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Abstract

As an important aspect of their professional practice, teachers have to accurately assess
learning-relevant student characteristics, such as prior knowledge, for which they need
assessment skills. However, as prior research suggests that teachers’ assessment skills need
improvement, facilitating their assessment skills in university teacher education seems
promising, for example, by using video-based simulations. To further increase learning gains
in such learning environments, the present dissertation developed, evaluated, and compared
possible effective scaffolding strategies within a validated video-based simulation. To this end,
two empirical studies with N =150 and N = 108 future teachers were conducted. In the first
study, a latent profile analysis was used to identify three typical patterns of future teachers’
learner characteristics: future teachers were either particularly knowledgeable, particularly
motivated, or had below-average knowledge and motivational characteristics. Future teachers
of different learner characteristic patterns differed in their perceptions of situative learning
experiences and in their assessment skills, thus revealing the potential for differentiated support.
Based on these results, conceptual prompts as cognitive support, a utility value intervention as
motivational support, and their combination were derived as promising scaffolding strategies
and were empirically evaluated in the second study. The results showed that conceptual prompts
increased judgment accuracy, particularly for future teachers with comparably low success
expectancy. Future teachers with comparably high success expectancy benefitted the most from
a utility value intervention. Surprisingly, the combination of both scaffolds resulted in the least
learning gains compared to both scaffolds individually and the control group. These studies
contribute to a deeper understanding of teachers’ assessment skills by highlighting the
important role of knowledge and, tentatively, the role of motivational characteristics in
judgment accuracy. They also contribute to a deeper understanding of the use of scaffolding in
simulations by substantiating the effectiveness of conceptual prompts and by pointing toward
a varying effectiveness of conceptual prompts and the utility value intervention for learners
with a comparably low/high success expectancy. Taken together, both studies provide an
approach for developing effective scaffolding, which also paves the way for further adaptive

support within simulations.



Zusammenfassung

Ein wesentlicher Aspekt der beruflichen Praxis von Lehrkréften ist die akkurate Einschitzung
lernrelevanter Merkmale von Schiilerlnnen wie Vorwissen. Dafiir bendtigen Lehrkrifte
Diagnosekompetenzen, die bisheriger Forschung zufolge verbesserungsbediirftig sind. Eine
frithzeitige Forderung in der universitdren Ausbildung von Lehramtskandidatlnnen durch
videobasierte Simulationen scheint vielversprechend. Um Lernzuwidchse in solchen
Lernumgebungen weiter zu steigern, wurden in der vorliegenden Dissertation effektive
Scaffolding-Strategien in einer bereits validierten videobasierten Simulation entwickelt,
evaluiert und verglichen. Hierzu wurden zwei empirische Studien mit N =150 und N =108
Lehramtsstudierenden durchgefiihrt. In der ersten Studie wurden mittels latenter Profilanalyse
drei Lernvoraussetzungsmuster von Lehramtsstudierenden identifiziert: Lehramtsstudierende
verfigten entweder liber iiberdurchschnittliches Wissen oder iiber iiberdurchschnittliche
motivationale Charakteristika oder waren entlang beider Dimensionen unterdurchschnittlich.
Lehramtsstudierende mit unterschiedlichen Mustern unterschieden sich in situationaler
Wahrnehmung der Simulation und in Diagnosekompetenzen. Darauf aufbauend wurden
konzeptuelle Prompts als kognitive Unterstiitzung, eine Utility Value Intervention als
motivationale Unterstiitzung sowie deren Kombination als potentiell erfolgsversprechende
Scaffolding-Strategien abgeleitet, die dann in der zweiten Studie empirisch evaluiert wurden.
Dabei zeigte sich, dass die verwendeten konzeptuellen Prompts der diagnostischen Performanz
zutriglich waren, insbesondere fiir Lehramtsstudierende mit relativ geringer Erfolgszuversicht.
Lehramtsstudierende mit relativ hoher Erfolgszuversicht profitierten hingegen am ehesten von
der Utility Value Intervention. Die Kombination beider Interventionen hatte tiberraschend die
geringsten Lernzuwédchse im Vergleich zu den einzelnen Interventionen und einer
Kontrollgruppe. Fiir sich genommen, tragen die beiden Studien zu einem besseren Verstindnis
von Diagnosekompetenzen von Lehrkréften hinsichtlich der zentralen Rolle professionellen
Wissens und der sich andeutenden Rolle motivationaler Charakteristika fiir die
Diagnoseakkuratheit bei. Weiter tragen die Studien zum Verstindnis von Scaffolding in
Simulationen bei, insofern als die Rolle konzeptueller Prompts hervorgehoben und die
differentielle Wirksamkeit von konzeptuellen Prompts und der Utility Value Intervention fiir
Lehramtsstudierende mit relativ niedriger/hoher Erfolgserwartung angedeutet wurde.
Zusammengenommen, zeigen die Studien einen Ansatz zur Entwicklung effektiver Scaffolding

Strategien auf, der auch den Weg fiir adaptive Unterstiitzung in Simulationen ebnet.
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1 Introduction

In their professional practice, teachers are confronted with multiple situations that require the
assessment of students. For example, teachers need to assess students’ relevant prior knowledge
when preparing a learning sequence, they need to assess students’ learning activities during
lessons, and they may assess learning gains at the end of a learning sequence (Karst et al., 2017).
In such educational settings, the term assessment typically refers to the process of collecting
and interpreting information about learning-relevant student and task characteristics, which is
then condensed into a judgment aimed at informing educational decisions (Brunswik, 1955;
Herppich et al., 2018). Teachers who are able to successfully cope with situations that require
such assessments have been found to ensure higher instructional quality (Blomeke et al., 2020;
Helmke & Schrader, 1987) and higher learning gains for students (Brunner et al., 2013; Karst
et al., 2014). Therefore, teachers’ skills that are related to successfully coping with such
assessment situations (e.g., by making accurate judgments), or so-called assessment skills, are
considered important prerequisites for high teaching quality (Schrader, 1989). This is also
reflected in educational theories on teacher competences (Baumert & Kunter, 2006) and
manifested in legal requirements of teacher education (Council of Chief State School Officers,
2013; Kultusministerkonferenz, 2004), setting assessment skills as important learning goals in

teacher education.

With regard to the question of how well teachers’ assessment skills are actually developed,
early empirical studies indicated a need for improvement with regard to teachers’ grading
practices (Starch & Elliott, 1912, 1913). Although research today considers a broader variety
of assessment situations (Karst et al., 2017), it still indicates that “teacher judgments are far
from perfect and [...] there is plenty of room for improvement” (Siidkamp et al., 2012, p. 755).
As teachers in the early years of their professional careers are particularly challenged by the
variety of tasks involved in teaching practice, including student assessment (Stokking et al.,
2003), implementing learning environments that allow an approximation of practice in

university teacher education seems promising (Grossman et al., 2009).

Computer-based simulations that allow learners to deliberately practice skills within simulated
situations have been effectively used for the training of practical skills (Petko, 2014). One of
the first examples of a computer-based simulation for fostering teachers’ assessment skills is

the simulated classroom (Siidkamp et al., 2008). In this simulation, teachers have to assess the
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mathematical knowledge of 10 simulated third graders. To gather relevant information about
the students, future teachers have 18 minutes to select questions (out of a set of 40 questions)
and pick students to answer the selected question. Recently, several other simulations have been

developed (Fischer & Opitz, 2022).

