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Abstract 

Diagnosing students’ skills in classroom situations is an important element of the 

teaching profession. Teachers’ diagnostic skills are the basis for adaptive teaching by 

considering students’ learning requirements. One of the central tasks in classrooms is to 

diagnose learning-relevant student characteristics in “on-the-fly” situations to support the 

students individually. However, it is mostly unclear, which diagnostic activities teachers 

pursue in such situations. According to the high relevance for practice, there have been 

several calls for the development of methods for measuring (and subsequently supporting) 

preservice teachers’ diagnostic skills. This dissertation answers these calls by developing a 

digital environment in form of a simulation utilized in two separate, but related, studies. A 

newly developed video-based simulation for measuring preservice mathematics teachers’ 

diagnostic skills is presented here. In the simulation, participants are supposed to diagnose 

students’ proving skills in geometry by watching video clips. The simulation was developed 

as a tool to investigate diagnostic skills in a standardized and ecologically valid way. In the 

first presented study (Article A), the video-based simulation was validated regarding two 

central aspects: (i) the implementation of an authentic environment with a close real-world 

relationship and (ii) the cognitive demand of the situation and its adaptation to the preservice 

teachers’ skills by reducing the complexity of the simulated situation. The second presented 

study (Article B) focused on preservice teachers’ diagnostic activities and examined, which 

information preservice teachers noticed when observing students. The analysis included 

observing what diagnostic activities the students demonstrated in the process of knowledge-

based reasoning. The results of the validation revealed that the simulation was perceived as 

an authentic representation of a real diagnostic situation by preservice teachers and expert 

teachers. An analysis of the preservice teachers’ performance considering relative and 

absolute accuracy suggests that the simulated diagnostic situation has an appropriate level 

of cognitive demand. Analyses focusing on diagnostic activities found that the preservice 

teachers noticed and described relevant information in the diagnostic situation, but linking 

this information to professional concepts and knowledge as well as drawing conclusions 

were mostly missing. Overall, the results illustrate the potential of the video-based 

simulation for measuring and exploring diagnostic skills in a contextualized and valid way. 

Results showed room for improvement of preservice teachers’ diagnostic skills so that the 

simulation can serve as a basis for the development of a learning environment.   
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Zusammenfassung 

Das Diagnostizieren von Schülerfähigkeiten im Unterricht ist ein wichtiges Element 

des professionellen Handelns von Lehrkräften. Die Fähigkeit zu diagnostizieren gilt als 

Grundvoraussetzung, um den Unterricht adaptiv zu gestalten und an die individuellen 

Lernvoraussetzungen von Schülerinnen und Schülern anzupassen. Eine der zentralen 

Aufgaben im Schulkontext besteht darin, lernrelevante Schülermerkmale während des 

Unterrichtsgeschehens zur individuellen Förderung der Schülerinnen und Schüler zu 

erkennen und einzuschätzen. Dabei ist bisher aber noch weitgehend offen, wie angehende 

Lehrkräfte in solchen Diagnosesituationen agieren. Angesichts der hohen praktischen 

Relevanz des Themas wird des Öfteren gefordert, die Methoden zur Erfassung und 

Erforschung der Diagnosefähigkeiten von Lehramtsstudierenden weiterzuentwickeln. Die 

vorliegende Dissertation leistet durch die Entwicklung einer digitalen Umgebung in Form 

einer Simulation einen Beitrag dazu. Es wird eine neuentwickelte videobasierte Simulation 

zur Messung der Diagnosefähigkeiten von angehenden Mathematiklehrkräften vorgestellt. 

Die Lehramtsstudierenden sollen darin anhand von Videos diagnostizieren, welche 

Fähigkeiten Schülerinnen und Schüler im mathematischen Beweisen haben. Ziel war es, ein 

Tool zu entwickeln, bei dem praxisnah die Diagnosefähigkeiten standardisiert gemessen und 

untersucht werden können. In der ersten Studie (Artikel A) wurde die videobasierte 

Simulation anhand zweier Aspekte validiert. Dabei wurde zum einen auf die Umsetzung 

einer authentischen Umgebung mit einem hohen Praxisbezug geachtet. Zum anderen wurde 

untersucht, inwieweit die Anforderungen der simulierten Diagnosesituation durch eine 

Reduzierung der Komplexität im Vergleich zu einer realen Diagnosesituation an die 

Fähigkeiten der Lehramtsstudierenden angepasst wurden. Die zweite Studie (Artikel B) 

beschäftigt sich mit den diagnostischen Aktivitäten von angehenden Mathematiklehrkräften 

beim Diagnostizieren. Es wurde untersucht, auf welche Inhaltsbereiche die 

Lehramtsstudierenden sich fokussierten um Informationen über Schülerinnen und Schüler 

zu sammeln. Darüber hinaus wurde analysiert, welche diagnostischen Aktivitäten die 

Lehramtsstudierenden im Laufe des Schlussfolgerns hin zu einer Diagnose zeigten. Die 

Ergebnisse der Validierung ergaben, dass die Simulation sowohl von Studierenden als auch 

von Experten als eine authentische Abbildung einer realen Diagnosesituation 

wahrgenommen wurde. Eine Analyse der Leistungen, die die Studierenden in der Simulation 

zeigten, lässt den Schluss zu, dass die simulierte Diagnosesituation ein angemessenes 
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Anforderungsniveau für angehende Mathematiklehrkräfte hat. Bei der Untersuchung der 

diagnostischen Aktivitäten zeigte sich, dass die Lehramtsstudierenden zwar relevante Inhalte 

wahrnahmen und diese beschrieben, Verknüpfungen zu Konzepten und Wissen aus dem 

Studium sowie weiterführende Schlussfolgerungen meist fehlten. Zusammengenommen 

unterstreichen die Ergebnisse der Studien das Potential der Simulation für die Messung und 

Erforschung von Diagnosefähigkeiten. Die Ergebnisse zeigten Stärken und Schwächen in 

den Diagnosefähigkeiten angehender Mathematiklehrkräfte, sodass die Simulation als 

Grundlage zur Entwicklung einer Lernumgebung dienen kann. 
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1 Introduction 

Every day, when engaging in the practice of teaching, teachers have to make 

meaningful pedagogical decisions; whether it is about lesson planning, adapting the plan 

while teaching in class, or while reflecting on one’s own teaching and students’ learning 

outcomes (Carlson et al., 2019; Furtak et al., 2016; Shavelson et al., 2008a). All these 

pedagogical decisions are contingent on the teachers’ information about their students’ 

learning prerequisites, processes, and outcomes (Beck et al., 2008; Ingenkamp & Lissmann, 

2008; Schrader, 2017; Vogt & Rogalla, 2009). Therefore, teachers’ competencies to 

diagnose students’ skills, abilities, or learning outcomes are essential for mastering the 

professional practice of teaching. In the discussion about teacher competencies, this is 

referred to as teachers’ diagnostic competencies (Herppich et al., 2018; Schrader, 2011; 

Südkamp & Praetorius, 2017). 

The mission of the educational researcher is to enhance the professionalization of the 

teaching profession to better prepare teachers for their future everyday practice (Baumert & 

Kunter, 2006; Cochran-Smith & Zeichner, 2005; Darling-Hammond & Bransford, 2007). 

The description of teachers’ specific professional competencies is part of the discussion 

regarding the search for standards and guidelines in higher education that guarantee the 

quality of teacher training programs (Blömeke et al., 2013; Oser & Renold, 2005). The core 

question is what competencies and skills teachers need to fulfill their main task (Baumert & 

Kunter, 2006), that is, providing opportunities for student learning by effective teaching 

(Helmke, 2007; Seidel & Krapp, 2014). To enable the effectiveness of teacher educators at 

university, they should be guided by the models of teachers’ professional competencies, 

knowledge, and skills derived from educational research in their teacher training programs 

(Baumert & Kunter, 2006; Cochran-Smith & Zeichner, 2005; Darling-Hammond & 

Bransford, 2007). In the ongoing debate regarding ways of achieving this successfully, two 

aspects are repeatedly emphasized: teacher training programs should be (i) evidence-based 

and (ii) practice-oriented (J. Bauer & Prenzel, 2012). 

Evidence-based refers to teaching the best available knowledge of a domain in the 

best possible way according to findings of educational research (Nutley et al., 2003). The 

Refined Consensus Model of Pedagogical Content Knowledge in Science Education 
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(Carlson et al., 2019) describes this knowledge in the sector of teachers’ pedagogical content 

knowledge as the so-called “collective knowledge facet”. It refers to the currently available 

knowledge held by the community of educators and teachers of a domain (Carlson et al., 

2019). The idea of evidence-based teaching thus implies that this collective knowledge 

should be integrated into teacher training programs. Teacher training programs should 

further be practice-oriented, which means that the collective knowledge addressed in 

teaching should be linked to professional practice (Grossman & McDonald, 2008; 

McDonald et al., 2013). Increasing experiences with practical situations requiring the 

execution of professional practices, or at least their observation and reflection, is a way to 

transform conceptual knowledge into practice-oriented enacted knowledge usable in 

teaching practice (Carlson et al., 2019; Gruber et al., 2000). This can prevent (preservice) 

teachers from having conceptual knowledge, but without being able to apply it in practical 

situations. In other domains, such as medical education, great attention has already been paid 

to practice orientation in training programs (Schmidt & Boshuizen, 1993). However, in the 

domain of teacher education, closer links to practice can, and should, be established.  

Teacher training programs include various methods to realize a close relationship to 

real-world situations to facilitate preservice teachers in acquiring enacted knowledge and 

practice-oriented skills. These methods range from case vignettes to the use of video clips 

or internships in schools (Blomberg et al., 2013; Friesen et al., 2018; Seidel et al., 2011; 

Stürmer, 2011). Nevertheless, educational research shows that many novice teachers 

struggle when entering the teaching profession (Correa et al., 2015; Dicke et al., 2015; 

Stokking et al., 2003). This research also shows that novice teachers rarely rely on 

knowledge acquired in higher education when it comes to challenging practice situations 

(Fraser et al., 2019). Thus, new approaches are required that combine evidence-based 

teaching with practice orientation. 

