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Abstract

Mathematics teachers need to master core practices to be prepared for classroom situa-
tions. Teachers’ core practices include the assessment of students’ mathematical compe-
tencies and misconceptions. Evidence suggests that the accuracy of teacher assessments
is linked to student achievement in the classroom. While teachers often struggle to make ac-
curate assessments of student competencies, little is known about how to effectively foster
teachers’ competencies in assessing students’ mathematical competencies and miscon-
ceptions. Currently, there are few opportunities for evidence-based and practice-oriented
training of these core practices during university education, making the development and
evaluation of practice opportunities a relevant topic for mathematics educational research.

The overarching goal of this dissertation was to develop effective support for pre-service
mathematics teachers’ assessment competencies. To this end, we used a comprehensive
competency framework to investigate the mechanisms underlying accurate assessments.
A simulation was used for providing a practice-oriented and controlled situation to analyze
and foster pre-service teachers’ assessment competencies. Simulations have been used
effectively in education, but represent a rather novel approach to investigate mathematics
teachers’ professional competencies. Different types of scaffolding were integrated into the
simulation that were effective in fostering complex skills. The log data from the simulation
were used to analyze pre-service teachers’ assessment processes. This method provided
an unobtrusive way of capturing the assessment process in an interactive situation, includ-
ing the processes of task selection and the interpretation of student solutions.

This dissertation presents two publications that contribute to the development of effective
support of pre-service teachers’ assessment competencies. The first publication evalu-
ated the design and effectiveness of a digital simulation with different types of scaffolding
to enhance pre-service teachers’ assessment accuracy. The second publication analyzed
relations between pre-service teachers’ dispositions, the assessment process, and assess-
ment accuracy to inform the implementation of adaptive scaffolding.

The results indicate that simulations are suitable for analyzing and fostering pre-service
mathematics teachers’ assessment competencies. Scaffolding that focused on the peda-
gogical content was more effective in enhancing accuracy than scaffolding that focused on
strategies in the assessment process. During the assessment process, pronounced indi-
vidual differences were identified that can be used to develop adaptive scaffolding. Overall,
this dissertation project can serve as an example for the development and evaluation of
simulations aimed at fostering teachers’ core practices during their university education.



Zusammenfassung

Mathematiklehrkrafte missen professionelle Kompetenzen erlernen, um auf die Unter-
richtspraxis vorbereitet zu sein. Zu diesen Kompetenzen gehdért die Diagnose mathemat-
ischer Fahigkeiten und Fehlvorstellungen von Schiilerinnen und Schilern. Studien zeigen,
dass die Genauigkeit von Diagnosen mit dem Lernerfolg von Schilerinnen und Schdler
im Unterricht zusammenhangt. Wahrend es Lehrkréaften hdufig schwerfallt, mathematische
Fahigkeiten prazise zu diagnostizieren, ist wenig dartiber bekannt, wie die Diagnosekompe-
tenzen von Lehrkraften effektiv geférdert werden kdnnen, um mathematische Fahigkeiten
und Fehlvorstellungen zu diagnostizieren. Derzeit gibt es nur wenige evidenzbasierte und
praxisnahe Mdéglichkeiten, Diagnoseompetenzen wahrend der universitaren Ausbildung zu
trainieren, was die Entwicklung und Evaluation solcher praxisnahen Trainingsmdglichkeiten
zu einem relevanten Forschungsthema der Mathematikdidaktik macht.

Das Ubergeordnete Ziel dieses Dissertationsprojekis war es, wirksame Unterstitzungs-
mafBnahmen zur Férderung der Diagnosekompetenzen von angehenden Mathematiklehr-
kraften zu entwickeln. Hierflr wurde ein ganzheitliches Modell fir Diagnosekompetenzen
von Lehrkraften verwendet, um die Mechanismen zu untersuchen, die akkuraten Diag-
nosen zugrunde liegen. Die Verwendung einer Simulation ermdglichte eine praxisorien-
tierte und gleichzeitig kontrollierte Situation, um die Diagnosekompetenzen angehender
Lehrkrafte zu analysieren und zu férdern. Simulationen wurden zur Vorbereitung auf die
Praxis in anderen Domanen, beispielsweise in der Medizin, bereits effektiv eingesetzt,
stellen jedoch im Kontext professioneller Kompetenzen von Mathematiklehrkraften einen
vergleichsweise neuen Ansatz dar. In die Simulation wurden unterschiedliche Formen von
Scaffolding integriert, die sich als effektiv zur Férderung komplexer Kompetenzen erwiesen
haben. Logdaten aus der Simulation dienten dazu, den Diagnoseprozess der angehenden
Lehrkréafte zu analysieren. Diese Methode erlaubte es, den Diagnoseprozess in einer in-
teraktiven Situation zu erfassen, die die Auswahl von Aufgaben und die Interpretation von
Schulerlésungen beinhaltete.

Diese Dissertation umfasst zwei Publikationen, die zur Entwicklung wirksamer Férdermech-
anismen fur die Diagnosekompetenzen angehender Lehrkréafte beitragen. Die erste Pub-
likation evaluierte das Design und die Wirksamkeit einer digitalen Simulation mit unter-
schiedlichem Scaffolding zur Verbesserung der Diagnosegenauigkeit angehender Lehr-
krafte. Die zweite Publikation analysierte Zusammenhange zwischen den Dispositionen,
dem Diagnoseprozess und der Diagnosegenauigkeit angehender Lehrkrafte, um die Imple-
mentierung adaptiven Scaffoldings zu unterstitzen.



Die Ergebnisse zeigen, dass Simulationen sich fir die Analyse und Férderung der Di-
agnosekompetenzen angehender Mathematiklehrkréfte eignen. Scaffolding, das auf das
fachdidaktische Wissen fokussiert war, erwies sich als wirksamer flr die Verbesserung der
Diagnosegenauigkeit als Scaffolding, das auf Strategien im Diagnoseprozess fokussierte.
Im Diagnoseprozess wurden systematische individuelle Unterschiede identifiziert, die far
die Entwicklung adaptiven Scaffoldings genutzt werden kénnen. Insgesamt kann dieses
Forschungsprojekt als Beispiel flr die Entwicklung und Evaluation von Simulationen zur
Lehrkréafteprofessionalisierung wahrend der universitédren Ausbildung dienen.
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1. Introduction

Student assessment is a central component of mathematics teachers’ core practices (Bardy
et al.,, 2024; Grossman, 2018; Kultusministerkonferenz, 2004). The quality of teachers’
assessments affects students’ learning outcomes in the classroom (Anders et al., 2010;
Behrmann & Souvignier, 2013). In their daily classroom practice, teachers elicit and assess
students’ mathematical thinking by posing the right tasks and evaluating student solutions
to make decisions on tailored follow-up instruction (Heitzmann et al., 2019). To meet these

requirements, teachers need assessment competencies.

Assessment competencies are universally important in mathematics teaching. The follow-
ing excerpt from Plato’s Meno gives an example of a teacher-student interaction that high-
lights the need for assessment competencies in mathematics teaching (Plato and Jowett,
1999, pp. 32—-35). Although our understanding of how teachers can effectively stimulate stu-
dents’ mathematical thinking has evolved over the decades, this excerpt underlines the im-
portance of carefully selecting mathematical questions and the need for teachers to contin-
uously react to students’ responses. The scene depicts a situation in which Socrates (469—
399 BQ) is interacting with Meno (423—400 BC) and one of Meno’s attendants. Socrates,
as usual, takes on the role of the teacher, while Meno’s attendant can be regarded as math-
ematics learner. Socrates poses the problem of finding the side length of a square that has

twice the area of a given square (Figure 1):

2 feet

Figure 1 lllustration of the problem posed by Socrates. The side length of a square that has twice the area of the blue square shall be
determined.

SOocRATES: And might there not be another square twice as large as this, and having like this
the lines equal?

ATTENDANT. YesS.
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SOCRATES: And of how many feet will that be?
ATTENDANT: Of eight feet.

SOCRATES: And now try and tell me the length of the line which forms the side of that double
square: This is two feet — what will that be?

ATTENDANT: Clearly, Socrates, it will be double.

SOCRATES: Do you observe, Meno, that I am not teaching anything, but only ask him questions;
and now he fancies that he knows how long a line is necessary in order to produce a figure
of eight square feet; does he not?

MENO: Yes.
socrATES: And does he really know?
MENO: Certainly not.

socrATES: He only guesses that because the square is double, the line is double.

[.. ]

SOCRATES: Very good; I like to hear you say what you think. And now tell me, is not this a line
of two feet and that of four?

ATTENDANT. YeS.

socrATES: Then the line which forms the side of eight feet ought to be more than this line of
two feet, and less than the other of four feet?

ATTENDANT: It ought.
socrATES: Try and see if you can tell me how much it will be.
ATTENDANT: Three feet.

socrRATES: Then if we add a half to this line of two, that will be the line of three. Here are
two and there is one; and on the other side, here are two also and there is one: And that
makes the figure of which you speak?

ATTENDANT. Yes.

SocrRATES: But if there are three feet this way and three feet that way, the whole space will be
three times three feet? That is evident.

SocrRATES: And how much are three times three feet?

ATTENDANT: Nine.

SocrRATES: And how much is the double of four?

ATTENDANT: FEight.

socrATES: Then the figure of eight is not made out of a line of three?
ATTENDANT: No.

socrATES: But from what line? — Tell me exactly; and if you would rather not reckon, try and
show me the line.

ATTENDANT. Indeed, Socrates, I do not know.
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SOCRATES: Do you see, Meno, what advances he has made in his power of recollection? He
did not know at first, and he does not know now, what is the side of a figure of eight feet:
But then he thought that he knew, and answered confidently as if he knew, and had no
difficulty; now he has a difficulty, and neither knows nor fancies that he knows.

[...]

socrATEs: Mark now the farther development. I shall only ask him, and not teach him, and
he shall share the enquiry with me: And do you watch and see if you find me telling or
explaining anything to him, instead of eliciting his opinion. Tell me, is not this a square
of four feet which I have drawn?