The emerging development of simulations raises the question of how learning assessment skills
in such simulations happens and how it can be better supported. As one way to increase
learning, this dissertation focuses on scaffolding as a supporting measure that can be added to
many simulations as instructional support, even after they have been released for use
(Chernikova, Heitzmann, Stadler, et al., 2020; Quintana et al., 2004). With scaffolding
embedded in the simulation, learners may still work in the simulated situation on their own but
are assisted by the simulation taking over certain subtasks (Wood et al., 1976). For example, a
scaffold in the simulated classroom (Stidkamp et al., 2008) could take over the selection of
relevant questions so that future teachers can focus on picking students and interpreting their
answers. One crucial feature of scaffolding is that it supports learners exactly where they need
it (Collins et al., 1989). Therefore, possible directions of support can be manifested in stable
learner characteristics (e.g., learners’ prior knowledge), as well as in the learners’ performance
and situative learning experiences within the simulation, such as the learners’ current
motivation (Aleven et al., 2017). In each case, thorough considerations preceding the design
and development of scaffolding are necessary to ensure that scaffolding is tailored to learners’
needs. Ideally, such preceding considerations are not only based on theoretical frameworks but
also include empirical studies (Plass & Pawar, 2020). Empirical studies may provide additional
insights into how learners learn within a given simulation and possibly point to directions for
support measures. To my knowledge, however, this approach of combining theoretical and
empirical perspectives for developing effective scaffolding has rarely been taken in recent
research on scaffolding in computer-based settings, perhaps due to a lack of resources (e.g.,
time, money, personnel) or the absence of a standardized methodology to develop effective

scaffolding.

The present dissertation provides an example of how effective scaffolding in the context of
teachers’ assessment skills can be developed and may thus serve as a blueprint for other
researchers and simulation designers. In that regard, this dissertation goes beyond the mere
evaluation of more or less thoroughly designed scaffolds by capturing theoretical, empirical,

and methodological perspectives for developing scaffolding that supports learners where they
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need it. Theoretical considerations serve as a starting point from which the learner
characteristics of future teachers important for learning assessment skills in simulations are
derived. These considerations are followed by empirical investigations of what individual
learning prerequisites future teachers bring to the learning environment, which allows, in turn,
to determine possible directions for scaffolding measures. Drawing on a second empirical
study, the developed scaffolds are then evaluated with regard to their general effectiveness.
Altogether, the present dissertation provides insights into scaffolding and its development to
support (future) teachers in acquiring assessment skills in simulations. It also provides further

insights into assessment skills and learning in simulations.
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2 Theoretical Background

2.1 Teachers’ Assessment Skills

According to Artelt and Grisel (2009), assessment skills' refer to adequately assessing student
characteristics and task requirements. In other words, a skilled teacher in terms of student
assessment is one who assesses students adequately. This represents a holistic view defining
good assessment skills by effective assessment performance (i.e., adequate assessment). This
stresses that performance is the main criterion for the validity of measuring teachers’
assessment skills. Further, as performance is linked to the given situation, this holistic view also
reflects that assessment skills involve situative and thus domain- and topic-specific aspects
(Spinath, 2005). Recently, an analytic perspective stemming from the notion of competence
has been added to the discourse on teachers’ assessment skills. From this perspective, teachers’
assessment skills are considered dispositions to successfully deal with the process of assessing
learning-relevant student characteristics (Herppich et al., 2018). This perspective bears the
advantage that assessment skills are considered rather stable, learnable, and trainable. However,
Blomeke, Gustafsson, and Shavelson (2015) highlighted that both the analytic and the holistic
perspectives are necessary to validly describe and conceptualize teachers’ assessment skills,
and that both perspectives are linked via situation-specific skills. Thus, even though recent
conceptualizations of assessment skills rather take an analytic perspective, the role of situation-
specific skills and assessment performance for teachers’ assessment skills is acknowledged, and
both aspects are included in these conceptualizations (Heitzmann et al., 2019; Herppich et al.,
2018; Loibl et al., 2020). Thus, recent conceptualizations of assessment skills include three

aspects: dispositions, situation-specific skills, and assessment performance (see also Figure 1).

Assessment Performance

Situation- Assessment Process

opece e TV I Judgment auaity

Judgment Quality

Dispositions

Figure 1. Conceptualization of assessment skills based on Blomeke, Gustafsson, and Shavelson (2015).

! Note that current research also uses other terminology to describe teachers’ assessment skills, such as diagnostic
skills, diagnostic competence, assessment competence, or assessment literacy, see Herppich et al. (2018).
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With regard to the dispositions in these conceptualizations, it is often drawn mostly on cognitive
dispositions, such as professional knowledge, but the role of dispositions, such as motivational
characteristics, is acknowledged (Herppich et al., 2018; Loibl et al., 2020). However, cognitive
and motivational dispositions are not only part of conceptualizations of assessment skills but
can also be seen as learning prerequisites that influence learning in simulations (Heitzmann et

al., 2019). These dispositions will be discussed in Section 2.3.1 in greater detail.

As another part of teachers’ cognition, situation-specific skills, such as perception,
interpretation, and decision-making, are expected to mediate between dispositions and
assessment performance (Blomeke, Gustafsson, and Shavelson, 2015). The distinction between
future teachers’ situation-specific skills and their general dispositions has also been supported

empirically (Blomeke et al., 2016) and included in current conceptualizations of assessment

skills (Loibl et al., 2020).

With regard to assessment performance, prior research has often focused on the quality of the
assessment. In their definition of teachers’ assessment skills, Artelt and Grésel (2009) required
adequate assessments. However, the definition does not specify which criteria must be fulfilled
for an assessment to be adequate, yet such criteria are essential for measuring assessment
performance. Typically, assessments are required to be objective, reliable, and valid (Schrader,
2013). Whereas earlier research on assessment skills has focused on objectivity and reliability
(Ingenkamp & Lissmann, 2008), present research draws mainly on criterion validity for
determining the adequacy of an assessment (see Kane & Wools, 2020). Therefore, researchers
often compare a teacher’s judgment to an expert’s judgment or to students’ results from a
standardized test (Karst et al., 2014). The result of this comparison is referred to as teachers’
judgment accuracy, which can be considered the most prominent measure of judgment quality.
Judgment accuracy can, for example, be expressed as the percentage with which a teacher and
the criterion agree (Urhahne & Wijnia, 2021). Three other components of judgment accuracy
were introduced by Schrader (1989): the level component, the rank component, and the
differentiation component. The level component requires an assessment situation in which
students need to be assigned to certain levels (e.g., skill levels) to analyze the extent and
direction of disagreement between the teacher’s judgment and a certain criterion. This allows
for, for example, determining whether teachers overestimate or underestimate their students.
The differentiation component analyzes whether teachers are able to correctly approximate the

variance of the students’ characteristics to be assessed. The rank component analyzes whether
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teachers are able to correctly rank their students according to the students’ characteristics to be

assessed.

