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We investigated how the accuracy of teachers' judgments of their students' performance on procedural
mathematical tasks, as well as their confidence in that, can be improved. Thirty-three primary school
teachers judged how their students (N ¼ 553) would perform on a multiplication and division task, with
and without having access to performance cues (i.e., students' performance on similar tasks completed
one week earlier). When available, teachers mostly seemed to base their judgments on performance
cues. Availability of performance cues improved teachers’ judgment accuracy, resulted in higher confi-
dence in their judgment accuracy, and increased awareness of their judgment (in)accuracy.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
To optimally stimulate student learning, teachers need to pro-
vide ‘differentiated’ instruction; instruction that is adapted to stu-
dents' current level of performance or understanding (Van de Pol,
Volman, & Beishuizen, 2010; Parsons et al., 2018; Tomlinson
et al., 2003). In order to make adaptive instructional decisions,
teachers' judgments of their students' performance or under-
standingdalso called monitoring judgmentsdneed to be accurate
(see for empirical studies: Van de Pol, Volman, Oort, & Beishuizen,
2014; Klug et al., 2013; see for review studies Urhahne & Wijnia,
2021; Thiede et al., 2019). In the present study, we focus specif-
ically on the accuracy of primary school teachers' judgments of
students' mathematical performance, which are predominantly
inaccurate and typically too optimistic (Oudman, Van de Pol,
Bakker, Moerbeek, & Van Gog, 2018; Gabriele et al., 2016; Thiede
et al., 2015, 2018, 2019; Zhu & Urhahne, 2018). This is problem-
atic as it can result in instructional decisions that are too optimistic,
and thus, not adapted to a student's actual needs (Urhahne &
Wijnia, 2021). For instance, teachers who overestimate their stu-
dents' performance may provide them with tasks that are too
difficult or fail to provide additional instruction to those who need
Utrecht University, P.O. Box
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it. This results in suboptimal learning progress and increases the
likelihood of students failing at subsequent tasks, which may have
adverse motivational and emotional effects (Seegers & Boekaerts,
1993).

To encourage teachers to make accurate monitoring judgments
and in turn adaptive instructional decisions, the importance of Data
Based Decision Making (DBDM; Campbell & Levin, 2009;
Schildkamp et al., 2017) and formative assessment (Black & Wiliam,
2009; Van der Kleij et al., 2015) is increasingly emphasized in
educational policy. DBDM interventions focus mostly on using data
at a ‘macro level’, such as standardized assessments that students
complete a few times a year, to make educational decisions with
instructional purposes but also school development and account-
ability purposes (Schildkamp et al., 2017). Formative assessment
focuses more on the ‘micro level’, that is, on eliciting and using
student performance data to inform instructional decisions in the
classroom, both during and in between lessons (Black & Wiliam,
2009). In line with the latter, in the present study, we investigate
whether providing teachers with students' mathematical perfor-
mance data at the micro level helps them more accurately predict
students' future task performance. Prior studies showed that
providing teachers with information on students' performance on a
related prior task (which they can use in addition to their knowl-
edge of students' general characteristics, such as nationality or
learning problems, when making judgments), does not necessarily
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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lead to more accurate judgments (Oudman, Van de Pol, Bakker,
Moerbeek, & Van Gog, 2018, Van de Pol, Van Gog, & Thiede,
2021). It is important to gain knowledge about which type of
tasks, that are part of current mathematics education, would pro-
vide teachers with performance data that increase the accuracy of
their judgments.

Teachers need to make accurate judgments of students' per-
formance, and, in order to make effective follow-up decisions, they
also need to be aware of their (in)accuracy (Gabriele et al., 2016).
That is, when teachers are (rightfully) confident that their judg-
ment is accurate, they will carry out appropriate instructional ac-
tions based on those judgments; when they are not confident that
their judgment is accurate, they can first seek more information
about a student's performance before taking instructional actions
(Gabriele et al., 2016). Therefore, a second aim of the current study
was to explore how manipulating the availability of performance
data affects teachers' awareness of their judgment (in)accuracy.

1. Literature review

Before introducing our research questions, we will first explain
(1) how we define teachers' judgment accuracy and how this is
influenced by the use of cues (i.e., specific pieces of information that
can be used to inform judgments; Koriat, 1997; Cooksey et al.,
2007), (2) how using certain cues and ignoring others can
improve teachers' judgment accuracy, and (3) the concepts of
teachers’ confidence in and awareness of their judgment (in)
accuracy.

1.1. Teachers’ judgment accuracy and cue use

To assess the accuracy of teachers' judgments of their students'
performance, different measures can be used (cf. Urhahne&Wijnia,
2021, for a discussion of different measures). Because our ultimate
goal is to help teachers makemore adaptive instructional decisions,
we are mainly interested in absolute accuracy, defined as the ab-
solute discrepancy between a teacher's judgment (i.e., prediction of
how a student performs on a task) and student's actual perfor-
mance on that task. For example, consider a teacher who expects
that a student will correctly solve four out of ten problems, but the
student only solves two out of ten problems correctly. In this case,
the absolute deviation is two problems (4 minus 2) on a scale from
zero to ten, with values closer to zero indicating higher accuracy.
Prior research has also frequently used bias, that is, the signed
version of absolute accuracy, indicating whether and how much
teachers over- or underestimate their students' performance.
Because overestimation and underestimation cancel each other out
when averaging scores, this measure does not always reflect the
extent to which judgments are actually accurate when using it in
regression analyses. Relative measures, such as rank components,
have also frequently been used in prior research and can be useful
in educational contexts, for example to gain insight into which
students are most in need of additional support. However, it is
possible to make a perfect rank order in terms of students' per-
formance, while, for instance, overestimating the actual perfor-
mance of all students. When it comes to tailoring instructional
activities to individual students' needs, for example, when deciding
which students need additional instruction or which students are
ready for amore difficult task (cf. mathematics lesson books such as
Baak et al., 2018 and Borghouts et al., 2019, or EDI, a widely applied
teaching model: Hollingsworth & Ybarra, 2018), teachers should be
able to accurately judge students' actual task performance.

1.1.1. How cue use affects judgment accuracy
Unfortunately, teachers' monitoring judgments of their
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students' performance or understanding are often inaccurate. An
explanation for why this is the case can be found in Koriat's (1997)
cue-utilization perspective on monitoring accuracy. According to
this foundational theory, judgments are based on specific pieces of
information (i.e., cues) that differ in the extent to which they are
actually predictive of students' performance.

When judging how well a student will perform on a future test
or task, teachers can use different types of cues (Thiede et al., 2019).
In this study, we specifically focus on student cues and performance
cues. Student cues are general characteristics of students. Student
cues that are repeatedly reported in prior studies are students'
general cognitive ability, nationality, SES, sex or gender, classroom
engagement, conscientiousness, disability status, self-concept, and
interest (e.g., Oudman, Van de Pol, Bakker, Moerbeek, & Van Gog,
2018, Van de Pol, Van Gog, & Thiede, 2021; Cooksey et al., 2007;
Furnari et al., 2017; Gortazar et al., 2022; Helwig et al., 2001;
Hurwitz et al., 2007; Johnston et al., 2019; Kaiser et al., 2013, 2015;
Meissel et al., 2017; Paleczek et al., 2017; Ready&Wright, 2011; Zhu
& Urhahne, 2020). Performance cues consist of information about
students' prior performance on the same skills or content that the
teacher is judging (cf. Van de Pol, Van Gog, & Thiede, 2021). For
instance, teachers can decide which students do not yet master
multi-digit multiplication (and need additional instruction) based
on formative assessments such as, (1) students’ scores on a task or
test about the same problem type, completed one or multiple days
earlier, or (2) how well students can answer practice problems
during the whole-class instruction (Hollingsworth & Ybarra, 2018;
Thiede et al., 2015; 2018).

According to Koriat's (1997) work on cue-utilization, teachers'
judgments are more accurate when the cues being used are more
diagnostic, that is, predictive of students' actual performance (cf.
Thiede et al., 2019). The diagnosticity and use of cues can be
graphically displayed by means of the Lens Model developed by
Brunswik (1955; Fig. 1), in which the analogy of a convex lens is
used to display the relations between a judgment (in this study:
judgment made by the teacher), cues, and the true state (in this
study: student's performance). The teacher only “sees” the stu-
dent's achievement (or other student related variables) through the
“lens” of the cues (see Urhahne & Wijnia, 2021, for a review of
literature applying the lens model to research on teaching). Thus,
the key to improving teachers' judgment accuracy lies in fostering
their use of more diagnostic cues.

