 3

Teachers

The teacher session was based on the teacher generation paradigm (cf. Van de Pol et al., 
2020). Teachers saw the practice materials the students had seen and then read all six texts. 
Subsequently, they made monitoring judgments about students’ text comprehension. Teach-
ers made one judgments for each of the six texts; so six judgments per student. The first  
three students the teacher judged (i.e., one per condition, random order of conditions) were 
labelled practice students. Teachers did not get any feedback on their judgments; the prac-
tice students were only meant for teachers to get familiar with the materials belonging to 
that condition and the task of judging students’ comprehension. After that, teachers judged 
the comprehension of fifteen students (five per condition). Finally, they indicated which 
text(s) they thought students should restudy before taking the test. Students and conditions 
were presented in a random order.

Teachers were asked to think aloud while making monitoring judgments about two 
randomly chosen students per condition to gain insight into teachers’ cue-utilization (cf. 
Cooksey et al., 2007; VandeVelde et al., 2015). The researcher prompted the participants 
to continue thinking aloud when they stopped talking, did not give any time constraints, 
and did not seek clarifications or elaborations as these might interfere with the thinking 
processes needed for forming judgments (Ericsson & Simon, 1993). Teachers’ monitor-
ing accuracy did not differ when thinking aloud versus not thinking aloud both for relative 
monitoring accuracy (b = 0.07, SE = 0.08, p = 0.40) and for absolute monitoring accuracy 
(b = -0.02, SE = 0.06, p = 0.70).

Analyses

Accuracy measures

Teachers’ monitoring accuracy was measured in terms of relative accuracy and absolute 
accuracy. Teachers’ relative monitoring accuracy was measured using intra-individual 
gamma correlations within students (Nelson, 1984; Schraw, 2009). In this measure, 
teachers’ monitoring judgments for each of the six texts per student and students’ actual 
test scores per text are compared to determine to what extent teachers know which texts 
students understand better compared to other texts (teachers judged students’ understanding 

Practice 

session

Read six 

texts

Activity Predict 

test score

Take

test- control

- diagram

- diagram 

Student session

Practice 

tasks
Read six 

texts
Monitoring 

judgments

Regulation 

decisions

Availability of:

- only student cues (5 students)

- student+performance cues (5 students)

Teacher session

Fig. 3   Overview Procedures of Student and Teacher Session
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for each of the six texts). So for example, judging that a student scores better on text 1 
than on text 2 would add positively to a teachers’ relative monitoring accuracy if the 
student actually scored better on text 1 than on text 2, regardless of the absolute levels of 
the judgments and the scores. Gamma correlations range from − 1 to + 1. A gamma of + 1 
indicates perfect monitoring accuracy or perfect discrimination. Following the procedure 
of Südkamp et  al. (2008), teachers’ absolute monitoring accuracy was defined as the 
mean deviation of the teachers’ judgments from the students’ test score on each text (cf. 
Dunlosky & Thiede, 2013; Schraw, 2009). The minimum deviation per judgment was 0 
(i.e., perfect accuracy) and the maximum deviation was 4.

For teachers’ regulation accuracy, we used two measures: monitoring-regulation  
consistency and comprehension-based regulation accuracy (cf. Van de Pol et al., 2020). For 
both of these measures, we calculated relative and absolute accuracy. Monitoring-regulation  
consistency refers to the extent to which teachers’ regulation judgments are related to their 
monitoring judgments. For relative monitoring-regulation consistency, we used intra-
individual gamma correlations within students, relating the teacher’s restudy decision per  
text (0 = no, 1 = yes) to teachers’ monitoring judgments per text. Teachers have high relative  
monitoring-regulation consistency when they, for example, indicate that a student needs to  
restudy text 1 but not text 2 when they gave a lower judgment for text 1 than for text 2. 
Therefore, values closer to -1 indicate higher relative monitoring-regulation consistency. 
For absolute monitoring-regulation consistency, we used the approach of Baars et  al. 
(2014). This regulation accuracy measure was based on each possible combination of a 
teacher’s monitoring judgment per text and the teacher’s restudy decision per text (see 
Table  2). Low judgments combined with decisions to restudy a text or high judgments  
combined with decisions to not restudy a text resulted in high absolute monitoring- 
regulation consistency whereas low judgments combined with decisions to not restudy a 
text or high judgments combined with decisions to restudy a text resulted in low absolute 
monitoring-regulation consistency. Absolute monitoring-regulation consistency ranged 
from 0 (lowest regulation accuracy) to 1 (perfect regulation accuracy) but we reversed the 
coding of this variable (0 = perfect regulation accuracy, 1 = lowest regulation accuracy) 
to align the interpretation of the values of this variable with that of absolute monitoring 
accuracy.

