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Abstract
Accurately judging students’ comprehension is a key professional competence for teachers. It 
is crucial for adapting instruction to students’ needs and thereby promoting student learning. 
According to the cue-utilization framework, the accuracy of teachers’ judgments depends on 
how predictive (or diagnostic) the information (or cues) that teachers use to make judgments is 
of student performance. It is, however, unclear from prior studies if merely providing access to 
diagnostic cues aids accuracy, or whether this only helps if non-diagnostic cues are unavailable 
or ignored. Therefore, we investigated, using a within-subjects experimental design, the accu-
racy of secondary school teachers’ (N = 33) judgments of anonymous students’ text compre-
hension under four cue availability conditions: 1) non-diagnostic cues only; 2) diagnostic cues 
only; 3) a mix of diagnostic and non-diagnostic cues; and, 4) after an intervention informing 
them of the diagnosticity of cues, again a mix of diagnostic and non-diagnostic cues. Access 
to diagnostic cues enhanced teachers’ judgment accuracy, while access to non-diagnostic cues 
hindered it. While teachers’ judgment accuracy was not enhanced by the intervention (pre-
sumably because it was already relatively high), their diagnostic cue utilization increased, and 
non-diagnostic cue utilization decreased. In addition, teachers’ calibration increased after the 
intervention: They knew better when their judgments were (in)accurate. Furthermore, teachers 
were quite aware that diagnostic cues are diagnostic, but their awareness that non-diagnostic 
cues (especially students’ interest) are not, could be improved. These results could be useful in 
designing effective interventions to further foster teachers’ judgment accuracy.

Keywords Teacher judgment accuracy · Cue-utilization framework · Diagnostic cue 
utilization · Calibration · Confidence · Judgment accuracy interventions

Introduction

Teachers are continually monitoring their students, making judgments about their learning 
progress (Shavelson, 1983; Shulman, 1998; Urhahne & Wijnia, 2021). These teacher judg-
ments affect students’ learning, as teachers base instructional decisions on their judgments 
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of students’ current level of understanding (Box et  al., 2015; Ready & Wright, 2011; 
Ruiz‐Primo & Furtak, 2007). If a teacher’s judgment is not accurate, this can negatively 
affect students’ academic self-concept and hinder their learning (Pielmeier et  al., 2018; 
Urhahne, 2015). That is, if teachers underestimate students’ understanding, they may pro-
vide instruction or tasks that are too easy, not furthering students’ learning. In contrast, if 
teachers overestimate students’ understanding, they may provide instruction or tasks that 
are too difficult, which may lead to comprehension breakdowns (Wittwer & Renkl, 2008). 
For teachers’ instructional decisions to assist students in their learning progress, teacher 
judgments of student learning must be as accurate as possible (Schrader & Helmke, 2001; 
Thiede et al., 2019; Van de Pol et al., 2019). However, research indicates that the degree to 
which teachers’ judgments relate to actual student learning, or the judgment accuracy, var-
ies widely between teachers and is moderate overall (Hoge & Coladarci, 1989; Südkamp 
et al., 2012; Urhahne & Wijnia, 2021).

One cause of teachers’ moderate judgment accuracy seems to be the kind of cues (i.e., 
pieces of information) that they use to inform their judgments. The cue-utilization frame-
work of metacognitive monitoring (Brunswik, 1956; Koriat, 1997) provides a model for 
understanding how the accuracy of judgments depends on the cues used to make a judg-
ment, and more specifically, on the diagnosticity of those cues. First, the model posits that 
judgments are inferential. That is, people use certain information, or cues, when making 
judgments. The cue-utilization model is specified for individuals making judgments of 
their own learning, in which three types of cues are distinguished: intrinsic cues (i.e., char-
acteristics of the study material such as text length), extrinsic cues (i.e., conditions of learn-
ing such as the number of times material has been studied or encoding operations such as 
the level of processing, performed by the learner during learning), or mnemonic (i.e., indi-
cators that signal to the learner to what extent material has been learned such as the ease 
of processing). When teachers have to make judgments of students’ learning, however, the 
available cues differ, because mnemonic cues are internal to the learner and typically not 
available to teachers (unless students would report on them). Therefore, in the literature on 
teacher judgments of student learning, the following categories of cues are often used: task 
cues (comparable to intrinsic cues; characteristics of the task), student cues (student char-
acteristics or behaviour (e.g., gender, IQ, extraversion, effort), or performance cues (e.g., a 
completed worksheet) (Oudman et al., 2018; Thiede et al., 2019; Urhahne & Wijnia, 2021; 
Van de Pol et al., 2021a).

Second, the accuracy of judgments depends on the degree to which these cues are pre-
dictive, or diagnostic, of the judged outcome (Dunlosky & Thiede, 2013). For example, 
how well a student did on a practice task that is related to the judged outcome is more 
diagnostic than a student’s level of extraversion in class (Van de Pol et al., 2021b). The cue-
utilization framework posits that using diagnostic cues to make judgments leads to more 
accurate judgments, while using non-diagnostic cues leads to lower judgment accuracy 
(Van de Pol et al., 2021a, b; Brunswik, 1956; Koriat, 1997).

Cue diagnosticity can be determined by operationalizing and measuring potential cues, 
such as students’ overall academic ability or extraversion, resulting in a cue value (Van de 
Pol et al., 2020, 2021b; Thiede et al., 2019). By calculating the correlation between this cue 
value and a student’s performance on a task with a measurable grade, a cue’s diagnosticity 
for a given task can be determined (Dunlosky & Thiede, 2013; Thiede et al., 2019; Van de 
Pol et al., 2021b). Performance cues, such as student answers or scores on previous tests 
on the same and related tasks, generally correlate the highest with student performance 
(Fiorella & Mayer, 2015; Kostons & de Koning, 2017; Van de Pol et  al., 2019, 2021b). 
Student cues, such as students’ in-class behaviour, general academic ability, or background, 
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have lower correlations with student performance on a specific task (Kaiser et al., 2013; 
Paleczek et  al., 2017; Ready & Wright, 2011; Schnitzler et  al., 2020; Van de Pol et  al., 
2019, 2021b). Task cues, such as the length or difficulty of a text, also have relatively low 
correlations with students’ performance on a specific task (Van de Pol et al., 2021a).

There are quite some experimental studies that investigated to what extent the height 
of teachers’ judgments is affected by non-diagnostic student cues, such as ADHD (Klap-
proth & Brink, 2024), special educational needs and immigrant background (Pit-ten Cate 
& Glock, 2018). Moreover, several studies have investigated to what extent teachers’ judg-
ment accuracy is affected by non-diagnostic student cues such as student minority status 
(Kaiser et al., 2017), student ethnicity (Glock et al., 2015; Pit-ten Cate et al., 2016) or stu-
dent engagement (Kaiser et al., 2013).

Yet, only a few studies investigated the effects of the availability of both performance 
cues and students cues on teachers’ judgment accuracy. The available evidence suggests 
that, in line with the central tenet of Koriat’s cue-utilization framework, teachers’ judgment 
accuracy is affected by the diagnosticity of the cues used. For instance, in a study by Van 
de Pol et al., (2021b), secondary education teachers were asked to report the cues they had 
used when making judgments of their own students’ learning. As they knew the students, 
they had access to student cues, and they were provided with performance cues from a 
previously completed –related– task. When teachers reported using non-diagnostic student 
cues, their judgment accuracy was lower.