ATTENDANT: Yes.
[...]
SocrRATES: And this space is of how many feet?
ATTENDANT. Of eight feet.
socrATES: And from what line do you get this figure?
ATTENDANT. From this.
socrATES: That is, from the line which extends from corner to corner of the figure of four feet?
ATTENDANT: Yes.

SocrRATES: And that is the line which the learned call the diagonal. And if this is the proper
name, then you are prepared to affirm that the double space is the square of the diagnonal?

ATTENDANT:. Certainly, Socrates.

The scene highlights the importance of posing targeted questions and considering students’
current mathematical competencies in teacher-student interactions. Activities such as pos-
ing problems and interpreting student solutions are core practices for mathematics teachers

and part of their assessment competencies (Grossman, 2018).

Developing mathematics teachers’ assessment competencies that enable them to master
activities such as posing the right tasks is a challenge for mathematics teacher education
(Heitzmann et al., 2019; Leuders et al., 2022; Sommerhoff et al., 2022). At the same time,
there is a lack of practice opportunities for teachers that help them to systematically engage

in these activities.

The aim of this dissertation project was to develop an evidence-based practice opportunity
for mathematics teachers that effectively fosters their assessment competencies. To this
end, we used a digital simulation of an assessment situation involving posing tasks and
interpreting student solutions. We evaluated the design and effectiveness of the simulation

for fostering mathematics teachers’ assessment competencies by focusing specifically on
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the assessment process. In digital simulations, the assessment process can be observed
in a unique way through the log data. By investigating how to effectively foster teachers’
assessment competencies with digital simulations, this research should contribute to the

evidence-based development of teachers’ professional competencies.
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2. Mathematics teachers’ assessment competencies

The importance of teachers’ competencies in assessing student learning has been acknowl-
edged by policy makers in teacher education. In Germany, for example, common standards
for teachers’ professional competencies have been established (Kultusministerkonferenz,
2004). These standards include the broad construct of assessment competencies, which
comprises the competencies of posing appropriate questions and tasks and of interpreting

student solutions when interacting with individual students.

Similar to the established standards in Germany, the competencies of eliciting and inter-
preting student thinking and diagnosing particular common patterns of student thinking and
development in a subject-matter domain have been established in the internationally be-
known core practices in teacher education (Grossman, 2018). Taken together, developing
competencies of posing appropriate questions and interpreting students solutions to these
question to make tailored instructional interventions is a central requirement in international
mathematics teacher education. It enables teachers to assess individual students’ mathe-

matical thinking and to provide student-centered, tailored instruction.

Empirical studies support the importance of teachers’ assessment competencies for stu-
dent learning: The accuracy of mathematics teachers’ assessments was positively related
to student performance (Anders et al., 2010; Behrmann & Souvignier, 2013). At the same
time, teachers’ often struggle to make accurate assessments, with a correlation of r = .63
between teachers’ assessments of student performance and their actual performance (Sud-
kamp et al., 2012). These results point at a potential for improving teachers’ assessment

accuracy, and thereby improving student learning outcomes in the classroom.

Despite the importance of teachers’ assessment competencies, it remains largely unclear
how mathematics teachers’ development of assessment competencies can be effectively
fostered (Stidkamp & Praetorius, 2017). Research on this issue was often not specific to do-
mains, providing insights into the relation between assessment accuracy and student learn-
ing outcomes on a general level. However, evidence on how to support the development of
competencies needed in specific situations that occur in mathematics instruction is lacking.

For example, selecting mathematical tasks to assess students’ mathematical competencies
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and misconceptions requires specific knowledge about task potentials and typical student
errors in specific tasks. Moreover, studies have often analyzed the accuracy of teachers’
assessment in isolation instead of including teachers’ dispositions and their processes that
lead to their assessment (Kolovou et al., 2024). Taken together, a domain-specific perspec-
tive, including individual teachers’ dispositions and assessment process seem necessary

for developing effective support of mathematics teachers’ assessment competencies.

This chapter provides a conceptualization of mathematics teachers’ assessment competen-
cies that is based upon Blémeke et al.’s (2015) comprehensive framework of professional
competencies. It goes beyond the accuracy of assessments and includes teacher disposi-
tions as well as the assessment process. In this dissertation project, this conceptualization
serves as the basis for analyzing and fostering mathematics teachers’ assessment com-
petencies. We will then focus on the assessment of individual students’ competencies
and misconceptions in mathematics, which is particularly important for providing student-
centered instruction and tailored support for students. Finally, this chapter gives a brief

review of research on mathematics teachers’ assessment competencies.

2.1 Conceptualization

Teacher assessments can be categorized into three different types (Urhahne & Wijnia,
2021): person-related assessments that aim to generate knowledge about individual stu-
dents’ competencies in a domain, task-related assessments that aim to generate knowl-
edge about task characteristics, and person-specific assessments that aim to generate
knowledge about students’ personal characteristics, such as giftedness or hyperactivity dis-
order. This project focuses on person-related assessments in mathematics, particularly on
assessments of students’ mathematical competencies and misconceptions. Accordingly,
we define assessment competencies as a set of skills for accurately assessing students’

learning processes and outcomes to initiate effective instruction (Artelt & Grasel, 2009).

Models of teachers’ assessment competencies include individual dispositions, such as pro-
fessional knowledge, and performance in practice situations (Heitzmann et al., 2019; Herp-
pich et al., 2018). Blomeke et al.’s (2015) competence model additionally includes so-called

situation-specific skills to bridge the gap between dispositions and performance in practice

Mathematics teachers’ assessment competencies | 6



situations. In this project, we apply this comprehensive view of competencies to assess-
ment situations. This enables us to not only describe teachers’ accuracy or knowledge, but
to understand the complex mechanisms of how dispositions translate to accurate assess-
ments in authentic situations. In the following, the components of the model are explained

in greater detail.
2.1.1 Dispositions

Mathematics teachers’ dispositions are commonly subdivided into cognitive and affective-
motivational dispositions (Heitzmann et al., 2019; Figure 2). Cognitive dispositions include
different facets of professional knowledge: content knowledge (CK, knowledge of the sub-
ject matter), pedagogical knowledge (PCK, knowledge about teaching) and pedagogical
content knowledge (PK, knowledge about how to teach specific subject matter) (Depaepe et
al., 2013; Hill et al., 2005; Shulman, 1986). In mathematics-specific assessment situations
(such as assessing mathematical competencies and misconceptions), content knowledge
and pedagogical content knowledge are particularly important, whereas general pedagogi-

cal knowledge unrelated to the content plays only a minor role.

Dispositionen Diagnoseprozess Diagnoseperformanz

Kognitiv

Fachwissen (CK)
Fachdidaktisches Wissen(PCK)

Prozessindikatoren Akkuratheit

Affektiv-
motivational

Interesse
Selbstwirksamkeitserwartung

Figure 2 Competency framework based on Bldmeke et al. (2015) applied to assessment situations.

Affective-motivational dispositions are more diverse and there is less consensus about
which affective-motivational dispositions are relevant in assessment situations. In research
on professional competencies across domains, there is consensus that individual interest
and self-efficacy are important dispositions (Herppich et al., 2018). Individual interest is

commonly defined as a person’s relatively stable orientation of an individual toward an ob-
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ject or activity (Schiefele, 1991). Self-efficacy refers to persons’ beliefs about their ability to
master a task (Bandura, 1977). These dispositions are crucial for mastering assessment
situations, and it remains unclear how they transfer to the assessment process and the

accuracy of assessments.
2.1.2 Assessment process

The process that takes place while a teacher is generating an assessment is referred to
as the assessment process. Depending of the assessment situation, various models are
used to derive indicators that determine the quality of the assessment process. What these
models have in common is that they focus on the assessment process, offering a theoretical

foundation for explaining variance in teachers’ assessment accuracy.

Loibl et al. (2020) developed a cognitive process model that is primarily used to investigate
the assessment process in task-related assessments. The assessment process is con-
ceptualized as cognitive information processing, consisting of the processes perceiving,
interpreting, and decision-making. In research using this model, indicators of the quality of
the assessment process included, for example, fixation durations on specific task features

or reaction times in assessment items (Brunner et al., 2024; Rieu et al., 2022).

When videos are used to support assessment competencies, the professional vision model
is often the basis for analyzing the assessment process (Sherin, 2001). This model is based
on the assumption that observing professional situations (e.g., assessment situations) can
support the acquisition of competencies. The professional vision model distinguishes be-
tween noticing and knowledge-based reasoning (Seidel & Stirmer, 2014). Accordingly,
indicators of the assessment process are noticing of relevant cues and describing and ex-

plaining them appropriately (Codreanu et al., 2021).

The process model by Heitzmann et al. (2019) focuses on activities that occur during the
assessment process in person-related assessments that involve teacher-student interac-
tion. The model is based on Fischer et al.’s (2014) framework for scientific reasoning and
outlines specific diagnostic activities involved in the process of generating new knowledge
(e.g., about student’s mathematical competencies). Activities during the assessment pro-
cess include generating evidence, evaluating evidence, stating hypotheses, and drawing

conclusions. Since we investigated a person-related assessment situation that involved
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teacher-student interaction, Heitzmann et al.’s (2019) model was used to operationalize the
assessment process. Applied to situations in which teachers pose tasks and interpret stu-
dent solutions to assess students’ mathematical competencies, the activities in this model
can be specified: generating evidence refers to posing tasks, and the activities evaluat-
ing evidence, stating hypotheses and drawing conclusions refer to teachers’ interpretations
of student solutions. Evaluating evidence involves describing observable features within
individual task solutions, which may indicate mathematical competencies or misconcep-
tions. Stating hypotheses refers to statements about a student’s potential competencies
or misconceptions that contain expressions of uncertainty. Drawing conclusions goes be-
yond simply evaluating evidence and involves synthesizing information from multiple task

solutions to make general statements about a student’s competencies or misconceptions.
2.1.3 Assessment performance

Assessment performance refers to the quality of teachers’ generated assessment and is
indicated by the accuracy of assessments (Hoge & Coladarci, 1989; Stdkamp et al., 2012;
Urhahne & Wijnia, 2021). Assessment accuracy is defined as the degree to which an
assessment corresponds to a predefined, objective norm. This norm can be based on
students’ actual performance on tests that teachers need to predict (Sidkamp et al., 2012),
or it can be a more comprehensive norm, such as students’ competence levels derived from

a competence model (Reiss & Obersteiner, 2019).