Comprehension-based regulation accuracy refers to the extent to which teachers’ regula-
tion judgments are related to students’ test scores. For relative comprehension-based regu-
lation accuracy, we used intra-individual gamma correlations, relating the teacher’s restudy 
decision per text (0 = no, 1 = yes) to students’ scores per text. So for example judging that 
a student should restudy text 1 and not text 2 would add positively to a teachers’ relative 
comprehension-based regulation accuracy if the student actually scored better on text 2 
than on text 1, regardless of the absolute scores. Gamma correlations range from − 1 to + 1 
with values closer to -1 indicating higher accuracy. For absolute comprehension-based 
regulation accuracy we used a similar approach as for absolute monitoring-regulation con-
sistency (cf. Baars et  al., 2014). However, for absolute comprehension-based regulation 
accuracy, we compared teachers’ restudy decisions (rather than monitoring judgments) 
to students’ test scores (see Table  2). Absolute comprehension-based regulation accu-
racy ranged from 0 (lowest regulation accuracy) to 1 (perfect regulation accuracy) but we 
reversed the coding of this variable (0 = perfect regulation accuracy, 1 = lowest regulation 
accuracy) to align the interpretation of the values of this variable with that of absolute 
monitoring accuracy. Measures of relative and absolute accuracy have been shown to be 
independent of each other (Schraw, 2009). Relative accuracy is calculated at the student 
level, absolute accuracy at the text level.
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Quantitative analysis

Multilevel (mediation) models were run using Mplus version 7.0 (Muthén & Muthén, 
1998–2015). К2 is reported as effect size indicator for the significant indirect effects (cf. 
Preacher & Kelley, 2011). К2 “is interpreted as the proportion of the maximum possible 
indirect effect that could have occurred, had the constituent effects been as large as the 
design and data permitted.” (Preacher & Kelly, 2011, p.106). As suggested by Preacher 
and Kelly (2011), we use the guidelines of Cohen (1988) to interpret the К2 values (0.01  
is small, 0.09 is medium, and 0.25 is large; cf. Cohen, 1988, p. 79–81). To calculate the  
variance decomposition, we used a two-level model (students within school classes/ 
teachers5). In all other analyses, we used the TYPE = COMPLEX option to take the nested 
structure of the data into account. We used maximum likelihood estimation and we report 
bootstrap confidence intervals for the mediation analysis. For all analyses, we used a  
Bonferroni-corrected α of 0.025 (we did two comparisons with the same data: absolute and 
relative accuracy).

Qualitative analysis

To investigate what performance cues, student cues, or task cues teachers used when judg-
ing students’ comprehension, qualitative analysis of the 125 think-aloud protocols was 
conducted (nname-only condition = 39; nname-diagram condition = 45; ndiagram-only condition = 40).6 The 
cue types performance cues (i.e., cues concerning students’ performance, derived from the 
diagram students made), student cues (i.e., cues concerning the student as a person, derived 
from teachers’ knowledge about the specific student), and task cues (i.e., cues concerning 
the experimental materials, that is, the texts or test questions) served as sensitizing con-
cepts, by means of which a general sense of reference and guidance in approaching our 
data was provided (Blumer, 1956; Bowen, 2006). The transcripts were coded in three steps: 
open, axial, and selective coding (Corbin & Strauss, 1990; cf. Boeije, 2005) in NVivo ver-
sion 11.4 (QSR International, 2016). In the first step (i.e., open coding) we coded utter-
ances as student cues, task cues, or performance cues. Within these categories, we assigned 
codes based upon the content of the cues resulting in 33 subcategories. In the second step, 
the transcripts were coded axially (i.e., categories were generated/deleted/merged). We 
found that multiple subcategories (e.g., students’ correct and incorrect diagram answers) 
could be grouped under a one subcategory (e.g., correct boxes), and that one subcate-
gory (e.g., task approach) consisted of further subcategories (e.g., students’ general task 
approach in class and students’ task approach during the experiment). This resulted in three 
main categories of cues (student-, task-, and performance cues), 27 subcategories, and six 
sub-subcategories.