Regarding the acquisition of diagnostic competencies, the research group COSIMA 

developed a conceptual framework (see Figure 1) from which a research agenda can be 

derived regarding how to foster these competencies in higher education (Heitzmann et al., 

2019). The framework guides the research group in developing simulation-based learning 

environments as representations of practice to further understand diagnostic competencies 

and processes in practical situations, and to develop suitable instructional support for the 

simulations to foster the acquisition of the competencies (Chernikova , Heitzmann, Fink, 
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et al., 2020). The research group’s conceptualization of diagnostic competencies is based on 

the prior work of Blömeke et al. (2015) regarding the concept of professional competencies 

(see Figure 1: right box). In the acquisition of competencies, the processes and activities 

carried out in the learning environments are crucial for learning success. Thus, the 

framework emphasizes the importance of diagnostic activities for the learning process in 

simulation-based learning environments on diagnostic competencies (see Figure 1: middle 

box). The learning process can be further enhanced by additional instructional support (see 

Figure 1: left box). Research suggests various ways of support among which “scaffolding” 

is the one the research group focuses on (Chernikova, Heitzmann, Fink, et al., 2020). In 

simulation-based environments, scaffolds can be implemented in a standardized way at 

different points of the diagnostic process. The effects on the acquisition of diagnostic 

competencies, which arise from the processes in a simulation-based learning environment, 

are influenced, on the one hand, by the prerequisites of the learners and, on the other hand, 

by contextual factors of the simulation itself (see Figure 1: upper and lower boxes). Both 

factors, the context and the individual learning prerequisites, have to be considered carefully 

when developing a simulation-based learning environment. 

 
Figure 1: Framework of the research group COSIMA.1 

 
1 COSIMA framework model (www.for2385.uni-muenchen.de/aktuelles/rahmenmodellccby/cosima-frame-model_eng.pdf), 
   COSIMA research unit, CC BY 4.0 
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This dissertation responds to the call for research on evidence-based and practice-

oriented teaching in higher education. In the context of the dissertation, a video-based 

simulation for mathematics preservice teachers was developed. The video-based simulation 

is representative of a typical on-the-fly formative diagnostic situation in mathematics 

classrooms regarding the assessment of students’ proving skills in geometry. In the 

development of this video-based simulation, different individual prerequisites of preservice 

teachers (see upper box in Figure 1), as well as specific context factors of a video-based 

simulation (see lower box in Figure 1), were taken into account. By the development and 

exploration of the video-based simulation, the dissertation achieved the following: first, it 

contributes new knowledge to the development of evidence-based representations of practice 

for higher education programs; second, it provides insights into preservice teachers’ 

diagnostic processes and investigates diagnostic activities. 

As a foundation for this dissertation, a short summarizing review of prior research is 

provided. First, the theoretical concept of diagnostic competencies and skills, which is the 

basis of the simulation, will be discussed. The conceptualization is derived from known 

frameworks and concretized for the operationalization in the simulation. Furthermore, the 

aspects in which this dissertation can contribute to research gaps in the conceptual 

understanding of diagnostic competencies and skills will be discussed. Subsequently, the 

design principles considered in the development of the simulation and their implementation 

are presented. Guided by Grossman et al.’s (2009) framework, the aim is to ensure that this 

representation of practice is suitable for the acquisition of diagnostic skills. Finally, 

considerations regarding the selection and construction of the simulated situation are 

presented. It will be shown why diagnosing students’ geometrical proving skills is a relevant 

situation from the point of view of practical relevance, but also a suitable situation for a 

simulation from the point of view of teacher training. 
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2 Theoretical Background 

2.1 Diagnostic Skills: A Professional Requirement 

Teachers’ diagnostic skills and competencies are a key component for the teaching 

profession and contribute to successful teaching practice (Baumert & Kunter, 2006; Darling-

Hammond & Bransford, 2007). They are often mentioned in the same breath with the goal 

of teaching adaptively to the students’ prerequisites as they serve as a basis for adaptive 

teaching (Beck et al., 2008; Brühwiler, 2017; Vogt & Rogalla, 2009). Due to this, among 

other reasons, diagnostic competencies take on an important role in many competence 

frameworks for teachers (European Commission, 2013; Kultusministerkonferenz, 2004). 

The concept of “diagnosing” is associated with medical contexts, but it is also common in 

the field of teacher education. Unfortunately, a variety of terms such as “teacher assessment” 

(e.g., Herppich et al., 2018) and “teacher judgment” (e.g., Urhahne & Wijnia, 2021) are used 

analogously in the field of teacher education. In this dissertation, the term “diagnosing” is 

used to align with the wording in the introduced framework of the research group COSIMA 

(see Figure 1). This wording emphasizes the similarities between diagnosing in the medical 

and teaching contexts, although other terms were used in the articles to adapt to the common 

wording. 

2.1.1 Characteristics of diagnostic situations 

Schrader (2011) connected the concept of diagnosing with the ability to successfully 

cope with different diagnostic situations in the teaching profession. Based on this point of 

view, a close look at diagnostic situations is pivotal for a detailed conceptualization of 

teachers’ diagnostic competencies and skills. In their chapter on structuring diagnostic 

situations, Karst et al. (2017) described four main characteristics that can be used to classify 

sets of diagnostic situations: (i) the purpose of a diagnosis, (ii) the consequences of a 

diagnosis, (iii) the focus of a diagnosis, and (iv) the plannability of a situation (see Figure 2). 



 

Theoretical Background | 6 

 
Figure 2. Characteristics to classify diagnostic situations in the teaching profession (adapted 
from Karst et al., 2017). 

First, the handling of diagnostic situations can vary significantly depending on 

the purpose the diagnosis is intended to serve. Karst et al. (2017) differentiate between 

assessment for learning and assessment of learning (c.f. Ingenkamp & Lissmann, 2008). 

Assessment for learning focuses on students’ actual learning processes and serves the 

purpose of improving the students’ learning formatively (Alonzo, 2011; Black & Wiliam, 

2009; Furtak et al., 2016). Assessment of learning targets final learning outcomes and is used 

for issuing summative qualifications (Ingenkamp & Lissmann, 2008; Karst & Förster, 2017). 

Especially for the assessment for learning, diagnoses serve the purpose of adapting 

classroom teaching constantly to students’ individual learning needs (Vogt & Rogalla, 

2009). Second, diagnostic situations show a wide range regarding the focus of the diagnoses. 

A diagnosis can have a global focus (Huber & Seidel, 2018; Karst & Dickhäuser, 2016; 

Kosel et al., 2021), such as, for example, students’ overall skills and abilities in science, or 

a specific focus on individual students’ skills, such as the students’ mathematical proving 

skills in geometry. Third, the consequences of a diagnosis are characterized for diagnostic 

situations (Behrmann & van Ophuysen, 2017). Differentiation can be made between whether 

a diagnosis directly informs a specific educational decision or action (high), or whether a 

diagnosis is used as an orientation but no educational decision or action results directly from 

it (low). Fourth, diagnostic situations differ in their plannability for the diagnostician. This 

ranges from diagnostic situations that teachers can prepare well in advance, such as a written 

exam to test the students’ mathematical skills after completion of a topic (embedded-in-

classroom), to diagnostic situations that spontaneously arise while teaching in classroom 

(on-the-fly) (Shavelson et al., 2008b).  
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The assessment of learning can serve as a basis for a variety of pedagogical decisions 

related to adaptive teaching (DeLuca et al., 2016; Vogt & Rogalla, 2009). For many short-

term pedagogical decisions, the assessment of specific student skills is primarily interesting 

to suggest subsequent pedagogical actions in upcoming lessons. In their professional 

practice, teachers face a multitude of on-the-fly diagnostic situations that can inform the 

diagnosis of students’ specific skills (Praetorius et al., 2012; Ruiz-Primo & Furtak, 2007). 

Prior research has shown that many novice teachers struggle with the complexity of this kind 

of on-the-fly diagnostic situation (Correa et al., 2015; Dicke et al., 2015; Levin et al., 2009). 

One goal of the research is to gain more precise information about the diagnostic process in 

such situations (Schrader, 2017). This includes in particular the difficult-to-measure internal 

diagnostic activities of noticing and processing existing information from which the 

diagnosis results (Altmann & Nückles, 2017). Research in this area could be very helpful for 

the further understanding of diagnostic activities and their relationship to performance 

(Behrmann & Glogger-Frey, 2017). Therefore, this dissertation conducts research in the area 

of on-the-fly formative diagnostic situations regarding the assessment of specific students’ 

skills (geometrical proving skills) suggesting relatively specific pedagogical consequences. 

2.1.2 Diagnostic competencies and skills 

Currently, many different perspectives on diagnostic competencies exist in research 

on teachers’ competencies along with different research interests, each emphasizing different 

aspects that are embraced by the term “diagnostic competencies” (Heitzmann et al., 2019; 

Herppich et al., 2018; Koeppen et al., 2008; Leuders & Loibl, 2020; Loibl et al., 2020). 

Looking at teachers’ competencies in general, one commonly used conception of 

competencies is suggested by Blömeke et al. (2015), that is, which combines a behavioral 

and analytical perspective on professional competencies. This conceptualization understands 

competencies as “the latent cognitive and affective-motivational underpinning of domain-

specific performance in varying situations” (Blömeke et al., 2013, p. 202).  

The framework for diagnostic competencies for this dissertation is significantly 

influenced by the framework of Blömeke et al. (2015) on competencies and incorporates 

three aspects: dispositions, activities, and performance (see Figure 3). This perspective on 

competencies involves dispositions that underly a person’s behavior that results in actual 

performance (Koeppen et al., 2008). These dispositions, including professional knowledge 
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base and performance (the diagnosis), are connected by diagnostic activities such as noticing 

and knowledge-based reasoning of relevant information in the diagnostic situation 

(Goodwin, 1994; Seidel & Stürmer, 2014; van Es & Sherin, 2002). The diagnostic activities 

mediate the relationship between dispositions and performance (G. Kaiser et al., 2017; 

Koeppen et al., 2008). Blömeke et al. (2015) thus describe competencies as a continuum 

between dispositions and performance. 

 
Figure 3. The framework for diagnostic competencies and the operationalization of diagnostic 
activities and performance for this dissertation. 