All these measures allow researchers to quantify assessment performance, operationalized by
judgment accuracy as the typical assessment quality indicator (Urhahne & Wijnia, 2021).
However, to gain a better understanding of how teachers’ come to certain judgments, in addition
to considering teachers’ dispositions and their situation-specific skills, it seems reasonable to
investigate how teachers’ dispositions come to action by the application of situation-specific
skills (Blomeke, Gustafsson, & Shavelson, 2015). This becomes evident in the assessment
process (Schrader, 2013; Wildgans-Lang et al., 2020). Therefore, current conceptualizations of
assessment skills explicitly include and conceptualize the assessment process as a second aspect
of assessment performance (Heitzmann et al., 2019; Herppich et al.,, 2018). These
conceptualizations differ in their granularity. Herppich et al.’s (2018) model is more general
and points out general constituents of the assessment process, such as the processing of given
information. It also highlights two processing modes based on dual processing theories: the
intuitive mode, in which information is automatically processed, and the reasoning mode, in
which information is processed more systematically (Ferreira et al., 2006). The model of
Heitzmann et al. (2019) 1s more fine-grained (regarding the processing of given information)
by specifying eight epistemic activities based on Fischer et al.’s (2014) framework for scientific
reasoning carried out during the assessment process. These activities have also been related to
the concept of professional vision and noticing (Kramer, Fortsch, Seidel, & Neuhaus, 2021;
Seidel & Stiirmer, 2014; van Es & Sherin, 2002). However, so far, there has been no generally
accepted way of conceptualizing and analyzing the assessment process. Further, approaches to
the assessment process differ not only conceptually but also methodologically: some
researchers draw on think-aloud protocols (e.g., Oudman et al., 2018) to gain insights into the
assessment process, while others use log data during a computer-based simulation (e.g., Brandl
et al., 2021), or eye-tracking (e.g., Kosel, Holzberger, & Seidel, 2021). Analyzing notes taken
while assessing students has also been shown to be a valid way of approaching an understanding

of the assessment process (e.g., Codreanu, 2021).

This broader understanding of student assessment, including dispositions, situation-specific
skills, and their manifestation in the assessment process, can then lead to a further understanding
of shortcomings in teachers’ judgments. Based on this understanding, current learning

opportunities may be improved, and new learning opportunities may be designed. This also
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appears to be necessary. Recently, Urhahne and Wijnia (2021) reviewed findings on teachers’
judgment accuracy from 1980 to 2019. For example, regarding academic achievement, teachers
tended to overestimate students’ performance on a standardized test (level component), whereas
no signs of systematic deviations regarding the differentiation component were found (Urhahne
& Wijnia, 2021). Furthermore, the rank component (operationalized as the correlation between
teachers’ judgments and student academic achievement) has been reported to be rather high
(r =.63) but still requires improvements (Stidkamp et al., 2012). It is worth noting that these
results do not consider teachers’ professional experience. For example, research with a
particular focus on teachers at the beginning of their professional careers has pointed toward an

overload with regard to tasks related to student assessment (Levin et al., 2009).

2.2 Simulation-Based Learning

Future teachers may benefit from additional learning opportunities that can be provided in
university teacher education, such as simulations (Blomeke, Hoth, et al., 2015; Chernikova,
Heitzmann, Stadler, et al., 2020). In such educational contexts, a simulation typically refers to
environments that reflect an aspect of (professional) practice, and have the feature of being
interactive (Petko, 2014). That is, learners can interact with one or multiple agents within a
simulation to mimic professional practice (Cook et al., 2013, p. 874). Such simulations can be
used for teaching and training purposes. As a learning environment, simulations are fairly
proximal to practice and may thus enable learners to more easily recognize patterns within a
practice situation that they might have already dealt with in a simulation, thus allowing for the
transfer of knowledge acquired in the simulation (Kahneman, 2003; Kolodner, 1992; Tversky
& Kahneman, 1974). With regard to assessment skills, different simulations have been used
thus far, ranging from live simulations (e.g., Fink et al., 2021; Kron et al., 2021) to computer-
based simulations (e.g., Stidkamp et al., 2008), also including video-based simulations (e.g.,

Codreanu et al., 2020).
2.2.1 Video-Based Simulations

As interactive learning environments that mimic aspects of real professional practice,
simulations can be regarded as approximations of practice, which Grossman et al. (2009)
defined as “opportunities for novices to engage in practices that are more or less proximal to
the practices of a profession” (p. 2058). This definition highlights the existence of different

degrees of approximation to practice, depending on the proximity of the learning environment
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to practice. In the past few years, researchers have started developing simulations in the sense
of approximations of practice (Codreanu et al., 2020). In their call for approximations of
practice, Grossman et al. (2009) also targeted current university teacher education, in which
training situations for the acquisition of complex teaching skills, such as assessment skills, are
scarce and mainly happen in the form of practicums at school (Cohen et al., 2013). However,
such practical phases seem to provide particularly few learning opportunities for future teachers
to engage in activities related to assessment skills (Weresch-Deperrois et al., 2009), and if they
do, the active teaching experiences as a central learning opportunity within these practical
phases (see Arnold et al., 2014) may be too overwhelming for future teachers (Dicke et al.,
2016). Thus, additional learning opportunities within university teacher education that allow
future teachers to focus exclusively (or at least primarily) on assessment skills seem promising.
Grossman et al. (2009) referred to this kind of training as a decomposition of practice, which
“involves breaking down practice into its constituent parts for the purposes of teaching and
learning” (p. 2058). For example, in teaching practice, teachers typically have to simultaneously
deal with student assessment and classroom management. A decomposition of practice,
however, would allow future teachers to focus on one of these tasks at a time and to be more

deliberate in their practice (Ericsson et al., 1993; Grossman et al., 2009).

Therefore, learning environments may be particularly beneficial for future teachers when they
simultaneously represent approximations and decompositions of practice. Again, simulations
can provide opportunities for future teachers to authentically approximate practice and target
specific skills, such as assessment skills (Chernikova, Heitzmann, Stadler, et al., 2020;
Codreanu et al., 2020). Among different types of simulations, video-based simulations may be
particularly promising, as they combine the advantages of simulations (e.g., interactivity) with
the advantages of the use of authentic videos: The use of classroom videos not only preserves
authenticity in a scalable way (Brophy, 2004) but also allows for a decomposition of practice.
For example, by assessing students in scripted videos that depict students working on a task
without any non-task-related behavior, future teachers can facilitate their assessment skills
without being distracted by other common requirements in classroom practice. Further, by
varying the number of students to be assessed in these scripted videos, the task difficulty could
be adjusted to the future teachers’ zone of proximal development (Fischer et al., 2022;
Vygotsky, 1978). Hence, it is not surprising that an increasing number of researchers are

drawing on videos to facilitate teaching skills (Borko et al., 2008; Gold et al., 2013; Santagata,
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2009), and are substantiating the premises of authentic videos with regard to learning gains

(Gaudin & Chali¢s, 2015; Stiirmer et al., 2013).

To summarize, beyond being an always available and scalable learning environment, video-
based simulations can have the advantage of being an approximation of practice while allowing
for decomposing practice (Grossman et al., 2009; Stiirmer et al., 2013). Both advantages,
however, can also be seen as requirements for effective video-based simulations, as they
influence the learners’ situative learning experiences—that 1is, their perceptions and
experiences in the video-based simulation (Chernikova, Heitzmann, Stadler, et al., 2020;

Grossman et al., 2009).
2.2.2 Situative Learning Experiences in Video-Based Simulations

Situative learning experiences are considered important situative prerequisites of learning and
include, among others, the learners’ motivation and cognitive load while completing the video-

based simulation, as well as the learners’ subjective sense of presence and authenticity.