Finally, selective coding was employed by reviewing the transcripts a final time and 
selecting data that exemplified the categories. We identified three cues that conceptually 
could not be categorized as a performance cue, student cue, or task cue. These were 
‘comparing students’ performance with another student’s performance’, ‘fabricated student 
cue’ (i.e., cue concerning the student as a person, but that was fabricated by the teacher 

5  Given that each teacher participated with one class only, the class level is at the same time the teacher 
level.
6  Accidentally, three teachers made one judgment in the name-only condition and three judgments in the 
name + diagram condition while thinking out-loud; moreover, one teacher did not make judgments in the 
diagram-only condition while thinking out-loud.
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as s/he was not familiar with the student), and ‘teacher’ (i.e., cue concerning teachers’ 
feelings related to the student or students’ performance), which we made subcategories of a 
fourth category ‘Miscellaneous’. Our final coding scheme thus consisted of four categories, 
27 subcategories, and three sub-subcategories (see Table  3). To establish interrater 
reliability, 181 utterances (15.2% of all coded utterances) were randomly selected and 
coded independently by two coders (cf. Leighton, 2017). High inter-rater reliability was 
found (Krippendorff’s alpha = 0.82). In case of disagreement, raters reached consensus on 
the coding through discussion.

Additional explorative analyses

When analyzing the think aloud protocols regarding teachers’ cue-utilization, we noticed 
that teachers also often gave estimations of the cue manifestations. That is, they did, for 
example, not only indicate that they looked at the number of correct relations in a student’s 
diagram, but they also indicated how many relations they thought were correct. To further 
explain differences between conditions in monitoring accuracy, we checked the teachers’ 
estimations of the cues that were expected to be most diagnostic, that is, the number of  
correct relations, commission errors and completed boxes in the diagram.7 For this purpose,  
we first coded for all utterances that were previously coded as referring to one of these cues,  
whether or not the accuracy of the teachers’ estimation could be checked. Judgments that 
could be checked were concrete judgments for which it was clear to what information in 
the diagram it referred (e.g., “’It was very dangerous’. This is not correct”). Judgments 
that could not be checked were unspecific judgments (e.g., “I think he did quite good”). To 
determine the interrater reliability, 60 utterances were coded by the first and second author. 
This resulted in a Krippendorff’s alpha of 0.79, which is considered good (Krippendorff, 
2004). For completeness of the diagram, 91 of the 181 utterances could be coded regarding 
accuracy; for commission errors 14 of the 23; and for correct boxes in the diagram 89 of the 
238. Then, for those utterances for which the accuracy could be checked, we determined the 
accuracy of the teachers’ estimations of the cues by comparing the teachers’ estimations to 
coded diagrams. Sixty diagrams were coded independently by two coders. This resulted in a 
Krippendorff’s alpha of 0.68, which is considered sufficient by Krippendorff (2004).

Results

In Table 4, descriptive statistics for students’ test scores, teachers’ judgments and restudy 
decisions, and teachers’ judgment and regulation accuracy per condition are provided. 
Before testing our hypotheses, we explored the variance decomposition of teachers’ 
monitoring and regulation accuracy over the different levels. For all relative accuracy 
measures, the majority of the variance was located at the lowest level (the student level: 
73.91%-100%). For all absolute accuracy measures, the majority of the variance was 
located at the lowest level (the text level; 78.94%—94.06%). This indicates that monitoring 
and regulation accuracy differed highly from student to student (relative) and from 
judgment to judgment (absolute). Differences between conditions were small, except that 
there was relatively more variance at the student level in the diagram-only condition for the 
absolute measures (see Supplemental material).

7  We did expect the number of question marks to be also diagnostic but we did not check teachers’ estima-
tions of this cue given that the actual number of question marks in a student’s diagram is rather obvious.
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Teachers’ monitoring accuracy (RQ1)

In Table  1, the findings are summarized per hypothesis. Contrary to what we expected 
(H1.1), we did not find significant differences in relative monitoring accuracy (b = -0.20, 
SE = 0.10, p = 0.048) or for absolute monitoring accuracy (b = 0.16, SE = 0.09, p = 0.053) 
between the name-only and the diagram-only condition. Moreover, opposite to what we 
expected (H1.2), teachers’ relative (b = 0.24, SE = 0.11, p = 0.02) and absolute (b = -0.27, 
SE = 0.08, p = 0.001) monitoring was more accurate in the name + diagram condition than 
in the diagram-only condition. As for the explorative question regarding differences in 
teachers’ monitoring accuracy between the name-only condition and name + diagram con-
dition (E1.3), there were no significant differences between those conditions in either rela-
tive (b = 0.04, SE = 0.09, p = 0.67) or absolute monitoring accuracy (b = -0.11, SE = 0.09, 
p = 0.21).9

Teachers’ cue‑utilization (RQ2)

Table 5 shows teachers’ cue-utilization per condition. Teachers used, on average, 4.18 dif-
ferent cues per student in the name-only condition (SD = 2.06, Min = 0, Max = 10), 5.87 