Oudman et  al. (2018) experimentally manipulated primary education teachers’ access 
to cues. Teachers made judgments of their own students’ mathematics performance under 
different conditions, in which teachers had access to: 1) only student cues, as they were 
given the students’ names and could therefore use their knowledge of the student; 2) only 
performance cues, as they were provided with students’ anonymized answers on earlier 
practice tasks from which performance cues could be deduced; and 3) both student and 
performance cues, as they were provided with students’ names and their answers on the 
practice tasks. Teachers made more accurate judgments when they only had access to per-
formance cues than when they only had access to student cues or student and performance 
cues. Moreover, teachers’ judgment accuracy did not differ in the latter two conditions.

These findings by Oudman et al. (2018) suggest that giving teachers access to diagnostic 
cues is not enough; they may have to simultaneously refrain from using non-diagnostic 
student cues. A later study by Oudman et al. (2023) suggests that teachers may still have 
relied on student cues when available, because it was hard for them to rapidly infer perfor-
mance cues from students’ answers. When teachers were provided either with students’ 
names only or with students’ names and their scores on practice tasks (rather than answers, 
which made it easier to infer performance cues), their judgments were more accurate when 
having access to both student and performance cues (Oudman et al., 2023).

In contrast to the findings by Oudman et al. (2018), Van de Pol et al. (2021a) found that 
secondary education teachers judging their students’ reading comprehension, were most 
accurate when having access to student and performance cues, compared to only perfor-
mance cues. Yet, data from another study using similar materials (Van de Pol et al., 2021b) 
suggested that again, teachers may have had difficulties with accurately inferring perfor-
mance cues (i.e., teachers’ judgment of the number of correct relations in a diagram of the 
causal relations in the text that students completed, deviated substantially from the actual 
number of correct relations in that diagram), and when teachers’ inferences about perfor-
mance cues were inaccurate, their judgments of students’ performance were also less accu-
rate. Furthermore, only when they judged the cue-values of diagnostic cues correctly, was 
the use of these cues related to more accurate judgments of students’ learning.
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One experimental study in which the values of the cues were provided using vignettes 
of anonymous students (i.e., teachers did not have to judge the cue values themselves) is 
the study by Kaiser et  al. (2015). Teachers’ judgments of students’ mathematics grades 
were more accurate when provided with (the values of) diagnostic performance cues (prior 
oral and written mathematics achievement), than when additionally provided with non-
diagnostic student cues (i.e., gender, background, IQ, family background, and academic 
self-concept). However, the number of cues provided in the condition with both diagnostic 
and non-diagnostic cues was higher (seven) than in the condition with only diagnostic cues 
(two). Differences in judgment accuracy may therefore not only have been due to differ-
ences in the diagnosticity of the information available, but also to the fact that in the condi-
tion with diagnostic and non-diagnostic cues, they had to process more information.

In sum, prior research suggests that to improve teachers’ judgment accuracy, they need 
access to information from which they can easily and accurately infer performance cues, 
and may need to refrain from using student cues when these are also available in addition to 
performance cues. However, evidence currently supporting this claim is correlational (e.g., 
Van de Pol et al., 2021b), comes from studies that have not measured the actual diagnostic-
ity of the cues (e.g., Oudman et al., 2018; Thiede et al., 2015; Van de Pol et al., 2021a), 
required teachers to interpret the cues, which is a difficult task in itself and might therefore 
distort judgment accuracy of students’ learning (e.g., Oudman et al., 2018; Thiede et al., 
2018; Van de Pol et al., 2021b), or did not provide teachers with the same amount of infor-
mation between experimental conditions (Kaiser et al., 2015).

Therefore, the first aim of the present study was to experimentally test the assumed link 
between cue utilization and teacher judgment accuracy by manipulating teachers’ access to 
cues in different conditions. The second aim was to investigate whether teachers are aware 
of the diagnosticity of the cues, and whether teachers’ cue utilization, judgment accuracy, 
and calibration (explained in more detail below) can be promoted by a brief intervention in 
which they are informed about the diagnosticity of the cues and instructed to use diagnostic 
cues and ignore non-diagnostic cues.

As for awareness, there is not much research on teachers’ cue utilization in general, and 
hardly any on whether teachers are aware of cue diagnosticity. The study by Zhu (2019), is 
an exception. Two-hundred-and-sixty primary school teachers were asked to rank several 
cues with regard to their diagnosticity within certain categories of cues (e.g., Abilities and 
attitudes [containing cues such as general intelligence, interest]; Behaviour during class 
[containing cues such as concentration, hand raising]; Tests [containing cues such as last 
test performance, grade for other subjects]; Student demographics [containing cues such 
as age, gender]) and to rank the categories in order of diagnosticity. Within and between 
categories, the teachers’ ranking matched the ranking based on the actual diagnosticity (as 
determined by information from meta-analyses) to a great extent. However, Zhu (2019) 
focused on cue diagnosticity for general judgments of students’ achievement, as opposed to 
the task specific judgments we focus on in the present study. The studies reviewed earlier 
suggest that teachers may not be aware of the low diagnosticity of student cues for many 
task-specific judgments, as teachers still report using student cues even when more diag-
nostic performance cues are available (Oudman et al., 2018, Van de Pol et al., 2021a).

The intervention we tested was focused on making teachers aware of cue diagnosticity, 
and encouraging them to use diagnostic cues and ignore non-diagnostic cues when making 
judgments. This approach is similar to that of Thiede et al. (2015), who found that teachers 
who had been trained to generate and focus on diagnostic performance cues in student-cen-
tred instruction made more accurate judgments of their students’ performance than teach-
ers who had not (but they did not measure cue diagnosticity or cue utilization).
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We will not only measure effects of the intervention on judgment accuracy, but also 
on calibration, which is the relation between teachers’ judgment accuracy and their con-
fidence in their judgment. This has been suggested to be important for student learning 
(Gabriele et al., 2016) because being accurate might not be enough for teachers to actually 
act on those judgments; only if teachers feel confident that their judgments are accurate, 
they will translate their judgments into appropriate instructional decisions (Gabriele et al., 
2016; Praetorius et al., 2013). Moreover, if they correctly feel that their judgments might 
not be accurate (thus unconfident about inaccurate judgments), they are more likely to first 
gather more information about the students’ understanding before deciding how to proceed 
(e.g., by providing extra instruction). Gabriele et al. (2016) found that it was not so much 
teachers’ judgment accuracy as it was their calibration that predicted students’ mathematics 
achievement. Being made more aware of the diagnosticity of the cues they use through the 
intervention, can be expected to foster teachers’ calibration as well: if teachers have more 
information about the diagnosticity of the cues, they might know better what cues to use 
and what cues to ignore and therefore whether their judgment is (in)accurate.

The present study

The present study experimentally tested the effects of cue diagnosticity on teachers’ 
judgment accuracy, as well as the effects of an informative intervention on teachers’ 
cue utilization, judgment accuracy, and calibration. In a within-subjects design, teach-
ers made judgments about anonymous students’ reading comprehension test perfor-
mance under four different conditions, having access to: 1) non-diagnostic cues only; 
2) diagnostic cues only; 3) a mix of diagnostic and non-diagnostic cues; and, 4) after 
an intervention informing them of the diagnosticity of cues, again a mix of diagnostic 
and non-diagnostic cues. We used cues generated by real students and measured against 
these students’ test performance so we could rely on the actual diagnosticity of the cues. 
Furthermore, we provided teachers with actual cue values to make sure findings are not 
confounded by teachers’ ability to accurately infer the cues. Finally, in all conditions, 
teachers were presented with the same number of cues so that the amount of information 
that had to be processed was similar.