Assessment accuracy is crucial, as it serves as the basis for instructional decisions (Heitz-
mann et al., 2019) and is related to student performance (Anders et al., 2010; Behrmann &
Souvignier, 2013). Therefore, the ultimate goal of fostering teachers’ assessment compe-

tencies is to increase the accuracy of their assessments.

2.2 Assessment of student competencies and misconceptions in

mathematics

Teachers’ accurate assessment of students’ mathematical competencies and misconcep-
tions is the basis for making instructional decisions and is therefore crucial for student-
centered and adaptive instruction (Corno, 2008; Hardy et al., 2019). For several mathe-

matical topics, such as primary school arithmetic, students’ competencies are described
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in terms of different competence levels in comprehensive competence models (Reiss &
Winkelmann, 2009). Although competence models usually describe student competen-
cies on a rather general level, teachers can use such models as a reference when making
assessments (Reiss & Obersteiner, 2019). Competence models establish a benchmark
against which teachers can evaluate student outcomes, enabling a more objective assess-
ment of student competencies compared to relative comparisons with class average, for
instance. Thus, they can assist teachers during the assessment process and contribute to
more accurate assessments. Given that objective norms were often not present in previous
studies and that teachers tend to make more accurate assessments when a reference is
available, competence models can assist teachers in the assessment process and enable

them to make more accurate assessments (Stidkamp et al., 2012).

Table 1

Summary of the competency model by Reiss and Winkelmann (2009) for the topic numbers and operations.

Competence level Description of competencies

1 Understanding the structure of the decimal system; addition and
multiplication of numbers from 1 to 10; doubling of larger num-
bers

2 Understanding the structure of the decimal system in various

representations; identifying simple patterns; using basic arith-
metic to solve simple word problems

3 Proficient writing and reading of numbers in various represen-
tations; correct usage of the number 0; expanded addition and
subtraction of larger numbers; understanding the relation be-
tween addition and subtraction as well as between multiplication
and division; modelling and solving simple real world situations

4 Mastering all basic arithmetic operations; using relations be-
tween different operations, modelling and solving more complex
real world situations

5 Solving complex tasks with different strategies; solving difficult
equations; calculating with decimals

An effective way to assess students’ mathematical competencies in practice is to pose
questions or tasks (Black & Wiliam, 2009). Given a reference, such as a competence
model (Table 1), tasks can be assigned to different levels that describe specific compe-

tencies, such as understanding the structure of the decimal system. A student solution
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to a task that focuses on this competency can reveal evidence that facilitates instructional
decisions. For example, understanding the structure of the decimal system forms a very ba-
sic competency (Table 1). Consequently, teachers might begin an assessment with tasks
asking a student to use different representations of decimal numbers, such as place value
representations or symbolic representations. If a student does not master these tasks, it
might be effective to provide more instruction on the decimal system before moving to more
advanced topics. Conversely, if a student has a good understanding of the decimal system,
the teacher could use more advanced tasks related to competencies like mastering all basic

arithmetic operations to assess the students’ current competency level.

To assess students’ current knowledge of a mathematical concept, it is important for teach-
ers to be aware not only of students’ competencies, but also of their misconceptions (Larrain
& Kaiser, 2022; Vosniadou & Verschaffel, 2004). For fundamental mathematical topics such
as basic arithmetic or fractions, misconceptions are well described in the literature (Eichel-
mann et al., 2012; Padberg & Benz, 2021; Radatz, 1980a, 1980b). Misconceptions are
thought to be robust over time, as reflected in consistent patterns of errors on specific tasks
(Vosniadou & Verschaffel, 2004). Based on a given misconception, one can decide for each

task whether it has the potential to reveal a typical error related to the misconception.

Misconception
A

Misconception
B

Misconception
C

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7

Figure 3 lllustration of how tasks can be used to elicit misconceptions. A connection between a task and a misconception means that
the task has the diagnostic potential to reveal an error related to the misconception. A student with one of these misconceptions would
make a consistent pattern of errors in the connected tasks.

Figure 3 illustrates in a simplified way how students’ misconceptions can be assessed

based on errors in task solutions. If the tasks are classified in terms of their diagnostic
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potential to reveal errors related to a misconceptions, consistent patterns of errors in these

tasks allow to infer an underlying misconception.

For making accurate assessments of mathematical competencies and misconceptions,
teachers’ need to be able to pose the right tasks and to interpret student solutions ap-
propriately (Heitzmann et al., 2019). Mastering the processes of selecting tasks and inter-
preting student solutions determines the quality of the assessment process in this specific

assessment situation, which in turn may determine the accuracy of the final assessment.

2.3 State of research

Research on mathematics teachers’ assessment competencies focused on task-related as-
sessments and person-related assessments (Heitzmann et al., 2019; Leuders et al., 2022;
Loibl et al., 2020). Research on task-related assessments has mainly focused on cognitive
processes when assessing task characteristics, most prominently on task difficulty. The
main research goal of this line of research is to explain the cognitive mechanisms during
the genesis of task-related assessments. To observe indicators of cognitive processes,

commonly used methods in experimental studies include eye tracking and think aloud.

Research on person-related assessments in authentic practice situations focused on more
complex assessment situations involving teacher-student interaction. The main research
goal of this line of research is to describe and explain teacher actions in practice situa-
tions to facilitate the acquisition of assessment competencies. Methods include classroom

observations, videos and simulations of practice situations (Leuders et al., 2022).
2.3.1 Task-related assessments

Studies in mathematics education that have focused on task-related assessments primarily
investigated pre-service teachers’ perception and interpretation of task difficulty (Brunner et
al., 2024; Ostermann et al., 2018; Rieu et al., 2022). In experimental studies, the effects of
specific PCK interventions on pre-service mathematics teachers’ assessment performance
were analyzed. Across different mathematical content domains, PCK interventions led to
higher assessment performance in perceiving and interpreting task difficulties. Indicators

of the assessment process were response times (Rieu et al., 2022) and eye movements
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(Brunner et al., 2024). Main findings were that the fixation durations on relevant task fea-
tures were related to the accuracy. For the PCK intervention, it was found that a PCK
intervention lead to longer fixation durations on relevant task features and to more accurate
interpretations (Brunner et al., 2024). In addition, a PCK intervention was causally related

to assessment accuracy in identifying and interpreting task features (Rieu et al., 2022).

The reported studies used Loibl et al.’s (2020) model (Section 2.1.2) to derive indicators
of the assessment process. The use of eye movement parameters as indicators of the as-
sessment process had the advantage of revealing qualitative differences related to specific
cognitive processes. For instance, it allows for distinguishing whether pre-service teachers

focus on relevant features of the tasks or on aspects that are irrelevant for the assessment.

Taken together, the studies provide evidence that pre-service teachers’ PCK is causally
related to their assessment process and their accuracy in task-related assessments. Lim-
itations of the studies were that they did not account for teachers’ affective-motivational
dispositions and focused only on the knowledge facet PCK instead of considering other

knowledge facets such as CK.
2.3.2 Person-related assessments

Studies on person-related assessments in mathematics used different approximations of
practice to provide authentic assessment situations (Grossman et al., 2009). For example,
video-vignettes were used to study teachers’ assessment process within the professional vi-
sion framework (Section 2.1.2). In particular, pre-service teachers’ noticing of relevant cues
and their reasoning were analyzed (Codreanu et al., 2020; Nickl, Sommerhoff, Béheim,
et al., 2024). Results indicated that pre-service teachers’ reasoning was mostly superficial,
describing overt observations. Wildgans-Lang et al. (2020) and Larrain and Kaiser (2022)
reported similar findings that indicated that pre-service teachers struggled to state hypothe-
ses and instead described only superficial features in student solutions. This suggests
that pre-service teachers need support to improve their reasoning during the assessment
process. A limitation in the reported studies was that they did not investigate whether
pre-service teachers’ reasoning quality during the assessment process was related to their

dispositions and their assessment accuracy.
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In assessments of individual students competencies in role play simulations, a positive cor-
relation between CK and assessment accuracy was found (Kron et al., 2021, 2022). CK
was also related to the quality of the assessment process, operationalized as the relative
frequency of selected high quality tasks during the interaction with the students. Kron et al.
(2022) also found that the interaction of individual interest in mathematics education and
PCK was related to the quality of task selection. This effect was interpreted as suggest-
ing that interest serves as a prerequisite for knowledge activation. The results indicate
that affective-motivational variables play an important role in the assessment process in
authentic practice situations. In these studies, the operationalization of the assessment
process focused primarily on task selection and found pronounced individual differences
in pre-service teachers quality of task selections (Kron et al., 2021). Focusing solely on
the process of task selection without considering teachers’ interpretations of student solu-
tions is a limitation as only part of the teacher-student interaction is captured. Furthermore,

interpreting the influence of interest could rely on more established theories and constructs.

2.4 Summary

This chapter introduced a comprehensive model for investigating teachers’ assessment
competencies. The model includes cognitive and affective-motivational dispositions, the
assessment process, and assessment performance. Thus, it can facilitate our understand-
ing of the mechanisms underlying accurate assessments, going beyond research that has

mainly described the accuracy of teachers’ assessments.

The state of research of mathematics teachers’ assessment competencies is described
along two lines of research: task-related assessments with a focus on cognitive processes,
and person-related assessments in authentic practice situations. A key finding was that pro-
fessional knowledge was related to the quality of the assessment process and assessment

performance.