Table 4   Descriptive Statistics for Students’ Test Scores, Teachers’ Monitoring Judgments and Regulation 
Decisions, and Monitoring and Regulation Accuracy of Students’ Comprehension

a Closer to 0 is more accurate. Possible range 0 – 4
b Closer to 0 is more accurate. Possible range 0 – 1
c Closer to + 1 is more accurate
d Closer to -1 is more accurate
e Does not differ significantly from zero t(485) = 1.83, p = .07
f Does differ significantly from zero t(539) = -3.13, p = .002

Only student cues
(name-only 
condition)

Student and 
performance cues
(name + diagram 
condition)

Only perfor-
mance cues
(diagram-only 
condition)

M SD M SD M SD

Students’ test scores (0–4) 1.45 1.17 1.37 1.12 1.13 1.22
Teachers judgments of students’ test scores (0–4) 2.27 .93 2.07 1.13 2.16 1.23
Teachers’ restudy decisions (0 = no, 1 = yes) .24 .43 .30 .46 .29 .45
Absolute monitoring accuracya 1.24 .93 1.13 .91 1.40 1.19
Absolute monitoring-regulation consistencyb .43 .23 .38 .26 .35 .27
Absolute comprehension-based regulation accuracyb .57 .32 .53 .32 .55 .37
Relative monitoring accuracyc .26 .62 .30 .65 .06e .67
Relative monitoring-regulation consistencyd -.61 .69 -.68 .63 -.79 .53
Relative comprehension-based regulation accuracyd -.10f .73 -.31 .76 -.29 .73

8  We used a Bonferroni corrected α of .025.
9  Including the number of months the teacher had known their class (M = 7.21, SD = 3.75) and the class 
size (M = 27.49, SD = 4.93) in the analyses pertaining to the name-only and name + diagram condition as 
covariates on teachers’ monitoring accuracy did not change the conclusions.
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different cues in the name + diagram condition (SD = 2.16, Min = 2, Max = 11), and 4.35 
different cues in the diagram-only condition (SD = 1.73, Min = 1, Max = 9).

In the name-only condition, teachers mainly used, as expected, student cues (59%) and 
task cues (37%) when monitoring students’ text comprehension. For more than half of their 
students, they mentioned the cues ‘general skills and knowledge’, ‘interest’ and ‘text char-
acteristics’ when making judgments. In the name + diagram condition, teachers predomi-
nantly used performance cues (53%), then student cues (29%), and, to a lesser extent, task 
cues (15%). In the diagram-only condition, teachers mainly used performance cues (78%). 
Task cues (11%) and other (miscellaneous) cues (11%) were used to a similar extent in this 
condition. Furthermore, as expected, teachers in the diagram-only condition used fabri-
cated student cues for 50% of the students. It seemed that teachers were actively searching 
for student cues when making their judgments (e.g., “Considering the fact that this student 
filled out the diagram completely correct, I think he or she is highly intelligent”).

When having student and performance cues (name + diagram condition) or only perfor-
mance cues available (diagram-only condition), teachers used the cues ‘completed boxes’ 
and ‘correctly completed boxes’ most frequently and to a similar extent in both conditions. 
The cue ‘completeness diagram’ was, for example, used in 73.33% (98) of the judgments in 
the name + diagram and 80% (85) of the judgments in the diagram-only condition.

Additional explorative analyses regarding teachers’ monitoring accuracy

When analyzing the think aloud protocols regarding teachers’ cue-utilization, we noticed 
that teachers also often gave estimations of the cue manifestations. That is, they did, for 
example, not only indicate that they looked at the number of correct relations in a student’s 
diagram, but they also indicated how many relations they thought were correct. To further 
explain differences between conditions in monitoring accuracy, we analyzed the teachers’ 
estimations of the cues that were expected to be most diagnostic, that is, the number of cor-
rect relations and commission errors in the diagram and completed boxes in the diagram.

Teachers’ judgments of the completeness of the diagrams were quite accurate both in 
the name + diagram condition (in 41 of the 42 cases) and in the diagram-only condition (44 
of the 49 cases). Teachers were, in both conditions, also quite accurate in judging students’ 
commission errors (name + diagram condition: in 2 of the 3 cases; diagram-only condition: in 
7 of the 11 cases). However, teachers’ judgments of the correctly completed boxes in students’ 
diagrams was only accurate in 21 of the 45 cases (47.73%) in the name + diagram condition 
and only in 17 of the 44 cases (38.64%) in the diagram-only condition. For example, one 
teacher argued about the correctly completed boxes of a students’ diagram concerning the text 
“Music makes smart”. In this example, the student wrote in her diagram: You can concentrate 
better. When making the judgment, the teacher stated: “Yes, that is correct.”. Although the 
teacher stated that the student provided a correct answer, it was in fact not correct because 
concentration was not put forward in the text, thus making the teachers’ estimation of the cue 
inaccurate.