Regarding the analysis of learning processes, motivation is among the most prominent measures
of situative learning experiences. Research on motivation and its role in learning has a long
tradition in educational psychology (Bandura, 1977; Heckhausen, 1967). Within virtual
learning environments, such as video-based simulations, motivation is expected to be an
important predictor of performance and learning (Heitzmann et al., 2019). For example, Chen
and Wu (2012) found aspects of learners’ motivation to predict the use of metacognitive
strategies (f =0.12), which then influenced the learners’ performance. According to the
expectancy-value theory of motivation (Wigfield & Eccles, 2000), a learner’s motivation for a
given activity is influenced by two main components: the learner’s expectancy to successfully
accomplish the activity (success expectancy) and the subjective value the learner attaches to
that given activity (value). This model also specifies that success expectancy is influenced by,
among others, the learners’ perceptions of the demands of the activity. For example, a higher
teachers’ confidence about student assessment may lead to an increased motivation for student
assessment in the classroom. By contrast, the perception of the utility of the given activity
(utility value) influences the teachers’ subjective value component. For example, being aware
of the relevance of student assessment for teaching practice may also lead to increased
motivation for student assessment in the classroom (Wigfield & Eccles, 2000). Besides success

expectancy and value, their interaction is also expected to play a role in learners’ motivation
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(Nagengast et al., 2011; Wigfield & Eccles, 2000). In Trautwein et al.’s (2012) study with 2508
secondary school students, comparably high scores on both components led to the highest
scores on a mathematics test, whereas comparably low scores on the success expectancy
component or the value component could not be compensated by comparably high scores of
the other component. Interestingly, the combination of comparably high subjective value and
comparably low success expectancy led to even worse mathematics test scores than comparably
low scores on both components. However, other interaction patterns have also been found (e.g.,
Song & Chung, 2020). Against this backdrop, the role of the interaction between success

expectancy and value remains an open question (Wigfield & Eccles, 2020).

Besides motivational situative learning experiences, cognitive situative learning experiences
are also relevant for learning in general, and for learning in video-based simulations in
particular (Mayer, 2014). For learning with virtual environments, researchers typically take the
construct of cognitive load into account (Sweller et al., 1998; Sweller et al., 2019). Cognitive
load theory draws on the premise that humans’ working memory has a limited capacity. During
the learning process, these limited working memory resources can be distributed between
intrinsic cognitive load, extraneous cognitive load, and germane resources (Sweller et al.,
2011). Intrinsic cognitive load is imposed by the complexity of the learning material itself. In
the context of a video-based simulation for teachers’ assessment skills, intrinsic cognitive load
refers to the working memory load, which is imposed due to the complexity of student
assessment for the teacher (e.g., information that is processed about a student). Extraneous
cognitive load refers to the space in the working memory load that is imposed due to the
presentation of the learning material. For example, navigating through a complex and
unstructured video-based simulation may impose a high extraneous cognitive load (Sweller et
al., 1998). Based on the findings of previous studies, Sweller et al. (2011) changed the initial
term germane cognitive load to germane resources, which are now understood as “working
memory resources that are devoted to information that is relevant or germane to learning”
(p. 57). Such information imposes an intrinsic cognitive load, which underpins that intrinsic
cognitive load and germane resources are intertwined and necessary for learning. Thus, intrinsic
cognitive load needs to be kept at an appropriate level, and extraneous cognitive load needs to
be kept as low as possible to have enough germane resources for learning. This means that, for
example, a video-based simulation’s user interface should be designed learner-friendly, and the

complexity of the given learning material should be adjusted to an appropriate level that
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provides enough learning content but is not overwhelming for the learners (Grossman et al.,

2009; Sweller et al., 2019).

Whereas motivation and cognitive load are typical measures for situative learning experiences
in general, the feeling of presence and the perception of authenticity become particularly
important in virtual environments, such as video-based simulations. Schubert et al. (2001)
described presence as the “sense of being in the virtual environment” (p. 266). Sometimes,
presence is also understood as mental or cognitive involvement (Stevens & Kincaid, 2015;
Witmer & Singer, 1998). The sense of presence is subjective and influenced by the design of
the video-based simulation. For example, a video-based simulation that is very proximal to
practice can enlarge the sense of being in the simulated situation of practice (Grossman et al.,
2009; Schubert et al., 2001). Evidence that learners‘ perception of presence facilitates
performance in simulations may not be surprising (Selzer et al., 2019; Stevens & Kincaid,
2015). For example, Stevens and Kincaid (2015) found a moderate relation (» = .22) between
the sense of presence and performance for novice soldiers in a military simulation. The concept
of presence is also linked to the perception of authenticity because the high authenticity of a
video-based simulation is expected to positively affect the sense of presence in this simulation
(Gilbert, 2016). Authenticity refers to the physical resemblance of the simulated situation with
the real-world situation but also to the functional correspondence with regard to the simulated
task (Chernikova et al., in press). Authenticity has also been linked to learning. In their meta-
analysis, Chernikova, Heitzmann, Stadler, et al. (2020) found simulations with low authenticity
(g=0.58) to be less effective for learning than simulations employing higher levels of
authenticity (g = 0.86). Thus, besides motivational and cognitive situative learning experiences,
presence, and authenticity are important aspects of learners’ perceptions and experiences when

learning in a video-based simulation.

2.3 Facilitating Teachers’ Assessment Skills in Simulations

Since teachers’ assessment skills are relevant to multiple aspects of teaching that have been
identified as core practices of teaching (Grossman, 2018), facilitating teachers’ assessment
skills in university teacher education may contribute to high teaching quality in future teachers’
later professional practice. To this end, video-based simulations as approximations and
decompositions of practice are considered promising for facilitating assessment skills

(Grossman et al., 2009). In this regard, several different simulations have been developed
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(Fischer & Opitz, 2022; Siidkamp et al., 2008). To guide research on facilitating assessment
skills in simulations, the COSIMA research unit (2021) developed a framework that outlines

the components of learning assessment skills in simulations (see Figure 2).

Individual learning prerequisites
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Figure 2. COSIMA framework’® (see also Heitzmann et al., 2019).

This framework comprises five main components: First, and most importantly, the learners’
assessment skills (labeled diagnostic competences in this framework) as an outcome of the
simulation. For example, this dissertation specifically focuses on assessment performance as a
learning process/outcome measure as described in Section 2.1. Second, the processes in the
simulation-based learning environment comprise the diagnostic activities and the quality of the
assessment in the simulation, as well as the learners’ situative learning experiences. Note that
the term diagnostic activities in the framework refers to the conceptualization of goal-oriented
activities conducted during the assessment process described in Section 2.1 (Fischer et al., 2014;
Heitzmann et al., 2019). To increase learning gains, the processes in the simulation can be
promoted by additional instructional support, the third component of the framework. The

framework specifies, among others, scaffolding as a means of instructional support. Fourth, the

2 From CC BY licenses for the COSIMA framework by COSIMA research unit, 2021 (https://www.en.for2385.uni-
muenchen.de/cosima_framemodell/ccbylicenses/index.html). CC BY 4.0.
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framework takes the learners’ individual learning prerequisites into account. It considers
motivational-affective as well as cognitive prerequisites. Future teachers’ assessment skills
before the simulation are also considered individual learning prerequisites. These learning
prerequisites are expected to influence teachers’ future assessment skills, the processes in the
simulation, and the effects of instructional support for the processes in the simulation. To
distinguish between prerequisites that appear consistently in different learning environments
and prerequisites that may vary from one learning environment to another, I refer to rather
stable prerequisites as learner characteristics (e.g., dispositions, such as interest or professional
knowledge) and consider other prerequisites, such as motivation, as situative learning
experiences. Lastly, the framework highlights that assessment skills, and thus simulations for
facilitating assessment skills, are influenced by context variables, such as the domain of the

assessment.