1.2. Improving teachers’ judgment accuracy: the effect of cue
availability

Prior studies suggest that performance cues are generally more
diagnostic than student cues (in mathematics: Thiede et al., 2019;
in text comprehension: Van de Pol, Van Gog, & Thiede, 2021). In
many studies on teacher judgments, teachers had only student cues
and no performance cues available (e.g., Furnari et al., 2017;
Paleczek et al., 2017). Hence, it is not surprising that their judg-
ments were often inaccurate. Providing teachers with information
from which they can derive performance cues, or focusing their
attention on available information from which they can derive
performance cues, might improve teachers' absolute judgment
accuracy of their students' mathematical performance. Prior
studies, however, did not find systematic evidence for this effect. In
two studies, Thiede et al. investigated whether increased use of
formative assessment practicesdaimed at collecting performance
cues to guide instructional decisionsdimproved primary school
teachers' judgment accuracy with regard to mathematics. In one of
the studies, Thiede et al. (2018) found that an intervention aimed at
increasing teachers' use of formative assessment did not result in
an improvement of teachers' relative accuracy and bias. In the other



Fig. 1. Brunswik's lens model applied to the current study.
Note. Only cues included in the current study are displayed. The correlation between the cues and teacher judgment is an indication of teachers' cue use, the correlation between the
cues and the student's actual performance is called cue diagnosticity.
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study, Thiede et al. (2019) found that the observed frequency with
which teachers used formative assessment practices during their
mathematics lessons was related to teachers’ relative judgment
accuracy, but not to their bias. Neither of those studies measured
absolute accuracy.

Whereas the two studies of Thiede et al. focused on formative
assessment practices in general, Zhu and Urhahne (2018) investi-
gated the effects of using a specific tool which provided teachers
with information about students' performance from which they
could derive performance cues: Primary school teachers were
asked to use learner response systems (also referred to as clickers)
approximately two times a week during their mathematics lessons.
With the help of the learner response systems, teachers posed
questions during whole-class instructions and received individual
student's responses. This intervention improved teachers' relative
judgment accuracy, bias, and absolute judgment accuracy: The
absolute deviation between teachers' judgments and students'
actual performance decreased from 10.43 to 4.14 items, on a test
consisting of 25 items. Because the teachers in the Zhu and Urhahne
(2018) study judged students' general mathematical skills (as was
the case in the abovementioned studies of Thiede et al.), it remains
unknown whether this intervention would also improve teachers'
judgments of students' performance on specific mathematical
tasks. This is important to establish because instructional decisions
should be based on judgments of students' performance on the
relevant tasks, and not on students' general mathematical perfor-
mance (Baak et al., 2018; Borghouts et al., 2019; Hollingsworth &
Ybarra, 2018; Stiggins & Chappuis, 2006). Moreover, as both the
studies by Zhu and Urhahne (2018) and Thiede et al. (2018; 2019)
did not provide information on the cues that teachers (presum-
ably) used, it remains unclear whether the (lack of) increase in
teachers' judgment accuracy in these studies was caused by (the
absence of) improved cue use.

Studies that did measure teachers' cue use showed that giving
teachers access to diagnostic performance cues did not necessarily
improve their judgment accuracy; rather, the improvement seems
to depend on the extent to which teachers simultaneously ignore
less diagnostic student cues. For instance, Oudman, Van de Pol,
Bakker, Moerbeek, & Van Gog, 2018 manipulated the type of cues
primary school teachers had available when making judgments of
their students' conceptual understanding of decimals. The teachers
3

had access to: (1) only students' names (i.e., student cues), (2) only
anonymized student work from which performance cues could be
inferred, or (3) both students' names and their work (i.e., both
student and performance cues). Teachers could infer students'
decimal (mis)conceptions (i.e., performance cues) by analyzing
students’ work. The teachers thought aloud while making judg-
ments, to measure their cue use. The findings suggest that teachers
were most accurate when only performance cues were available
(although this was only true for judgments of what students did not
understand, not for judgments of what students did understand).
When both student and performance cues were available, teachers
did use performance cues, yet were not more accurate and did not
focus less on student cues, compared to when only student cues
were available. These findings suggest that it is hard to ignore
student cues when both student and performance cues are
available.

Similar results were found by Van de Pol, Van Gog, & Thiede,
2021. They investigated the relation between secondary school
teachers' self-reported cue-utilization and their judgment accuracy
of students' text comprehension. Using non-diagnostic student
cues, such as effort and intelligence, in addition to diagnostic per-
formance cues (characteristics of diagrams completed by the stu-
dents, e.g., number of correct relations), appeared to hamper
teachers' absolute judgment accuracy. The findings also showed
that teachers had difficulties with accurately inferring the perfor-
mance cues: The teachers' judgment of the number of correct re-
lations in a diagram completed by students deviated substantially
from the actual number of correct relations in that diagram. When
teachers' judgments of performance cues were inaccurate, their
judgments of students’ performance were also less accurate.
Moreover, the findings indicated that regardless of whether the
judgments of the performance cues were (in)accurate the teachers
might have had difficulty with translating performance cues (e.g.,
number of correct causal relations in a diagram) into judgments
(i.e., their estimates of the number of causal relations students
would correctly recall on the posttest).

In summary, there may be three possible explanations for why
providing teachers with performance cues does not always help
improve their judgment accuracy: (1) when highly diagnostic
performance cues are available, teachers do not merely use these
performance cues but they also use less diagnostic student cues, (2)
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inferring performance cues from student work can be difficult, and
(3) it is difficult to translate performance cues into judgments of
students' performance. Therefore, the present study provided
teachers with student work from which performance cues could
easily be derived (as the scores are already provided) and that were
highly aligned with the task teachers judged. In (Dutch) educa-
tional practice, teachers often have the opportunity to use this type
of performance cue. For instance, students in the upper years of
(Dutch) primary school work on basic procedural mathematics
skillsdaddition, subtraction, multiplication, and divisiondon a
weekly basis, sometimes as the main learning objective of a task
and sometimes as part of a task with another main learning
objective (Baak et al., 2018; Borghouts et al., 2019). These proce-
dural mathematical tasks often contain performance information
that is not difficult to infer: Tasks can unambiguously be scored in
terms of number of problems answered (in)correctly. By means of
formative assessment practices, teachers can elicit and use this
information to infer cues that can inform their judgments and in
turn, their instructional decisions. For example, over the course of
two days, students work on a multiplication task. On the first day,
they are introduced to the task and on the second day, they get to
rehearse the task. Based on students’ task scores on the first day,
teachers could decide which students need additional instruction
on the second day. Or, in the weeks after a monthly assessment,
teachers could give additional instruction to students whose
assessment performance (i.e., performance cues) indicate that they
have not mastered a particular problem type.

We aim to investigate whether prompting teachers to use in-
formation fromwhich performance cues can easily be inferred and
arewell alignedwith the tasks that are to-be-judged, will positively
affect their judgment accuracy. We also aim to investigate how
prompting teachers to use this type of performance cue affects
teachers’ cue use. This might lead to insights on how to stimulate
teachers to use more diagnostic cues, which can in turn foster their
judgment accuracy. Moreover, when using performance cues, it is
unknown whether it is best for teachers to ignore all student cues
or whether there are specific student cues that can be of added
value. Even if the diagnosticity of student cues is generally lower
than that of performance cues, it is possible that some student cues
may have added diagnostic value when used in combination with
performance cues. If certain student cues do indeed add diagnostic
value, then using these could possibly lead to more accurate
teacher judgments than merely using performance cues.

1.3. Teachers’ confidence in their judgment accuracy

In order to make effective instructional decisions teachers not
only need to make accurate judgments of their students' perfor-
mance (e.g., Van de Pol, Volman, Oort, & Beishuizen, 2014; Klug
et al., 2013), but they also need to be aware of their judgment (in)
accuracy (Gabriele et al., 2016). Teachers show awareness of their
judgment (in)accuracy when they feel relatively more confident
about more accurate judgments and relatively less confident about
less accurate judgments. This is typically measured by asking
teachers how confident they are that their judgments are accurate,
directly after making a performance judgment (some studies refer
to this as second-order judgments: e.g., Dunlosky et al., 2005).
When teachers are aware of their (in)accuracy they are likely to
make appropriate instructional decisions, either based on judg-
ments that were accurate and in which they have confidence, or by
obtaining more information on the judgments that were inaccurate
and in which they have less confidence. When teachers are not
aware of their (in)accuracy, they either feel confident about less
accurate judgments, which may lead to inappropriate instructional
decisions, or they lack confidence in accurate judgments, which
4

prompts teachers to seek more information (costing time and
effort) when in fact this is not necessary (Gabriele et al., 2016).
Particularly the combination of less accurate judgments and high
confidence can have negative consequences because, in those cases,
teachers' instructional decisions are less likely to be tailored to
students' needs. To the best of our knowledge, with the exception of
Gabriele et al. (2016), teachers' awareness of their (in)accuracy with
regard to their students' academic performance has not yet been
investigated. Moreover, the measure used by Gabriele et al. (2016)
does not allow us to answer to what extent teachers are aware of
their judgment (in)accuracy. Furthermore, it remains unknown
how the availability of performance cues affects teachers’ confi-
dence in, or awareness of, their (in)accuracy.