Competencies are generally understood to have a certain consistency and stability 

(Funder, 2012; Ufer & Neumann, 2018). It therefore can be assumed that a teacher with 

specific diagnostic competencies can successfully cope with a specific set of diagnostic 

situations (consistency) (Schrader, 2013). This should be possible over a certain period of 

time (stability). Thus, the specific diagnostic competencies of a person can only be measured 

validly in specific diagnostic situations and over a given time. With the measurement of a 

persons’ behavior, including the diagnostic activities and performance in a single diagnostic 

situation at a certain point of time, we should rather speak of a person’s current diagnostic 

skills. The improvement of diagnostic skills in particular diagnostic situations can serve as 

a basis for the development of the person’s diagnostic competencies. In this dissertation, the 

preservice teachers’ diagnostic skills with their performance and diagnostic activities were 

examined in one diagnostic situation.  
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2.1.3 Diagnostic activities and performance 

Research on teachers’ diagnostic skills has generated a substantial number of studies 

on the accuracy of teacher diagnoses (Helmke & Schrader, 1987; Hoge & Coladarci, 1989; 

McElvany et al., 2009; Urhahne & Wijnia, 2021). The accuracy can be used to operationalize 

and determine (preservice) teachers’ performance in a diagnostic situation. Artelt and Gräsel 

(2009) described accuracy as the ability to adequately assess student characteristics 

compared to either expert ratings regarding these characteristics, results of specific 

diagnostic tests, or students’ performance measures regarding a specific topic. Research on 

teachers’ accuracy is conducted for a wide variety of students’ characteristics such as, for 

example, academic achievement (Südkamp et al., 2012; Thiede et al., 2015), motivation 

(Praetorius et al., 2017), or student profiles regarding cognitive and motivational-affective 

characteristics (Kosel et al., 2021; Seidel, 2007). In this line of research, a distinction can be 

made between the relative and absolute accuracy of a diagnosis (Leuders et al., 2018; 

Urhahne & Wijnia, 2021) (see Figure 4).  

 
Figure 4. The preservice teachers’ performance in diagnostic situations measured by the 
relative and absolute accuracy of the diagnosis. 

Relative accuracy refers to situations wherein teachers must distinguish students 

based on multiple relative levels of their characteristics or skills. This is also called the rank 

component of the accuracy (Helmke & Schrader, 1987; McElvany et al., 2009), with which 

teachers are asked to rank the students based on a comparison of their characteristics or 

skills. This requires that students with different skill levels can be sequenced. Another way 

to estimate the accuracy of a diagnosis is the absolute accuracy. Teachers must diagnose 

the actual level of students’ characteristics or skills (Hosenfeld et al., 2002; Thiede et al., 

2015). Based on these ratings, the level component of the accuracy is measured (e.g., 
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Südkamp et al., 2008). In doing so, the teacher’s diagnosis can be compared to actual student 

skills. In simulated situations represented by scripted classroom videos, the students’ skill 

levels and how they demonstrate them can be planned precisely. The actual level of student 

skills can then be determined by a validation of the video clips. 

During a diagnostic process of an on-the-fly situation, teachers must pay attention to 

relevant information and apply their knowledge to reason out the noticed information 

resulting in a concluding diagnosis (Herppich et al., 2018; Schrader, 2017). Current research 

is engaged in further understanding these diagnostic processes and the occurring diagnostic 

activities (Altmann & Nückles, 2017; Kramer et al., 2021; Sherin et al., 2011). Professional 

vision frameworks are commonly used in research on teacher education to describe such 

activities (Goodwin, 1994; Seidel & Stürmer, 2014; van Es & Sherin, 2002). Noticing and 

knowledge-based reasoning can be seen as important diagnostic activities that occur in the 

diagnostic process. The diagnostic activity of noticing refers to paying attention to relevant 

information in the classroom (Schack et al., 2017; van Es & Sherin, 2008). With the 

abundance of information in on-the-fly situations, not every event can be noticed, so the 

challenge is to focus on the most relevant information.  

Noticing is the foundation of knowledge-based reasoning (Seidel & Stürmer, 2014). 

Reasoning is the act of interpreting the noticed information based on one’s personal 

knowledge (Gegenfurtner et al., 2020). For a subdivision of knowledge-based reasoning into 

different diagnostic activities, various prior works can be considered. Seidel and Stürmer 

(2014) included the activities of describing, explaining, and predicting. Fischer et al.’s 

(2014) framework for activities in the context of scientific reasoning and argumentation was 

not developed with direct reference to diagnostic situations. Nevertheless, diagnosing can be 

interpreted as a specific kind of scientific reasoning and multiple similarities can be found 

in the works of Seidel and Stürmer (2014) and Fischer et al. (2014) (c.f. Kramer et al., 2021). 
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Figure 5. The operationalization of the preservice teachers’ diagnostic process with the therein 
diagnostic activities. 

A framework for the description of knowledge-based reasoning activities was 

developed in collaboration with the authors from Kramer et al. (2021). It is mainly based on 

the works of Seidel and Stürmer (2014) and Fischer et al. (2014) and adapted for diagnostic 

situations in classrooms. Here, knowledge-based reasoning is divided into four diagnostic 

activities: describing, evaluating, explaining, and decision-making (see Figure 5). 

Describing refers to verbalizing noticed information without making any further judgments. 

Evaluating refers to generalizing a student’s pattern of behavior or level of knowledge. 

Explaining refers to linking these considerations to professional concepts and knowledge 

and decision-making refers to the activity of drawing conclusions based on the other 

activities. By operationalizing these diagnostic activities, the preservice teachers’ diagnostic 

process in a diagnostic situation can be described. 

2.2 Representations of Practice 

A main challenge in teacher education is to provide learning environments for 

preservice teachers that support the development of complex skills, such as diagnostic skills 

(Chernikova, Heitzmann, Stadler, et al., 2020; McDonald et al., 2013). Researchers have 

called for practice-oriented environments in teacher learning where knowledge application 

in authentic situations is possible (Grossman & McDonald, 2008; Kolodner, 1992). Since a 

close relation with real-world professional situations is required, internships in schools have 

traditionally served as the main learning environments with authentic situations in common 

teacher training programs (Bennack & Jürgens, 2002). However, it appears that real 
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classroom situations are overwhelming and too demanding for preservice teachers even after 

their university studies (Dicke et al., 2015; Stokking et al., 2003). A particular challenge is 

the high density of interactions and information in classrooms (Grossman & McDonald, 

2008). This can hinder preservice teachers in performing diagnostic activities, such as the 

noticing of relevant classroom situations (Schoenfeld, 2011; van Es, 2011). Consequently, 

this can avoid knowledge-based reasoning about these relevant classroom situations and thus 

the linking of knowledge to practice examples (Alles et al., 2019; Förtsch et al., 2018). 

Therefore, researchers in teacher education must find new options to provide learning 

environments in which preservice teachers can practice professional skills.  

2.2.1 Design principles  

Grossman et al. (2009) developed a framework to design representations of practice 

for university teaching that highlights two principles that need to be balanced: authenticity 

regarding real-world practice (approximation of practice) and adequate complexity 

regarding the required cognitive demand (decomposition of practice). The principle of 

approximation of practice emphasizes the importance of a close relationship between the 

learning environment and real-world situations and suggests that simulated situations should 

imitate real-world situations as closely as possible. This implies not only an authentic 

representation of the situation, but, in particular, it proposes that typical activities of 

practitioners, which are performed in real-world situations, should also be accessible to 

learners in simulated situations (Hartmann, 1996). The approximation of practice suggests 

that a trained behavior in a simulated situation can be transferred to real-world situations. 

Indicators for successful approximations of practice are, for example, the perceived 

authenticity of both the target group and an expert group for such situations (Seidel et al., 

2010). Furthermore, it is crucial that learners feel sufficiently present to become involved in 

the simulated situation (Schubert et al., 2001). In order to act comparably to a real-world 

situation and to perform similar activities in the simulated situation, preservice teachers need 

to be cognitively involved (Dankbaar et al., 2016) and motivated (Witmer & Singer, 1998).  

The principle of approximation of practice is contrasted by the decomposition of 

practice referring to the difficulty of a simulated situation. The idea is to deconstruct certain 

facets of the practice situation such that irrelevant aspects that potentially hinder the learning 

process are reduced. The goal is to adjust the cognitive demand of the simulated situation in 
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such a way that learners are challenged in a proximal zone of development but not 

overburdened (Vygotsky, 1978). This can be done, for example, by breaking down practice 

and highlighting relevant parts for the purpose of learning (Grossman & McDonald, 2008). 

2.2.2 The use of staged videos 

Designing a representation of practice according to Grossman et al.’s (2009) 

postulated principles is increasingly implemented in teacher education based on the use of 

video clips (Gaudin & Chaliès, 2015). Nowadays, a common approach in research to capture 

and present classroom situations is the use of video clips (e.g., Kramer et al., 2020). Videos 

can capture the authenticity of classroom practice (Brophy, 2004), and they can allow for 

careful observations with noticing and knowledge-based reasoning activities about teaching 

and learning situations. Videos have some advantages compared to common methods such 

as texts or case vignettes in realizing the principle of the approximation of practice (Friesen 

et al., 2018; van Es et al., 2020). Previous research has repeatedly shown the success of using 

videos in teacher education for different domains and purposes (Barnhart & van Es, 2015; 

Derry et al., 2014; Lindmeier, 2013; van Es et al., 2017). In particular, research has shown 

that preservice teachers perceived video clips as authentic approximations of practice (Seidel 

et al., 2010). However, videos filmed in classrooms can often contain a large amount of 

information about the situation. Although a video clip shows only one particular perspective 

and captures only a piece of the classroom actions, the decomposition of practice is often 

not sufficiently implemented. Even though video clips can capture a great deal of 

information about the situation, relevant information can sometimes be missing, which can 

impair the sense-making of the situation. One way to control a sufficient decomposition of 

practice in videos is the so-called staged video clip, which shows scripted simulated 

situations. For staged videos, a scenario is selected based on evidence-driven considerations, 

the content is carefully planned and scripted, and finally videotaped with the help of actors 

(Dieker et al., 2009). Following the idea of decomposing a situation, simulated situations 

can have a reduced and adapted complexity to the preservice teachers’ skills. They allow 

preservice teachers to focus on relevant events and blend out other possibly distracting 

factors such as background noise or peripheral actions. This type of video clip compromises 

in the approximation of practice, but previous research has shown that preservice teachers 

also perceive staged videos as authentic approximations of classroom situations (Böttcher & 

Thiel, 2018; Piwowar et al., 2017).  
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2.2.3 Simulations 

Another approach, besides the use of staged videos, to realize representations of 

practice in higher education is the development of simulations (Heitzmann et al., 2019). A 

simulation is a model of a real-world situation that imitates this situation (Frasson & 

Blanchard, 2012; Shannon, 1975; Wissenschaftsrat, 2014). Participants should have the 

option of influencing the course of action in a simulation by making decisions (Fischer & 

Opitz, in press). This makes it possible for participants to get involved in the simulation and 

perform activities similar to those of practitioners in real-world situations. With this, not 

only can diagnostic situations be presented and observed (as with videos), but also diagnostic 

activity. For example, a simulation not only allows the gathering of data (as compared to 

video clips) but also allows for a decision to be made regarding further actions within the 

simulation. By using a simulation as a standardized model of a real-world diagnostic 

situation, particular diagnostic activities can be focused on; thus, further insights into the 

relationship between diagnostic activities and performance can be gained (de Jong, 2006). 