(In)direct effects of cue‑availability on teachers’ regulation accuracy (RQ3)

The descriptive statistics per condition for monitoring-regulation consistency are presented 
in Table  4. Relative monitoring-regulation consistency was relatively high in all con-
ditions. That is, there was a strong relation between teachers’ monitoring decisions and 
restudy decisions (ranging from -0.61 to -0.79; values of -1 indicate perfect accuracy). 
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Teachers’ absolute monitoring-regulation consistency was moderate. That is, the difference 
between teachers’ absolute monitoring judgments and their restudy decisions was moderate 
(between 0.35 and 0.43; values of 0 indicate perfect accuracy).

As expected (H3.1), higher relative monitoring accuracy predicted higher relative 
comprehension-based regulation accuracy (b = -0.51, 95% CI [-0.64 – -0.37], p < 0.001; 
Fig. 4A-C). Similarly, higher absolute monitoring accuracy predicted higher absolute com-
prehension-based regulation accuracy (b = 0.13, 95% CI [0.11 – 0.16], p < 0.001; Fig. 5A-
C). Below, we present the comparisons between conditions regarding the effects of cue-
availability on comprehension-based regulation accuracy.

Name‑only vs. diagram‑only condition

Contrary to what we expected (H3.2a), there was no indirect effect of condition on rela-
tive comprehension-based regulation accuracy via relative monitoring accuracy (b = -0.11, 
95%CI [-0.23 – -0.03], p = 0.04; Fig. 4A).10 There was, as expected (H3.3a) a significant 
direct effect of condition on relative comprehension-based regulation accuracy (b = 0.31, 
95%CI [0.17 – 0.46], p < 0.001; Fig.  4A), indicating that when teachers only had a stu-
dent’s diagram available, their relative comprehension-based regulation was more accurate 
than when having only a student’s name available.

For absolute accuracy, there was – contrary to what we expected (H3.2a) – no indirect  
effect of condition on teachers’ absolute comprehension-based regulation accuracy via 
their absolute monitoring accuracy (b = 0.02, 95%CI [0.00—0.04], p = 0.03; Fig.  5A).  
In addition, there was no direct effect of condition on absolute comprehension-based  
regulation accuracy (b = -0.04, 95%CI [-0.10—0.02], p = 0.16; see Fig. 5A; E3.3a).

Name + diagram vs diagram‑only condition

In contrast with what we expected (H3.2b), there was no indirect effect of condition on 
relative comprehension-based regulation accuracy (b = -0.12, 95% CI [-0.23 – -0.01], 
p = 0.0311; Fig.  4B). In addition, there was no direct effect of condition on relative  
comprehension-based regulation accuracy (b = 0.11, 95% CI [0.17 – 0.46]; p = 0.28, 
Fig. 4B; E3.3b).

For absolute accuracy, there was a significant small to medium indirect effect of con-
dition on comprehension-based regulation accuracy via absolute monitoring accuracy 
(b = -0.04, 95% CI [-0.09 – -0.02], p = 0.001, К2 = 0.05; Fig.  5B). Contrary to what we 
expected (H3.2b), teachers’ absolute monitoring was more accurate in the name + diagram 
condition than in the diagram-only condition, which in turn predicted higher levels of 
absolute comprehension-based regulation accuracy. There was no direct effect of condition 
on absolute comprehension-based regulation accuracy (b = 0.01, 95% CI [-0.04 – 0.07]; 
p = 0.63; Fig. 5B; E3.3b).

Name‑only vs. name + diagram condition

There was no indirect effect of condition on relative comprehension-based regulation 
accuracy via relative monitoring accuracy (b = 0.02, 95%CI [-0.11 – 0.08], p = 0.76; 
Fig. 4C; E3.2c). In addition, there was – as expected (H3.3c) – a direct effect of condition 

11  We used a Bonferroni corrected α of .025.

10  Because we used a Bonferroni corrected α of .025.
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on relative comprehension-based regulation accuracy (b = -0.20, 95%CI [-0.35 – -0.01], 
p = 0.02; Fig. 4C). That is, teachers’ relative comprehension-based regulation accuracy was 
higher when they had both a student’s name and their diagram available compared to only 
a student’s name.