In each condition, teachers made judgments about three students’ understanding of three 
texts, reported the confidence in each judgment, and reported to what extent they had based 
each judgment on each available cue. After condition 3, teachers were asked to rank all 
cues from most diagnostic to least diagnostic to measure their awareness of the diagnostic-
ity of the cues and received a “cue diagnosticity” intervention, in which they were explic-
itly informed about the concept of cue diagnosticity and the actual diagnosticity of each of 
the cues, encouraged to base their judgments on diagnostic cues, and ignore non-diagnostic 
cues. After that, in the fourth condition, they again saw a mix of diagnostic and non-diag-
nostic cues (same cues as in condition 3). During the experiment, they thought out loud. 
The first research question of the current study focused on the first three conditions (with-
out intervention) and was: To what extent does the diagnosticity of available cues affect 
teachers’ judgment accuracy? We hypothesized that teachers’ judgment accuracy would be 
higher when diagnostic cues were available than when no diagnostic cues were available 
(H1.1: Condition 2 & 3 > condition 1). We also expected teachers’ judgment accuracy to be 
higher when only diagnostic cues were available than when a mix of diagnostic and non-
diagnostic cues were available (H1.2: condition 2 > condition 3).
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Our second research question focused on the effects of the intervention and was: To 
what extent can teachers’ (a) judgment accuracy, (b) calibration, and (c) use of only diag-
nostic cues be promoted by an intervention that informs them about cue diagnosticity 
and stimulates them to apply this information? We expected teachers’ judgment accuracy 
(H2.1), calibration (H2.2) and diagnostic cue-utilization (H2.3) to all be higher in condi-
tion 4, after the intervention, compared to condition 3, and their non-diagnostic cue-utiliza-
tion to be lower (H2.4). Finally, the third research question was: To what extent do teachers 
express an awareness of cue diagnosticity? We explored this by analysing to what extent 
teachers’ ranking of the cues in terms of their diagnosticity was similar to the ranking of 
the cues based on the actual diagnosticity, and by analysing the think-aloud data they gen-
erated while making this ranking. Furthermore, we coded to what extent the teachers’ idea 
of the diagnosticity of a cue was aligned with the actual diagnosticity as presented in the 
intervention.

Investigating whether and how teachers’ judgment accuracy can be affected by avail-
able cues and knowledge of cue diagnosticity, not only has theoretical but also practical 
relevance. That is, it will not only show whether the central assumptions of Koriat’s cue-
utilization framework also apply to teacher judgments, but the findings from this study can 
also be useful for designing future interventions: If teachers’ cue utilization can indeed be 
steered by making diagnostic cues available, making non-diagnostic cues unavailable, or 
informing teachers on cue-diagnosticity, these elements can be used in designing and test-
ing interventions for teachers in practice.

Method

Participants

Participants were 33 teachers in Dutch secondary schools (11 male, 22 female; 90.9% born 
in the Netherlands). The age of the teachers ranged from 22 to 61 (Mage = 39.9, SD = 11.1), 
and their years of teaching experience ranged from one to 46 (Mexp = 12.7, SD = 11.2).1 
All teachers taught subjects in which text comprehension is an important skill, including 
Dutch (60.6%), other languages (e.g., French, English; 12.1%), History (6.1%), Geography 
(12.1%), Biology (3%), and Economics (3%).2 The sample size was based on a multilevel 
a-priori power analysis in SPA-ML (Moerbeek & Teerenstra, 2015) using a power of 0.80 
and effect size of -0.381 (Van de Pol et al., 2021b). Teachers were recruited from the net-
work of the researchers and via social media. They could participate when they taught (1) a 
subject in which reading comprehension plays a role, and (2) when they taught students in 
grade 8–11 of pre-university education; grade 8–10 of senior general secondary education 
or grade 9–10 of preparatory secondary vocational education.3

Participants provided active informed consent and received a €20 gift certificate for their 
participation. They also received a report with general findings from the entire sample, as 

1 Multilevel analyses showed that there was no effect of age on teachers’ judgment accuracy in any of the 
conditions, and no effect of years of experience on teachers’ judgment accuracy in conditions 1–3. In condi-
tion 4, teachers’ judgment accuracy was higher when teachers had more years of experience.
2 One teacher did not report the subject they taught.
3 VMBO-g or VMBO-t in Dutch.



Effects of availability of diagnostic and non‑diagnostic cues…

1 3

well as a confidential report of their own individual results. This study was approved by the 
Ethical Review Board of the [information blinded for review].

Design

The study had a within-subjects design,4 with teachers making judgments about stu-
dent achievement on a reading comprehension test under four conditions: having 
access to: 1) non-diagnostic cues only (student cues); 2) diagnostic cues only (per-
formance cues); 3) a mix of diagnostic and non-diagnostic cues (student cues and 
performance cues); and, 4) after an intervention informing them of the diagnosticity 
of cues, again a mix of diagnostic and non-diagnostic cues (student cues and perfor-
mance cues; Fig. 1). To rule out any order effects, the order of the first two conditions 
was randomised.

For each judgment, teachers were given a vignette about a student (Fig. 3), contain-
ing four cues in the form of information about this student (student cues) and their per-
formance on a previous –related– learning task (performance cues). Though teachers 
did not know the students whose performance they had to judge, this study used data 
from real students. The reading comprehension test was administered to students as 
part of Van de Pol et al. (2021b), and student data from this study was anonymised and 
used for both student test scores (to calculate teachers’ judgment accuracy) and the cue 
values presented to the teachers.

Fig. 1  Overview of Conditions

4 We used a within-subjects design because this is a very powerful design in which participant characteris-
tics are kept constant across conditions, because each participant takes part in each condition.
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Materials

The experiment was programmed in Gorilla Experiment Builder and the study was con-
ducted online with an experimenter present via Zoom.

To‑be‑judged text comprehension tasks

Teachers were asked to judge student performance on a reading comprehension test, which 
real students had completed as part of Van de Pol et al. (2021b). Teachers were informed 
about the test the students had taken, in which students read three short texts (stemming 
from Van Loon et al., 2014), each containing five clauses describing causal relations, and 
then completed pre-structured diagrams representing the relations in each text (Fig. 2). Stu-
dents then had to write a response to three test questions (one about each text) asking for an 
explanation of the causal relations described in the text. For example, for the text “Music 
Makes You Smarter”, the test question was, “There are several positive effects of learning, 
reading and playing music. Describe these four effects as completely as possible. In your 
answer, indicate the order of the four causes, using linking words like first, second, because 
or therefore. Use the following sentence in your answer: learning, reading, and playing 
music…”. Students could receive a total of eight points for each question: four points for 
correctly identifying the four causal relations, and four points for having these in the cor-
rect order. For more information about the student tasks, see Appendix 1.