The influence on the course of action by the interaction with the simulation can positively 

affect the perceived presence of the simulation’s participants (Slater & Wilbur, 1997; 

Vorderer et al., 2004). Moreover, prior research has shown that the opportunity to influence 

the course of action supports the learners’ cognitive involvement (Paas et al., 2003). 

Simulations are already frequently used in higher education in other domains such as 

medicine (Cook et al., 2011; Fink et al., 2021; Radkowitsch et al., 2020). Simulated virtual 

patients, for example, are widely used as a type of computer simulation in medical training 

programs (Villaume et al., 2006; Vu & Barrows, 1994). Whereas in teacher education at the 

university level, there are only a few simulations, such as the “simulated classroom,” to 

assess diagnostic skills (Südkamp et al., 2008), these simulations in higher education suggest 

that the use of simulations can be successful (Hertel & Millis, 2002). 
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2.3 Diagnosing Geometrical Proving Skills 

In the academic discussion about teaching mathematics, it repeatedly becomes 

apparent that acquiring mathematical argumentation and proving skills is a challenging issue 

for students and teachers (Harel & Sowder, 1998; Healy & Hoyles, 2000; Stylianides, 2007). 

Since mathematics is a proving science and proving is an essential part of mathematic 

activities (Boero, 2007), argumentation and proof are also part of mathematics classrooms. 

The National Council of Teachers of Mathematics (NCTM) highlights the importance of 

argumentation skills for mathematics classrooms as one of the ten standards in the NCTM 

Principles and Standards (NCTM, 2000). Similarly, the Standing Conference of the 

Ministers of Education and Cultural Affairs of Germany identified mathematical 

argumentation skills as one of the six central mathematical skills to be taught 

(Kultusministerkonferenz, 2012). Mathematical argumentation and proving skills are closely 

related since a mathematical proof can be interpreted as a specific kind of mathematical 

argument. Compared to the broad term of mathematical argumentation, mathematical 

proving is seen as a more formal form of argumentation that follows specific norms of the 

mathematical community to show the validity of an assumption (Stylianides, 2007). For 

example, only deductive conclusions are accepted in a mathematical proof (Heinze & Reiss, 

2003; Pedemonte, 2007). 

2.3.1 Students’ geometrical proving skills 

In school, students usually focus on proof and proving for the first time in the context 

of plane Euclidean geometry (ISB, 2021; Stylianides, 2007). In geometry, concepts and 

terms are initially introduced through visualizations and based on examples. Many concepts 

are already established in primary school and generalized and further formalized in 

secondary school. Deductive thinking and reasoning regarding such concepts often cause 

students problems and difficulties (Heinze & Kwak, 2002; Reiss et al., 2002). Research has 

repeatedly shown that students have substantial problems with handling mathematical proofs 

(Harel & Sowder, 1998; Healy & Hoyles, 2000) because it depends on different student 

prerequisites (Reiss & Ufer, 2009; Sommerhoff, 2017; Ufer et al., 2008). Deficits in these 

prerequisites can cause problems in the handling of mathematical proofs. Although several 

prerequisites have been studied, including the students’ beliefs about the function of proofs 
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(Sommerhoff, 2017; Sommerhoff et al., 2020), it has been shown that the following three 

can be considered among the most important: the students’ mathematical content knowledge, 

methodological knowledge, and problem-solving strategies. 

First, mathematical content knowledge in the area of the proof task is 

indispensable. A students’ mathematical content knowledge refers to knowledge of 

definitions and propositions from the field of mathematics in which the proof has to be 

constructed (Chinnappan et al., 2011; Sommerhoff, 2017; Ufer et al., 2008; Weigand et al., 

2014). For example, the geometrical proof task shown in Figure 6 requires mathematical 

content knowledge regarding congruence theorems and theorems about angles at line 

intersections with parallel lines. 

 
Figure 6. The proof task from the field of plane Euclidean geometry that is used in the video-
based simulation. 

Second, knowledge about norms that define an acceptable proof in the respective 

community (methodological knowledge) is necessary for students to handle proof tasks 

(Heinze & Reiss, 2003; Sommerhoff & Ufer, 2019). It is not only crucial to know the kind 

of arguments that can be used but also the proof structure. A proof starts at a given premise 

and ends at a specific assertion without gaps in the structure of argumentation in between 

(Heinze & Reiss, 2003). Research regarding the proof structure has shown that assessing 

whether a proof with its structure is correct or incorrect challenges students (Lin, 2005; Reiss 

et al., 2002). Research regarding the use of valid arguments in proofs showed that often 

student solutions to proof tasks are based on empirical arguments and lack exposure to 

deductive reasoning (Healy & Hoyles, 2000). An example of an invalid argument for the 

proof task above (see Figure 6) is that the angles α and α’ are assumed to be equal because 

they were measured in this particular parallelogram. 
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Third, based on the definition of problems (Reiss & Törner, 2007; Schoenfeld, 1985), 

mathematical proof tasks can be seen as specific types of problems. Accordingly, problem-

solving strategies are an important prerequisite for handling mathematical proofs (Ufer et 

al., 2008). This refers to strategies such as decomposing a task to cope with smaller parts of 

the task (Pólya, 1973) and to meta-cognitive abilities to control and monitor the problem-

solving process (Schoenfeld, 1992). Studies show, for example, that inadequate strategies, 

such as a lack of exploration of the conjecture, can have negative effects on the construction 

of a proof (Lin, 2005). 

2.3.2 Diagnosing students’ geometrical proving skills 

In diagnosing students’ geometrical proving skills, the above-mentioned 

prerequisites play an important role. If preservice teachers can diagnose the students’ 

availability of these prerequisites, they get important information on central aspects of 

students’ overall geometrical proving skills, which helps them to create a general diagnosis. 

To diagnose different levels of students’ geometrical proving skills the van Hiele model of 

geometrical thinking can be useful (Usiskin, 1982). This model describes the geometrical 

thinking of students with a broad and global perspective. The model and further updates of 

the model (Kunimune et al., 2009) essentially distinguish four different levels of geometrical 

thinking in secondary school. Students start with a level on which concepts are formed 

visually and visual arguments are used in their mathematical argumentations and proofs, up 

to a high level, where generalized and valid arguments can be understood and used 

(Kunimune et al., 2009; Usiskin, 1982). These levels can also be applied in the context of 

geometrical proving. The van Hiele model can be used to diagnose students who show 

relative consistent cues for all three prerequisites. On the one hand, the model helps to create 

a global diagnosis of the students’ geometrical proving skills, and on the other hand, it 

supports the rank component of a diagnosis by clustering the wide range of students with 

different proving skills occurring in school into four levels. 
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3 Present Research 

In the background of the importance of diagnostic competencies in professional 

teacher training programs in higher education, this dissertation contributes to the lack of 

research on diagnostic skills in on-the-fly formative diagnostic situations. Currently, 

different frameworks related to diagnostic skills exist, but the understanding of activities 

involved in the diagnostic process and their relationship to the resulting diagnoses remains 

vague. Often, studies on diagnostic skills suffer from a lack of contextualized, authentic 

environments in which these skills can be examined with a close connection to real-world 

situations. The overarching aim of this dissertation is to contribute to the understanding of 

(preservice) teachers’ diagnostic skills. Based on the call for research in representations of 

practice with a close real-world relation, a video-based simulation was developed as a 

standardized representation of a typical diagnostic situation in mathematics classrooms. The 

video-based simulation and its development process can be used as a best-practice example 

to illustrate how representations of practice can be designed to create authentic environments 

in which professional skills can be investigated in a standardized and valid way. The 

dissertation sheds further light on preservice teachers’ diagnostic activities when handling 

on-the-fly formative diagnostic situations. The findings of the two studies presented in the 

two articles included in this dissertation contribute to creating suitable learning environments 

for professional competencies and skills.  

Article A. The first article provides insights into the validity of the newly developed 

video-based simulation. The simulation was designed for use in teacher training programs 

at the university level to investigate preservice teachers’ diagnostic skills throughout their 

higher education. The article addresses the question of whether the video-based simulation 

represents, on the one hand, an approximation of practice and, on the other hand, an adequate 

decomposition of practice for research on preservice teachers’ diagnostic skills. Therefore, 

the balance of the authenticity of the simulation and its cognitive demand for preservice 

teachers were examined. The first goal of the study was to analyze whether preservice 

teachers perceive the video-based simulation as an authentic approximation of practice 

(RQ 1). To answer the research question, teachers’ perceptions of the authenticity of the 

simulated diagnostic situation, in particular regarding the video clips and their embedding in 

the simulation, were surveyed. Moreover, participants’ cognitive involvement and 
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motivation were assessed as further indicators for an authentic approximation of practice. 

The second research question discussed in this article addresses the cognitive demand of the 

video-based simulation. For this purpose, we investigated the question of whether the 

decomposition of the diagnostic situation resulted in a diagnostic task with an adequate level 

of difficulty for preservice teachers (RQ 2). Both relative accuracy and absolute accuracy 

were analyzed. To inform the answer regarding the relative accuracy, the preservice 

teachers’ performance on ranking the simulated students according to their geometrical 

proving skills was examined. For analyzing the absolute accuracy, the preservice teachers’ 

detailed diagnoses of the three prerequisites for students’ geometrical proving skills served 

as a basis. 

Article B. The second article was situated within the context of research on the 

diagnostic process and the diagnostic activities therein. The main goal of the study was to 

provide insights into the preservice teachers’ diagnostic process when handling an on-the-

fly formative diagnostic task. Therefore, the article focuses on the diagnostic activity of 

noticing relevant information, and on participants’ knowledge-based reasoning regarding the 

noticed information. As a first step, the diagnostic process was described by examining the 

preservice teachers’ observations based on whether they focused on professionally relevant 

information (RQ 1). The relevant information in the diagnostic situation of the video-based 

simulation is represented by the simulated students’ statements and actions, indicating their 

levels of prerequisites for handling geometrical proof tasks. Therefore, the extent to which 

preservice teachers noticed information regarding the prerequisites (mathematical content 

knowledge, methodological knowledge, and problem-solving strategies) was investigated. 