For absolute accuracy, there was no indirect effect of condition on absolute 
comprehension-based regulation accuracy via absolute monitoring accuracy (b = -0.02, 
95%CI [-0.04 – 0.01], p = 0.24; Fig. 5C; E3.2c). In addition, there was – contrary to what 
we expected (H3.3c) – no direct effect of condition on absolute comprehension-based 
regulation accuracy (b = -0.03, 95%CI [-0.07– 0.01], p = 0.13; Fig. 5C).

Discussion

In the current study, we investigated: (1) how teachers’ monitoring accuracy of students’ 
text comprehension varied as a function of the availability of particular information or 
‘cues’ (i.e., student cues only, performance and student cues, or only performance cues) 
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indicates a positive effect, given that lower values of regulation accuracy indicate higher 
accuracy. Furthermore, we used a Bonferroni corrected α of .025 

Fig. 4   Model of Condition as a Predictor (Name-Only vs Diagram-Only [A], Name + Diagram vs Diagram-
Only [B], and Name + Diagram vs Name-Only [C]) of Teachers’ Relative Comprehension-Based Regula-
tion Accuracy, Mediated by Teachers’ Relative Monitoring Accuracy (Unstandardized Coefficients)
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(RQ1), (2) what performance, student, and task cues teachers used when monitoring stu-
dents’ text comprehension (RQ2), and (3) the extent to which the availability of cues 
directly and indirectly affected teachers’ comprehension-based regulation accuracy (RQ3).

Cue‑availability, cue‑utilization, and teachers’ monitoring accuracy (RQ1 + RQ2)

First, we focused on teachers’ monitoring, which is generally seen as the first and necessary 
(but not sufficient) step in the regulation process (e.g., Thiede et al., 2019). We expected 
that when students’ work was blinded (i.e., only performance cues), teachers’ monitoring 
of students’ comprehension would be most accurate compared to having either only student 
cues or student cues and performance cues available. Yet, surprisingly, teachers’ relative 
and absolute monitoring accuracy was lower when only having performance cues available 
(i.e., blinded student work) compared to having performance and student cues available 
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Lower values of absolute monitoring accuracy and of absolute regulation accuracy 
indicate higher accuracy (i.e., lower deviation of the teacher’s judgment/regulation 
decision from the student’s actual test score). Furthermore, we used a Bonferroni 
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Fig. 5   Model of Condition as a Predictor (Name-Only vs Diagram-Only [A], Name + Diagram vs Diagram-
Only [B], and Name-Only vs Name + Diagram [C]) of Teachers’ Absolute Comprehension-Based Regula-
tion Accuracy, Mediated by Teachers’ Absolute Monitoring Accuracy (Unstandardized Coefficients)
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(i.e., students’ names and their work). A possible explanation is that teachers’ monitoring 
accuracy was hampered when having only performance cues available. Think aloud data 
showed that they might possibly have been hampered in two ways. First, as teachers 
fabricated student cues when only having performance cues available, the use of these 
fabricated student cues may have impaired their judgment accuracy. Blinding students’ 
work thus may have had a negative effect on teachers’ monitoring accuracy, perhaps not 
because of the availability of performance cues, but because using fabricated student cues 
distorted their judgments. This finding stands in contrast to the findings of Oudman et al. 
(2018), where teachers’ monitoring was more accurate when they only had performance 
cues available (compared to only student cues or student and performance cues). The level 
of fabrication of student cues was similar in both studies (about 40% in Oudman et  al., 
2018, about 50% in the current study), so this cannot explain the divergence in findings 
between the two studies. A possible explanation for why fabrication of student cues 
hampered monitoring in the present study, but not in their study, might lie in the different 
learning tasks used: it was arguably more straightforward for teachers in the Oudman et al. 
(2018) study to interpret the students’ performance on practice tasks, given that these were 
decimal magnitude problems on which students’ answers were clearly right or wrong. So 
there would have been less room for the fabricated student cues to cloud their judgment.