At least three research gaps can be identified: First, it remains unclear whether teachers’
PCK is also related to the assessment process and accuracy in person-related assess-
ments as it was found in task-related assessments. The role of teachers’ CK remains
unclear and was not considered in studies on task-related assessments. Second, the as-

sessment process in interactive assessment situations has mostly been operationalized as
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the quality of task selection without holistically considering also the interpretation of student
solutions to selected tasks. However, the quality of the interpretation of student solutions is
the basis for the subsequent task selection and for instructional decisions. Third, it is yet an
open question how effective instructional support of teachers’ assessment competencies
can be designed. Instructional support can focus on dispositions such as PCK, or it can fo-
cus on the assessment process itself, depending on how dispositions and the assessment

process contribute to the genesis of accurate assessments.

To address these research gaps, we need authentic practice environments that allow for
a comprehensive study of assessment competencies in a controlled setting. Simulations
offer a promising approach and create a controlled research setting while simultaneously
providing an authentic practice situation (Fischer et al., 2022; Grossman et al., 2009). The
next chapter explores the potential of simulations for analyzing and fostering teachers’ pro-

fessional competencies, including assessment competencies.
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3. Simulations for fostering mathematics teachers’

professional competencies

In many domains, such as medicine, simulations are used to prepare learners for real pro-
fessional situations (Fanning & Gaba, 2007). Simulations are commonly defined as a sys-
tem representing a segment of reality with possibilities for learners to interact with the sys-
tem (Heitzmann et al., 2019). Simulations have at least three advantages compared to real
situations in preparing learners for practice (Fischer et al., 2022): First, the tasks can be
repeated to systematically monitor and enhance performance. Second, the situation can
be simplified by only focusing on key aspects of the situation, omitting irrelevant aspects,
and third, the task can be designed according to learners’ needs, whereas in real situations

the situations intended for learning may not occur at all.

Among educational disciplines, medical education in particular has a tradition in using sim-
ulations (Cook et al., 2012). In teacher training, simulations are less commonly used —
despite their benefits and potential (Chernikova, Heitzmann, Fink, et al., 2020). To ensure
that a simulation supports pre-service mathematics teachers’ acquisition of core practices, it
is important to consider instructional design principles. In this section, we will first describe
instructional design principles for effective simulations and then focus on the potential of

simulations to support the acquisition of professional competencies.

3.1 Design of simulations

The design of simulations can contribute to learners’ experience and learners’ performance
while engaging in the simulation (Brom et al., 2017; Chernikova, Heitzmann, Stadler, et
al., 2020). A high-quality learning experience requires learners’ presence in the situation.
Presence refers to the extent to which learners feel involved in the situation during the
simulation. The concept of authenticity is similarly important for learners’ experience and
refers to the extent to which learners perceive a situation as similar to a real situation (Levin
et al., 2023; Stirmer et al., 2024). Both presence and authenticity are relevant ensuring the
ecological validity of a simulation, and ecological validity is a prerequisite for ensuring that

the core practices learned in simulations are transferable to practice situations.
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The quality of learners’ experience also depends on the interactivity of the simulation (Cook
et al., 2013). Simulations that provide learners with a greater degree of freedom to influence
the course of the situation are more immersive (Dawley & Dede, 2014). Learners’ perfor-
mance is influenced by the extraneous cognitive load that learners are exposed to while
engaging in the simulation (Renkl & Atkinson, 2003). Extraneous cognitive load refers to
mental resources that are devoted to task-irrelevant features (Sweller, 2010). The avail-
ability of relevant information and the complexity of navigating through the situation can
increase learners’ extraneous load in simulations. To minimize learners’ extraneous load,
the design of simulations should contain as few task-irrelevant features as possible. How-
ever, this may also reduce the ecological validity and there is a trade-off between ecological
validity and using task-irrelevant features when designing a simulation (Codreanu et al.,
2020). Therefore, researchers need to find a balance between the ecological validity of
the situation provided by the simulation and the extraneous cognitive load that learners are
exposed to. Taken together, the design of a simulation influences learners’ experience and
performance to a large extent and the goal is to ensure a high-quality learner experience
that supports high performance. Simulations allow for implementing additional support to
enhance performance, and one support measure that has proven to be effective across

learning domains is scaffolding.

3.2 Scaffolding

Scaffolding refers to a specific kind of instructional support that is applicable in complex and
interactive situations (Wood et al., 1976). Scaffolding aims to support learners in solving
complex tasks by reducing and regulating the complexity. The support is meant to intervene
between the current level of knowledge and the level of knowledge to be acquired and aims
to empower learners to master situations that they could not master based on their current

knowledge level alone (Vygotskil & Cole, 1978; Wright, 2018).

The effectiveness of scaffolding depends on learners’ experience, type of scaffolding, and
the methodology (Belland et al., 2017; Chernikova, Heitzmann, Stadler, et al., 2020): For
inexperienced learners, effective scaffolding provides a high level of guidance and should
be strongly related to the content of the learning task (Chernikova, Heitzmann, Fink, et al.,

2020). In this case, scaffolding is most effective when it is presented continuously during the
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learning process. In contrast, for experienced learners, effective scaffolding provides less
guidance, for example, by providing strategic rather than content-related support (de Jong &
van Joolingen, 1998). In this case, scaffolding does not need to be presented permanently

but can also fade out during the learning process (Belland et al., 2017).

Since these principles have primarily been derived from studies in complex problem-solving
and medical education, it remains unclear whether the same principles of effective scaffold-
ing apply to simulations in teacher education. Furthermore, very few studies have compared
different types of scaffolding within the same learning domain, making it unclear which type
of scaffolding is most effective for developing teacher competencies, such as assessment

competencies.

For teachers assessment competencies, scaffolding that enhances teachers’ assessment
accuracy can focus on cognitive and affective-motivational dispositions, or on the assess-
ment process (Figure 2). When focusing on cognitive dispositions, providing specific con-
tent knowledge has proven to be effective scaffolding (Brunner et al., 2024; Sommerhoff
et al., 2023). However, for affective-motivational dispositions, it is less clear what effective
scaffolding can focus on. In the assessment process, proficient learners are known to gen-
erate and verify hypotheses (Section 2.1.2), leading to well-founded conclusions (de Corte
et al.,, 1991; de Jong & van Joolingen, 1998). At the same time, there is evidence that
pre-service teachers struggle to generate hypotheses, and rather describe overt cues in
diagnostic situations (Bauer et al., 2020; Codreanu et al., 2021; Larrain & Kaiser, 2022;
Wildgans-Lang et al., 2020). Therefore, effective scaffolding focusing on the assessment

process could prompt learners to state hypotheses or draw conclusions.

These types of scaffolding can be implemented using a static or adaptive scaffolding method-
ology. While static scaffolding means that all learners receive the same predefined instruc-
tional support throughout the learning situation, adaptive scaffolding can take into account

learners’ individual needs and can change during the learning situation.

3.3 Adaptivity

In the context of digital learning environments, adaptivity refers to the ability of a learning

environment to evaluate relevant learner variables to adjust to individual learners with the
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goal of enhancing learning outcomes (Plass & Pawar, 2020). By adjusting, the learning

environment provides individual learners with exactly the learning experience they need.

Adjustment basis Scaffolding options

Dispositions process performance

Decision
CK Process Accuracy

indicator 1 C|’|ter|a Strategic Content-
PCK Process Efficiency : related
indicator 2 sedlitetdlig scaffolding

Self-efficacy

Scaffolding
decision

Figure 4 Overview of adaptive scaffolding: The adjustment basis is used to identify relevant individual differences among learners.
Based on these differences, targeted scaffolding is selected and provided from a set of available scaffolding options.

The set of learner variables that the system evaluates forms the adjustment basis. For the
adjustment basis, specific decision criteria are defined, according to which a particular type
of scaffolding is presented to individual learners in a given situation from a set of scaffold-
ing options (Figure 4). The adjustment can occur with varying temporal granularity (Tetzlaff
et al., 2021): A learning environment that adapts at the macro-level evaluates learner vari-
ables prior to the learning task and uses this assessment as a basis for adjustment to make
decisions for presenting scaffolding for the learning task. In this case, the adjustment is de-
termined before the start of the learning task and is not further modified during the learning
task. A learning environment that adapts on the micro-level evaluates learner variables in
real time during the learning task, and the learner variables are updated and used as the

adjustment basis during the learning task.

In simulations for fostering teachers’ assessment competencies, the adjustment basis can
include dispositions, assessment process, or assessment performance. Since dispositions
are assumed to be stable over time, it is reasonable to measure them before the assess-
ment situation and use them for macro-adaptive support. Indicators during the assessment

process can only be measured while teachers are engaged in an assessment situation and
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are likely to change over time. Consequently, these indicators should be measured fre-
quently and could be used for micro-adaptive scaffolding, that is, scaffolding that is adapted
in real time based on the measured indicators. Assessment performance could be used for
adaptation to track the learning progress of the teachers, to provide scaffolding in the form

of the most appropriate follow up assessment situations (Belland et al., 2017).

Simulations with adaptive scaffolding are more effective than simulations with static scaf-
folding since they provide the most effective learning experience for each learner at each
time. However, creating decision rules to identify which type of scaffolding is most effective

for which learners poses a significant challenge for research.

To derive decision criteria to support mathematics teachers’ assessment competencies
adaptively, it is important to understand how teachers’ dispositions and indicators of the
assessment process contribute to accurate assessments. To this end, Plass and Pawar
(2020) outlined key steps to help derive decision criteria, that can then be used to implement
adaptive scaffolding in the next step. The first and most basic step is to ensure reliable mea-
surement of the learner variables involved. While there are well-established measurement
instruments for assessing pre-service teachers’ dispositions and assessment performance,
reliably and holistically measuring the assessment process itself remains challenging. Sec-
ond, variables need to be identified that should be included in the adjustment basis. Finally,
we need evidence about what type of scaffolding leads to higher assessment performance
based on individual learner variables. These steps provide the knowledge needed to gen-
erate decision criteria and scaffolding that can most effectively foster pre-service teachers’

assessment performance.