As teachers' instructional decisions may become more effective
when the match between their judgment accuracy and the confi-
dence in their judgment accuracy is higher, increasing teachers'
confidence in their judgment accuracy seems desirable in a situa-
tion in which judgments also become more accurate. Teachers
might feel more confident of the accuracy of the judgments that are
based on performance cues than those that are not because
teachers might expect that performance cues have high diagnostic
value. This is supported by findings of Zhu (2019) who investigated
which cues primary school teachers report beingmost important to
base their judgments of students' achievement on. The teachers
reported that, when judging students' achievement, relying on the
performance of the last test (i.e., a performance cue) is three to five
times more important than relying on grades of other subjects or
text anxiety (i.e., student cues). However, teachers' perceived
effectiveness of using formative assessment to inform their teach-
ing varies and this affects their willingness to carry out formative
assessments (for a review, see Yan et al., 2021). It could be that
teachers with a less positive attitude towards formative assessment
think that basing their instructional decisions on task-specific
performance cues is not more effective than basing their de-
cisions on other cues, such as students' general mathematics ability.
For these teachers, making performance cues available might not
increase their confidence in their judgment accuracy. An increase in
confidence would be desirable if teachers' accuracy also increases
when performance cues are available compared to when perfor-
mance cues are not available (which we indeed expect, see section
1.2). However, an average increase in both teachers' judgment ac-
curacy and confidence does not necessarily lead to increased
awareness of their (in)accuracy. This is because awareness is
defined as how well teachers can distinguish between their more
accurate, and their less accurate, judgments in terms of confidence.
It remains unknown how the relation between teachers' accuracy
and their confidencedas indication of teachers’ awareness of their
(in)accuracydchanges after performance cues are made available
to teachers.

2. The present study

The present study aims to investigate 1) how prompting pri-
mary school teachers to use performance cues will affect their cue
use when judging their students’ performance on mathematical
tasks and 2) how use of different (combinations of) cues affects
their judgment accuracy, confidence in their judgment accuracy,
and awareness of their judgment (in)accuracy.We specifically focus
on procedural mathematical tasks (multiplication and division)
that form a large part of the mathematics curriculum in the upper
years of (Dutch) primary school (e.g., Baak et al., 2018; Borghouts
et al., 2019). Teachers made judgments about how many of the
six multiplication problems (e.g., 6 � 472) and six division prob-
lems (282 : 6) their students answered correctly: These were made
under two conditions, one with and one without having access to



1 The eight teachers who taught their class also in a previous grade did not make
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performance cues. Performance cues consisted of the number of
problems students answered correctly on similar tasks (problems
with same solution procedure and difficulty, but different numbers)
completed one week earlier. Thus, these performance cues were
well aligned with the to-be-judged-tasks and did not require
interpretation of student work (as the number of problems
answered correctly was given).

Our first research question (RQ1) was: How does availability of
performance cues, that can easily be derived from student work
and are well aligned with the task performance teachers have to
judge, affect teachers' judgment accuracy of students’ mathemat-
ical task performance? We expected that when performance cues
are available that teachers would make more accurate judgments,
because (1) performance cues are generally diagnostic (Van de Pol,
Van Gog, & Thiede, 2021; Thiede et al., 2019), (2) if the provided
information does not require interpretation then inaccurate cue
judgments might not appear and therefore do not hamper judg-
ment accuracy, and (3) the more the cues are aligned with the to-
be-made performance judgments, the easier it might be to trans-
late the cue judgments into judgments of students' performance.

Second, we investigated how availability of performance cues
affects teachers' use of student and performance cues, as indicated
by the degree to which the cues predict teachers' judgments (RQ2).
We would expect that teachers who are provided with information
that does not require interpretation and is easy to translate into
judgments, are less inclined to additionally use student cues when
judging students’ performance.

Third, in order to make accurate judgments, teachers should use
highly diagnostic cues (Van de Pol, Van Gog,& Thiede, 2021; Thiede
et al., 2019), and thus we need to have knowledge of which cues are
diagnostic for students' performance on procedural mathematical
tasks. Therefore, we investigated to what extent student and per-
formance cues predict primary school students’ performance on
procedural mathematical tasks, as an indication of cue diagnosticity
(RQ3). In linewith Van de Pol, Van Gog,& Thiede, 2021we expected
performance cues to be more diagnostic than student cues,
although the present study is concerned with a different school
subject and age group.

Fourth, assuming the performance cues in the present study are
indeed more diagnostic than student cues, and teachers actually
use the performance cues, leading to more accurate judgments,
then it is relevant to find out whether it is best for teachers to
ignore all student cues when performance cues are available, or
whether there is potential added value in using some student cues
in combination with performance cues (RQ4). In other words, we
explored if there are student cues that, on top of performance cues,
increase the explained variance in students’ task performance. We
had no specific expectations regarding this question, given a lack of
prior studies on cue diagnosticity with regard to primary school
procedural mathematical tasks.

Fifth, it has been suggested that teachers not only need to make
accurate judgments of students' performance, but that they also
need to be aware of their (in)accuracy (see section 1.3). We
explored how the availability of performance cues affects (a)
teachers' confidence in their judgment accuracy, and (b) teachers'
awareness of their judgment (in)accuracy (RQ5). Regarding RQ5a,
we explored whether and to what degree teachers feel more
confident when performance cues are available, compared to when
performance cues are not available. The reason being that teachers
might expect performance cues to be highly diagnostic. Note that
an increase in teachers' confidence in their judgment accuracy does
not necessarily lead to an increase in awareness of their (in)accu-
racy. Hence, we had no expectations regarding RQ5b about teach-
ers’ awareness of their (in)accuracy.
5

3. Method

3.1. Context of the present study: Dutch (mathematics) education

In the Netherlands, students go to primary school from age 4 to
age 12. The average class size at the time of writing is 23 students
(Rijksoverheid, n.d.). In the primary schools that participated in the
current study, mathematics was taught by the teacher who also
teaches most other subjects, as is the case in most Dutch primary
schools. From age 6e7 onwards, students receive about 1 h of
formal mathematics education, daily. At age 7e8 students start
with multiplication and around age 9 with division. From then on,
multiplication and division are covered about weekly in the
mathematics curriculum until the end of primary school, periodi-
cally becoming more complex. Sometimes multiplication and di-
vision are the main learning objective of a task, sometimes it is part
of a task with another main learning objective (Baak et al., 2018;
Borghouts et al., 2019; SLO, 2021).

3.2. Participants

3.2.1. Teachers
Thirty-four teachers, teaching 9e10 year old students (Dutch

grade 6), volunteered to participate in this study. Teachers were
recruited via (1) an advertisement on social media, (2) contacting
schools that participated in a prior study (Oudman, Van de Pol,
Bakker, Moerbeek, & Van Gog, 2018), and (3) the network of the
first author who is also a primary school teacher. One teacher
dropped out because they did not feel comfortablewith completing
the questionnaire about the student characteristics. The other 33
teachers (25 female) taught across 21 different primary schools in
the Netherlands, ranged from ages 23e59 years old (M ¼ 37.71,
SD ¼ 12.10), and had one to 39 years of teaching experience
(M ¼ 12.33, SD ¼ 10.18). They taught their classes two to five days a
week (M ¼ 4.24, SD ¼ 0.94). Data collection took place between
January and May 2019. The teachers were teaching their students
from the beginning of the school year, which, in the Netherlands,
roughly spans from the end of August until half July, so they had
known their students between 5 and 9 months. Eight of the
teachers had also been teaching their class in a previous grade.1

This study received approval from the ethics review board of the
authors’ institute. See for the dataset: Oudman, Van de Pol, & Van
Gog, 2022c.

3.2.2. Students
Of the 777 students who participated, data from 552 students

were included in the analyses of the multiplication task and 553 in
the analyses of the division task. Data from 545 students were
included in both the analyses for multiplication and division. Fig. 2
displays students’ demographics and the number of students that
had to be excluded and why.