The second research question dealt with the diagnostic activity of knowledge-based 

reasoning. The article explores the question regarding the extent to which preservice teachers 

show different knowledge-based reasoning activities in the process of diagnosing students’ 

geometrical proving skills (RQ 2). To answer this research question, the frequency of the 

activities describing, evaluating, explaining, and making decisions was analyzed. Of 

particular interest was the frequency of preservice teachers’ activities where they use their 

knowledge, such as in evaluation, explanations, and decisions. For both questions, we also 

investigated whether there were differences in the distribution of diagnostic activities when 

diagnosing students with different levels of geometrical proving skills.  
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4 Methodology 

4.1 Project Context 

The present dissertation is embedded in the research project, Visit-Math 

(SE 1397/11-1), which is part of the research group COSIMA (Grant No. 2385)2. The 

research group aims to foster diagnostic competencies in simulation-based learning 

environments in higher education. This involves the analysis of the design and use of 

simulation-based learning environments in university, as well as the investigation of 

instructional support mechanisms for diagnostic competencies and skills in an early phase 

of competence acquisition. The research group was structured so that the topic of diagnostic 

competencies was considered in different domains (c.f. Figure 1). Researchers from the field 

of teacher education collaborate with researchers from the medical field in the research group 

COSIMA. Overall, researchers from medical education, mathematics education, biology 

education, and educational psychology are involved. Divided into seven research projects, 

they work on the objectives of the research group in different diagnostic situations (see 

Figure 7). 

 
Figure 7. Structure of the research group COSIMA with its research projects conducting prior 
studies (1-7) in the teacher educational (green) and medical field (blue) and the overarching 
meta-analytical project M.  

 
2 For more details: www.for2385.uni-muenchen.de 
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The Visit-Math project is one of the COSIMA research projects (Project 2, see 

Figure 7) from the teacher education field with the goal of investigating and promoting 

diagnostic skills of mathematics preservice teachers for secondary school. It aims to simulate 

a typical on-the-fly diagnostic situation during mathematics class using staged video clips 

and embedding them in a mutable digital environment. Preservice teachers should use these 

video clips to diagnose the students’ geometrical proving skills. The developed video-based 

simulation should, on the one hand, be capable of measuring the preservice teachers’ 

diagnostic skills throughout their university education phase (Visit-Math Assess). 

Specifically, the simulation should provide insights into the rarely captured diagnostic 

process of preservice teachers in an on-the-fly diagnostic situation. The video-based 

simulation should in principle allow the integration of different scaffolds, such as different 

types of prompts (Visit-Math Learn). 

This dissertation with its two studies was influenced by the guidelines and 

specifications of the Visit-Math project as well as by the structure of the research group 

COSIMA. For example, findings from the medical education field largely inspired the design 

of the video-based simulation. The coding scheme for categorizing different diagnostic 

activities in the preservice teachers’ diagnostic process, which was used in the second study, 

was developed in strong cooperation with other school-based research projects of the 

research group. All studies presented in this dissertation were designed in such a way that 

data is suitable for the integration in future, research group-wide meta-analyses (performed 

by an additional project called Project M; see Figure 7). To enable comparability between 

the different research projects, there was a special focus on finding and creating similarities 

among the studies during their development.  

4.2 Design of the Video-based Simulation 

The video-based simulation Visit-Math Assess is a digital environment that was 

programmed and designed based on the software Unipark3. The simulation is a 

representation of an on-the-fly formative diagnostic situation with one-on-one teacher-

 
3 EFS Survey, Version Fall 2020.  
  Questback GmbH, Cologne.  
  www.unipark.com 



 

Methodology | 22 

student interactions. In the simulated situation, four simulated seventh-graders work on a 

geometry proof task; they must prove that opposite sides of a parallelogram are of equal 

length based on the information that a parallelogram’s pairs of sides are parallel. The topic 

of the situation was chosen based on a literature review of students’ mathematical skills and 

their assessment in school. Resulting from this review, geometrical proving skills were 

identified as highly relevant and applicable content for the diagnostic situation. 

To represent the diagnostic situation in a video-based environment, staged video clips 

were produced showing a simulated teacher and one of four simulated students. In the video 

clips, a simulated teacher and the simulated students discuss the students’ progress and 

argumentation in the context of the geometry proof task. Before the actual conversations 

were filmed with students as actors, a contextual frame and detailed scripts for the staged 

video clips were developed as part of this dissertation. Each video clip was constructed to 

contain explicit cues about the students’ levels of prerequisites for their geometrical proving 

skills. Therefore, cues for the different prerequisites were included in the videos based on 

the spoken and written words. 

 
Figure 8. Illustration of the structure of the video-based simulation Visit-Math Assess that 
indicates different steps during working in the simulation (adapted from Codreanu et al., 2021).  
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At the beginning of the video-based simulation, the participants were familiarized 

with the diagnostic situation. They were introduced to their role of a preservice intern 

accompanying the simulated teacher in his class, a situation familiar and typical for students 

enrolled in a teacher training program. Figure 8 illustrates the subsequent parts of the 

simulation, Visit-Math Assess, until participants finished their final diagnoses. After 

familiarization, participants received information on students’ prerequisites of geometrical 

proving skills on which they were asked to focus, as well as on the components that a 

diagnosis should ideally contain (see Figure 8, area A). During the actual diagnostic process, 

participants could work independently in the simulated classroom and gather information 

about the simulated students by watching the video clips and taking notes (see Figure 8, 

areas B and C). After an initial round of watching video clips of all simulated students, 

participants were able to choose to either further observe a student or to decide that they had 

gathered sufficient information for the diagnosis of this particular simulated student (see 

Figure 8, area E). In total, a maximum of 20 video clips could be observed (see Figure 8, 

area D), and participants were free to decide on how to distribute these observations among 

the simulated students. Afterward, participants were asked to use their notes to create a 

written diagnosis of each simulated student (see Figure 8, area F). Then, participants ranked 

the simulated students according to their overall mathematical argumentation skills from 

weakest to strongest. Subsequently, participants rated each student’s level of prerequisites 

using 4-point Likert response items from “mostly not available” to “available.” This 

describes the structure of the core of the video-based simulation. In the two studies, before 

and after the simulated diagnostic situation, further instruments were integrated into the 

digital environment to survey variables such as the participants’ professional knowledge or 

their interest. 

4.3 Measures and Instruments 

Both articles analyzed data collected with the video-based simulation, Visit-Math 

Assess. The emphasis in Article A was on the approximation and cognitive demand of the 

simulation. As an indicator for an adequate cognitive demand of the simulation for 

preservice teachers, participants’ performances on the diagnostic task and the thereby 

estimated difficulty of the simulated diagnostic situation was used. In Article B, participants’ 
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diagnostic processes and the more specific diagnostic activities were investigated. For this 

purpose, the free text final written diagnoses were coded and analyzed. 

4.3.1 Approximation of simulation and accuracy in performance 

To measure the extent to which the video-based simulation was perceived as an 

authentic approximation of practice, preservice teachers and experts rated their perceptions 

on four different scales. One scale addressed the authenticity of the video clips themselves, 

and another focused on the representation of the diagnostic situation in the simulation. 

Additionally, two scales dealt with the cognitive involvement and motivation of the 

participants. 

 
Figure 9. Student profiles designed for the video-based simulation Visit-Math Assess (adapted 
from Codreanu et al., 2021). 

For measuring the preservice teachers’ performances in Article A, the following two 

diagnostic tasks were analyzed: (i) ranking the simulated students according to their overall 

geometrical proving skills, and (ii) the preservice teachers’ detailed diagnosis of each 

simulated student. The first task was used to determine the preservice teachers’ relative 

accuracy (rank component). The simulated students were designed in a way that they could 

be ranked according to their overall geometrical proving skills. The simulated students 

exhibited coherent cues related to their geometrical proving skills in the video clips, which 

highlighted their different skill levels (see Figure 9). In the second task, the participants rated 

the specific prerequisites of the simulated students on eight Likert response items. This was 

used to determine the preservice teachers’ absolute accuracy (level component). The 

simulated students could be diagnosed according to the three prerequisites for geometrical 

proving skills: mathematical content knowledge, methodological knowledge, and problem-
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solving strategies. Before the study, two researchers from the field of mathematics education 

independently rated the four simulated students regarding each of the above-mentioned 

prerequisites on the later-used 4-point Likert scale. Figure 9 shows the assessments of the 

two experts for the respective prerequisites, which were calculated from the specifications 

on the individual items of the scale. The absolute accuracy of the participants’ ratings was 

based on the agreement with these expert ratings.  

4.3.2 Diagnostic activities 

To examine the preservice teachers’ diagnostic processes in more detail in the context 

of Article B, the diagnostic process is described as consisting of two different types of 

diagnostic activities. First, the diagnostic process is described by examining the noticing 

based on whether preservice teachers focused on professionally relevant information. 

Second, the diagnostic activities of knowledge-based reasoning were analyzed. To detect 

these diagnostic activities, the free text diagnoses were divided into distinct coding units and 

then coded by two members of the research team. The specific codes for the diagnostic 

activities were identified using both deductive and inductive methods.  

For the activity of noticing, we examined the content the preservice teachers 

mentioned within their free text diagnoses. Codes were assigned for the three different 

prerequisites: the students’ mathematical content knowledge in geometry, the students’ 

methodological knowledge about mathematical proofs, and the students’ problem-solving 

strategies. For coding knowledge-based reasoning, four different codes were applied, 

following the professional vision literature (Seidel & Stürmer, 2014) and the literature for 

scientific reasoning and argumentation (Fischer et al., 2014): describing the concrete course 

of action, evaluating the students’ behavior, explaining the students’ level of knowledge, and 

making decisions about the need for individual learning support (c.f. Kramer et al., 2021).  