3.4 Summary

In this chapter, we outlined the benefits of simulations as a tool for analyzing and fos-
tering mathematics teachers’ professional competencies. We discussed design principles
that make simulations both ecologically valid and effective for learning. Different kinds of
scaffolding can be implemented as instructional support in digital simulations to further en-
hance teachers’ assessment performance, but it is still unclear which types of scaffolding
are effective for fostering pre-service teachers’ assessment competencies. The implemen-

tation of scaffolding can be adaptive by providing different types of scaffolding based on
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individual learner variables. It remains a challenge to derive specific decision criteria to
determine which learner should receive what kind of scaffolding in a specific situation. To
make progress in this regard, a first step is to measure the assessment process holistically.

For this purpose, log data from digital simulations can be used.
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4. Log data in digital simulations

With the increasing use of digital technology for learning, log data have gained importance
in educational research (Goldhammer et al., 2021). The term log data refers to user data
in digital environments that are automatically recorded as users engage with the system
(Greiff et al., 2016). A major advantage of log data is that it can capture not only learning
outcomes, but also the entire learning process. The potential of log data has been shown
in studies across educational domains and contexts (Ferguson, 2012; Fouh et al., 2014;
Reinhold et al., 2020; Theobald et al., 2018). Accordingly, log data also promise insights

for research on teacher competencies with digital simulations.

This chapter discusses the potential of log data for studying mathematics teachers’ assess-
ment processes with digital simulations. First, we focus on the general benefits of using log
data to observe learning processes. Then, the chapter addresses challenges in interpret-
ing log data and finally, we outline process indicators that can be derived from log data in

assessments of individual students.

4.1 Benefits of log data to observe the assessment process

There are several advantages to using log data in research on learning and instruction. For
the study of mathematics teachers’ assessment competencies with digital simulations, this

section highlights three key benefits of log data.

First, log data can provide insights into the assessment process, not just the accuracy of
the assessment. This is particularly important for understanding the mechanisms that lead
to accurate assessments — one of the main research goals in this research area and in this

project (Chapter 2).

Second, log data are recorded unobtrusively and in real time. Learners’ progression re-
mains uninterrupted, thereby increasing external validity. The timing of activities within the
assessment process can be accurately captured through timestamps in the log data, mak-
ing log data superior to other methods for measuring the duration of activities in the learning

process (Kovanovic et al., 2016).
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Third, log data can be used not only to observe cognitive processes in highly controlled
digital environments, but also to observe more complex behavioral processes in interactive
digital environments such as simulations (Azevedo et al., 2013; Greene & Azevedo, 2010).
A key characteristic of simulations is that the process can be navigated by the learner rather
than being predetermined (Section 3.1). As authentic assessment situations are by nature

more complex and interactive, using log data from digital simulations is advantageous.

Some of these benefits also apply to other methods that are commonly used in educational
research to assess learning processes, for example think aloud or eye-tracking. However,
think aloud requires participants to use cognitive resources to observe their own process,
which may affect their engagement in the task and consequently the external validity (Cot-
ton & Gresty, 2006). This is different with eye-tracking, but eye-tracking is best suited for
observing cognitive processes in very controlled laboratory settings rather than processes
in interactive and more complex assessment situations (Strohmaier et al., 2020). Taken
together, log data provide a unique way to investigate mathematics teachers’ assessment

processes in digital simulations.

4.2 Interpretation of log data

Digital learning environments are used in a variety of educational disciplines with different
research goals (Haleem et al., 2022; Wang, 2021). As a result, there is a great variety in the
types of data that these learning environments assess through the log data (Goldhammer
et al., 2021; Haleem et al., 2022). Since there is no universal way to use these different
types of log data, the interpretation poses challenges for researchers. Researchers need
to interpret log data meaningfully within their discipline and context (Goldhammer et al.,
2021). This section presents selected examples to illustrate the use of log data from digital

learning environments for educational research.

A group of studies used rather generic process indicators based on log data to analyze
solution processes, most prominently the time learners spent while solving a task (time
on task). Although relationships between general process indicators such as time on task
and the learning outcome were sometimes found (Goldhammer et al., 2014; Scherer et al.,
2015), it is challenging to draw conclusions that contribute to educational theories. For ex-

ample, learners’ time on task can have entirely different meanings: A short reaction time

Log data in digital simulations | 23



can indicate that the learner is working through a task very efficiently, or it could mean that
the learner lacks the knowledge to solve the task and is simply skipping the task. A long
reaction time may indicate that the task was solved efficiently but the result was double-
checked, or it may suggest that the solution process itself was inefficient. The ambiguity
of general measures such as time on task is particularly evident in less controlled environ-

ments, such as in digital simulations of interactive learning situations.

Another group of studies used log data to derive more specific process indicators. For
example, log data were used to infer strategies in complex problem-solving tasks in a dig-
ital assessment (Greiff et al., 2016; Stadler et al., 2020). Log data enabled to distinguish
whether learners applied the efficient vary-one-thing-at-a-time strategy (VOTAT) or a less
efficient trial-and-error strategy during the solution process. Students using VOTAT apply
the principle of isolating one variable at a time when exploring a problem. This approach
allows them to identify the effect of each individual element within the problem. In this ex-
ample, log data allowed a systematic investigation of the relationship between using VOTAT
during the solution process and problem-solving performance. This shows how log data can
be used to generate unique insights that would be difficult to observe in the same quality

with other methods.

In mathematics education, Reinhold et al. (2020) used log data from writing-to-learn tasks
in a digital textbook on fractions. Here, the combination of multiple process indicators (e.g.,
number of words) was interpreted as cognitive and behavioral engagement. Differences in
the quality of students’ engagement could be identified based on patterns of process indi-
cators, and one main finding was that the process patterns derived from log data predicted
the learning outcome above and beyond learners’ knowledge. This study showed the po-
tential of log data for research in mathematics education and also illustrated how a more
complex solution process can be captured and interpreted by using patterns in multiple

process indicators.

In complex processes such as the assessment process involving teacher-student interac-
tion, where multiple indicators are relevant, theory-driven interpretation is challenging. As
demonstrated in the study by Reinhold et al. (2020), the cognitive engagement framework is
suitable for interpreting patterns across multiple process indicators (Fredricks et al., 2004).

The cognitive engagement framework also allows for hypotheses about the influence of
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affective-motivational dispositions on learning processes. For example. studies across var-
ious learning domains found a link between interest and engagement (Ainley et al., 2002).
The ICAP model builds on the theory of cognitive engagement and further distinguishes
qualitative differences in engagement modes (Chi & Wylie, 2014). For individual learning,
it differentiates between passive, active, and constructive cognitive engagement. However,
to use this model for a meaningful interpretation of log data, the process indicators that
characterize the different engagement modes in the respective context must be specified.
The following section specifies process indicators that can be applied in interactive, person-

related assessments of students mathematical competencies and misconceptions.

4.3 Process indicators in assessments of student competencies and

misconceptions

In assessments of student competencies and misconceptions based on tasks, the assess-
ment process consists of the process of selecting assessment tasks and the process of

interpreting student solutions to selected tasks (Section 2.2).

During the process of selecting assessment tasks, the number of tasks with and without
diagnostic potential (Section 2.2) serves as a key indicator of the quality of the assessment
process (Kron et al., 2021). Teachers with high quality task selection are able to select
tasks strategically, which is reflected in a high proportion of tasks with diagnostic potential.
Conversely, in a low quality task selection process, the diagnostic potential of tasks is not

taken into account.

During the process of interpreting student solutions, teachers’ reasoning activities serve
as key indicators of quality (Codreanu et al., 2020; Fischer et al., 2014; Heitzmann et
al.,, 2019). These include evaluating evidence from individual task solutions, generating
hypotheses about students’ competencies and misconceptions, and drawing conclusions
(Section 2.1.2). Teachers with high quality task interpretation are able to state specific
hypotheses and draw appropriate conclusions about students’ mathematical competencies

based on the generated evidence.

These indicators can capture the quality of the assessment process in an interactive as-

sessment situation that involves the processes of selecting tasks and interpreting student
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solutions. A challenge is to develop a simulation that elicits teachers’ processes of task

selection and interpreting student solutions.

4.4 Summary

This chapter discussed the potential of log data for investigating mathematics teachers’
assessment processes with digital simulations, highlighting several key advantages over
other methods of assessing learning processes. Log data can provide insights beyond mere
accuracy in interactive assessment situations in an unobtrusive way, enabling a deeper

understanding of the mechanisms underlying accurate assessments.

Interpreting log data, however, presents significant challenges due to the variability of digital
learning environments in education. While generic process indicators can lead to ambigu-
ous interpretations, process indicators derived from domain-specific theories can reveal

meaningful insights beyond mere outcome measures.

To summarize, log data offer a powerful way to capture relevant indicators in teachers’
assessment processes, provided that they are recorded in well-designed simulations that

allow for theoretically grounded interpretations.
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5. The present research

The starting point for this dissertation project was the need for evidence-based and practice-
oriented training of mathematics teachers’ core practices at the university level. It is argued
that engaging in practical challenges enables pre-service teachers to apply their theoretical
knowledge in their later classroom practice, which is likely to lead to higher learning gains

in students.

The present research focuses on teachers’ assessments of students’ competencies and
misconceptions as one emblematic core practice in mathematics teaching. To provide
practice-oriented training, we used a digital simulation of an interactive assessment situ-
ation. In the simulated situation, pre-service teachers had to assess individual students’
mathematical competencies and misconceptions. We investigated teachers’ processes of
selecting tasks and interpreting student solutions while pre-service teachers were engaged
in the assessment situations. Going beyond previous research that often solely focused
on the accuracy of assessments, a main goal was to analyze how pre-service teachers’
dispositions and assessment process contributed to accurate assessments. This involved
implementing different types of scaffolding for supporting pre-service teachers’ assessment
process in the simulation. In addition, we used log data from the digital simulation to analyze
individual differences in pre-service teachers’ assessment process. These analyses should
contribute to the implementation of adaptive scaffolding that is tailored to individual differ-
ences further enhance teachers’ assessment performance. In summary, the overarching

question that guided the present research was:
RQO: How can we effectively enhance mathematics teachers’ assessment accuracy?