In their meta-analysis, Chernikova, Heitzmann, Stadler, et al. (2020) investigated the
effectiveness of such simulations and found simulations to be an effective means of fostering
complex skills, such as teachers’ assessment skills, with a mean effect of g = 0.58. Further, the
effectiveness of such simulations varied along the dimensions of learner characteristics (e.g.,
when using familiarity with the context as an indicator of prior knowledge, they obtained effects
of g=0.83 for learners with high prior knowledge and g = 0.67 for learners with low prior
knowledge) and the employed types of scaffolding (e.g., the combination of prompts and
worked-out examples reached an effect of g =1.60, whereas simulations without scaffolding
had an effect of g = 0.88). Both aspects, learner characteristics and scaffolding, are discussed

in the following two subsections.
2.3.1 Learner Characteristics

Regarding learner characteristics, researchers often draw on cognitive and motivational
variables as important prerequisites for effective learning (Kosel, Wolter, & Seidel, 2021). Even
though theoretical frameworks may also include executive functions (Heitzmann et al., 2019),
a general information processing ability (Herppich et al., 2018) or more general cognitive
abilities (Loibl et al., 2020), teachers’ professional knowledge is highlighted by several
frameworks and is typically regarded as a main component of cognitive learner characteristics.
Shulman’s (1986) framework provides guidance to structure teachers‘ professional knowledge
in general, which is also a relevant structure of knowledge underlying teachers‘ assessment

performance (Fortsch et al., 2018): Teachers generally require content knowledge (CK),
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pedagogical content knowledge (PCK), and pedagogical-psychological knowledge (PK). CK
refers to teachers’ knowledge of the subject domain itself, and PCK refers to knowledge of
learning and teaching within a subject domain. Thus far, CK and PCK are considered domain-
specific (Fortsch et al., 2018) and may thus be particularly important for assessment
performance in strongly content-related settings (Hoth et al., 2016). For example, when
assessing students’ performance on a geometry task (as a highly content-related setting), it
seems particularly important that teachers are able to solve the task by themselves (referring to
CK) and that teachers know about typical student misconceptions (referring to PCK). By
contrast, PK, defined as domain-general knowledge referring to general pedagogical-
psychological aspects in school classrooms, such as classroom management or judgment biases,
may be less relevant in this situation. However, PK may be particularly important for

assessment performance in general instructional settings and teacher actions.

Empirically, not all prior studies find significant positive effects of all professional knowledge
facets (CK, PCK, PK, and their possible subfacets) for high judgment quality?, yet the tendency
of empirical results substantiates the role of these facets depending on the domain specificity
of the assessment situation. Studies with a general focus on teaching (e.g., teachers’ assessment
of the instructional quality of a lesson) have reported significant effects of teachers’ PK on their
assessment performance (Konig et al., 2014; Kramer, Fortsch, Boone, et al., 2021). Studies with
a stronger content-related focus (e.g., teachers assess the learning potential of a mathematical
task) did not find significant main effects of PK but a significant main effect of teachers’
domain-specific CK on teachers’ assessment performance (Aschbacher & Alonzo, 2006; Kron
et al., 2022; Todorova et al., 2017). With regard to teachers’ PCK, most studies report
significant effects on assessment performance, ranging from weak influence (McElvany et al.,
2009) and medium (Rieu et al., 2022) up to larger effects of PCK with regard to specific aspects
of judgment quality (Ostermann et al., 2018).

In summary, prior research offers tendencies toward positive effects of professional knowledge
on the quality of teachers’ judgments. With regard to teachers’ motivational learner
characteristics, the number of conclusive empirical studies is small, and there is no clear
tendency regarding what role such characteristics can play in teachers’ assessment
performance. However, as motivational teacher characteristics, such as teacher‘s interest and

self-efficacy, have been found to be important for effective teaching in general (Schiefele et al.,

3 See, for example, Karing, 2009, for knowledge in general or McElvany et al., 2009, for different PCK subfacets.
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2013; Tschannen-Moran et al., 1998), they are also expected to play a role in teachers’
assessment performance (Heitzmann et al., 2019; Herppich et al., 2018; Klug et al., 2016; Loibl
et al., 2020). In one of the few conclusive empirical studies, Kron et al. (2022) pointed to
teachers’ interest as a door-opener for the application of professional knowledge. In their study,
they found a significant interaction between PCK and interest in judgment accuracy; future
teachers with a higher PCK and higher interest also reached a higher judgment accuracy.
Further, contrary to their theoretical expectations, Klug et al. (2016) found a negative effect of
future teachers’ self-efficacy on their assessment performance, which they explained with the
negative effects of overestimation. Thus, both interest and self-efficacy could play a role in
teachers’ assessment performance, which needs to be further investigated. Besides their
influence on teachers’ assessment performance, these two variables can also be seen as
important prerequisites for learning assessment skills (Ainley et al., 2002; Dupeyrat et al., 2011;
Praetorius et al., 2013; Praetorius et al., 2016). Lastly, self-regulation* is often seen as an
important prerequisite for learning in general (Dent & Koenka, 2016). Even though self-
regulation has been shown to be an important teacher characteristic for effective teaching, its
role has so far never been successfully investigated in the context of teachers’ assessment skills

(Klusmann et al., 2008).

To summarize, the theoretical assumptions that teachers’ CK, PCK, and PK, as well as teachers’
interest, self-efficacy, and self-regulation, can play an important role in teachers’ assessment
performance seem to be substantiated by empirical findings. Thus, particular knowledge about
how these learner characteristics interact with performance and learning outcomes in video-
based simulations can also serve as a basis for the development of supporting measures, such

as scaffolding.
2.3.2 Scaffolding

Scaffolding is considered an effective means of supporting performance and learning in various
domains (Belland et al., 2017; Hardy et al., 2019). Since its introduction by Wood et al. (1976),
scaffolding theory has been further developed conceptually and has also been integrated into
well-established theories of learning, such as cognitive apprenticeship (Collins et al., 1989).
The value of scaffolding is also underlined by empirical findings that positively evaluate the

effectiveness of scaffolding in a large number of learning settings (Belland et al., 2017; van de

4 This dissertation focuses on motivational aspects of self-regulation; see Boekaerts (1999) for other components.
For the sake of readability, I will continue to use the term self-regulation but refer only to its motivational aspects.
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Pol et al., 2010). With regard to the use of video-based simulations in teacher education,
scaffolding is considered promising for increasing performance and learning (Chernikova,

Heitzmann, Fink, et al., 2020; Fischer et al., 2022).

The initial concept of scaffolding was introduced by Wood et al. (1976) in the context of tutor
support for acquiring problem-solving skills. By the term scaffolding process, the authors
referred to a tutor action “that enables a child or novice to solve a problem, carry out a task or
achieve a goal which would be beyond his unassisted efforts” (p. 90). Therefore, the support of
the tutor may, for example, consist of motivating the learners to solve a given task, or may
consist of taking over subtasks that are either not feasible for the learners or occupy too much
of the learners’ capacities for carrying out the given task. These ideas refer to recruitment and
a reduction in degrees of freedom, which have been pointed out by Wood et al. (1976) along
with four other scaffolding strategies. Theoretical considerations on the concept of scaffolding
have emerged since its introduction by Wood et al. (1976), moving from the description of
scaffolding strategies toward general categorizations of scaffolding. For example, Hannafin et
al. (1999) distinguished between four categories of scaffolding, such as conceptual scaffolding

that aims at nudging learners to relevant considerations (e.g., providing additional knowledge).