4.4 Data Collection 

In the two articles of this dissertation, I analyzed data from two different studies, 

which were collected in the context of the research project, Visit-Math. In both studies, the 

video-based simulation Visit-Math Assess was used. Data for the validation study (1st study) 

were collected in the summer semester of 2018 at the Technical University of Munich. The 
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sample consisted of N = 28 preservice high school teachers. In advance, 10 external 

mathematics education experts (criteria: more than five years of secondary school experience 

and currently active in teacher education) provided formative feedback as part of an external 

validation of the video-based simulation. Data collection for the second study took place one 

year later in the summer semester of 2019 at the Ludwig-Maximilians-University of Munich. 

It was possible to collect data from N = 51 preservice teachers who worked on the video-

based simulation for this study. 

4.5 Data Analyses 

The original data sets were provided by the software Unipark, with which the video-

based simulation was programmed. The coding of the free text diagnoses was done with 

Microsoft Excel. R was used for data wrangling as well as for all statistical analyses (R Core 

Team, 2020). For both studies, the data were first analyzed using descriptive statistics. To 

show differences between groups or tasks, for example, diagnosing the four different 

simulated students, mostly repeated measures ANOVAs were calculated. The repeated 

measures ANOVAs were computed with contrasts and bonferroni-adjusted post-hoc 

analyses for multiple comparisons to analyze differences. The following significance levels 

were used throughout the data analyses: ***p < .001, **p < .010, *p < .050. 

  



 

Summary of Publications | 27 

5 Summary of Publications 

5.1 Article A: “Between authenticity and cognitive demand: 
Finding a balance in designing a video-based simulation 
in the context of mathematics teacher education” 

Article A addresses the actual design of the video-based simulation, Visit-Math 

Assess, and the underlying considerations in the developing process. It aimed to investigate 

the question of whether the video-based simulation is appropriate for use in university 

teacher education and thereby useable for measuring preservice teachers’ diagnostic skills. 

The main focus of this study was the perceived authenticity of the simulation and the 

preservice teachers’ cognitive demand. The principal considerations in the design of the 

video-based simulation were based on the framework of Grossman et al. (2009) regarding 

teaching practice in professional education. The three mentioned key concepts 

(representations, decomposition, and approximations of practice) for understanding the 

pedagogies of practice in professional education guided the process of developing the 

simulation and inspired the design of the study presented in Article A. Careful consideration 

about different forms of representations for a diagnostic situation resulted in the use of staged 

videos embedded in an interactive simulation.  

The main goal of the study presented in Article A was to internally validate the 

developed video-based simulation by balancing authenticity and cognitive demand. The first 

research question asked how preservice teachers experienced the video-based simulation 

regarding an authentic approximation of practice. The second research question addressed 

the cognitive demand by asking: How do the diagnostic tasks in the video-based simulation 

indicate adequate levels of difficulty and distributions of student performances in mastering 

the diagnostic situation? The preservice teachers’ statements about the authenticity of the 

simulation and their performance in the simulation were included in the analysis. To assess 

the extent to which the video-based simulation was perceived as an authentic approximation 

of practice, participants rated their perceptions of authenticity on four different scales. 

Preservice teachers’ performances on two diagnostic tasks served as indicators for their 

cognitive demand. On the on hand, participants were asked to provide a correct ranking of 
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the four represented students according to their overall mathematical argumentation skills. 

On the other hand, they were instructed to provide a detailed diagnosis of the specific skills 

and characteristics of mathematical argumentation skills as exhibited by the students in the 

video-based simulation. In line with the goal of the article, the preservice teachers confirmed 

the simulation’s high degree of authenticity. This was also acknowledged by a group of 

external mathematics education experts in a previous pilot study. The preservice teachers’ 

performance on the diagnostic tasks was, overall, at the medium level. 

The results showed that video clips can capture the authenticity of classroom 

situations, matching prior research on the use of videos in teacher education. Furthermore, 

the possibility to influence the course of action in a simulation was perceived positively. 

These findings indicated that a valid approximation of practice was created. Although it can 

be concluded from the results that the first diagnostic task was quite easy to master, the actual 

task of writing a detailed diagnosis showed an adequate level of cognitive demand for 

preservice teachers and, thus, an adequate decomposition of the situation. The study 

represents an exemplary application of concepts of the framework for teaching practice in 

the design of a video-based simulation. Based on the findings of the study, the video-based 

simulation seems useful for teacher education programs as well as for measuring diagnostic 

skills. Thus, the video-based simulation provides a proper basis for the study in Article B.  

The video-based simulation and the study design were developed by all authors. I 

supervised the programming, created the visualization, and collected data. I handled and 

analyzed the data, wrote the manuscript, and implemented the suggestions and remarks by 

co-authors and reviewers. I supervised the submission process and serve as a corresponding 

author for this publication. 
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5.2 Article B: “Exploring the process of preservice teachers’ 
diagnostic activities in a video-based simulation” 

Article B addresses the preservice teachers’ diagnostic process with their context-

specific skills in a diagnostic situation. It aimed to provide insights into preservice teachers’ 

handling of situation-specific professional tasks such as on-the-fly student assessment. The 

main focus of this study was to examine the preservice teachers’ noticing and knowledge-

based reasoning in the diagnostic process. The study was guided by findings from research 

on teachers’ professional vision (Goodwin, 1994; Seidel & Stürmer, 2014). First, the 

noticing of relevant information by examining important mathematical content mentioned 

by the preservice teachers was considered. Second, the subsequent knowledge-based 

reasoning, which is described by activities that are derived from several frameworks was 

examined. The article goes into detail about the prerequisites students’ need to handle 

mathematical proofs and the importance of preservice teachers’ ability to notice the students’ 

availability of these prerequisites as a basis for the later diagnosis. Further, the specific 

diagnostic activities of knowledge-based reasoning are discussed by extracting the 

diagnostic activities relevant for the study from the comparison of different frameworks. 

The main aim of the study presented in Article B was to investigate preservice 

teachers’ diagnostic activities. First, the diagnostic process was described by examining the 

preservice teachers’ noticing based on whether they could focus on relevant information 

such as facets of the students’ mathematical argumentation skills (RQ 1). Second, the 

preservice teachers’ diagnostic activities of knowledge-based reasoning (describing, 

evaluating, explaining, and decision-making) were explored (RQ 2). Beyond those, both 

research questions were examined concerning differences in the diagnostic process for 

students with different levels of mathematical argumentation skills. The free texts written by 

the participants in the simulation served as the database for the analysis in the article. For 

the assessment of the texts, we developed a coding scheme using both deductive and 

inductive methods. 

Results show that in the video-based simulation, preservice teachers were largely 

able to notice the relevant information, after a precise introduction on what to focus on and 

efficiently proceeded to get an impression of the unknown students and their skills. 

Preservice teachers not only saw a student on his or her level of thinking holistically but also 
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shifted their focus to certain prerequisites that are especially helpful in diagnosing a 

particular student’s mathematical argumentation skills. During knowledge-based reasoning, 

it happened that the main activities of the preservice teachers were describing and evaluating. 

The pattern of the knowledge-based reasoning activities shown by the preservice teachers 

was shown to be independent of the students who were diagnosed. The study demonstrates 

that the use of different perspectives in examining the diagnostic process can highlight 

supplementary aspects that can be combined in meaningful and powerful ways. With the 

video-based simulation, preservice teachers’ diagnostic skills, and especially the diagnostic 

process, can be examined in authentic classroom situations. Furthermore, the study shows 

the preservice teachers’ difficulties in the diagnostic process and where scaffolds should 

ideally be implemented. 

The study design was developed by all authors. I developed the coding scheme; I 

handled and analyzed the data, wrote the manuscript, and implemented the suggestions and 

remarks by co-authors and reviewers. I supervised the submission process and served as a 

corresponding author for this publication. 
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6 Discussion 

The overall goal of this dissertation is to (i) develop and validate a video-based 

simulation as a representation of practice and (ii) provide insights into preservice teachers’ 

diagnostic skills in an on-the-fly diagnostic situation from the mathematics classroom 

represented by the video-based simulation. These questions are empirically addressed and 

discussed in the two enclosed papers. The present overall discussion thus focuses on the joint 

discussion of the central findings and their implications for research and practice.  

6.1 Interpretation of Central Findings 

6.1.1 Validating a representation of practice 

In order to gain knowledge about preservice teachers’ diagnostic skills, the first goal 

of this dissertation was to develop and validate a representation of practice for a diagnostic 

situation. The video-based simulation was intended to be used for research, in particular, to 

provide insights into the diagnostic process. In addition, it was intended to be used in teacher 

training programs to facilitate the development of diagnostic skills. The use of video clips 

(Gaudin & Chaliès, 2015; Kang & van Es, 2018; Tekkumru-Kisa & Stein, 2017), as well as 

their embedding in a simulation (Kramer et al., 2020; Pickal et al., 2020), is currently 

discussed in teacher education as a promising method to measure complex skills. However, 

few such representations of practice have been developed, validated, reported, and discussed 

in a research context. Based on Grossman et al. (2009), two principles need to be balanced 

in a representation of practice: the approximation of practice and the decomposition of 

practice. The video-based simulation is validated based on the realization of these two 

principles. Thus, results regarding (i) a close relation to a typical real-world situation from 

the mathematics classroom and (ii) an adequate cognitive demand adapted to the preservice 

teachers’ level of diagnostic skills are considered (Codreanu et al., 2020).  

Investigating the realization of an approximation of practice, the first study showed 

findings regarding the preservice teachers’ perception of authenticity, cognitive 

involvement, and motivation. The video clips showing one-on-one teacher-student 

interactions were perceived as authentic. This result is in line with other findings of videos 
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showing classroom situations (Seidel et al., 2010). The perceived authenticity supports the 

idea that video clips can be used to authentically depict classroom situations (Blomberg et 

al., 2013; Brophy, 2004). However, a direct comparison of the same classroom situation 

presented via different media (e.g., real-life simulation, videos, text vignettes) is missing 

(see e.g., Fink et al., 2021). Thus, it remains unclear whether, for an on-the-fly diagnostic 

situation, a representation using, for example, text vignettes, which are less difficult to 

generate, can achieve comparable values (Friesen et al., 2018). Since the content of the video 

clips was scripted, the findings regarding the authenticity indicate that the developed 

simulated students show authentic behavior while handling a geometrical proof task 

(Böttcher & Thiel, 2018; Piwowar et al., 2017). This indicates that the abandonment of 

superficial characteristics, such as a real classroom environment, is still sufficiently 

immersive for preservice teachers. It thus seems much more important to carefully plan the 

behavior of the persons in the situation than to record real classroom environments (Dieker 

et al., 2009). Additionally, our results show that the simulation of the on-the-fly diagnostic 

situation, including the diagnostic task, was perceived as authentic. Particularly, the 

perception of the mathematic education experts shows that the diagnostic task, with its 

purpose, focus, and consequences, was appropriately chosen (Karst et al., 2017). This 

supports the idea that a well-defined diagnostic task and coherent and clear communication 

of these characteristics contribute to the perception of an authentic diagnostic situation. 