3.3. Design

This study had a within-subjects design with two conditions: In
the student-cue only condition, teachers made judgments and
indicated their confidence in the accuracy of these judgments for 10
students, while being provided with the students' names (i.e.,
making student cues available). In the student þ performance cue
condition, teachers made judgments for 10 other students while
being provided with the students' names and the students’
significantly more accurate judgments than the other 25 teachers, p > .05.



Fig. 2. Flowchart of Reasons for, and Number of, Excluded Students.
Note. Excluded students were removed from the dataset. Multivariate outliers were defined for each analysis separately and are still included in the numbers in this flowchart.
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performance on similar tasks completed one week prior (i.e.,
making performance cues available).

3.4. Materials and measures

3.4.1. Students’ performance
On two days that were exactly one week apart, students made

parallel versions (i.e., with isomorphic problems that have the same
solution procedure and difficulty, but different numbers) of a
multiplication and division task. On both days, students answered
six multiplication problems (single-digit multiplicands multiplied
by 3-digit multipliers, e.g., 6 � 472) and six division problems (3-
digit dividends divided by single-digit divisors, e.g., 282 : 6). Stu-
dents received one point for each correctly answered problem,
thus, per task performance scores ranged between 0 and 6. Stu-
dents’ task performance (i.e., how many problems they answered
correctly) on day 1, were made available to teachers in the
student þ performance cue condition when making judgments on
day 2.

3.4.2. Teachers’ judgment accuracy
Per student, teachers were provided with the six multiplication

or division items of day 2 and answered the question “Howmany of
these six multiplication/division problems do you think this
2 Students who have automated the procedures would need less than 10 min,
based on the opinion of two mathematics experts and three experienced teachers,
teaching 9e10 year olds.

6

student answers correctly within 12 min2?” on a 7-point scale
ranging from 0 to 6. Based on students' task performance one week
earlier, ten students per teacher were selected per condition, so that
students with comparable scores were equally divided across the
two conditions, within each class. This resulted in comparable
means and variances of students’ prior performance across condi-
tions. When a class consisted of more than 20 students, we opti-
mized the sample regarding the variability in student performance
within each class (i.e., we avoided selecting students with similar
scores as much as possible). When a class consisted of 20 students
or less, teachers made judgments about all their students.

We analyzed teachers' absolute accuracy, determined by the
absolute difference between the judged and actual performance
(regardless of whether it was positive or negative), ranging from
0 to 6, with values closer to zero indicating more accurate judg-
ments (Schraw, 2009; Urhahne & Wijnia, 2021). To allow for
comparison of our findings to other studies using a different
measure, we also report descriptive statistics of two other mea-
sures of teachers' judgment accuracy: Bias and the rank compo-
nent. Bias was computed by subtracting students' actual
performance from their judgment and ranges from �6 to 6, with
values below zero indicating underestimation and values above
zero indicating overestimation. The closer the values are to zero,
the lower teachers' overestimation or underestimation of their
student's performance is (Schraw, 2009; Urhahne & Wijnia, 2021).
The rank component indicates how well teachers can accurately
rank their students in terms of their performance. This measure
was determined by the correlation between teachers' judgments



Fig. 3. Example item of teacher questionnaire about student cues.

3 This question was added because the multiplication and division tasks used in
the present study were part of the regular curriculum. When these (or related)
tasks would have been covered in the curriculum in the past week, teachers would
have had more knowledge about students' multiplication and division skills (i.e.,
kind of performance cues) than when these (or related) tasks were not part of the
past week curriculum. Adding this variable as predictor to the analyses did not
change the significance of the results.

4 Students rated their invested effort, made a monitoring and regulation judg-
ment (indicating their need for intervention regarding the type of problems they
just completed, such as additional practice or instruction), and rated their feeling of
confidence in the accuracy of the monitoring and regulation judgments they just
made. The monitoring and regulation judgments were used in the study of Oudman
et al. (2022a).
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and students' actual performance, thereby accounting for the non-
independence of observations within classes, by applying multi-
level regression models. The rank component ranges from 0 to 1,
with values closer to 1 indicating higher accuracy (Schraw, 2009;
Urhahne & Wijnia, 2021).

3.4.3. Confidence judgments
Directly after teachers made a judgment of a student's perfor-

mance, they made a confidence judgment by answering the ques-
tion “Howconfident are you about the previous judgment?”, on a 6-
point Likert scale, ranging from “very unconfident” (1) to “very
confident” (6).

3.4.4. Cue measures
In the present study, performance cues consisted of students'

performance on themultiplication and division task completed one
week earlier, ranging from 0 to 6 per task. Student cues were
measured using a teacher questionnaire, in which most cues were
measured by one item and from the teachers' perspective: We as-
sume that teachers use their ownperception of student cues to base
their judgments on (cf., studies that also used one-item teacher
reports to measure teachers' cue use: Helwig et al., 2001; Kaiser
et al., 2013; Zhu & Urhahne, 2020). The teacher-perceived student
cues consisted of conscientiousness (during mathematics lessons),
effort (during mathematics lessons), sex, interest in mathematics,
general mathematics ability, nationality, presence of learning
problems, and self-concept (students’ confidence in their mathe-
matical skills). See Fig. 3 for an example item, Appendix Table 4 for a
list of student cue measures, and Appendix Table 5 for the
descriptive statistics per cue.

The data for this study were collected in the context of a larger
project that also included student characteristics as perceived by
teachers, for use in other studies. Students' intelligence was
included in this questionnaire with the intention of use in the
present study. However, we removed students' intelligence from
the analyses to prevent multicollinearity because the correlation
with mathematics ability was very high (0.82). We additionally
performed the analyses with intelligence instead of general
mathematics ability as predictor and this led to similar conclusions
as those reported here. Parents’ educational level was also included
in the questionnaire with the intention of use in the present study,
but was removed from the analyses because teachers could not
report this variable with certainty for most students.

3.4.5. Other measures
After making their judgments teachers indicated whether they

had information about students' performance on themultiplication
and division task on day 1 or 2, other than stemming from the
performance cues they received (e.g., because they accidently saw
students’ answers in a booklet or because students told them about
their performance on the tasks). The reported students were
deleted from the analyses (Fig. 2).

After completing the student cue questionnaire, teachers
7

answered a question about the extent to which tasks that were
related to the multiplication and division tasks were part of their
curriculum in the past week.3

3.5. Procedure

Data collection took place on two separate lesson days with
exactly one week in between. On both days, the student and
teacher session took place at the same time and lasted between
45 min and 1 h. At least two weeks prior to the first day of the data
collection, parents were informed and given the opportunity to
object to their children's participation or use of their children's
data.

3.5.1. Students
The student procedure was the same on day 1 and 2, except that

isomorphic problems were used. After a short introduction by the
experimenter, all students received a booklet and pen and
completed the multiplication task, for which they had 12 min. It
was emphasized that there was no need to hurry (as mentioned
above, students who automated the procedures would need less
than 10 min). When students finished the task in less than 12 min,
they were instructed to read the (fiction) books they kept in their
drawers. After 12 min, the experimenter gave the instruction that
students who had not yet finished all problems should stop
working. After the tasks, the students answered several questions4

that were used for the larger project that the present study is part
of. Finally, the same procedure was repeated for the division
problems.

3.5.2. Teachers
The teacher data collected on day 1 were not used in the present

study, but in another study of the larger project (Oudman et al.,
2022b). During the session on day 2, teachers were provided with
a laptop, a list of names of students they had to make judgments
about, noise-canceling headphones, and a covered list with the
students' performance of one week earlier (i.e., performance cues).
They sat in or close to their classroom so that they could not see
their students working (as students were working on the tasks of
day 2), yet would be able to intervene if an incident would occur in
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the classroom that required their attention (which was not the
case). For each selected student, teachers completed a 1) multi-
plication performance judgment, 2) subsequent confidence judg-
ment, 3) division performance judgment, and 4) subsequent
confidence judgment. When teachers finished making judgments
about the students in the student-cue only condition, they uncov-
ered the list with students' prior performance and made the same
four judgments for the students in the student þ performance cue
condition. After making the judgments, teachers indicated whether
they had additional information about their students' performance
on day 1 or 2 (see section 3.4.5). Next, they completed the ques-
tionnaire about student cues for students in both conditions. We
assumed that teachers' perceptions of student characteristics
would be influenced less by teachers' judgments of students' per-
formance than teacher judgments by thinking about student
characteristics. Finally, teachers answered the question about the
past week's curriculum (see section 3.4.5).