Technological advances have inspired researchers to investigate scaffolding not only in terms
of tutor actions but also in terms of actions in virtual learning environments, such as video-
based simulations (Heitzmann et al., 2019; Quintana et al., 2004). Similar to real-life tutors,
video-based simulations can take over tasks that are barely feasible or too demanding for
learners (Belland et al., 2017). As a crucial feature of scaffolding in such virtual learning
environments, the learners’ responsibility for solving the given task themselves is highlighted.
Even though learners are supported by scaffolding, they still have to complete the task
themselves; they remain actively involved in and responsible for the final solution of the task
(Belland, 2011). A prominent example of scaffolding in virtual learning environments that

allows learners to remain responsible for solving a task is conceptual prompts.

2.3.2.1 Conceptual Prompts

In its conceptual advancement, scaffolding has also been related to Vygotsky’s (1978) concept
of zone of proximal development (Stone, 1998). For example, Hannafin et al. (1999) used the
term “Vygotskian scaffolding” to refer to certain scaffolding strategies (p. 131), and Palincsar
(1998) highlighted that scaffolding should fit the students’ zone of proximal development. This

relationship to the zone of proximal development, which often has a more cognitive
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connotation, may explain why scaffolding is often seen as cognitive support, even though half
of Wood et al.’s (1976) original scaffolding strategies refer to motivational support (Belland et
al., 2013; Hannafin et al., 1999). Thus, empirical investigations of scaffolding strategies mainly
refer to cognitive support. Based on these empirical studies, prompts are considered to be
among the most promising scaffolding strategies, particularly in virtual learning environments

(Chernikova, Heitzmann, Stadler, et al., 2020).

Prompts can be defined ““as recall and/or performance aids, which vary from general questions
[...] to explicit execution instructions” (Bannert, 2009, p. 139). Such prompts are also often
used in virtual learning environments, as they have been reported to be effective and easy to
implement (Bannert & Reimann, 2012), leading to a broad variety of different prompts
(Berthold et al., 2007; Zumbach et al., 2020). Following the categorization of scaffolding by
Hannafin et al. (1999), conceptual prompts represent one category of prompts, which can be
understood as prompts guiding learners’ considerations within a learning environment. The
effectiveness of such prompts can also be related to cognitive load theory (Klepsch & Seufert,
2021), as conceptual prompts provide guidance to deal with the given task, which otherwise
would have imposed cognitive load on the learners’ working memory. The following example
illustrates a possible connection of conceptual prompts to cognitive load: A prompt defining
specific segmenting subtasks that were not given in the initial instruction can guide learners’
considerations toward these subtasks and thus can be considered a conceptual prompt. This
conceptual prompt changes the affordances of a given task (several subtasks instead of one
extensive task), which may impose a lower intrinsic cognitive load. Conversely, such prompts
also represent an additional element in the learning environment and thus lead to higher
extraneous cognitive load (Mayer & Moreno, 2010). Depending on the available germane
resources that are employed, these prompts can then lead to higher learning gains (Moreno &

Mayer, 2010); see also Figure 3.

Reduction of
Intrinsic Cognitive Load

Conceptual Prompts

Increase in Performance
and Learning Gains

Utility Value Increase of
Intervention Perceived Utility Value

Figure 3. Possible effect mechanism of conceptual prompts and a utility value intervention.

3> This category of prompts is sometimes called cognitive prompts (see Bannert, 2009; Wild and Schiefele, 1994).
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Prompts were also used as effective means in the context of teachers’ assessment skills (see
Estapa & Amador, 2023 for an overview). For example, Irmer et al. (2022) found context-
specific conceptual prompts activating future teachers’ PCK to be effective regarding the
scaffolded assessment performance and learning gains, whereas generic conceptual prompts
activating more general strategies for the assessment process were not effective. Sommerhoff
et al. (2023) compared the effects of two types of context-specific conceptual prompts in a
video-based simulation. The first type drew future teachers’ attention to a particular relevant
event in a video and asked them to draw conclusions from this event about a corresponding
facet of what was being assessed. This specific type of prompt was found to be generally
effective for judgment following the scaffolded assessment process and with regard to learning
gains (f = 0.78). The other type of prompt asked future teachers to make inferences about how
two different facets of what is being assessed interact (without naming any specific video
event). This interconnecting type of prompt was not found to be generally effective, neither for
the judgment following the scaffolded assessment process, nor for a later judgment following
a non-scaffolded assessment process; thus, no learning gains were indicated through these
interconnecting prompts. However, in a further analysis, Sommerhoff et al. (2023) found that
future teachers required sufficient PCK to effectively use such prompts. This seems reasonable,
as the given interconnecting prompts can only support future teachers (and may impose
additional cognitive load otherwise) once they have identified events in the video as relevant
and connected them to the corresponding facet of what is being assessed, both requiring

sufficient PCK (Meschede et al., 2017; Seidel & Stiirmer, 2014).

In other words, future teachers’ PCK turned out to be a moderator for the effectiveness of the
given interconnecting prompts, and thus highlights what was also expected theoretically
(Heitzmann et al., 2019): scaffolding can be differentially effective. The phenomenon of the
differential effectiveness of prompts has also been found empirically in other domains, drawing
on cognitive moderators, such as verbal intelligence, reading competence, or general domain
knowledge (Horz et al., 2009; Pieger & Bannert, 2018). Motivational variables may also
moderate the effectiveness of prompts. However, empirical studies investigating the possible
moderating role of motivational variables are scarce within the research on prompts, even
though the motivational effects of conceptual prompts seem plausible (Belland et al., 2013;
Bixler, 2007). In motivational scaffolding research, considering motivational variables is quite

common.
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2.3.2.2 Utility Value Intervention

Compared to research on conceptual scaffolding, research on motivational scaffolding is
underrepresented, despite the presence of promising scaffolding strategies (Belland et al., 2013;
Lazowski & Hulleman, 2016). One promising example of motivational scaffolding—generally
but also within video-based simulations—is uwutility value interventions (Hulleman &
Harackiewicz, 2021). A utility value intervention is a motivational intervention that aims to
increase the learners’ utility value component of motivation by supporting them in connecting
the learning content to their later professional lives. A study by Hulleman et al. (2010) is
considered one of the first experimental studies to examine the role of interventions aiming at
increasing utility value (Hulleman & Harackiewicz, 2021). In this study, psychology
undergraduate students reflected on the utility of a math technique in a writing task, which led
to a higher perceived utility value and interest in the math technique. Performance did not
improve significantly in the study, but later studies also found effects on performance and
further outcome measures (Durik et al., 2015; Harackiewicz et al., 2016). The utility value
intervention in Hulleman et al.’s (2010) study draws on the self-generation strategy, which
typically involves learners writing about a topic’s connection to their own lives. This self-
generation strategy can also be combined with another strategy—the direct communication of
utility value (Gaspard et al., 2015)—which refers to presenting the relevance of a given activity
directly to the learners. Empirically, the combination of both strategies, self-generation and
communication, has yielded positive effects on interest, performance, and learning gains
(Canning & Harackiewicz, 2015; Gaspard et al., 2021). By increasing the learners’ motivation,
particularly their utility value regarding the learning content (Wigfield & Eccles, 2000), utility
value interventions may induce psychological processes, such as cognitive involvement, and
development of interest (Hidi & Renninger, 2006), and behavioral processes, such as a higher
engagement in the (learning) activity and improved performance. Both mechanisms may also
influence each other, and may increase outcomes, such as grades, in the long term (Hulleman

& Harackiewicz, 2021); see also Figure 3.