Furthermore, the participating preservice teachers reported a high level of cognitive 

involvement and motivation (Dankbaar et al., 2016; Schubert et al., 2001). Part of this may 

have been due to the fact that the participants were able to influence the course of actions 

within the simulation by deciding on the number of video clips to watch before finally 

diagnosing students’ geometrical proving skills. This indicates that even small autonomous 

interactions with the situation may be helpful to cognitively engage and motivate participants 

(Ryan & Deci, 2000). The findings indicate that the created simulation is indeed an authentic 

approximation of practice that may be the fundament to support preservice teachers in 

acquiring skills that can be transferred from the simulated environment to real-world 

situations (Grossman et al., 2009).  

The positive results concerning an approximation of practice were obtained, although 

the complexity of the diagnostic situation presented in the video-based simulation was 

simplified in multiple ways. Investigating the decomposition of practice, the preservice 
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teachers’ cognitive demand was considered (Grossman et al., 2009). For this purpose, the 

difficulty of the diagnostic task was determined and analyzed based on the achieved accuracy 

of the task (Leuders et al., 2018; Urhahne & Wijnia, 2021). Regarding the relative accuracy 

(McElvany et al., 2009; Schrader & Helmke, 1987), preservice teachers succeeded in 

ranking the students according to their level of geometrical proving skills. Distinguishing 

only four students with quite different levels of proving skills and ranking them did not seem 

particularly challenging. One reason for this may be that each student showed a different, 

quite homogeneous level of geometrical thinking (Kunimune et al., 2009; Usiskin, 1982). 

The simplification of student behavior to homogeneous profiles might have been too strong 

for such a ranking task. Another reason for the reduced difficulty on the ranking task could 

be the small number of students. In this case, settings with more students, such as the 

Simulated Classroom (Südkamp et al., 2008), might be more suitable for a more nuanced 

measurement of diagnostic skills. For the measurement of relative accuracy, the situation in 

the video-based simulation seems too much reduced. To determine absolute accuracy, the 

preservice teachers were asked to diagnose the students with regard to the three prerequisites: 

mathematical content knowledge, methodological knowledge, and problem-solving 

strategies. This task showed a medium level of difficulty for the preservice teachers. The 

medium level of difficulty indicates that the differentiated observing and diagnosing of 

individual prerequisites is feasible, but poses challenges for the preservice teachers. In 

addition, it encourages the use of video clips in representations of practice, as it was possible 

to present different prerequisites from mathematical content knowledge to problem-solving 

strategies in short video clips in such a way that they could be diagnosed. Overall, the 

findings suggest that the decomposition of practice was adequate for the target sample such 

that an overwhelming cognitive demand was avoided. Altogether, these results show that the 

video-based simulation balances an authentic approximation of a real-world classroom 

situation with an adequate decomposition of practice. Although both principles seem to be 

initially contrary to each other, they can be implemented in combination in one environment. 

6.1.2 Empirical findings on preservice teachers’ diagnostic activities  

After validating the video-based simulation, the second goal of this dissertation was 

to gain insights into the process of diagnosing students’ geometrical proving skills in an on-

the-fly diagnostic situation. Thus, the preservice teachers’ diagnostic activities were 

investigated in the second study using the video-based simulation. The diagnostic activities 
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of noticing and knowledge-based reasoning were examined (Seidel & Stürmer, 2014). 

Similar to other studies, texts written by the preservice teachers served as a basis for the 

analyses of the diagnostic activities (Kramer et al., 2021; Wildgans-Lang et al., 2020). 

Noticing was examined in terms of focusing on relevant information, as indicated by 

analyses of prerequisites for geometrical proving (Sommerhoff, 2017; Ufer et al., 2008), for 

the diagnoses of the simulated students. Knowledge-based reasoning referred to diagnostic 

activities that are emphasized in the research on teachers’ professional vision (Goodwin, 

1994; van Es, 2011) and scientific reasoning and argumentation (Fischer et al., 2014). 

As the relevant information about the students’ geometrical proving skills were their 

level of the prerequisites (mathematical content knowledge, methodological knowledge, and 

problem-solving strategies) showed in the video clips (Reiss & Ufer, 2009; Sommerhoff et 

al., 2015; Ufer et al., 2008), it examined whether preservice teachers focus on these three 

aspects in their noticing. Findings from the second study suggest that preservice teachers 

were able to notice information about all three prerequisites. However, the degree of 

decomposition in the simulated situation was high compared to a real-world diagnostic 

situation. Many additional factors that influence the students’ behavior in real-world 

situations, such as the students’ beliefs about the function of proofs (Sommerhoff, 2017; 

Sommerhoff et al., 2020) or their motivational-affective characteristics (Kosel et al., 2021; 

Seidel, 2007), were kept mostly constant with all of the students with as little influence as 

possible on their geometrical proving skills. It was found that the preservice teachers rarely 

referred to factors aside from the three prerequisites. This supports the idea that research on 

this diagnostic situation is limited to findings regarding the assessment of the level of these 

students’ prerequisites. Further, the results show that single cues, such as an indication of a 

student’s prior knowledge on a mathematical concept, seem to be easier to notice than cues 

that are distributed over different actions, such as information on students’ problem-solving 

strategies, which often have to be distilled from the interplay of several statements or actions. 

More insights into the noticing were gained by looking at the preservice teachers’ patterns 

concerning different students. The preservice teachers varied the intensity of their foci across 

the students, adapting to the level of skills demonstrated by each student. This suggests that 

preservice teachers not only regarded the student holistically (J. Kaiser et al., 2013; Südkamp 

et al., 2012), but also noticed the particular prerequisites individually. However, these 

students had homogeneous and consistent profiles. For further research, the diagnosis of 
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inconsistent profiles must be considered (Südkamp et al., 2018). Looking at the cognitive 

demand of the simulation in terms of noticing, it appears that the preservice teachers 

mastered this task well. This is in line with findings from the first study, that teachers were 

cognitively involved and motivated and thus were able to notice the relevant information 

and distinguish which information was particularly important to individual students. 

Results regarding the diagnostic activity of knowledge-based reasoning showed a 

different picture. Here, the preservice teachers’ diagnostic activities were examined 

concerning the specific activities of describing, evaluating, explaining, and decision making 

(see also Kramer et al., 2021). These four activities were shown by the preservice teachers 

with different frequencies. Describing and evaluating were the most frequent reasoning 

activities, whereas explaining and decision making were less frequent. Hardly any other 

activities that could not be assigned to any of the four reasoning activities were found in the 

written texts. This is an indication that the newly developed coding scheme worked well for 

the simulation within its diagnostic situation. In particular, this demonstrated that the 

combination of frameworks with different perspectives—in this case, the frameworks from 

Seidel and Stürmer (2014) and Fischer et al. (2014)—helped describe the diagnostic process 

in specific diagnostic situations. Specifically, the inclusion of the activity of evaluating 

showed that many preservice teachers not only described objectively (Stürmer et al., 2013), 

but had already interpreted the noticed information (E. Bauer et al., 2020). However, most 

of the preservice teachers’ diagnostic processes lacked explanations including references to 

mathematical concepts. This reveals a potential for further development in the diagnostic 

process among preservice teachers. Furthermore, the activity of decision making was rarely 

found. A diagnosis that does not inform a specific educational decision or action directly 

(high consequences of diagnosis; see Figure 2), but only depicts the level of students’ skills, 

seems to be difficult. Therefore, such diagnoses should be promoted separately from the 

subsequent step of deriving concrete educational decisions, as this is additionally related to 

teachers’ adaptive teaching skills (Beck et al., 2008; Brühwiler, 2017). Overall, the findings 

concerning knowledge-based reasoning are in line with prior research on diagnostic 

activities (E. Bauer et al., 2020; Stürmer et al., 2013). The pattern of knowledge-based 

reasoning activities was stable regardless of the student diagnosis. Since the preservice 

teachers had to diagnose the same student skills, they needed similar professional knowledge 

for the knowledge-based reasoning about the students’ behavior and skills. This could be 
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one explanation for the lack of differences in the distribution of knowledge-based reasoning 

activities. Altogether, the simulation revealed insights in the diagnostic process and thus 

showed potential for further development regarding the learning environment. 

6.2 Implications for Teacher Education 

From a practical perspective, diagnosing students’ learning prerequisites, processes, 

and outcomes provides a basis to adapt teaching to the students’ needs (Beck et al., 2008; 

Vogt & Rogalla, 2009). The findings from this dissertation are of practical relevance and 

have implications for research on teacher education and professional development. One main 

finding from this dissertation is that the video-based simulation is a best-practice example 

for designing and developing a representation of practice. The validation of this simulation 

in the first study examining the principles approximation of practice and decomposition of 

practice (Grossman et al., 2009) suggests that this representation of practice has the potential 

to be used (i) in educational research, as it allows for a contextualized and standardized 

method to measure preservice teachers’ diagnostic skills, and (ii) in teacher training 

programs to facilitate the development of diagnostic skills, as the close relation to real-world 

professional practice allows for the acquisition of practice-oriented knowledge. 

The video-based simulation shows that by combining staged videos with an 

interactive digital environment, an approximation of practice may be developed that is 

perceived as authentic by expert teachers and preservice teachers (c.f. Kramer et al., 2020; 

Seidel et al., 2010). The review of prior research (e.g., Südkamp & Praetorius, 2017) was of 

central importance in the development of this approximation of practice, as it provided 

multiple necessary categories to consider when creating the simulation. For example, a 

typical situation with a relevant diagnostic task was selected based on the characteristics of 

situations (Karst et al., 2017). In addition, the students’ skills to be diagnosed were specified 

based on findings on students’ prerequisites for handling mathematical proofs from 

mathematics education research (Reiss & Ufer, 2009; Sommerhoff et al., 2015; Weigand et 

al., 2014). Further, care was taken to imitate professional practice in the simulation and, thus, 

to enable preservice teachers to perform activities that are central to their later professional 

practice. These decisions led to a video-based simulation with which preservice teachers’ 

diagnostic activities in an on-the-fly situation were examined. However, it remains to be 



 

Discussion | 37 

seen how expert teachers actually act in such an on-the-fly situation, and thus what should 

be considered as an ideal diagnostic process that can be used as a prototype in higher 

education teaching. The research on professional vision (Seidel & Stürmer, 2014) and 

scientific reasoning and argumentation (Fischer et al., 2014) suggests certain activities, but 

their connections and an ideal process remain vague. Findings of expert teachers’ diagnostic 

processes could contribute to sharpening and broadening such frameworks. This encourages 

expert-novice comparisons in further research (AERA, 2002) that supports the findings from 

this dissertation regarding the aspects wherein preservice teachers show potential to develop 

their diagnostic skills. Furthermore, it would be interesting for the acquisition of such skills 

to see how they develop throughout teacher training programs (Kunter et al., 2011). 