3.6. Analyses

All analyses for the multiplication and division task were per-
formed separately because teachers' judgment accuracy could vary
along with the subject matter (Kolovou et al., 2021). We performed
multilevel regression analyses in Mplus version 8 (Muth�en &
Table 1
Descriptive statistics of students' performance, teachers’ judgment and confidence varia

Multiplication

Student cues only n ¼ 279a Student þ performance c

Variable Range
Student performance 0 to 6 3.76 (2.10)b 3.88 (2.11)b

Judgment 0 to 6 3.69 (1.73) 3.95 (1.91)
Absolute accuracy 0 to 6 1.58 (1.44) 1.14 (1.17)
Bias �6 to 6 �0.07 (2.23)c 0.08 (1.68)c

Rank componentd 0 to 1 0.41 (0.08)*** 0.65 (0.04)***
Confidence in accuracy 1 to 6 4.31 (0.95) 4.69 (0.93)
Accuracy awarenesse 0 to 1 �0.17 (0.05)*** �0.17 (0.06)**

***p � .001, **p � .01, *p � .05.
a For the variables Absolute accuracy, Confidence in accuracy, and Accuracy awareness

outliers were removed to answer the research questions.
b These two values do not differ significantly from each other, p > .05.
c These values do not differ significantly from zero, p > .05.
d Correlation between judgment and performance, accounted for the non-independen
e Correlation between teachers' absolute accuracy and confidence in accuracy, accoun

Error between brackets.

Table 2
Standardized regression coefficients, indicating cue diagnosticity and cue use for the mu

Cue Diagnosticity b (SE)a

Total sample Student cues only Student þ
Performance cues
Multiplication 0.65 (0.03)*** 0.63 (0.04)*** 0.67 (0.04
Division 0.42 (0.04)*** 0.45 (0.06)*** 0.43 (0.06
Teacher-perceived student cues
Conscientiousness 0.42 (0.04)*** 0.42 (0.05)*** 0.44 (0.05
Effort 0.33 (0.04)*** 0.40 (0.05)*** 0.31 (0.04
Sex (boy/girl)c 0.13 (0.05)** 0.11 (0.07) 0.18 (0.07
Mathematics ability 0.41 (0.04)*** 0.38 (0.06)*** 0.46 (0.06
Interest 0.36 (0.05)*** 0.36 (0.07)*** 0.38 (0.06
Learning problems �0.26 (0.05)*** �0.30 (0.08)*** �0.25 (0.
Self-concept 0.33 (0.05)*** 0.33 (0.07)*** 0.34 (0.06
Nationalityd 0.02 (0.04) �0.02 (0.07) 0.09 (0.05

***p � .001, **p � .01, *p � .05.
a Standardized regression coefficients from multilevel regression models in which a s
b Standardized regression coefficients from multilevel regression models in which a s
c This was an open question, but teachers only gave these two answers.
d See for coding Appendix Table 5.
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Muth�en, 1998-2017) to account for the nested data structure with
students (level 1) clustered in classes, and thus in teachers as each
teacher participated with one class (level 2). All fixed effects were
tested at the student level. We used the maximum likelihood
estimation with robust standard errors (MLR) which is robust to
non-normality. Full output for all analyses, including intercepts and
random effects, are presented in Online Appendix B. To answer RQ1,
about the effect of availability of performance cues on teachers'
judgment accuracy, teachers’ absolute accuracy was regressed on
condition (student-cue only condition, vs. student þ performance
cue condition).

RQ2 and 3 concern teachers' cue use and cue diagnosticity
respectively andwere analyzed in linewith prior studies about how
student characteristics relate to teacher judgments (e.g., Furnari
et al., 2017; Meissel et al., 2017; Paleczek et al., 2017; Ready &
Wright, 2011). RQ2 (cue use) was answered by regressing teacher
judgments on the student cues as perceived by teachers. RQ3 (cue
diagnosticity) was answered by regressing students' performance
on the student cues as perceived by teachers. Table 2 (multiplica-
tion) and Table 3 (division) display the explained variance in
teachers' judgments (in case of cue use) and in students' perfor-
mance (in case of cue diagnosticity) by each cue, including shared
explained variance by other cues we measured. The lens models in
Fig. 4 (multiplication) and Fig. 5 (division) display the explained
bles.

Division

ues n ¼ 272a Student cues only n ¼ 277a Student þ performance cues n ¼ 275a

M (SD)
2.94 (2.50)b 3.07 (2.47)b

2.96 (1.82) 3.04 (2.18)
1.77 (1.42) 1.08 (1.11)
0.02 (2.31)c �0.03 (1.59)c

0.55 (0.05)*** 0.78 (0.03)***
4.06 (1.04) 4.66 (0.97)
�0.21 (0.06)*** �0.38 (0.04)***

the samples sizes were somewhat smaller (max. 7% smaller), because multivariate

ce of observations within classes, followed by Standard Error between brackets.
ted for the non-independence of observations within classes, followed by Standard

ltiplication task, including shared explained variance by the other cues.

Use b (SE)b

performance cues Student cues only Student þ performance cues

)*** e 0.93 (0.01)***
)*** e 0.54 (0.04)***

)*** 0.43 (0.05)*** 0.41 (0.06)***
)*** 0.47 (0.05)*** 0.30 (0.05)***
)** �0.19 (0.07)** 0.02 (0.08)
)*** 0.81 (0.03)*** 0.65 (0.05)***
)*** 0.63 (0.05)*** 0.49 (0.06)***
06)*** �0.33 (0.07)*** �0.27 (0.07)***
)*** 0.61 (0.04)*** 0.44 (0.06)***
) �0.14 (0.07)* �0.02 (0.07)

ingle cue predicts students' performance.
ingle cue predicts teachers' judgments.



Table 3
Standardized regression coefficients, indicating cue diagnosticity and cue use for the division task, including shared explained variance by the other cues.

Cue Diagnosticity b (SE)a Use b (SE)b

Total sample Student cues only Student þ performance cues Student cues only Student þ performance cues

Performance cues
Multiplication 0.41 (0.04)*** 0.44 (0.06)*** 0.46 (0.05)*** e 0.53 (0.05)***
Division 0.77 (0.03)*** 0.79 (0.03)*** 0.79 (0.03)*** e 0.94 (0.01)***
Teacher-perceived student cues
Conscientiousness 0.28 (0.03)*** 0.32 (0.04)*** 0.27 (0.06)*** 0.42 (0.06)*** 0.30 (0.06)***
Effort 0.34 (0.03)*** 0.40 (0.06)*** 0.32 (0.05)*** 0.47 (0.05)*** 0.32 (0.05)***
SexSex (boy/girl)c �0.04 (0.05) �0.04 (0.08) �0.01 (0.06) �0.19 (0.07)** �0.04 (0.07)
Mathematics ability 0.53 (0.04)*** 0.50 (0.05)*** 0.59 (0.04)*** 0.79 (0.03)*** 0.68 (0.05)***
Interest 0.44 (0.04)*** 0.45 (0.05)*** 0.45 (0.05)*** 0.65 (0.05)*** 0.50 (0.05)***
Learning problems �0.24 (0.04)*** �0.28 (0.06)*** �0.21 (0.05)*** �0.35 (0.07)*** �0.28 (0.06)***
Self-concept 0.47 (0.04)*** 0.43 (0.05)*** 0.51 (0.05)*** 0.63 (0.05)*** 0.53 (0.05)***
Nationalityd �0.06 (0.05) �0.01 (0.06) �0.05 (0.07) �0.15 (0.06)* �0.07 (0.06)

Note. See Table 2 for explanations.

Fig. 4. Lens models of teacher judgments of student's multiplication performance when only teacher-perceived student cues were available (upper model) and when student and
performance cues were available (bottom model)
Note. Standardized regression coefficients on the left side of the model represent diagnosticity, standardized regression coefficients on the right side represent teachers' cue use. R2

is the explained variance in students' performance and teachers' judgments respectively, by all cues in the model. ***p � .001, **p � .01, *p � .05.
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variance in teachers' judgments and in students’ performance by
each cue, excluding shared explained variance by other cues we
measured. Consequently, many coefficients representing diag-
nosticity and use are significant in Tables 2 and 3, but not significant
in the lensmodels (Figs. 4 and 5), because the explained variance by
these cues (almost) entirely overlaps with that of other cues. While
we focus our analyses on the lens models, we do feel it is important
to present the data in Tables 2 and 3 because these cues can still be
diagnostic and teachers may still use these cues (although probably
less than cues that are still significant in the lens models), even
though the lens models might not give that impression.
9

To answer RQ4, about the potential added value of student cues
for teachers' judgment accuracy, we compared the explained
variance in students' performance by the performance cues only
(i.e., students' prior performance on similar multiplication and di-
vision tasks) with the explained variance in students’ performance
by both the performance and student cues.