Study A aimed to evaluate both the design of the simulation of an interactive assessment
situation and the effects of different types of scaffolding on assessment accuracy. To this
end, we first compared learners’ experience while engaging in different versions of the
simulation. The study examined how different types of scaffolding during the assessment

process influenced assessment accuracy.
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The specific research questions were:

RQ1a: Does the implementation of different types of scaffolding in the simulation affect
individuals’ perceived presence, authenticity, and extraneous cognitive load, relative to the

simulation without scaffolding?

RQ1b: Does using the simulation increase prospective primary school teachers’ accuracy

regarding students’ competence levels and their specific misconceptions?

RQ1c: Does scaffolding (either content-related or strategic) have a positive effect on as-
sessment accuracy regarding students’ mathematical competencies and misconceptions?

Is content-related scaffolding more effective than strategic scaffolding?

Building on Study A, we aimed to investigate in more detail how learners differ in the quality
of their assessment processes, and how these differences are related to dispositions and
assessment accuracy. Accordingly, Study B is guided by the question of how scaffolding,
as used in Study A, can be adapted to individual learners’ needs. To this end, the as-
sessment processes were captured using log data from the digital simulation. Additionally,
individual differences were identified and analyzed in terms of how they might inform the

implementation of adaptive support. The specific research questions for Study B were:

RQ2a: Can we reliably measure pre-service teachers’ situation-specific indicators in a
person-related assessment situation across multiple assessment items using log data from

a digital simulation?

RQ2b: Are there individual differences in pre-service teachers’ assessment processes

based on their patterns of diagnostic activities in a digital simulation?

RQ2c: How are pre-service teachers’ cognitive and affective-motivational dispositions and

their assessment process related to each other and to their accuracy?

In addition to these two studies, more specific analyses and preliminary work were pub-
lished in conference proceedings. This work also contributed to the overarching research

goal of this project (Section 6.3).
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6. Summary of publications

6.1 Evaluation of design and effectiveness of a digital simulation with

scaffolding (Paper A)

Schons, C., Obersteiner, A., Reinhold, F., Fischer, F., & Reiss, K. (2023). Developing
a simulation to foster prospective mathematics teachers’ diagnostic competencies:
the effects of scaffolding. Journal fir Mathematik-Didaktik, 44(1), 59-82. https:
//doi.org/10.1007/s13138-022-00210-0

6.1.1 Research goals

The overarching goal of Paper A was to evaluate the design and effectiveness of simulations
with different types of scaffolding. Despite their potential for acquiring professional compe-
tencies, simulations have rarely been used for mathematics teacher training. Building on
mathematics teachers’ core practices, we used a digital simulation of an assessment situa-
tion in which pre-service teachers had to assess students’ mathematical competencies and
misconceptions. We implemented two different types of scaffolding (strategic and content-

related scaffolding) to support the assessment process in the simulation.

The first goal of Study A was to evaluate whether the different types of scaffolding affected
learners’ experience in the simulation. Thus, we compared learners’ experience while using
different versions of the simulation in terms of their perceived presence, authenticity, and
extraneous cognitive load (RQ1a). The second goal was to evaluate the extent to which
strategic and content-related scaffolding during the assessment process can enhance pre-
service teachers’ assessment accuracy. To this end, we first compared the effectiveness
of the simulation with and without scaffolding (RQ1b). In addition, we investigated whether
content-related support was more effective than strategic support in fostering pre-service

teachers’ assessment competencies (RQ1c).
6.1.2 Methodology

The digital simulation. The simulation was developed using the CASUS e-learning software
of the non-profit company INSTRUCT gGmbH as a platform. This software provides a

framework for creating authentic assessment tasks. An initial version of the simulation for
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analyzing and fostering mathematics teachers’ assessment competencies is described in
Wildgans-Lang et al. (2020). This simulation served as the basis for Study A and was
thoroughly revised. In addition, strategic and content-related scaffolding were implemented

into the simulation.

In the simulation, pre-service teachers assess simulated students’ mathematical compe-
tencies by selecting tasks and interpreting the simulated students’ written solutions. Pre-
service teachers could select blank tasks from a provided portfolio to gather information
about a simulated student’s competencies and misconceptions. Upon selecting a task, the
simulated student’s solution was immediately displayed. The order in which the tasks were
selected was determined by the participants’ individual choices, and they could stop se-
lecting tasks at any time to complete the assessment. A key feature of the simulation was
that the tasks and solutions were taken from the national large-scale assessment among
third-graders in Germany (VERA-3; “Vergleichsarbeiten”). Consequently, the tasks were
aligned to one of five competence levels according to Reiss and Winkelmann’s (2009) vali-
dated competence model. The task solutions came from real students who participated in
the VERA-3 pilot study.

To construct the simulated students’ task portfolios, we selected written task solutions from
the VERA-3 item pool that showed specific competencies and misconceptions. Each sim-
ulated student was assigned a common misconception (e.g., regarding the place-value
system) that is well documented in the mathematics education literature (Padberg & Benz,
2021). Similarly, students’ competence levels could be assigned to one of five levels ac-
cording to the competence model based on the simulated students’ solution rates. The
assessment goal for the participants in Study A was to match each simulated student to a

competence level and a misconception.

Scaffolding. The content-related scaffolding provided detailed information about the compe-
tence model that served as the reference for the tasks in the simulation. When participants
in this condition selected a task from the portfolio, descriptions of the competence levels
were displayed during task selection. These descriptions remained permanently visible un-
til the interpretation of the task solution was completed. This type of scaffolding was meant
to serve pre-service teachers as a reference norm, supporting the application of knowledge

during the interpretation of student solutions.
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The strategic scaffolding included information about essential activities during the assess-
ment process. It was based on Heitzmann et al.’s (2019) and Fischer et al.’s (2014) models
of activities in scientific reasoning (Section 2.1.2). The strategic scaffolding was displayed
in the same location on the screen as the content-related scaffolding and was continu-
ously visible during the assessment process. Strategic scaffolding was meant to support

pre-service teachers’ quality of reasoning during the interpretation of student solutions.

Study design. Participants in Study A were pre-service teachers from two German univer-
sities and were assigned to four conditions. The first condition was the control condition
(N = 196), in which participants assessed two simulated students in the simulation without
any intervention. These two simulated students served as the pretest and posttest for all
conditions. Participants in the second condition (N = 20) received an intervention with the
simulation, but without scaffolding. Participants in the third (N = 24) and fourth (N = 18)
condition received an intervention with content-related or strategic scaffolding, respectively.
After assessing simulated students in the simulation, participants in the intervention con-
ditions were asked about their perceived presence, authenticity, and cognitive load using

established scales.
6.1.3 Main findings

Participants in all conditions rated their perceived presence and authenticity as rather high
and their perceived cognitive load as moderately high, indicating that they were engaged
in the assessment situation without experiencing cognitive overload. Differences between
the conditions were small and not statistically relevant, indicating that the implementation of

scaffolding had only negligible effects on pre-service teachers’ experience in the simulation.

Participants in the intervention conditions were 62 % more likely to make an accurate as-
sessment of the competence level on the posttest compared to the control condition. How-
ever, there was no statistically significant difference in assessing students’ misconceptions
between the intervention and control conditions. Furthermore, descriptive data indicated
that the participants who received content-related scaffolding were 13 % more likely to se-
lect the correct competence level and 83 % more likely to identify the misconception accu-
rately in the posttest compared to participants who received strategic scaffolding. Although

these differences were not statistically significant, the results suggest that content-related
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scaffolding had a positive effect on identifying students’ misconceptions accurately com-

pared to strategic scaffolding.

6.2 Identification of individual differences in the assessment process
and associations with dispositions and assessment accuracy
(Paper B)

Schons, C., Obersteiner, A., Fischer, F., & Reiss, K. (2024). Toward adaptive support of
pre-service teachers’ assessment competencies: Log data in a digital simulation
reveal engagement modes. Learning and Instruction, 94, 101979. https://doi.org/
10.1016/j.learninstruc.2024.101979

6.2.1 Research goals

Study B built on the findings of Study A, and the overarching goal was to further improve
the effectiveness of scaffolding in the simulation for acquiring assessment competencies. To
achieve this, it was necessary to improve our understanding of the relationships between
dispositions and the assessment process during the genesis of accurate assessments.
Accordingly, instead of indirectly manipulating the assessment process through different
types of scaffolding, we aimed to measure the assessment process directly through process
indicators that could be captured through the log data of the digital simulation. In this way,
individual differences in pre-service teachers’ assessment process could be analyzed for

developing adaptive scaffolding.

The first goal of Study B was to ensure that the process indicators could be reliably mea-
sured through the log data of the digital simulation (RQ2a). Furthermore, we were inter-
ested in individual differences in the quality of the assessment process among pre-service
teachers (RQ2b) and how these were related to dispositions and assessment accuracy
(RQ2c). Thus, the interplay between dispositions and the assessment process may provide
insights into whether they serve as two distinct leverage points for adaptation of scaffolding

or whether both are strongly related and influence assessment performance.
6.2.2 Methodology

The digital simulation. The simulation (without scaffolding) from Study A served as the

basis for this study and we retained the core functionality of the simulation. However, we re-
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vised the simulated students in order to capture the assessment process through log data.
This allowed us to use process indicators that covered both the process of selecting tasks
and the process of interpreting task solutions. The simulated students’ task portfolios in
the simulation were carefully revised so that each contained a fixed number of tasks with
diagnostic potential to reveal a specific misconception (Figure 5). The reduction to a single
assessment goal (focus on misconceptions, not competency levels) ensured a reliable cod-

ing of the notes pre-service teachers took during the interpretation of student solutions.

Selection of assessment tasks Interpretation of student solutions

Hand Task 4 to
Task 1 Task 2 Task 3 the student Calculate.
‘ NP o isi 1O
Task 4 Task 5 _ o1-99=_ so1-498= AR
87 — 79 :% 728—715:A/13—
Calculate. Notes:
a) 64 — 63 = b)154-152=__ _
101- 99 = 501 - 498= Diagnostic
87 — 79 = 728 — 715 = Select another activities
task

Figure 5 lllustration of the assessment of an individual student in the simulation. The process of selecting tasks was captured through
the click data on tasks, the interpretation of student solutions was captured through the written notes.