Performance and confidence judgments

Teachers were asked to judge students’ achievement on the abovementioned reading com-
prehension test by answering the following question: “How many points out of eight do 
you think this student received on the test question for the text [text title]?”. After making 
each performance judgment, teachers were also asked to report their confidence in each 
judgment they had made, answering the question, “How sure are you of your estimate of 

Fig. 2  Example of diagramming task shown to teachers. Note. The exemplars shown to teachers in this 
study included possible correct answers, and crossed-out possible incorrect answers
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the amount of points this student scored on the test question?” on a Likert scale from very 
unsure (0), unsure (1), slightly unsure (2), slightly sure (3), sure (4), to very sure (5). This 
was needed to calculate their calibration.

Vignettes

For each judgment they made, teachers were provided with cues in the form of informa-
tion about each student. The students were given pseudonyms (e.g., Student V), and the 
cues were presented in the form of four histograms (Fig. 3). These histograms indicated 
the cue value for the student (e.g., that Student V scored an 8/10 overall in the school sub-
ject Dutch) as well as the distribution of grades in the entire sample (e.g., a score of eight 
is relatively high in this sample, as the majority of students scored lower than an eight in 
Dutch). The order in which the histograms were displayed differed per judgment, to stimu-
late teachers to study the histograms carefully and prevent them from noticing that students 
were the same across conditions. The used values for the diagnostic cues and non-diagnos-
tic cues can be found in Appendix 2, Tables 5 and 6.

Though teachers were told that they would be making judgments about the achieve-
ment of 12 different students, data from the same three students was used in all condi-
tions, in randomised order and under different pseudonyms. This ensured that the students’ 
actual test scores, cue values, and cue diagnosticity were stable across all conditions. Three 
students were chosen to ensure variation in test scores both within and between students 
(range = 0 – 8, Mscore = 3.11, SD = 2.85). As cues were chosen based on diagnosticity across 

Fig. 3  Vignette for student V for text ‘Music Makes You Smarter’ (Condition 3, Mix Diagnostic and Non-
Diagnostic Cues)
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the entire sample, cue diagnosticity was checked for each individual to ensure that diagnos-
ticity was consistent.

Cue utilization

After making each judgment, teachers were asked to report the extent to which they had 
utilised each available cue, answering the question, “How much did you base your judg-
ment on the information given?” for each cue in turn, not at all (0), a little (1), somewhat 
(2), and a lot (3). The presence of a cue list has been shown to not affect teachers’ judg-
ment accuracy, judgment height, or cue use (Van de Pol et al., 2021b), and so we used this 
self-report measure for cue utilization. There was also a text box available for teachers to 
fill in any other information they had used to make their judgment.5

Diagnostic and non‑diagnostic cues

The information representing diagnostic and non-diagnostic cues was selected based on the 
actual diagnosticity values as determined in Van de Pol et al. (2021b), using intra-individ-
ual Pearson correlations between actual cue values and student test scores. Of the different 
performance cues measured in Van de Pol et  al. (2021b), the four most diagnostic cues 
were chosen to be used in the current study, with moderate to high diagnosticity (corre-
lation > 0.30), high reliability (Ω > 0.75) and if possible, moderate to high cue utilization 
(> 0.30) (Table  1). The diagnostic cues used were: The number of correct boxes in the 
diagram; the number of correct relations in the diagram; the number of omission errors in 
the diagram (e.g., empty boxes or question marks); and the extensiveness of formulations 
(average number of words per diagram box). Of these, the two most diagnostic cues were 

Table 1  Cue values and diagnosticity

Cue diagnosticity is a Pearson correlation between cue value and test score. Cue utilization is the proportion 
of judgments this cue was reported as being used in. Reliability for diagnostic cues is the interrater reli-
ability (Krippendorff’s alpha), reliability for non-diagnostic cues is the internal consistency (Ω). For more 
information, see Van de Pol et al. (2021b)

Category Cue Range Reliability Diagnosticity Utilization

Diagnostic cues Number of correct boxes in diagram 0 – 4 0.99 0.63 0.58
Number of correct relations in 

diagram
0 – 4 0.91 0.59 0.67

Number of omission errors in 
diagram

0 – 4 0.96 0.45 0.55

Extensiveness of formulations 0 – 10 NA 0.38 0.32
Non-diagnostic cues Dutch grade 0 – 10 NA 0.03 0.28

Extraversion 0 – 7 0.89 -0.04 0.06
Effort in class 0 – 4 0.76 0.08 0.31
Interest in text topic 1 – 4 1.00 0.19 0.19

5 Only three teachers filled this out (they reported that they looked at the previous student or other students’ 
scores on the same text and the level of the text).
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used in the mixed diagnosticity condition (condition 3) and the mixed diagnosticity + inter-
vention condition (condition 4).

As non-diagnostic cues, four cues that were of low diagnosticity (correlations between 
actual cue values and students’ test scores < 0.30), high reliability (Ω > 0.75), and if possi-
ble, moderate to high cue utilization (> 0.306), were chosen to be used in the present study 
(cf. Van de Pol et al., 2021b). The non-diagnostic cues used were: The students’ overall 
grade in Dutch, as provided by the student; extraversion, measured with the Big Five extra-
version scale (Goldberg, 1992); effort in class, measured with the Ongoing Engagement 
Subdomain scale (IRRE, 1998); and students’ interest in the text topic, measured using a 
5-item situational interest scale (Linnenbrink-Garcia et al., 2010). More information about 
these instruments can be found in Van de Pol et al. (2021b). For the mixed diagnosticity 
condition (condition 3) and the mixed diagnosticity + intervention condition (condition 4), 
interest in the text topic was used, as this varied per text, and Dutch grade, as this had rela-
tively low diagnosticity and high utilization.

Ranking task

After the mixed diagnosticity condition (condition 3), teachers were asked to rank all cues 
they had encountered from most predictive to least predictive. After having read a short 
introduction about this ranking task (Appendix 3), they received the following instruc-
tion: “How predictive are the following information sources in general for a student’s test 
score?”. The cues were listed and teachers could click and drag the cues into any order they 
wanted.

Intervention

In the intervention, teachers were informed about cue diagnosticity. They were informed 
(in written text) that according to previous research, the number of correct boxes and rela-
tions in students’ diagrams were predictive of a students’ test score, and that a students’ 
Dutch grade, extraversion, effort in class, and interest in the text topic were not predictive. 
They were also informed that according to previous research, using predictive information 
and ignoring information that is not predictive, helps to make more accurate judgments. 
Finally, teachers were requested to only use the predictive information provided and ignore 
the non-predictive information, when making judgments in the subsequent block of judg-
ments (i.e., the mixed diagnosticity + intervention condition [condition 4]).

Measures

Judgment accuracy

We analysed teachers’ absolute accuracy as which is the absolute difference between 
the judgment value and the student’s comprehension test score (Schraw, 2009; Thiede 
et al., 2015; Van de Pol et al., 2021b). It can range, in our study, from 0 to 8, with a 
score closer to zero indicating a more accurate judgment. We also report descriptive 

6 In the study where this information and the vignette data stems from (Van de Pol et al., 2021b), cue utilization 
is expressed as the proportion of judgments for which the particular cue is used by the teachers in that study.
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statistics of bias, which is calculated by subtracting a student’s test score from the 
value of a teacher’s judgment (Schraw, 2009). Scores in our study range from –8 
to + 8, with scores closer to zero indicating more accurate judgments. Negative scores 
indicate underestimation while positive scores indicate overestimation. For our analy-
ses, we used absolute accuracy as the outcome measure, as bias scores are more suit-
able for describing general tendencies because bias scores can cancel each other out 
in analyses (Südkamp et al., 2008).