To answer RQ5a, about the effect of availability of performance
cues on teachers' confidence in their judgment accuracy, we
regressed teachers' confidence on condition (student-cue only
condition, vs. student þ performance cue condition). To answer
RQ5b, about the effect of availability of performance cues on



Fig. 5. Lens models of teacher judgments of student's division performance when only teacher-perceived student cues were available (upper model) and when student and
performance cues were available (bottom model)
Note. See Fig. 4 for explanation.
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teachers' awareness of their (in)accuracy, we analyzed the effect of
the interaction term between condition and teachers' accuracy on
teachers' confidence in their accuracy. A significant interaction
term would mean a stronger relation between teachers' accuracy
and their confidence in one of the conditions, compared to the
other condition, suggesting a difference in teachers’ awareness of
their (in)accuracy across conditions.

3.6.1. Missing cases and outliers
When data were missing because students or teachers did not

complete a question (this applied to 0.2e9.2% per variable), data
were deleted list-wise in the analysis. For eachmultilevel model we
analyzed, zero to 39 cases (a maximum of 7.1% of the data) were
identified asmultivariate outliers.Weweremainly interested in the
results without outliers to avoid drawing conclusions that were
potentially affected by extreme cases in our data. For the sake of
transparency we also ran the analyses with the inclusion of the
outliers. This only lead to a difference in statistical significance for
the analysis of the multiplication task of RQ5b; thus, we reported
both effects for this analysis, with and without outliers.

4. Results

4.1. Descriptive statistics

Table 1 shows descriptive statistics for the performance, judg-
ment, and confidence variables. In order to enable comparisonwith
prior and future studies reporting on teachers' bias and the rank
component, Table 1 also includes these two measures, in addition
10
to teachers' absolute accuracy (the measure used in the analyses).
The intraclass correlation coefficient (ICC) for the main variables,
reflecting the amount of between-teacher variability compared to
the total amount of variability (both between and within teachers),
were as follows: For teachers' absolute accuracy 2.5% for multipli-
cation and 2.6% for division; For teachers' confidence in their ac-
curacy 15.9% for multiplication and 13.2% for division. Thus, the
largest part of the variability within the main variables resided at
the within-teacher (i.e., student) level. For teachers’ confidence in
their accuracy, differences between teachers were more pro-
nounced than for absolute accuracy.
4.2. Effect of availability of performance cues on teachers’ judgment
accuracy (RQ1)

In line with our hypothesis, teachers' judgments of students'
multiplication and division performance were more accurate when
both student and performance cues were provided than when only
student cues were provided: See means of absolute accuracy in
Table 1. The increase in accuracy was significant for both tasks
(Multiplication: B ¼ �0.43, p � .001; Division: B ¼ �0.69, p � .001;
Online Appendix B). Teachers’ judgment accuracy increased with
0.33 standard deviations for multiplication and with 0.52 standard
deviations for divisionwhenmaking judgments with access to both
student and performance cues, compared to only student cues. The
effect size in terms of f2 is 0.03, indicating a small effect: 0.02 is the
criterion for a small effect, 0.15 for a medium effect, 0.35 for a large
effect (Cohen, 1988).
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4.3. Effect of availability of performance cues on teachers’ cue use
(RQ2)

As shown in the lens models (Figs. 4 and 5), when only student
cues were available, the uniquely explained variance in teachers'
judgments by teacher-perceived students' general mathematics
ability was the largest for both the multiplication and division task
and at least three times larger than the variance explained by all
other cues wemeasured. This suggests that when only student cues
were available and teachers made judgements of students' per-
formance, that they predominantly used their perceptions of stu-
dents’ general mathematics ability.

When both student and performance cues were available, the
uniquely explained variance in teachers' judgments by students'
prior performance on a similar task (i.e., performance cues) was the
largest for both multiplication and division, and at least five times
larger than the variance explained by all other cues we measured.
This suggests that when both student and performance cues were
available and teachers made judgments of students' performance,
that they predominantly used performance cues (i.e., students'
prior performance on the relevant task). It should be noted that
teachers did not always copy students' prior performance when
making their judgments, as the correlations between the perfor-
mance cues and teachers' judgments were high but not perfect
(0.93 for multiplication and 0.94 for division; Tables 2 and 3). In
summary, when performance cues are made available, teachers'
cue use may shift from predominantly using their perception of
students’ general mathematics ability to predominantly using the
provided performance cues (Figs. 4 and 5).

In the student-cue only condition, all teacher-perceived student
cues accounted for 71% of the variance in teachers' judgments for
both multiplication and division; in the student þ performance cue
condition, all teacher-perceived student cues and performance cues
accounted for 91% of the variance in teachers’ judgments for
multiplication and 92% for division (Figs. 4 and 5). The effect size in
terms of f2 are 2.45 in the student-cue only condition (both tasks)
and 10.11 (multiplication) and 11.50 (division) in the
student þ performance condition, indicating exceptionally large
effects (0.35 is the criterion for a large effect; Cohen, 1988). This
suggests that the cues we measured give a fair indication of the
cues teachers actually used, in both conditions.
4.4. Diagnosticity of student and performance cues (RQ3)

When teachers only had their perceptions of student cues avail-
able, the uniquely explained variance in students' performance
(representing diagnosticity) by teacher perceived students' general
mathematics ability (for both tasks), conscientiousness (for multi-
plication), and self-concept (for division) were significant (Figs. 4
and 5). When both performance cues and teacher-perceived student
cues were available, only the diagnosticity of students' prior perfor-
mance on a similar task (i.e., performance cues; for both multipli-
cation and division) and the student cue conscientiousness (for
multiplication) were significant. Hence, students' general mathe-
matics ability has ‘unique’ diagnostic value when only teacher-
perceived student cues are available, but not when performance
cues are made available. The performance cues were at least three
times more diagnostic than the teacher-perceived student cues. In
the student-cue only condition, all teacher-perceived student cues
accounted for 27% of the variance in students' performance for
multiplication and 32% for division; in the student þ performance
cue condition, all teacher-perceived student cues and performance
cues accounted for 53% of the variance in students' performance for
11
multiplication and 65% for division (Figs. 4 and 5). The effect size in
terms of f2 are 0.37 (multiplication) and 0.47 (division) in the
student-cue only condition and 1.13 (multiplication) and 1.86 (di-
vision) in the student þ performance condition, indicating large
effects (Cohen, 1988). This suggests that the cues we measured,
together, fairly predict students' performance, especially in the
student þ performance cue condition.

4.5. Potential added value of student cues for teachers’ judgment
accuracy (RQ4)

In the student þ performance cue condition, the explained
variance in students' performance by students' prior performance on
similar multiplication and division tasks was 48% for multiplication
and 64% for division. When adding the teacher-perceived student
cues as predictors of students’ performance, the explained variance
increased only 5% (i.e., to 53%) for multiplication and only 1% (i.e., to
65%) for division (Figs. 4 and 5). The effect size in terms of f2 for this
increase are 0.06 for multiplication, a small effect, and 0.01 for di-
vision, a trivial effect (Cohen, 1988).

4.6. Effect of availability of performance cues on teachers’
confidence in their judgment accuracy (RQ5a)

Teachers felt significantly more confident of their judgment ac-
curacy for both the multiplication and division task when they had
access to performance cues, than when they did not have access to
performance cues (Multiplication: B ¼ 0.37, p �0.001; Division:
B¼ 0.59, p� .001; Online Appendix B). Their confidence on average
increased from “somewhat confident” when only student cues
were available to “confident” when performance cues were also
available (Table 1).

When teachers made judgments with access to both teacher-
perceived student cues and performance cues, their confidence
increasedwith 0.39 standard deviations for multiplication andwith
0.57 standard deviations for division, compared to when they only
had access to teacher-perceived student cues. The effect sizes in
terms of f2 are 0.05 for multiplication and 0.10 for division, indi-
cating small effects (Cohen, 1988), and thus a small increase in
confidence, when performance cues are made available.

4.7. Effect of availability of performance cues on teachers’
awareness of their (in)accuracy (RQ5b)

The correlation between teachers’ judgment accuracy and the
confidence in their accuracy, analyzed separately per task and
condition, were negative and significant (Table 1). This suggests
that teachers were aware of their (in)accuracy, as they felt more
confident of more accurate judgments than of less accurate judg-
ments and vice versa. This was the case for both tasks and both
conditions. When their accuracy increased with 1 point on the 7-
point scale, their confidence increased between 0.10 and 0.30 on
a 6-point scale (Online Appendix B). The effect sizes in terms of f2

are 0.03 (multiplication, both conditions; small effect), 0.05 (divi-
sion, student cues only; small effect), and 0.17 (division,
student þ performance cues; medium effect; Cohen, 1988).