Study design. Participants in Study B were N = 65 pre-service mathematics teachers study-
ing at a German university. Before engaging in the simulation, participants’ cognitive (CK
and PCK) and affective-motivational (individual interest and self-efficacy) dispositions were
measured. Afterwards, participants assessed up to eight simulated students in the digital
simulation (Figure 6). In Study B, all participants worked in the same condition in the digital

simulation.
6.2.3 Main findings

First, pre-service teachers’ process indicators were measured with high reliability using log

data from the digital simulation. Additionally, we identified three distinct patterns of pro-
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Figure 6 Overview of the simulated students in the simulation used in Study B. Participants had to select and interpret tasks to assess a
mathematical misconceptions. The tasks either had (green) or did not have (orange) diagnostic potential to reveal an error related to the
misconception.

cess indicators in our sample of pre-service teachers, revealing qualitative differences in
pre-service teachers’ assessment processes. The first pattern reflected a passive mode
of cognitive engagement, characterized by selecting a below-average number of tasks and
writing a below-average number of notes while interpreting student solutions. The second
pattern indicated an active mode by selecting an above-average number of tasks and writing
an above-average number of notes, but without considering the diagnostic potential of the
tasks and primarily writing superficial descriptions of task solutions. The third pattern sug-
gested a constructive engagement mode, in which participants carefully selected tasks and

generated an above-average number of hypotheses when interpreting the task solutions.

Additional analyses showed that pre-service teachers with constructive engagement had
significantly more interest in student assessment than pre-service teachers with passive
engagement, while other affective-motivational dispositions and professional knowledge did

not differ significantly between engagement modes.

Pre-service teachers’ mathematical content knowledge was related to assessment accu-
racy. Above and beyond professional knowledge, the different patterns of diagnostic activi-

ties during the assessment process predicted assessment accuracy: Pre-service teachers

Summary of publications | 34



with constructive engagement assessed the virtual students’ misconceptions significantly

more accurately than pre-service teachers with passive engagement.

6.3 Associated publications

In addition to the two main publications, there are conference papers related to this project

which are briefly summarized in this section.

Two papers were published in the proceedings of the annual meeting of the Society for Di-
dactics of Mathematics (GDM). In Schons et al. (2020), the simulation was validated after
the implementation of scaffolding as part of the preparation for Study A. Schons, Ober-
steiner, Fischer, and Reiss (2023) analyzed the distribution of diagnostic activities during
pre-service teachers’ interpretation of student solutions. A key finding was that pre-service
teachers focused predominantly on evaluating evidence by describing superficial features

of task solutions, and hardly generated hypotheses or drew conclusions.

Two additional contributions were published in the proceedings of the annual meeting of the
International Group for the Psychology of Mathematics Education (PME). Schons, Ober-
steiner, Fischer, and Reiss (2022) analyzed the task selection process. Specifically, we
analyzed whether participants considered the diagnostic potential of the tasks. Using se-
quence clustering (Gabadinho et al., 2011), which considers patterns of activities including
the temporal order of task selection, we identified distinct profiles: In one profile, pre-service
teachers selected almost all available tasks. In another, they initially selected many tasks
without diagnostic potential before eventually selecting those with diagnostic potential. In a
third profil, pre-service teachers had a more deliberate procedure by selecting fewer tasks
overall but a significant number of tasks with diagnostic potential. These findings under-
scored substantial individual differences in the quality of task selection during the assess-

ment process.

Schons, Obersteiner, Fischer, and Reiss (2023) evaluated the coding scheme for catego-
rizing written notes into the activities during the interpretation of task solutions (evaluating
evidence, generating hypotheses, and drawing conclusions) in terms of inter-coder relia-
bility. Additionally, we employed a person-centered approach to examine individual differ-

ences in interpreting student solutions. The results revealed that one group of pre-service
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teachers focused primarily on evaluating evidence, with minimal engagement in other diag-
nostic activities. In contrast, a smaller group also generated hypotheses and drew conclu-
sions. These findings highlight significant individual differences in the quality of interpreting
student solutions. The results suggest that a person-centered approach is beneficial for

developing adaptive support.
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7. Discussion

This dissertation project investigated how to foster the assessment competencies of pre-
service mathematics with a digital simulation. The project aimed to provide evidence-based
practice opportunities for pre-service teachers during their university education. Such prac-
tice opportunities aim to facilitate the transfer of theoretical knowledge into practical appli-
cation, ensuring that pre-service teachers are well prepared for real classroom situations.
The studies presented in this dissertation highlight the potential of simulations for teacher
training and offer novel methodological possibilities that can guide future research on math-

ematics teachers’ professional competencies.

The two studies focused on mathematics teachers’ assessment competencies as an em-
blematic core practice of mathematics teachers. In particular, we focused on the processes
of selecting tasks and interpreting student solutions in assessment situations with individual
students. Pre-service teachers had to assess simulated students’ mathematical competen-

cies and misconceptions.

First, a digital simulation with different types of scaffolding was developed and evaluated in
terms of design and effectiveness for fostering pre-service teachers’ assessment accuracy.
With the aim of implementing adaptive scaffolding in the simulation and thus improving the
effectiveness of the simulation, we measured the assessment process holistically using log
data. Using log data from a digital simulation allowed for a comprehensive measurement
of pre-service teachers’ assessment competencies, including dispositions, the assessment

process, and assessment performance.

7.1 Design and effectiveness of simulations for training mathematics

teachers’ assessment competencies

Simulations have proven effective across various domains (Chernikova, Heitzmann, Stadler,
et al., 2020), but have rarely been used in teacher education. In this project, a simulation
was developed to provide a practice opportunity for pre-service mathematics teachers. The

simulation was developed based on general design principles to create an assessment sit-
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uation that is relevant to mathematics teachers (Wildgans-Lang et al., 2020). To ensure its

authenticity, the situation was designed based on mathematics educational considerations.
7.1.1 Design of the simulation

Pre-service teachers rated the simulation as authentic and immersive. Together with the
finding that the cognitive load was perceived as moderately high, it can be concluded that
an appropriate balance between authenticity and cognitive demand was achieved in the

simulation used in this project (Codreanu et al., 2020).

Pre-service teachers’ learning experience did not substantially differ between simulations
with different types of scaffolding or without scaffolding, and the situation was perceived as
authentic in all conditions. This result suggests that integrating scaffolding into simulations
does not necessarily influence learners’ perception of the simulation and offers comparable

conditions regarding the overall learning experience.

The simulation represented a person-related assessment situation in which pre-service
teachers had to assess students’ mathematical competencies and misconceptions based
on their task solutions. Although a one-to-one interview situation is not a typical example of
current classroom practice, the simulation was rated as authentic by pre-service teachers.
This suggests that prospective teachers do not perceive the situation as unnatural and are
willing to immerse themselves in such situations. Given the call for more student-centered
teaching (Weimer, 2013), this is encouraging since pre-service teachers are willing to mas-

ter the assessment of individual students.

The simulation used a case-based scenario, which is commonly used in medical simulations
(McLean, 2016). In medicine, it has proven to be an effective method of fostering assess-
ment competencies through cases that include a wide range of assessment challenges and
are designed in accordance with medical knowledge of common diseases. We transferred
the case-based learning approach to mathematics teacher training. Compared to the field
of medicine, in teacher education it is often less clear which cues indicate which compe-
tencies when assessing mathematical competencies. Therefore, a theoretically grounded
and empirically validated competence model was used as the basis for the simulation and

served as an objective reference for the assessments. The need for an objective reference
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standard has often been neglected in previous research, yet it is a crucial foundation for a

systematic improvement of teachers’ assessment competencies (Stidkamp et al., 2012).
7.1.2 Effectiveness of the simulation with scaffolding

Building on research on fostering complex skills, it was expected that working with the
simulation would have a large effect on pre-service teachers’ assessment performance.
However, the results of Study A suggest that working with the simulation alone does not
affect assessment performance when operationalized as accuracy. The simulation only had
an effect on assessment accuracy when additional instructional support was provided in the
form of content-related scaffolding. The content-specific scaffolding included descriptions
of levels of mathematical competence levels and was designed to activate their pedagogical
content knowledge. At the same time, the competence model also served as a reference
for making assessments. Thus, the positive effect aligns with the finding that teachers
make more accurate assessments when they are informed about the specific criteria used

to assess the students (Stidkamp et al., 2012).

Strategic scaffolding, however, had no effect on pre-service teachers’ accuracy. This could
be due to the limited experience of pre-service teachers in this kind of assessments. The
strategic scaffolding did not include relevant content for the simulation but rather focused
on the assessment process, specifically guiding pre-service teachers to use a hypothesis-
driven strategy. Scaffolding that provides support on a meta-level rather than referring to
specific content of the learning task tends to be more effective for experienced learners. The
sample in Study A might not have had the necessary knowledge and experience to benefit
from this type of scaffolding (Chernikova, Heitzmann, Stadler, et al., 2020). However, we
can only speculate about this because the study did not measure pre-service teachers’
professional knowledge, which is a limitation of Study A. Another limitation is that activities
such as stating hypotheses or drawing conclusions in the assessment process were not
measured. Therefore, we cannot determine whether strategic scaffolding at least had an
effect on pre-service teachers’ diagnostic activities during the assessment process, even if

it did not have an effect on accuracy.

Similar studies have also found that short interventions — even adaptive interventions —

tend to have only minor effects on assessment accuracy (Nickl, Sommerhoff, Béheim, et
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al., 2024; Nickl, Sommerhoff, Radkowitsch, et al., 2024; Sommerhoff et al., 2023). The re-
sults of Study A align with these findings. Improving the effectiveness of scaffolding during
the assessment process requires a more detailed analysis of the specific activities that con-
tribute to accurate assessments. By identifying which specific activities in the assessment
process are relevant for accurate assessments, more tailored scaffolding can be developed,
which in turn should be more effective in enhancing accuracy than static scaffolding such

as those used in Study A.