Calibration

Calibration captures the extent to which teachers’ judgment accuracy is aligned 
with their confidence in this judgment (Gabriele et  al., 2016). To calculate calibra-
tion, we reverse-coded absolute accuracy scores and transformed confidence scores 
into a 9-point scale,7 so that a common scale was used for accuracy and confidence. 
To calculate calibration, we subtracted each judgment accuracy score from the cor-
responding judgment confidence score, and took the absolute value of this number. 
Scores range from 0 – 8, with a score of 0 indicating that confidence and accuracy 
are aligned (which can be low confidence in a less accurate judgment or high confi-
dence in an accurate judgment) while a higher calibration score indicates that a teach-
er’s confidence in their judgment and the accuracy of this judgment are not aligned 
(which can be high confidence in a less accurate judgment or low confidence in a 
more accurate judgment) (Gabriele et al., 2016).

Procedure

The experiment was conducted online (in Gorilla experiment builder). Teachers com-
pleted the study individually while on a Zoom call with a researcher. After provid-
ing general information, teachers were informed about the reading comprehension 
task that they would be estimating student performance on –making task cues avail-
able– and given information about the cues they would be using. First, teachers were 
shown the texts students had read and filled-in diagram exemplars, and then teachers 
saw the diagram task and reading comprehension test questions students had also seen. 
Teachers were then shown examples of the histograms they were going to see with 
information about each student, with an explanation of how the histogram conveyed 
the student score relative to the sample score. For the judgment task, teachers made 
judgments about student test scores in four conditions. In each condition, they made 
judgments about three students, and three texts per student. Think-aloud data was col-
lected throughout.8 Teachers could take a short break after the second condition (diag-
nostic cue condition) and the sessions took between 60 and 75 min.

7 We used the following formula: (confidence score/6)*9.
8 The recording of one teacher was absent due to technical difficulties. One other teacher had great dif-
ficulty with thinking aloud and hardly thought out loud so this transcript was not useful. One teacher did 
not think out loud while reading the cue diagnosticity intervention. Therefore, we used transcripts of 31 
teachers for RQ2, and transcripts of 30 teachers for the part of RQ2 that focuses on teachers’ responses to 
the intervention.
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Analyses

To test hypotheses 1 and 2, a multilevel regression was performed in MPlus version 8.7 
(Muthén & Muthén, 2017). Multilevel analysis is recommended in the analysis of judgment 
accuracy research, as teachers vary in their judgment accuracy at the individual level, as 
well as the level of the judgment task, giving the data a nested structure (Ready & Wright, 
2011; Südkamp et al., 2012). We defined three levels in our data: teacher was the highest 
level (level 3), with conditions nested within teachers (level 2), as all teachers made judg-
ments in all conditions, and then student/text as the lowest level (level 1). Student and text 
was considered the same level, as teachers made judgments about the same three student-
text combinations. To account for the nested structure of the data, the ‘complex two-level’ 
function in Mplus was used, with the maximum likelihood estimation with robust standard 
errors (MLR). The teacher level was modeled using the “Complex” function, because we 
were not interested in the (fixed or random) effects on this level; we only wanted to account 
for the non-independence of observations within teachers.

Before conducting our analysis, assumptions were checked and no violations were 
found. We examined the data for univariate and multivariate outliers, using the median 
absolute deviation for univariate outliers and Mahalanobis distance for multivariate outliers 
(Leys et al., 2019). We ran the analyses without outliers to check for differences in results, 
but as the scales of our outcome variables were small, all outliers were meaningful and so 
we report on results with the outliers left in (Leys et al., 2019).  R2 is reported as an indi-
cation of effect size. An effect of 0.02 is considered small, 0.13 medium, and ≥0.26 large 
(Cohen, 2013). As a manipulation check, we tested whether teachers’ cue utilization was 
actually affected by the manipulation in the first three conditions. Teachers’ use of the non-
diagnostic cues (Dutch grade and interest in the text topic) decreased significantly when 
having both diagnostic and non-diagnostic cues (condition 3) compared to only having 
non-diagnostic cues (condition 1): Dutch grade (B = -0.67, SE = 0.09, p < 0.001), and inter-
est in the text topic (B = -0.55, SE = 0.09, p < 0.001). Teachers’ use of the number of correct 
boxes (i.e., a diagnostic cue) decreased significantly (B = -0.19, SE = 0.09, p = 0.028) when 
having a mixture of diagnostic and non-diagnostic cues (condition 3) compared to having 
only diagnostic cues (condition 2). For the other diagnostic cue, the number of correct rela-
tions, there was no difference in cue use between these two conditions. Thus, overall, the 
manipulation of the availability of diagnostic and non-diagnostic cues affected teachers cue 
use (except for one diagnostic cue).

Teachers’ awareness of cue diagnosticity

We explored teachers’ awareness of the diagnosticity of cues in several ways. For the rank-
ing task data, we calculated the correlation between the rank based on the actual diagnos-
ticities of the cues and each teacher’s rank, using the Spearman rank correlation coefficient. 
To get an overall idea of the degree to which the teachers’ ranking matched the actual rank-
ing, we calculate the mean (and SD) of all correlations.

Furthermore, we analysed the think-aloud data while performing the ranking 
task. We coded which cues were mentioned in connection with an idea of their 
diagnosticity. This means connecting the cue to being predictive of the students’ 
score, using synonyms such as important, relevant, useful. Examples are: “The 
extensiveness of the answer is also not very predictive”, “Well, extraversion is not 
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so predictive, I’m going to put that one at the bottom [rank]”, “ most predictive 
I think”, and “The number of correct boxes is also important”. For each cue, we 
coded a 0 for diagnosticity not mentioned and a 1 for diagnosticity mentioned. We 
also indicated whether the teacher’s idea of the cue diagnosticity aligned with the 
diagnosticity as determined based on Van de Pol et  al. (2021b). For example, the 
utterance “Well, extraversion is not so predictive, I’m going to put that one at the 
bottom [rank]” would be coded as aligned (1) as extraversion is indeed not diagnos-
tic. The utterance “Interest is the most predictive I think” would be coded as not 
aligned (0) as interest is not diagnostic. Twenty percent of the data was coded by 
two researchers. The interrater reliability was ‘substantial’ for whether or not the 
diagnosticity of the cue was mentioned (Cohen’s Kappa: 0.75) and ‘almost perfect’ 
for the alignment (Cohen’s Kappa: 0.91; Landis & Koch, 1977).

In addition, we analysed the think-aloud data of the part where the teachers read 
the information about the actual diagnosticity of the cues during the intervention. We 
determined, for each cue, whether teachers mentioned (dis)agreement with the infor-
mation about the diagnosticity of the cues. Then, we determined whether their idea of 
the diagnosticity of a cue was aligned (1) or not aligned (0) with the actual diagnostic-
ity. Twenty percent of the data was coded by two researchers. The interrater reliabil-
ity was ‘almost perfect’ for whether the teachers mentioned (dis)agreement with the 
information about the cue diagnosticity (Cohen’s Kappa: 0.89) and ‘almost perfect’ 
for whether the teachers’ own idea of the diagnosticity of a cue was aligned with the 
actual diagnosticity (Cohen’s Kappa: 0.91; Landis & Koch, 1977).