To test how the availability of performance cues (i.e., condition)
affected teachers' accuracy awareness (RQ5b), we analyzed the
effect of the interaction term between condition and teachers' ac-
curacy on teachers' confidence in their accuracy. For both tasks, the
relation between teachers’ accuracy and their confidence was
significantly stronger when teacher-perceived student cues and
performance cues were available, compared to when only student
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cues were available (i.e., the interaction term was significant and
negative; Bmultiplication ¼ �0.10, p ¼ .0485; Bdivision ¼ �0.16; p¼ .003;
Online Appendix B). This suggests that teachers were on average
somewhat more aware of their (in)accuracy when both teacher-
perceived student cues and performance cues were provided
compared to only student cues.

5. Discussion

The present study investigated (1) how prompting teachers to
use performance cues affects primary school teachers' cue use
when judging their students’ performance on procedural mathe-
matical tasks and (2) how the use of different (combinations of)
cues affects their judgment accuracy, confidence in their judgment
accuracy, and awareness of their judgment (in)accuracy.

5.1. Teachers’ judgment accuracy and cue use (RQ1 and 2)

In line with our hypothesis, we showed that giving teachers
access to performance cuesdthat can easily be derived from stu-
dent work and are well aligned with the task performance teachers
have to judge din addition to their perceptions of student cues to
which they always have access, positively affected teachers' abso-
lute judgment accuracy of their students' mathematical task per-
formance (RQ1). It should be noted that the effect was small, which
can perhaps be explained in two ways. First, the teachers were
already fairly accurate when they only had access to their percep-
tions of student cues: their judgments deviated 26% for multipli-
cation and 30% for division from students’ actual performance
(Table 1). Second, the diagnosticity of the performance cues was
high but not close to perfect; we return to this issue in section 5.4.

The finding that teachers' accuracy significantly increased when
performance cues were provided differs from the results of two
prior studies (Oudman, Van de Pol, Bakker, Moerbeek, & Van Gog,
2018; Van de Pol, Van Gog, & Thiede, 2021) which showed that
giving teachers access to performance cues, in addition to student
cues, did not necessarily lead to more accurate judgments. This
difference in findings can presumably be explained by differences
in the type of performance cues provided: In the present study, the
provided information did not require interpretation (i.e., in prior
studies, teachers had to interpret students' answers, whereas here,
they were provided with the number of problems the students
answered correctly on a similar prior task) and the tasks that the
performance cues originated fromwere highly aligned with the to-
be-judged-tasks (i.e., the earlier completed problems were
isomorphic to the to-be-judged problems). This might havemade it
easier for teachers to use the performance cuesdand ignore less
diagnostic student cuesdwhen making judgments about students’
performance. This is supported by our findings regarding the sec-
ond research question: When both teacher-perceived student cues
and performance cues were available, the teachers hardly used
student cues in addition to the performance cues.

The findings regarding the second research question also indi-
cate that, when performance cues were not available, teachers
seemed to predominantly base their judgments on their perception
of students' general mathematics ability. Students' general math-
ematics ability can be seen as a more global proxy of performance
cues and it might not be surprising that, when performance cues on
similar tasks are not available, teachers seem to have the tendency
to base their judgments on their knowledge of students' general
performance in the relevant subject. However, teachers'
5 When outliers were still included in this sample, the interaction effect was not
significant for the multiplication task: B ¼ �0.05, p ¼ .299.
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perceptions of students’ mathematics ability were not much more
diagnostic than other (low diagnostic) student cues, and substan-
tially less diagnostic than the performance cues. This stresses how
important it is that teachers collect task specific performance cues
to base their judgments on.

5.2. Cue diagnosticity (RQ3 and 4)

That teachers in the present study seemed to mainly use per-
formance cues when these were available seems a good decision, as
the performance cues were much more diagnostic than the
teacher-perceived student cues (including the student cue general
mathematics ability; RQ3). Although we do not have data on this, it
is possible that teachers knew that the performance cues would be
more diagnostic than student cues. This would be in line with the
finding of Zhu (2019) that teachers reported that, when making
judgments of their students’ achievement, relying on last test
performance (i.e., a performance cue) is muchmore important than
relying on grades of other subjects or test anxiety (i.e., student
cues).

Even if student cues are less diagnostic than performance cues,
it could have been possible that some teacher-perceived student
cues would have had added diagnostic value when used in com-
binationwith performance cues. However, our findings with regard
to the fourth research question suggest that use of teacher-
perceived student cues (or at least the student cues we
measured), in addition to using performance cues, would have little
if any added value for the accuracy of teacher judgments.

5.3. Teachers’ confidence in and awareness of their (in)Accuracy
(RQ5)

Finally, we explored teachers' awareness of their judgment (in)
accuracy. This can be important for student learning, because when
teachers are aware of their (in)accuracy they are more likely to
make appropriate instructional decisions, either based on their
judgments that were accurate, or by seeking more information
about students’ performance when their judgments were inaccu-
rate (cf. Gabriele 2016). Teachers show accuracy awareness of their
judgment (in)accuracy when they feel relatively more confident
about more accurate judgments and relatively less confident about
less accurate judgments.

As we expected, teachers felt more confident of their judgment
accuracy when performance cues were available, than when only
teacher-perceived student cues were available (RQ5a), and rightly
so, as their accuracy was also higher. Interestingly, teachers' con-
fidence in their accuracy only increased slightly and on average
came close to ‘confident’ but not ‘very confident’. Teachers might
have known that the performance cues were more diagnostic than
student cues, but also that the diagnosticity of the performance
cues was not close to perfect.

An average increase in teachers' confidence in their judgment
accuracy and in their accuracy does not necessarily lead to an in-
crease in teachers' awareness of their (in)accuracy. The present
study was the first to explore whether or not teachers were aware
of their judgment (in)accuracy with regard to students' perfor-
mance, and found positive results: Teachers indeed showed some
awareness of their (in)accuracy, for both the multiplication and
division task and when performance cues were or were not avail-
able. Moreover, teachers' accuracy awareness was positively
affected by the availability of performance cues (RQ5b): Teachers
were somewhat more aware of their (in)accuracy when perfor-
mance and teacher-perceived student cues were available,
compared to when only student cues were available. This finding
could mean that when teachers use diagnostic performance cues,
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teachers’ instructional decisions about procedural mathematical
tasks are not only more accurate, but also more effective. For
example, when teachers use performance cues instead of only their
perceptions of student cues, they could be more likely to act upon
accurate judgments that they are more confident about, and more
likely to seek additional information when their judgments are
inaccurate (Gabriele et al., 2016). Of course, this should be
confirmed by future research.

5.4. Limitations and future research

One limitation of this study is that we did not directly measure
teachers' cue use, but did so by means of correlations between
teachers' judgments and measures of (teacher-perceived) cue
values. The explained variance in teachers' judgments by the cues
we measured was high (above 0.70 when only student cues were
available and above 0.90 when student and performance cues were
available). This suggests that the cues we measured give a fair
indication of the cues teachers actually used. As we did not directly
measure cue use, it is possible that teachers did not actually use the
cues that are indicated by our findings, but instead used cues that
are related (both conceptually and correlational) to the cues we
measured. For instance, as mentioned in section 3.4.4, teachers'
perceptions of their students' intelligence and mathematics ability
are highly related, so concluding which of the two variables they
actually use is not possible via correlational research. Future
research investigating the effect of interventions on teachers' cue
use and their accuracy can include more direct measures of
teachers' cue use via think aloud protocols or questionnaires about
which cues they used. As teachers' perceptions of the student cues
can differ from the actual cue values, for instance as measured by
student questionnaires (Van de Pol, Van Gog, & Thiede, 2021),
future studies could also investigate whether teachers' judgment
accuracy would improve when teachers would more accurately
judge the student cues. Additionally, these future studies could
incorporate a check on whether the order of measuring judgments
and cue use matters: We measured teachers’ perceptions of cues
after teachers made the judgments, but would the findings change
when it was measured in the opposite order?

A question raised by our findings is how the diagnosticity of
performance cues can be further improved. In the current study,
the diagnosticity of the performance cues ranged between 0.63 and
0.79 (including shared explained variance by other cues), which is
fairly high, but not close to perfect. If the diagnosticity of perfor-
mance cues can be increased, the accuracy of teachers’ judgments
might also improve further. It would be interesting in future
research to look for factors that influence the diagnosticity of per-
formance cues, such as the type of task or the time between the
task on which performance cues were collected and the to-be-
judged tasks (i.e., a week in the present study). Future research
could also attempt to measure to what extent cue diagnosticity
differs across students and whether this can be explained by spe-
cific student characteristics. For instance, in theory, cues like effort
or interest might be diagnostic when they are high or low in a
student, but less diagnostic when they are medium/moderate.