Second, and related to this ease of interpretation issue, teachers regularly seemed to 
have difficulties with accurately interpreting the students’ diagrams. Especially the number 
of correct relations in students’ diagrams, which can be expected to be highly diagnostic 
for their test performance, was misinterpreted in the majority of the teachers’ judgments. 
And this was somewhat more so when teachers only had performance cues at their dis-
posal than when they additionally had student cues available. The higher percentage of 
deviation when having only performance cues available may potentially explain why teach-
ers’ monitoring accuracy in this condition was lower than when having both performance 
and student cues available. The accuracy of cue judgments may play an important role 
in the monitoring process. Surprisingly, the accuracy of cue judgments has hardly been 
investigated (see for an exception Schnitzler et al. (2020) who mention that teachers had 
troubles assessing the quality of students’ contributions in classroom conversations, which 
can also be seen as a cue) and is not addressed in models of monitoring and regulation 
typically used in educational research (e.g., Koriat’s cue-utilization model; Koriat, 1997). 
However, this issue is addressed in Funder’s Realistic Accuracy Model of personality judg-
ment (Funder, 2012). In the context of judgment accuracy of other person’s personality, 
Funder states that, amongst others, “trait-relevant, available, and detected information must 
be utilized correctly. A truly friendly smile must be interpreted as friendly and not misin-
terpreted as insincere, sarcastic, or manipulative.” (Funder, 2012, p. 178). Thus, the accu-
racy of judging cues (in this example, the smile) plays a role in Funder’s model. Based on 
the current findings and theories from other, related, fields, this issue seems to deserve  
further investigation in the context of teachers’ monitoring of students’ text comprehension 
(see also for a discussion of this issue Van de Pol et al., 2020). Because the measurement of  
the accuracy of teachers’ judgments of the cues was somewhat limited in the current study 
(i.e., only the accuracy of a few cues could be checked), this should be expanded (covering 
more cues) in future research. To be able to measure teachers’ judgment accuracy of cues, 
teachers should be asked to judge the manifestations of all cues that they used. Comparison 
of these judgments to actual cue manifestations (e.g., the actual number of correct relations 
in students’ diagrams) would provide information on how accurately the manifestation of 
the cue was judged. Note though, that this would also require researchers to map the actual 
manifestations of the cues under study (e.g., by administering student questionnaires to 
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measure their actual level of motivation or interest) in future research. The cues identified 
in the current study provide a starting point for identifying which cues need to be covered. 
Furthermore, future research could include teachers’ confidence in their monitoring judg-
ments; this may help distinguish between judgments made from cue-utilization (i.e., when 
teachers are highly confident) and judgments made because they have to choose (i.e., when 
teachers are very unconfident). In addition, a scale that asks teachers to indicate to which 
extent each cue has been used, could provide further information on the weighting of sev-
eral cues. Finally, measuring to what extent teachers are used to this type of tasks and/
or providing a more extensive training in teaching this type of tasks may prove useful in 
future research to be able to control for task experience or to promote teachers’ familiarity 
with the task.

A surprising finding was that teachers’ relative and absolute monitoring judgments were 
equally accurate when having only student cues available compared to having both student 
and performance cues available or only performance cues. Possibly, teachers’ difficulties 
with accurately interpreting the performance cues hampered their monitoring accuracy 
when having both student and performance cues available. Still, it is quite surprising that 
when only having student cues available, teachers’ monitoring judgments were relatively 
accurate, given that student cues are generally considered non-diagnostic. These findings 
also underline that it would be relevant for future research to start measuring the diagnos-
ticity of a wider variety of cues to find out whether some student cues could perhaps be 
somewhat diagnostic.

(In)direct effects of cue‑availability on monitoring and comprehension‑based 
regulation accuracy (RQ3)