Concerning the analysis of the effectiveness of utility value interventions, researchers usually
consider their differential effectiveness. For example, in Rosenzweig et al.’s (2020) study, a
utility value intervention only had a small effect on exam scores (d = .30) but not for students
with lower initial course performance: their post-intervention exam scores were significantly

higher than for the control condition, and this difference was characterized by a large effect size
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of d=.90. Among possible moderators for the effects of utility value interventions, success
expectancy, sometimes called confidence (Canning & Harackiewicz, 2015), or performance
expectations (Hulleman et al., 2010) has been used very often (Gaspard et al., 2021). For
example, with regard to utility value interventions using a communication strategy, learners
with a comparably high success expectancy tended to benefit much more than learners with a
comparably low success expectancy, who might not even benefit at all (Canning &
Harackiewicz, 2015; Durik et al., 2015). Again, combining the communication strategy with a
self-generation strategy allows for remediation, increasing the effects of the utility value

intervention for learners with comparably low success expectancy (Canning & Harackiewicz,

2015).

With regard to teacher education, research investigating the effects of utility value interventions
is scarce. This is surprising, as it is known that future teachers often perceive a lack of relevance
regarding university learning content, particularly learning content with regard to educational
sciences, for their later professional practice (Alles et al., 2019; Voss, 2022). In a recent article,
Rochnia and Grésel (2022) found future teachers’ perception of the utility of educational
science for their later professional lives to be medium (4.39 on a 7-point Likert scale). In this
study, the authors employed a utility value intervention to increase this perception of utility.
However, they did not find significant differences between the experimental and control groups
regarding the perceived utility value after the intervention, which they also explained by the
lack of concreteness of their intervention. It remains unclear whether utility value interventions
can be used as effective interventions in teacher education, and for facilitating teachers’

assessment skills, in particular.
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3 The Present Research

Video-based simulations can be an effective and efficient way to facilitate teachers’ assessment
skills (Gaudin & Chalies, 2015). Besides being fairly easy to implement in video-based
simulations, Section 2.3.2 also highlights that scaffolding can be a very effective means for
further optimizing performance and increasing learning gains in video-based simulations
(Belland et al., 2017). However, Sections 2.3.2 also underpins that scaffolding is not necessarily
effective and that effectiveness also depends on the learners’ prerequisites that may be required
to use scaffolding appropriately (Sommerhoff et al., 2023). Thus, for effective scaffolding,
scaffolds need to match the prerequisites of the targeted learners. For example, scaffolding that
supports learners in activating their knowledge is only effective if learners are unable to activate
knowledge; otherwise, this kind of scaffolding is barely helpful and may even have negative
effects (overscripting effects). Accordingly, for effective scaffolding, the following questions
arise (Brown et al., 1982; Friedrich & Mandl, 1992; Plass & Pawar, 2020):

(1) What levels of relevant learner characteristics do future teachers bring to a video-based
simulation designed to foster teachers’ assessment skills, and how do these influence
the processing of the simulation?

(2) What scaffolding strategies are effective for future teachers’ with different learner

characteristics?

These two questions are the superordinate research questions of this dissertation and are
explicated in further detail in the following sections. This dissertation addresses both questions

in two empirical studies, drawing on an already validated video-based simulation.

3.1 Future Teachers’ Learner Characteristics

Article A provides an answer to the first question, which comprises three particular steps. As a
first step, relevant learner characteristics need to be identified. Given the number of possible
learner characteristics, a smaller set of variables needs to be selected. The set should contain
only variables that show a considerable connection to teachers’ assessment performance, as
variables unrelated to assessment skills barely provide further insights with regard to the design
of effective scaffolding. In that regard, the theoretical considerations of Heitzmann et al. (2019)

and prior research (see Section 2.3.1) provide guidance: As the most important representative
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for cognitive learner characteristics, drawing on professional knowledge seems promising. Due
to the context specificity of the assessment in the given video-based simulation, drawing on the
teachers’ CK and PCK as indicators of professional knowledge seems particularly promising.
Regarding motivational characteristics, self-efficacy, interest, and motivational aspects of self-
regulation are considered important learner characteristics that may also be relevant for
assessment performance. Article A follows recommendations to complement this theory-based
selection of learner characteristics with an empirical evaluation of their relevance for

assessment performance and learning gains in the simulation (e.g., Plass & Pawar, 2020).

As a second step in answering question (1), it needs to be clarified to what extent future teachers
bring the selected learner characteristics to the video-based simulation. As such learner
characteristics can appear in complex patterns (Kosel, Wolter, & Seidel, 2021), a person-
centered approach seems appropriate, which generally refers to a “clustering of people as
opposed to variables” (Woo et al., 2018, p. 816). This is particularly promising for a cluster-
wise development of effective scaffolding matching clustered learners’ prerequisites (Tetzlaff
et al., 2021). One such person-centered approach is latent profile analysis (LPA), which aims
at identifying distinct learner “groups” that have similar scores across various indicators that
are specified beforehand, referred to as “profiles” (Lazarsfeld & Henry, 1968). In the case of
this dissertation, these profiles allow for a more detailed view of typical patterns in which

different learner characteristics occur.

As a third step in answering question (1), these profiles need to be compared with regard to the
processing of the simulation (here: situative learning experiences, assessment performance).
This allows for the investigation of connections between learner characteristic profiles and
teachers’ assessment skills, but it also allows for the development of effective scaffolding. For
example, based on which of these learner characteristic profiles positively affects judgment
accuracy (or other aspects of the processing of the simulation), role-model profiles and
important features of these profiles may be identified. These features may then be targeted by
effective scaffolding. In summary, these considerations are reflected in the following research

questions, which are addressed in Article A.

1.1. Do future teachers’ relevant learner characteristics show distinct learner profiles? If so,
which learner characteristic profiles can be identified for future teachers?
1.2. Do learner characteristic profiles affect future teachers’ situative learning experiences

in the simulation?
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1.3. Do learner characteristic profiles affect future teachers’ assessment process (watching

videos, taking notes) and their final judgment (judgment report, judgment accuracy)?

With regard to these questions, the following was hypothesized in Article A: Given that future
teachers’ motivational learner characteristics correlate with each other (Holzberger et al., 2021),
and different aspects of their professional knowledge also correlate (Riese & Reinhold, 2009),
four profiles were expected within the explorative approach of LPA: two profiles with above-
average (below-average) motivational learner characteristics and above-average (below-
average) professional knowledge, and two profiles with above-average (below-average)
motivational learner characteristics and below-average (above-average) professional
knowledge. Among these, profiles with above-average motivational learner characteristics were
expected to have higher motivational states in the video-based simulation and could perceive
the video-based simulation as more authentic (Betz et al., 2016; Wigfield & Eccles, 2000).
Profiles with above-average professional knowledge were expected to have more appropriate
levels of cognitive load and could perceive the video-based simulation as more authentic (Betz
et al., 2016; Sweller et al., 1998). Regarding the quality of the assessment process and the final
judgment, motivational learner characteristics and knowledge may be equally advantageous for
performance and learning in the simulation, and may compensate each other (if one is below

average and the other above average) or be synergistic (if both are above average).

3.2 Effective Scaffolding Strategies

The answer to Research Question 2 is also based on an answer to Research Question 1. Having
identified role-model profiles and important features of these profiles from the answer to
Research Question 1 allows to derive possible effective scaffolding strategies that address those
features. However, knowing scaffolding strategies that address these features does not
necessarily lead to effective scaffolding; the scaffolding strategy itself must be effective in the
given domain. The effectiveness of scaffolding is typically examined by the changes it induces
in an outcome measure, such as teachers’ judgment accuracy. Situative learning experiences

may also be taken into account to explain these changes.