Another question we cannot answer based on our data, is to
what extent teachers were aware of the diagnosticity of the cues
they used. As discussed earlier, our findings that teachers mostly
used performance cues when these were available and hardly used
student cues, might suggest that they were aware of the higher
diagnosticity of performance cues. However, we do not know this
for certain. Teachers’ beliefs about and awareness of cue diag-
nosticity might influence their judgment accuracy and confidence
in their accuracy. It would be valuable in future research to inter-
view teachers about their thoughts on cue diagnosticity and how
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this affects their cue use, judgments, and confidence in their
accuracy.

Finally, an important question is to what extent our findings
would generalize. First, our findings apply to performance cues that
can easily be inferred from student work and are well aligned with
the to-be-judged-tasks. Of course, even when teaching procedural
tasks as the ones in the present study, teachers can also engage in
interpreting students' strategy use to inform their instructional
decisions. However, teachers often lack time (Schildkamp et al.,
2017) and it is very time-consuming to analyze students' strategy
use each time a student does not master a task. Using students' task
scores to make quick decisions on which students do and do not
master a task is an efficient method that can be alternated with
more in-depth analyses of students' strategy use. While teachers
commonly have access to ‘quick’ cues, these cues are not always
available, for example when starting with a task that is new to the
students. Future research could investigate for different type of
tasks that are used in educational practice, and that vary to the
degree to which they require interpretation, (1) whether they
contain diagnostic performance cues, (2) whether teachers are able
to use these performance cues and ignore less diagnostic cues, and
(3) how this affects teachers' judgment accuracy and accuracy
awareness. Future studies should also investigate further whether
teachers can be trained to use performance cues that are more
difficult to interpret (cf. those used in prior research; Oudman, Van
de Pol, Bakker, Moerbeek, & Van Gog, 2018, Van de Pol, Van Gog, &
Thiede, 2021) and at the same time ignore student cues. For
instance by asking teachers to make judgments based on vignettes
after which they receive feedback about their use of student and
performance cues. Lastly, it is an open question whether our find-
ings would replicate in a larger sample of teachers and schools and
whether they generalize to other age groups within and beyond
primary school.

6. Conclusions and practical implications

Formative assessment does not necessarily lead to accurate
teacher judgments (Thiede et al., 2018, 2019) and this might be
caused by the type of performance cues that are used by the
teachers. Our findings indicate that the use of diagnostic perfor-
mance cues that can easily be inferred from student work and are
highly aligned with the task performance teachers have to judge
(e.g., students' prior performance on similar tasks) improves
teachers' judgment accuracy. It might seem obvious that teachers
are able to use this type of performance cue and that this increases
their judgment accuracy, but this was not a given when looking at
prior research (Oudman, Van de Pol, Bakker, Moerbeek, & Van Gog,
2018, Van de Pol, Van Gog, & Thiede, 2021). Moreover, it was un-
known whether teachers would also ignore less diagnostic student
cues (as they continued to use those in prior studies), which indeed
seemed to be the case. Furthermore, the present study showed that
teachers are already somewhat aware of their (in)accuracy, in that
they feel relatively more confident about more accurate judgments
and relatively less confident about less accurate judgments, and
that teachers’ confidence in and awareness of their (in)accuracy can
be positively affected by using performance cues, all of which is
important for adaptive teaching.

Our findings suggest that encouraging teachers to use short
formative assessment practices, which are relatively easy to
implement, might help them to more accurately evaluate their
students' performance and needs. For instance, ending a mathe-
matics lesson by asking students to solve a problem that represents
the main learning objective of that lesson, and show their answers
on mini-whiteboards they hold up (Wiliam, 2011), might provide
teachers with the kind of easy to interpret performance cues that
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were also used in the present study, and help them to get a quick
overview of which students might need additional interventions.
When working with online learning systems, teachers can be
encouraged to base their instructional decisions on the information
on students' performance as shown in the teacher dashboards
(which teachers do not necessarily consult; Molenaar & Knoop-van
Campen, 2017). To help design and implement the most effective
interventions, future research should test which tasks within the
current (mathematics) curriculum do and do not provide perfor-
mance cues that increase teachers' accuracy. This knowledge can
then be included in teacher professional development programs
aimed at improving formative assessment practices and teachers’
judgment accuracy.
Table 4
Explanation of Student Cue Measures

Cue Question (translated from Dutch)

Conscientiousness This student works conscientiousness during the normal mathema
lesson. Examples: This student works orderly. This student works prec

Effort This student shows effort during normal mathematics lessons. Exam
student works hard; this student pays attention.

General
mathematics
ability

This student is in general strong in mathematics

Interest This student is generally interested in mathematics.
Learning

problems
Does this student have learning problems (no diagnosis needed)?

Nationality What is the country of Birth of this student/the mother of this stud
father of this student?

Self-concept This student generally feels confident about their mathematical ski
Examples: this student is convinced that he/she performs well on math
tasks and tests; this student knows that he/she can master the mathema
that he/she needs to learn.

Sex Before the start of the experiment teachers were asked to provide
experimenter with a list of student names and their sex.

a Scale: Strongly disagree, disagree, agree, strongly agree.

Table 5
Descriptive Statistics of the Cue Values for the Multiplication and Division Task

Cue Range Multiplication

Total sample Student cues only Student þ perfo

Performance cues M (SD)
Multiplication 0 to 6 3.36 (2.14) 3.27 (2.14) 3.45 (2.13)
Division 0 to 6 2.65 (2.38) 2.57 (2.37) 2.74 (2.39)
Student cues
Conscientiousness 1 to 4 2.90 (0.79) 2.85 (0.79) 2.95 (0.80)
Effort 1 to 4 3.18 (0.67) 3.16 (0.67) 3.20 (0.66)
Sex boy/girla 49.6/50.4% 50.0/50.0% 49.0/51.0%
Mathematics ability 1 to 5 3.27 (1.10) 3.21 (1.12) 3.32 (1.08)
Interest 1 to 4 3.00 (0.71) 2.96 (0.69) 3.03 (0.73)
Learning problems no/yes 75.5/24.5% 74.0/26.0% 77.0/23.0%
Self-concept 1 to 4 2.83 (0.79) 2.78 (0.80) 2.89 (0.77)
Nationalityb 1 to 5 0.22 (0.73) 0.24 (0.77) 0.21 (0.70)

a This was an open question, but teachers only gave these two answers.
b Coded as follows: (0) student, mother and father born in Western country, (1) studen

student not born in W, mother and father born in NL, (4) student, mother and father not
W).

14
Data availability

The data used for the analyses are openly available in online
depository (see Oudman et al., 2022c).
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Appendix
Answer options (translated from Dutch) Source on which question is
based

tics
isely.

Strongly disagree to Strongly agreea Big Five conscientiousness
scale (Goldberg, 1992)

ples: this Strongly disagree to Strongly agreea Cf. Helwig et al. (2011)

Strongly below average/Below average/
Average/Above average/Strongly above
average

Cf. Helwig et al. (2011)

Strongly disagree to Strongly agreea Cf. Karing (2009)
No learning problems/Dyslexia/
Dyscalculia/ADHD/ADD/Autism/Language
delay/Other, namely …,

Cf. Van de Pol, Van Gog, &
Thiede, 2021

ent/the The Netherlands/Another Country, namely:
…

Cf. Driessen et al. (2015),
Van de Pol, Van Gog, &
Thiede, 2021

lls.
ematical
tics skills

Strongly disagree to Strongly agreea Perceived self-efficacy scale
(Marsh et al., 2006)

the Open question.

Division

rmance cues Total sample Student cues only Student þ performance cues

3.35 (2.13) 3.26 (2.15) 3.46 (2.11)
2.65 (2.37) 2.57 (2.36) 2.73 (2.39)

2.90 (0.80) 2.84 (0.79) 2.95 (0.81)
3.18 (0.67) 3.16 (0.67) 3.19 (0.67)
49.4/50.6% 50.8/49.2% 47.8/52.2%
3.26 (1.09) 3.21 (1.12) 3.30 (1.06)
2.99 (0.71) 2.96 (0.69) 3.02 (0.73)
75.0/25.0% 73.4/26.6% 76.5/23.5%
2.82 (0.79) 2.77 (0.80) 2.88 (0.78)
0.22 (0.73) 0.24 (0.77) 0.21 (0.69)

t and mother or father born in W, (2) student born in W, mother and father not, (3)
born in W (it did not occur that student was not born in W, mother or father born in
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.tate.2022.103982.
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