Table 2  Teachers’ judgment accuracy, calibration, and cue utilization per condition

Accuracy ranges from 0–8, 0 = perfect accuracy. Calibration ranges from 0–8, 0 = perfect calibration. Cue 
utilization ranges from 0–3 with 0 = not at all used

Condition 1
(only non-diagnos-
tic cues)

Condition 2
(only diagnostic 
cues)

Condition 3 (diag-
nostic and non-
diagnostic cues)

Condition 4 
(diagnostic and 
non-diagnostic 
cues after inter-
vention)

M (SD) M (SD) M (SD) M (SD)

Judgment accuracy 3.18 (2.53) 1.12 (0.95) 1.35 (1.33) 1.20 (0.96)
Bias 2.71 (3.02) −0.19 (1.45) 0.21 (1.88) −0.26 (1.51)
Calibration 2.74 (1.85) 1.80 (1.30) 2.07 (1.38) 1.51 (1.39)
Non-diagnostic cue utilization

  Effort 2.05 (0.91) − − −
  Extraversion 0.65 (0.77) − − −
  Dutch 2.42 (0.74) − 1.08 (1.01) 0.08 (0.27)
  Interest 2.35 (0.88) − 1.26 (1.18) 0.09 (0.35)

Diagnostic cue utilization
  Boxes − 2.74 (0.67) 2.55 (0.77) 2.86 (0.48)
  Relations − 2.79 (0.60) 2.66 (0.70) 2.90 (0.40)
  Extensiveness − 1.42 (1.07) − −
  Omissions − 2.06 (1.09) − −
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Results

Of the variation in judgment accuracy, 18.1% occurred on the teacher level and 27.9% of 
the variation in calibration occurred on the teacher level. Descriptives including the judg-
ment accuracy and bias scores can be found in Table 2. The order of conditions did not 
affect teachers’ judgment accuracy, as a t-test was not significant (p = 0.40).

Relation between cue diagnosticity and teachers’ judgment accuracy (RQ1)

We found confirmation for all hypotheses regarding the effect of condition on judgment 
accuracy, with large effect sizes. As hypothesized (H1.1), teachers’ judgments were signifi-
cantly more accurate in condition 2 (diagnostic cues only; B = -2.06, p < 0.001, SE = 0.12, 
 R2 = 0.997) and 3 (mixed cues; B = -0.92, SE = 0.07, p < 0.001;  R2 = 0.995) than in condi-
tion 1 (non-diagnostic cues only). As hypothesised (H1.2), judgment accuracy was also 
significantly higher in condition 2 (diagnostic cues only) than condition 3 (mixed cues) 
(B = 0.23, SE = 0.08, p = 0.003;  R2 = 0.606).

Effects of the cue‑diagnosticity intervention (RQ2)

Opposite to what we expected (H1.2), teachers’ judgment accuracy did not significantly 
differ before (condition 3) and after (condition 4) the cue diagnosticity intervention 
(B = -0.14, p = 0.09, SE = 0.08). However, as expected (H2.2), teachers’ calibration was 
higher after the intervention than before (B = -0.53, SE = 0.16, p = 0.001;  R2 = 0.097 [small 
effect]).

As hypothesised (H2.3), teachers’ self-reported use of diagnostic cues increased fol-
lowing the intervention. Teachers reported using students’ correct boxes significantly more 
after the intervention than before (B = 0.25, SE = 0.08, p = 0.003;  R2 = 0.057 [small effect]). 
Teachers also reported using correct relations significantly more after the intervention than 
before (B = 0.19, SE = 0.07, p = 0.004;  R2 = 0.040 [small effect]). As hypothesised (H2.4), 
teachers’ self-reported use of non-diagnostic cues decreased following the intervention. 

Table 3  Teachers’ ranking per cue

Teachers ranked the cues from most diagnostic (1st rank) to least diagnostic (8th rank)

Rank

1 2 3 4 5 6 7 8

Diagnostic cues Correct boxes in diagram 11 11 6 1 3 1 0 0
Correct relations in diagram 11 12 5 3 2 0 0 0
Omission errors in diagram 2 5 13 5 3 5 0 0
Extensiveness of formulations diagram 0 0 0 4 4 3 16 6

Non-diagnostic cues Interest in the text topic 6 1 2 7 7 5 3 2
Effort 1 2 5 6 7 8 4 0
Extraversion 0 2 0 1 1 2 3 24
Grade Dutch 2 0 2 6 6 9 7 1
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Teachers reported using students’ Dutch grade as a cue significantly less after the inter-
vention than before (B = -1.00, SE = 0.14, p < 0.001;  R2 = 0.412 [medium effect]). Teachers 
also reported using students’ interest in the text topic significantly less after the interven-
tion than before (B = -1.16, SE = 0.17, p < 0.001;  R2 = 0.398 [medium effect]).

Teachers’ awareness of the diagnosticity of cues (RQ3)

We explored the extent to which teachers were already aware of the actual diagnosticity of 
the cues before the intervention. The mean Spearman rank correlation between the teach-
ers’ ranking and the actual ranking was 0.55 (SD = 0.36; range: -0.48 to 0.93).

The majority of the teachers ranked the number of correct boxes (n = 28), the number 
of correct relations (n = 28), and the number of omission errors (n = 20) in the top three, 
correctly seeing those as diagnostic cues (Table 3). The extensiveness of formulations was 
–although it was a diagnostic cue– most often ranked (n = 25) in one of the last three places 
(rank 6–8) and thus seen as non-diagnostic.

Students’ extraversion (n = 29) and their grade for Dutch (n = 17) were relatively often 
ranked in one of the three last places and thus often –rightly– seen as non-diagnostic. 
Teachers were less unanimous about the diagnosticity of students’ effort and interest in 
the text topic. Some teachers saw these as non-diagnostic, as 12 teachers ranked effort and 
10 teachers ranked interest as one of the three least diagnostic cues. Yet, effort and interest 
were to some extent also incorrectly seen as diagnostic, as these were by respectively eight 
and nine teachers ranked in the top three. Interestingly, a student’s interest in the text topic 
was ranked as the most diagnostic cue (i.e., rank 1) by six teachers.

The think-aloud data while completing the ranking task support the findings of the 
analysis of the ranking task. When thinking aloud, the idea of diagnosticity in relation to 
one of the cues was mentioned by 50–70% of the teachers (Table 4). For the cues correct 
boxes, correct relations, omissions, and extraversion, the teachers’ idea of the diagnos-
ticity of the cues aligned with the actual diagnosticity of the cues (86%-100%). Exam-
ples of utterances in which the diagnosticity was aligned with the actual diagnosticity 
are: “the number of correct relations is in my opinion the most important, because then 
one has really grasped the task” or “I did not attach much value to Dutch grade”. For 
effort, interest, and extensiveness of formulations in the diagram, the teachers’ idea of 

Table 4  Mentioning of cues and alignment with actual diagnosticity during the ranking task and intervention

During ranking task During intervention

Cues Mentioned Aligned Mentioned Aligned

Diagnostic cues Correct boxes 63% 100% 39% 92%
Correct relations 69% 100% 35% 91%
Omissions 72% 91% 0% 0%
Extensiveness formulations 63% 25% 0% 0%

Non-diagnostic cues Dutch grade 56% 50% 32% 20%
Extraversion 69% 86% 26% 38%
Effort 63% 5% 26% 13%
Interest 66% 19% 52% 6%
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the diagnosticity was not so often aligned with the actual diagnosticity (5%-25%). Teach-
ers for example stated: “I found interest very important” or “general effort plays a role”.