Longitudinal studies could provide additional insights for the development and acquisition 

of professional skills and how to support them. 

The possibilities of staged videos (Dieker et al., 2009; van Es et al., 2020) and 

simulations (Frasson & Blanchard, 2012; Shannon, 1975) to decompose, reduce, and 

simplify situations from professional practice are manifold, such that an adequate demand 

can be achieved for different target groups. The video-based simulation showed an adequate 

cognitive demand for preservice teachers, but it is unclear which specific decisions in the 

development of the simulation (besides general considerations) enabled this cognitive 

demand. Further research should investigate systematically how it is possible to adapt the 

cognitive demand of a representation of practice to a group of learners in advance. A 

guideline for the development of such representations of practice would be helpful to make 

it easier to develop further simulation-based environments for educational research and 

higher education.  

In addition to combining the two principles of the framework by Grossman et al. 

(2009) together in one representation of practice, simulations have several advantages 

compared to common methods in teacher training programs such as internships. Simulations 

offer a protected environment in which preservice teachers may be prepared for areas of 

teaching that are otherwise often neglected in teacher training. As a digital environment, 

such a simulation may be easily implemented in different teacher training programs. Smaller 

adaptations can be made. For example, the familiarization of the situation could be adapted 

to situations known to the preservice teachers (e.g., in other educational systems or school 

tracks). However, the video clips do not allow for later editing. Virtual reality alternatives 
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would allow changes to be made to the simulated situation at any time and should therefore 

be considered in the development of further digital representations of practice (Wiepke et 

al., 2019). Digital environments such as video-based simulation offer the possibility of 

working in them repeatedly (Böheim et al., 2020). There are options to adjust the level of 

cognitive demand to the participants. In the video-based simulation, this could be done by 

varying the number of students, or the development of additional simulated students 

(showing inconsistent profiles). With the insights in the diagnostic process, instructional 

support like scaffolds or prompts can be developed and implemented in the simulation 

additionally to support the development of diagnostic skills. 

Other implications for practice are the findings of the dissertation on preservice 

teachers’ diagnostic skills and their diagnostic activities. Research has long investigated the 

accuracy of teachers diagnosing students’ skills (Karing, 2009; Südkamp et al., 2012; 

Urhahne & Wijnia, 2021). A greater emphasis in research on the underlying cognitive 

processes and (visible) diagnostic activities as causes of accurate and inaccurate diagnoses 

evolved recently (Herppich et al., 2018; Loibl et al., 2020). Before examining the teachers’ 

diagnostic processes, methods must be developed to measure the diagnostic activities. In this 

regard, the present dissertation presents a coding scheme to get insights into the performed 

diagnostic activities in an on-the-fly diagnostic situation. Thus, written texts of preservice 

teachers were analyzed. The question arises of how close the measured activities are to the 

actual cognitive processes of the preservice teachers. A comparison of the results from this 

research with other measurement methods, such as the method of recording think-aloud 

protocols, is still pending (Charters, 2003; Cotton & Gresty, 2006).  

The frameworks for professional competencies (Blömeke et al., 2015; Heitzmann et 

al., 2019; Herppich et al., 2018) assume a relationship between the activities in the process 

and the performance. In the context of the video-based simulation, this relationship needs 

further investigation. Likewise, for teacher education, it is worthy to investigate the influence 

of teachers’ prerequisites on diagnostic activities. Overall, the results of this research show 

that preservice teachers had only a mediocre performance in a highly relevant, partially 

decomposed diagnostic situation. A comparable real-world situation has a higher demand, 

because there are many confounding factors, such as motivational-affective characteristics, 

that can interfere with a diagnosis (Huber & Seidel, 2018; Kosel et al., 2021). Similarly, 

class size was severely depleted with four simulated students, and these simulated students 
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did not show any inconsistent profiles (Südkamp et al., 2018). Therefore, the results of this 

thesis can be used to raise the awareness of facilitating preservice teachers’ diagnostic skills 

at an early stage of their education. Teacher training programs should aim to ensure that 

preservice teachers are already familiar with these diagnostic situations before they enter the 

profession. When it comes to promoting preservice teachers’ diagnostic skills, further 

research should examine how transferable diagnostic skills are with regard to different 

situations. For example, the process could be practiced in parallel in other subject areas 

(Kron et al., 2021; Wildgans-Lang et al., 2020) or even in other subjects (Kramer et al., 2020; 

Pickal et al., 2020). A transfer of the diagnostic skills from simulated situations to real-world 

situations is decisive for simulated diagnostic situations. Furthermore, it is still largely 

unclear to what extent such simulations already function as learning environments without 

further instructional support.  

6.3 Limitations and Further Research 

Some limitations should be considered when interpreting the dissertation’s results 

and their implications for further research and educational practice. To begin with, the two 

studies with their findings rely on data from only one specific on-the-fly formative diagnostic 

situation regarding the assessment of specific students’ geometrical proving skills 

represented in the video-based simulation. Based on Schrader’s (2011) definition of 

diagnostic skills, these skills refer to the ability to cope with different diagnostic situations. 

It remains unclear to what extent comparable situations allow a more reliable measurement 

of preservice teachers’ diagnostic skills without other professional skills influencing the 

measurements in varying diagnostic situations. Each student in the video-based simulation 

and the diagnosis of the student’s skills can represent a new situation, whereby these 

situations show high similarity in their characteristics (c.f. Karst et al., 2017). Further 

research on measurements of preservice teachers’ diagnostic skills regarding additional 

students working on the same geometrical proof task is required to shed light on the quality 

of measurement of diagnostic skills in a video-based simulation. Another possibility to 

increase the quality of the measurement of preservice teachers’ diagnostic skills would be 

the use of multiple situations with similar characteristics but different contents. Diagnosing 

in a situation where students are working on a different geometrical proof task from the same 
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subject area, such as proving the inversion of Thales’ theorem (ISB, 2021), could be such a 

new situation. It remains open for further research to what extent the measurement of 

diagnostic skills in variable situations is comparable, and to what extent preservice teachers’ 

prerequisites such as professional knowledge influence these measurements.  

Both studies included a relatively small sample of preservice teachers with a total 

number of N = 79 preservice teachers. The data collection suffered from technical problems 

such that data from some participants were lost or a comparison with the other data was 

impossible. Further, this sample is quite homogeneous, for example, concerning their 

professional knowledge and experiences. For further studies, preservice teachers from 

different stages in their teacher training programs could be recruited to represent a broader 

range of students and to increase the sample sizes. 

To measure the performance in this dissertation, a score was computed for the 

absolute accuracy, which cannot reflect all differences in the performance of the preservice 

teachers. Absolute accuracy was calculated considering the agreement with an expert 

solution on the Likert response scales, whereby the deviation from this solution was not 

taken into account. Thus, the score did not consider whether someone gave an assessment 

that was only slightly or completely different from the expert solution. One possibility to 

obtain a higher validity would be to weigh the participants’ answers based on the distribution 

of experts’ answers from a preceding expert study (Hammer, 2015). 

For further validation, the video-based simulation could have been compared with 

other representations of practice. When the same diagnostic situation is presented as text or 

with actors in a live situation, a direct comparison of the perceived approximation of practice 

could be realized (Fink et al., 2021). This could extend the results of the dissertation on the 

realization of an approximation of practice by highlighting which steps (e.g., the use of 

staged video clips) mainly contribute to this realization.  

Data for the analyses of the diagnostic activities limits conclusions regarding 

relations of the diagnostic activities. The preservice teachers’ final written diagnoses were 

used for the analysis. These texts were possible to code low inferently. The measurement of 

activities through the existing texts allowed us to gain knowledge about the process without 

interfering significantly. To get better measurements of the actual cognitive activities of the 
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preservice teachers, the coding scheme has to be further developed in order to be used for 

texts that were written during the process.  

6.4 Conclusion 

The acquisition of diagnostic skills in higher education is one goal of teacher training 

programs, but the use of simulation-based learning environments at university is scarce. This 

dissertation introduces a newly developed video-based simulation as a representation of 

practice for investigating preservice teachers’ diagnostic skills to build a basis for 

simulation-based learning environments. The dissertation contributes to the field of research 

on teachers’ diagnostic skills in an on-the-fly diagnostic situation regarding the diagnosis of 

students’ geometrical proving skills. First, the dissertation has a conceptual value since the 

process of developing and designing a representation of practice was based on the framework 

by Grossman et al. (2009), showing that the framework with its principles can guide the 

designing of representations of practice. This should inspire researchers in the educational 

field to employ guidelines for the development of simulation-based environments for higher 

education. Further, it was shown that the three student prerequisites are suitable to represent 

geometrical proving skills in diagnostic situations. The findings from the studies with the 

video-based simulation contribute to the understanding of preservice teachers’ diagnostic 

skills by showing different diagnostic activities and, thus, indicating the preservice teachers’ 

difficulties in such diagnostic situations. Second, the validation of the video-based 

simulation adds methodological value to the field, since it represents an authentic 

environment in which professional skills can be investigated in a standardized and valid way. 

In addition, the development of a coding scheme to investigate diagnostic activities based 

on texts written by preservice teachers could provide further insights into the diagnostic 

process. With a domain-specific view of noticing in connection with multiple perspectives 

on knowledge-based reasoning, collective insights into the diagnostic process can be 

achieved. Third, the video-based simulation has a practical value since it can be used in 

higher teacher education to support the knowledge about, and the acquisition of, diagnostic 

skills. Furthermore, there are possibilities to enrich the video-based simulation with 

additional support in the form of scaffolds, further learning tasks, or possibilities for 

reflection at many points. 
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