Another novel contribution of the present study is that we investigated how accurate 
comprehension-based regulation is brought about and to what extent accurate monitoring 
is indeed a necessary first step to arrive at accurate regulation (cf. Thiede et  al., 2019). 
We found that monitoring accuracy strongly predicted teachers’ comprehension-based 
regulation accuracy, both when looking at relative and at absolute accuracy. That is, when 
teachers’ monitoring judgments of students’ understanding were accurate, their regulation 
decisions also often matched students’ comprehension. Furthermore, we investigated to 
what extent the availability of cues indirectly or directly affected teachers’ comprehension-
based regulation accuracy via their monitoring accuracy. Teachers’ comprehension-based 
regulation accuracy appeared to be affected both in directly and indirectly. When having 
only diagnostic performance cues or having both diagnostic performance cues and (non-
diagnostic) student cues available, teachers were better able to indicate which texts needed 
to be restudied relative to other texts than when having only (non-diagnostic) student 
cues available (i.e., direct effect on relative comprehension-based regulation accuracy). 
In addition, when having both student and performance cues available, teachers’ absolute 
monitoring judgments were more accurate which, in turn, resulted in decisions that 
matched students’ actual comprehension better than when having only performance cues 
available (i.e., indirect effect on absolute comprehension-based regulation accuracy). These 
results partly support the claim that accurate monitoring is a necessary (but not sufficient) 
condition to arrive at accurate regulation (e.g., Thiede et al., 2019). That is, we found that 
teachers’ (absolute comprehension-based) regulation was more accurate when having both 
student and diagram cues available compared to only diagram cues, but this was only the 
case when teachers’ absolute monitoring was also more accurate. Yet, the direct effect 
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indicates that teachers’ regulation accuracy is also directly affected by cue-availability, 
regardless of the accuracy of their monitoring judgments. Possibly, teachers use different 
cues for monitoring and regulation decisions, or they give different weight to different 
cues. Future research, in which the regulation process is further investigated for example 
by asking teachers to think out loud, may give more insight in whether teachers make 
judgment and regulation decisions in different ways, for example by using different cues. 
Such future research could focus on teachers, but it would also be interesting to compare 
judgments made by teachers to judgments made by others (who might either be involved in 
regulating students’ learning sometimes, like parents or peers, or who might be complete 
strangers). To what extent would others also benefit from having access to performance 
cues and what other factors play a role in accurate monitoring? Peers have experience with 
the task but not necessarily with the scoring criteria of the test in contrast to teachers who 
have experience with both. Furthermore, parents have no experience with the task and 
criteria but (like teachers) know their children, whereas strangers have no experience with 
the task, criteria, and no knowledge of the children. The results of the current study show 
that knowing the student one is judging, is an important factor in bringing about accurate 
monitoring. Further research that compares monitoring accuracy and cue-utilization of 
teachers to other groups, may give us more insight into factors that enhance or hamper 
accurate monitoring judgments. A more general point is that not all findings were the 
same for relative and absolute monitoring and regulation accuracy. Making absolute 
monitoring decisions (i.e., deciding per text how well a student understands it) benefitted 
from having both performance cues and student cues compared to only performance cues, 
which was not the case for relative monitoring decisions (i.e., deciding which text a student 
understands less well compared to other texts). In addition, teachers’ absolute regulation 
was more accurate when having only performance cues compared to having only student 
cues, which was not the case for relative regulation accuracy. Although our data shows 
that teachers take these cues into account when making monitoring judgments, the role of 
these cues for absolute and relative measures seems to differ. From these results, it seems 
that knowing which student is being judged helps in arriving at more accurate absolute 
monitoring and regulation, but not necessarily for more accurate relative monitoring and 
regulation. Future research could further investigate this issue and unravel in what ways 
accurate relative and absolute monitoring and regulation are brought about. Including both 
measures in future studies can help us to better understand these processes.

Conclusion

This study is one of the first that focused relations between availability of cues, monitor-
ing accuracy, and regulation accuracy. Most importantly, this study suggests that accurate 
comprehension-based regulation may be brought about in different ways than accurate 
monitoring, possibly due to diverging cue use in monitoring and regulation.

Provided that the results of the current study would be replicated in other samples 
and different tasks and appear to be robust, models of teacher monitoring and regulation 
may further refine the interrelations between these two processes, acknowledging that the 
availability of cues may affect monitoring and regulation differently. In addition, teacher 
monitoring and regulation models may additionally take into account that regulation 
accuracy can be brought about both in direct and indirect ways. Furthermore, the results 
of the current study may be helpful in designing interventions for promoting teachers’ 
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monitoring and regulation accuracy. For instance, such interventions might focus on 
promoting deep processing of diagnostic cues to foster both monitoring and regulation 
accuracy, making accurate judgments of diagnostic cues, and possibly inhibiting the 
fabrication of student cues when inspecting blinded student work.

Appendix A12

One of the texts students read, titled “The Suez Canal”.

“The Suez Canal, which connects the Indian Ocean and the Mediterranean Sea with 
each other, is of great importance to the world. Originally, there was no natural water 
connection between the Atlantic and the Indian Ocean. Between these two seas is 
a desert. This meant that trading ships that traveled from the harbor city Jeddah in 
Saudi Arabia to Europe had to make a long journey around the whole African conti-
nent. It was therefore decided that a shorter waterway was needed that would connect 
the two oceans with each other. For this reason, the Suez Canal, which was designed 
by the Austrian engineer Alois Negrelli, was dug. For years, workers were digging; 
the canal was finally opened in 1869 for shipping. By the digging of the Suez Canal, 
the distance from the harbor city of Jeddah to the harbor city of Rotterdam has been 
reduced by 40%. Through the Suez Canal, the distance between these cities is 6,337 
nautical miles, when ships sail around the African continent this distance is 10,743 
nautical miles.”

Appendix B12

Question about causal relations for the text ‘The Suez Canal’.
The distance for trading ships that sail between Jeddah and Rotterdam has been reduced 

a lot. For what reasons has the distance between Jeddah and Rotterdam been reduced?
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