Furthermore, we coded teachers’ think-aloud data on the cues presented during the 
intervention, in terms of the degree to which teachers’ ideas of the diagnosticity of the 
cues as presented during the intervention was aligned with the actual diagnosticity. All 
cues except omission errors and extensiveness of the formulations in the diagram were 
mentioned when thinking aloud (Table  4). In most cases, teachers were aware of the 
diagnosticity of the correct boxes and relations, as their idea of the diagnosticity was 
aligned in respectively 92% and 91% of the cases with the actual diagnosticity (Table 4). 
For the non-diagnostic cues, the alignment was much lower, with an especially low 
degree of alignment for students’ interest in the text topic (Table 4). That is, teachers 
were often surprised by the fact that interest was not diagnostic. One teacher for exam-
ple stated: “[reading aloud from the intervention text] ‘the information sources that 
were found to be non-predictive are Dutch grade, extraversion, effort, and interest’. O, 
that is funny. I was completely wrong.” And another teacher stated: “Ok, interest is also 
not predictive. I thought about that very differently.”

Discussion

In this study, we investigated the effects of the diagnosticity of available cues on teacher 
judgment accuracy, whether an intervention improved the use of diagnostic cues, cali-
bration, and judgment accuracy, and teachers’ awareness of cue diagnosticity.

Judgment accuracy and cue utilization without intervention

As expected, teachers’ judgments were more accurate when having diagnostic cues 
available (only or in combination with non-diagnostic cues) than when having only non-
diagnostic cues available. This finding aligns with Kaiser et al. (2015). When they only 
had diagnostic cues available, teachers were most accurate; more so than when a mix 
of diagnostic and non-diagnostic cues were presented. The manipulation check sug-
gests that teachers’ use of non-diagnostic cues decreased significantly when they also 
had diagnostic cues available, which may explain the higher judgment accuracy in the 
mixed vs. non-diagnostic cues condition. However, they still used non-diagnostic cues 
to a limited extent in the mixed condition before the intervention (Table 2), which may 
explain why accuracy was highest when no non-diagnostic cues were available. Another 
explanation for that finding could be that they had more diagnostic information avail-
able in the condition with only diagnostic cues (four diagnostic cues) than in the mixed 
condition (two diagnostic cues).

Thus, having (more) diagnostic cues available seems to lead to more accurate judg-
ments, but (additionally) having non-diagnostic cues available decreases teachers’ judg-
ment accuracy. This is an important finding, as previous studies have only found correla-
tional evidence for this (Van de Pol et al., 2021b), have not measured the diagnosticity of 
the cues (Oudman et al., 2018, Kaiser et al., 2015; Van de Pol et al., 2021a), and/or did not 
provide teachers with the same amount of cues in different conditions (Kaiser et al., 2015).
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Effects of the intervention on teachers’ judgment accuracy, cue utilization 
and awareness of cue diagnosticity

Opposite to what we expected, teachers’ judgment accuracy did not improve after the 
intervention, even though their use of the diagnostic cues increased significantly, and 
the use of non-diagnostic cues decreased significantly. A reason for the absence of an 
effect on teachers’ judgment accuracy may be that teachers already made reasonably 
accurate judgments before receiving the intervention (only a 15% deviation). Previ-
ous research with the same materials has shown lower teacher judgment accuracy: a 
deviation of 23% when having student cues and performance cues available (Van de 
Pol et  al., 2021a). Yet, teachers in Van de Pol et  al. (2021a) were not provided with 
actual cue values which was the case in the current study. In the present study, teachers 
did not have to interpret the cues (e.g., students’ scores on practice tasks) and could 
use these objective scores directly for their judgments. In one previous study in which 
teachers also had the cue values available of a mix of diagnostic and non-diagnostic 
cues, teachers were also relatively accurate (deviation of 16%) in terms of absolute 
accuracy (Kaiser et al., 2015). Having cue values might thus have resulted in relatively 
accurate judgments in our study, also before the intervention.

Furthermore, the results of the analyses of teachers’ awareness of the diagnosticity 
of the cues may explain why teachers were already relatively accurate before the inter-
vention, given that they were quite aware. That is, they knew that the number of correct 
boxes and relations and the number of omissions in the students’ diagrams was diagnos-
tic of their test performance and during the intervention, they expressed agreement with 
the fact that these were diagnostic. Yet, the extensiveness of students’ formulations in 
their diagrams was often incorrectly seen as non-diagnostic. However, of the diagnostic 
cues, this was the least diagnostic cue, so teachers were able to pick out the top three of 
the most diagnostic cues.

In addition, teachers knew that students’ extraversion and grade for Dutch were non-
diagnostic as these were often classified in the bottom three of least diagnostic cues. 
Yet, interest was often seen as diagnostic and even sometimes seen as the most diag-
nostic cue, whereas it was actually not diagnostic. Also, during the intervention, teach-
ers expressed their disagreement or surprise about the fact that it was a non-diagnostic 
cue and there were teachers who still used this non-diagnostic cue after the interven-
tion. It might be worthwhile to explore why teachers still use students’ interest as a cue, 
even when they are informed that it is not diagnostic, and find ways to lower the use of 
this cue. The fact that our relatively short intervention affected teachers’ cue utilization 
implies that cue utilization can be steered, both increasing utilization of diagnostic cues 
and decreasing utilization of non-diagnostic cues. Of course, teachers may have simply 
been following the instructions (Burger, 2009), and transfer to their professional behav-
iour in their own classrooms, where cues are seldomly presented so clearly to teach-
ers, but have to be sought out, is not guaranteed. However, taken together, these find-
ings offer initial support for the value of informing teachers about cue diagnosticity. As 
noted, future research could expand the intervention and examine effects on teachers’ 
classroom practice. These findings also support the inclusion of measures such as cue 
diagnosticity and utilization in research on teacher judgment accuracy.
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Effects of the intervention on teachers’ calibration

An encouraging finding in this study was that even though teachers were not signifi-
cantly more accurate in their judgments after the intervention, their confidence and 
accuracy were more aligned, as indicated by calibration scores. That is, after the inter-
vention, teachers were more confident about their accurate judgments and/or less confi-
dent about their inaccurate judgments than before the intervention.

Previous findings indicate that calibration, not judgment accuracy, predicts variance 
in student achievement (Gabriele et  al., 2016). Thus, the finding that our intervention 
increased calibration is important, as this suggests that explicit instruction about cue diag-
nosticity may have the potential to motivate teachers to enact instructional decisions based 
on their accurate judgments, and seek more information when they feel a judgment is less 
accurate. However, the effect size was small, and these conclusions require testing in stud-
ies where teachers’ behaviour in their own classrooms and understanding of their own pro-
fessional knowledge is examined (Brodie et al., 2018; Pit-ten Cate et al., 2016).