7.2 The relationship between dispositions and the assessment

process in the genesis of assessments

Previous research focusing on mathematics teachers’ assessment processes has often ex-
amined these processes in highly controlled settings through experimental variation (Brun-
ner et al., 2024; Ostermann et al., 2018; Rieu et al., 2022). In this project, we investigated
the assessment process in a situation including teacher-student interaction by using mul-
tiple process indicators derived from log data. The indicators refer to both the processes
of selecting tasks and interpreting student solutions. This approach allowed us to capture
the assessment process holistically and to identify individual differences that can be used

to develop adaptive scaffolding.
7.2.1 Use of log data to analyze the assessment process

The overarching question in this research project was how to effectively enhance the math-
ematics teachers’ assessment accuracy. Study B focused on how pre-service teachers’
dispositions and the assessment process contribute to the genesis of accurate assess-
ments. The operationalization of the assessment process was challenging, as it involved
an interactive assessment situation in which the process was navigated by the pre-service
teachers themselves. Under these conditions, the log data from the digital simulation pro-

vided a unique and unobtrusive way of capturing individual processes.

To account for the interaction between pre-service teachers and simulated students in the
digital simulation, multiple process indicators were used to indicate both task selection and
the interpretation of task solutions. This holistic approach for capturing the assessment

process acknowledges that the quality of the process is not determined by analyzing indi-
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vidual process indicators in isolation, but rather by the interaction between them. This was
achieved by identifying patterns in the configurations of process indicators. This approach
went beyond previous studies that operationalized the assessment process through single

indicators or examined them in isolation.

Furthermore, the identified patterns were interpreted within a theoretical framework, the
ICAP framework. This framework describes qualitative differences in learning behavior in
interactive situations (Chi & Wylie, 2014). While the ICAP framework has been criticized for
only superficially describing learning behavior (Thurn et al., 2023), the process indicators
in Study B were explicitly formulated for the context of an interactive assessment situation,
thereby explicitly and deeply describing the engagement modes. This approach can serve
as an example of how the ICAP framework can be used effectively to identify qualitative

differences in learning processes in complex learning situations.
7.2.2 Development of adaptive scaffolding

The findings of Study B can be used to implement adaptive scaffolding with the aim of
improving pre-service teachers’ assessment accuracy. The study examined the extent to
which cognitive and affective-motivational dispositions, as well as their assessment pro-
cess, contribute to the genesis of accurate assessments. Among the dispositions, profes-
sional knowledge was directly related to assessment accuracy — consistent with studies on
task-related assessments (Brunner et al., 2024; Ostermann et al., 2018; Rieu et al., 2022)

and person-related assessments (Kron et al., 2022).

As expected, affective-motivational dispositions were not directly related to accuracy. How-
ever, individual interest in student assessment was linked to the quality of the assessment
process, which, in turn, was related with assessment accuracy. A key finding was that
these differences in the assessment process were not explained by professional knowledge,
making professional knowledge and the assessment process two distinct leverage points for
fostering assessment competencies. While direct instruction of professional knowledge has
proven effective in enhancing pre-service teachers’ accuracy (Rieu et al., 2022), effective
scaffolding during the assessment process holds potential to further enhance assessment
accuracy. Individual differences in the diagnostic processes were identified, suggesting that

pre-service teachers may require different types of scaffolding.
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Study B established the basic steps for implementing adaptive scaffolding in line with Plass
and Pawar’s (2020) framework. Combined with the findings from Study A, particularly the
finding that content-related scaffolding had a positive effect on accuracy, the following adap-
tive scaffolding mechanism can be proposed (Figure 7): After the assessment of simulated
student cases, the process indicators are analyzed and form the adjustment basis for al-
locating pre-service teachers to the constructive, active or passive engagement mode by
applying a clustering algorithm. Pre-service teachers in the constructive mode could re-
ceive content-specific scaffolding to support their task selection, while those in the active
mode could additionally benefit from prompts about the misconceptions to be assessed.
Pre-service teachers in the passive mode, characterized by low interest in student interest,

may benefit from motivational scaffolding.

Future studies could implement adaptive scaffolding of the assessment process to inves-
tigate whether it can indeed enhance assessment accuracy beyond direct instruction of

professional knowledge prior to the assessment situation.

Adjustment basis Scaffolding options

Dispositions
rocess erformance .
P P Clustering

CK Process Accuracy
indicator 1 . Content-
- b St Strategic related
rocess iciency H
indicator 2 segiielliig scaffolding

Self-efficacy

Content-related
scaffolding

Content-related
O acpoianal sl
‘QSZZ?(ZZS:’?\ (focus on task potential)
and studer
misconceptions)

‘ I Constructive
_ engagement
| A Active
engagement
Passive
engagement

Figure 7 Overview of an adaptivity mechanism: Pre-service teachers are assigned specific engagement modes based on multiple
process indicators. Depending on the engagement mode, targeted scaffolding is provided.

7.3 Methodological considerations

Log data offer potential for research, but require a theoretical foundation for the interpreta-

tion. Due to the complexity of log data, a meaningful analysis also requires advanced sta-
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tistical methods. In this project, theoretically grounded process indicators for an interactive
assessment situation were defined and captured using the log data from a digital simula-
tion. For the statistical analysis, cluster analysis was initially performed on these process
indicators, followed by an analysis of how the resulting cluster and professional knowledge
predicted assessment accuracy. The strength of this approach has already been demon-
strated in studies that used process data in educational research (Radkowitsch et al., 2023;
Reinhold et al., 2020). This approach is particularly effective for more complex learning or
assessment processes, where the interaction between process indicators is more important

than individual indicators, as was the case in this project.

During the course of this dissertation project, several methodological challenges emerged
that may also be relevant for future research on digital learning environments and simu-
lations. Study B demonstrated how log data can be used to analyze activities during the
assessment process of pre-service mathematics teachers. The activities were aggregated
over time. However, a further step could be to consider the temporal order in which these
indicators occur, such as in sequence analysis (e.g., Schons et al., 2023). A key challenge
is to provide a theoretically grounded interpretation of such sequences, as existing models
often do not offer hypotheses about the temporal patterns of activities. Nevertheless, the
ability of log data to capture and analyze the temporal dimension represents a research
potential for analyzing assessment processes, although it requires further development of

current theoretical models to fully realize this potential.

In Study B, the analysis of consistency was a prerequisite for ensuring that the aggre-
gation of process indicators across multiple student assessments could reveal individual
differences. We realized that studies using process indicators often did not report the con-
sistency across items, even though the process indicators were aggregated for further anal-
yses. However, this makes it challenging to derive adaptive support from these analyses.
It remains unclear whether the process indicators are stable within individual learners or
within items. As a result, it remains unclear whether the adaptivity mechanism should be
based on differences between individual learners (if the process indicators are stable within
individual learners) or on differences in the characteristics of the test items (if the process

indicators are stable within test items). For the further development of adaptivity mecha-

Discussion | 43



nisms, it would therefore be desirable for future studies that analyze process indicators to

also report the consistency of the indicators across items.

7.4 Limitations and future directions

Beyond the limitations reported in the published Papers A and B, this project also had at
least two limitations that could be addressed in future research on simulations for fostering
teachers’ professional competencies. First, some of the errors that served as indicators
of student misconceptions in the simulation were procedural rather than conceptual. This
limitation was due to the decision to use the competence model as the reference norm for
the assessments, which also determined the tasks. Future research on assessing mis-
conceptions could address this limitation by focusing more on conceptual errors related to
student misconceptions and then developing tasks specifically for the purpose of assessing

individual students.

Second, the analysis and promotion of assessment competencies in this project were lim-
ited to very short time periods, during which only a small number of simulated students
were assessed, and only one specific mathematical topic was covered. However, it is likely
that the professional competencies of pre-service teachers develop over a longer period,
supported by mathematics education courses. However, to integrate case-based simu-
lations into university teaching to develop assessment competencies over longer periods
and across various topics, more knowledge about individual students’ misconceptions is
needed. Currently, it is well known how prevalent certain mathematical misconceptions are
across populations, but there is little knowledge about how consistently individual students
make specific errors or which combinations of errors occur in individual students. This
knowledge, however, is essential for simulating authentic students. In medical education,
there is a large body of such knowledge and a long tradition of case-based learning, and
medical education can serve as a model for further implementing the case-based learning

approach with simulations in mathematics teacher education.

With regard to the further development of adaptive scaffolding, a future direction is the anal-
ysis of process indicators in real time. The results from this project can be used to inform

decisions about what scaffolding might be beneficial based on specific process patterns.
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However, all analyses were conducted post-hoc rather than in real time. A key advance-
ment of evaluating these process indicators in real time would be the ability to implement
micro-adaptive scaffolding. Beyond cognitive process indicators as used in this project,
affective-motivational or emotional indicators could also be included in the real time adjust-
ment basis (Plass and Pawar, 2020). A significant methodological challenge here is how to

validly and reliably assess non-cognitive indicators in real time (Foulkes et al., 2023).
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8. Conclusion

Assessing students’ mathematical competencies and misconceptions is one of the core
practices of mathematics teachers. The research project presented here aimed to provide
an evidence-based practice opportunity for pre-service teachers with the goal to effectively

foster their assessment competencies during their university education.

A simulation providing authentic simulated students was used to holistically analyze and
foster pre-service mathematics teachers’ assessment competencies. The design of the
simulation allowed for reliable measurement of multiple process indicators to capture the
assessment process in an interactive assessment situation, including both task selection
and the interpretation of student solutions. This approach allowed us to go beyond sim-
ply describing assessment accuracy by investigating how dispositions and the assessment
process contribute to the genesis of accurate assessments. Based on these findings, we

derived recommendations for adaptive scaffolding that can be applied in future research.

Overall, this research project can guide the development and evaluation of simulations
aimed at fostering mathematics teachers’ core practices, and thus contributing to evidence-

based and more practice-oriented teacher training in mathematics education.
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