Limitations, implications, and future research

A strength of this study is that it provides experimental (i.e., causal) evidence for the 
effects of the availability and use of (non-)diagnostic cues on teachers’ judgment accu-
racy and calibration. As the judgment process is not well understood, controlled studies in 
which causal effects can be isolated offer important contributions to the knowledge base 
(Fiedler et al., 2002). However, a limitation of this experimental approach is its lower eco-
logical validity. In our online experiment, teachers made judgments about students they did 
not know personally, based on cue values that were provided rather than had to be inferred, 
in a process that is very different to how most teachers will make judgments in practice. So, 
while the finding that teachers’ cue utilization can be steered is encouraging, it is important 
for future research to test an intervention of a similar nature in a more ecologically valid 
setting.

Another potential limitation of the present study is that we measured teachers’ calibra-
tion by linking their confidence to their judgment accuracy at one time point, following 
Gabriele et al. (2016). This means we have to be cautious in interpreting these findings and 
cannot infer whether teachers are actually aware of the accuracy of their judgments, as this 
would require data showing that higher confidence is accompanied by higher accuracy and 
lower confidence by lower accuracy within the same person across two time points (Oud-
man et al., accepted). Yet we did find that teachers’ calibration improved after the interven-
tion, which is important as their confidence in their judgment accuracy may determine how 
they proceed to act, which is important for student learning.

To test our findings on the effect of the intervention on teachers’ cue utilization in a 
more ecologically valid context, future research could consider teachers’ prior knowledge 
of cue diagnosticity and develop interventions to address increasing the use of diagnos-
tic cues and decreasing the use of non-diagnostic cues separately. As teachers do seem to 
have some awareness that performance cues are diagnostic, and indicate consciously using 
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these to make judgments –when cue-values are given– interventions could train teachers 
in formative assessment approaches (Fiorella & Mayer, 2015; Fisher & Frey, 2014; Furtak 
et al., 2018; Thiede et al., 2018). These would help teachers to generate more diagnostic 
cues, providing them with information about students’ understanding and performance on 
similar learning tasks. As part of an intervention, teachers could be explicitly instructed to 
use these diagnostic performance cues when making judgments of student learning. Sec-
ond, as teachers do not always seem to be aware that student cues are less diagnostic for 
certain assessment tasks, interventions could inform teachers about bias, and how student 
cues such as interest and effort can affect the accuracy of teachers’ judgments. It could be 
important in such interventions to also help teachers in interpreting the cues (cf. Oudman 
et al., 2023; Van de Pol et al., 2021b).

In the present study, we included measures that future research could also use 
to clarify the judgment process and the effects of any interventions. Studies on 
judgment accuracy and cue utilization generally take one of two approaches: inter-
ventions aiming to increase judgment accuracy through diagnostic cue utilization 
(Thiede et al., 2015, 2018), or more experimental studies analysing cue diagnostic-
ity and utilization (Oudman et al., 2018; Van de Pol et al., 2021a, b). In the former, 
cue utilization diagnosticity is generally assumed, not measured, and in the latter, no 
action is taken to increase either cue utilization or judgment accuracy. The current 
study combines these approaches, implementing an intervention designed to increase 
judgment accuracy, but also measuring the utilization of cues based on real student 
data, the diagnosticity of which was calculated. These measures enable us to better 
understand the processes underlying accurate and less accurate judgments, and there-
fore, we hope that future studies will follow suit.

Conclusion

The cue utilization framework posits that judgment accuracy is affected by the diag-
nosticity of the cues people use to make a judgment of student learning. This study 
confirmed that relationship. This is an important finding for teacher judgment accu-
racy research, and further emphasises the value of the cue utilization framework for 
studies on teacher judgment accuracy. It was unclear, however, whether availability 
and use of diagnostic cues is sufficient to improve judgment accuracy, or whether 
use of non-diagnostic cues simultaneously needs to be suppressed. We found evi-
dence that having diagnostic cues and non-diagnostic cues available leads to higher 
accuracy as having non-diagnostic cues available, but not as high as when only hav-
ing diagnostic cues available. This suggests that making diagnostic cues available is 
insufficient if teachers do not learn to suppress the use of non-diagnostic cues. Our 
intervention, which was designed to teach them that, showed promising results sug-
gesting that teachers’ cue utilization can be steered, and that learning about cue diag-
nosticity can improve teachers’ alignment between their accuracy and confidence. 
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Thus, cue diagnosticity seems a meaningful concept that teachers can (learn to) 
apply in evaluating students’ comprehension. Future interventions to improve teach-
ers’ judgment accuracy should thus not only focus on making diagnostic cues avail-
able, but also help teachers to supress the use of non-diagnostic cues.

Appendix 1

Student tasks

Reading comprehension task

Students read three short expository texts: “Music makes you smarter” (167 words), 
“Sinking metro cars” (158 words) and “Renovating concrete buildings” (166 words). 
Each text contained five clauses describing causal relations (e.g., learning to play an 
instrument can have many benefits, because reading music and playing different notes 
on an instrument involves using different areas of the brain).

Diagramming task

After reading all texts, students completed pre-structured diagrams representing the 
relations in each text. Students were given a diagram for each text in which blank boxes 
were connected with arrows, indicating causal relations, and were asked to complete 
the boxes. Students’ diagrams were assessed for the number of correct elements in the 
diagram (i.e., a box was filled in correctly), omissions (i.e., blank boxes or question 
marks), correct relations (i.e., two boxes correctly filled in, in the correct order), and the 
average amount of words per box (all Krippendorff’s alpha > 0.91 when double coding 
60 diagrams).

Test

After completing all diagrams, students answered a test question on each text, writ-
ing a short explanation of the causal relations described in the text. For example, 
for the text “Music Makes You Smarter, the test question was, “There are several 
positive effects of learning, reading and playing music. Describe these four effects. 
Give an answer that is as complete as possible. In your answer, indicate the order of 
the four causes, using linking words like first, second, because or therefore. Use the 
following sentence in your answer: learning, reading and playing music…”. See for 
more information Van de Pol et al. (2021b).
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Appendix 2     Tables 5 and 6

Appendix 3

Explanation ranking task teachers

When making judgments, you have used several information sources. The informa-
tion sources differ in the extent to which they are predictive of the student’s test 
score. On the next page, you will find a list with the information sources that you 
have encountered. We will ask you to sort these information sources from most 
predictive to least predictive for a student’s test score. It’s about the test about the 
three texts that you have seen earlier, in which students are asked to describe the 
relations in the text in the right order.
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Table 5  Values for non-diagnostic student cues in the vignettes

Text 1: Music Makes You Smarter, Text 2: Metro Cars, Text 3: Renovation of Concrete Buildings

Extraversion
(0–7)

Interest
(1–4)

Dutch (0–10) Effort
(0–7)

Student Text 1 Text 2 Text 3

1 4.17 2.75 1 2.5 6 3.2
2 3.67 3.5 2.75 1.75 7 3
3 5 3.75 3.75 3.75 8 3.6

Table 6  Values for diagnostic student cues in the vignettes

Text 1: Music Makes You Smarter, Text 2: Metro Cars, Text 3: Renovation of Concrete Buildings

Omissions
(0–4)

Correct relations
(0–4)

Correct boxes
(0–4)

Extensiveness
(0–10)

Student Text 1 Text 2 Text 3 Text 1 Text 2 Text 3 Text 1 Text 2 Text 3 Text 1 Text 2 Text 3

1 1 4 0 1 0 1 1 0 1 3.60 1 4.20
2 0 0 1 3 4 0 3 4 2 2.80 6 5.83
3 1 4 4 1 0 0 2 0 0 5.40 1 1.40
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