In his original definition of scaffolding, Wood et al. (1976) drew on two categories of scaffolds:

conceptual and motivational scaffolds® (Belland et al., 2013). These two categories of scaffolds

¢ Nowadays, there are also other aspects of scaffolding, see Hannafin et al. (1999). However, considering all of
these aspects is beyond the scope of article B.
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are capable of addressing the key learner characteristics in the COSIMA framework (COSIMA
research unit, 2021). Conceptual prompts as a representative of conceptual scaffolds and a
utility value intervention as a representative of motivational scaffolds may be promising with
regard to teachers’ assessment skills (Hulleman & Harackiewicz, 2021; Sommerhoft et al.,
2023). Since research on utility value interventions highlights the role of learners’ success
expectancy as a moderator of the effectiveness of such interventions, it seems important to also
investigate whether this differential effectiveness transfers to the domain of teachers’
assessment skills. This is particularly interesting regarding prompts, as the role of success
expectancy in the effectiveness of conceptual prompts has rarely been investigated. Thus,
Article B draws on conceptual prompts and a utility value intervention as scaffolding strategies
for facilitating teachers’ assessment skills (operationalized as judgment accuracy). Against this

backdrop, Article B investigated the following questions:

2.1. Can conceptual prompts and/or a utility value intervention promote intrinsic cognitive
load, extraneous cognitive load, utility value, and judgment accuracy?

2.2. Does learners’ comparably high or comparably low initial success expectancy
influence the scaffolds’ effectiveness on judgment accuracy? Are the scaffolding
conditions more effective in supporting the judgment accuracy of learners with

comparably high or comparably low success expectancy?

With regard to these questions, the following was hypothesized in Article B: Regarding
Research Question 2.1, it was expected that conceptual prompts reduce intrinsic cognitive load
and lead to increased judgment accuracy. It was also expected that extraneous cognitive load
would increase slightly, as conceptual prompts may be perceived as an additional element of
the simulation that needs to be processed. The utility value intervention, in turn, was expected
to increase learners’ perceptions of utility value regarding assessment skills and increase
judgment accuracy. The combination of both scaffolds was expected to be especially helpful
by combining the advantages of both individual scaffolds. Regarding Research Question 2.2,
conceptual prompts were expected to particularly boost the success expectancy of learners who
lack success expectancy before the simulation. Learners who were confident in completing the
assessment task were expected to benefit from a utility value intervention. The concrete design

of both scaffolds is discussed in the following section, which describes the methodology.
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4 Methodology

Both overarching research questions were investigated using a video-based simulation. This
simulation is described along with the included measures and instruments, the design of the

studies, the data collection procedure, and the data analysis in the following section.

4.1 The Visit-Math Project

This dissertation originates from the Visit-Math project, which is funded by a grant from
Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) to Tina Seidel, Daniel
Sommerhoff, Stefan Ufer, Birgit Neuhaus, and Ralf Schmidmaier (grant numbers 1397/11-1
and 1397/11-2, FOR 2385). This project is embedded in the research group COSIMA, which
aims to facilitate assessment skills in teacher and medical education by using simulation-based
learning environments. In COSIMA, researchers from different domains (medical education,
mathematics education, biology education, physics education, and educational psychology)
collaborate to design and evaluate simulation-based learning environments that facilitate future
teachers’ and future physicians’ assessment skills. The COSIMA research group includes seven
subprojects, all of which have developed simulations (Fink et al., 2021; Kramer et al., 2020,
Pickal et al., 2022; Radkowitsch et al., 2020; Stiirmer et al., 2021; Wildgans-Lang et al., 2020),
and one subproject to synthesize findings from the other subprojects (Fischer & Opitz, 2022).
The simulation that was developed in the Visit-Math project is video-based and focuses on a
typical assessment situation within a mathematical context (Codreanu et al., 2020; Codreanu et
al., 2022). With regard to the goals, COSIMA aims to contribute to the validation of current
conceptualizations of assessment skills and facilitating assessment skills in simulations, as
indicated by the framework in Section 2.3 (COSIMA research unit, 2021; Heitzmann et al.,
2019). Among other goals, COSIMA aims to develop and evaluate different types of
instructional support, as has already been reported within Visit-Math (Sommerhoff et al., 2023)
and in other projects within COSIMA (Irmer et al., 2022; Schons et al., 2022). As a further
goal, establishing adaptive support based on the assessment performance is on the table, as
reported by an article of Radkowitsch et al. (2021) that investigates the role of adaptive support.
Altogether, this research allows for a further understanding of how to conceptualize and how

to facilitate assessment skills, to which this dissertation also contributes.
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4.2 Video-Based Simulation

Within the Visit-Math project and prior to this dissertation, a simulation had already been
developed and validated as an approximation of practice (Codreanu, 2021). In this simulation,
the participants are asked to make a judgment about two students’ mathematical proof skills.
Due to the scalability and positive effects of video-based formats for learning practical skills in
teacher education (Seidel et al., 2011; Seidel et al., 2013), the project team chose the simulation
to be video-based using scripted videos. These videos form the foundation of the assessment
process in the video-based simulation. Besides the assessment process, the simulation also

entails a familiarization part at the beginning, and the final judgment part at the end.

During familiarization, participants are familiarized with the fictional context and requirements
of the simulation. They are asked to imagine themselves as interns at school observing a
mathematics lesson, which represents a typical situation that future teachers face during
university teacher education (Cohen et al., 2013). In the observed lesson, the simulated students
work on one geometrical proof task on their own (see Figure 4), being supported by the teacher
in some parts; again, this represents a typical situation in mathematics classrooms (Leiss, 2010).
Further, during the familiarization part, participants are provided with the students’ proof task
and its solution. Participants are also provided with the assessment task (i.e., to assess the
mathematical proof skills of two students) as a written text and as a video to technically
familiarize them with the simulation. Participants are provided with descriptions of relevant
indicators of students’ mathematical proof skills. As indicators, mathematical content
knowledge, methodological knowledge, and problem-solving strategies are used, as they have

been found to be relevant for students to conduct mathematical proofs (Sommerhoff, 2017).

d cosIMA | =
The class is currently working on M7 Concurrence, Special Triangles and Triangle Constructions.
In the last lessons, the congruence theorems were discussed. Today, they are to be applied in a proof task.
The students will work individually on the following task.
Assessment 4 Solution video:
Parallelograms
PI’OCGSS A parallelogram is a quadrilateral, in which pairs of opposite sides are EEIII
parallel. Let ABCD be a parallelogram.
Proof that both pairs of opposite sides are equal in length
Alternate interior angles > a=a w)
Alternate interior angles > B=p3 W)

Final
Judgment

Figure 4. Presentation of the student task and its solution during familiarization.
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During the assessment process, participants observe the two simulated students’ in short, one-
minute videos that depict a single simulated student who discusses his/her progress on the
mathematical proof task with the teacher (see Figure 5) as a typical aspect of classroom work
phases (Leiss, 2010). The videos alternate in the depicted simulated student: After a video with
one simulated student, a video of the other simulated student is shown. The videos can be
watched only once and without any pause, as is also the case in real classroom situations. Once
participants think that they have gathered enough information about the simulated student, they
can decide to stop watching videos with this student and continue watching videos of the other
simulated student—representing a typical classroom situation in which a teacher has to decide
how much time can be allocated to assessing and supporting each individual student (Herppich
et al., 2018). In other words, this design of the assessment process supports a high functional
correspondence between the tasks in the video-based simulation and real classroom situations,
which is accompanied by a physical resemblance that emerges from the use of videos.
Altogether, this underpins that the environment can serve as an approximation of practice.
Further, the use of scripted videos with a specific focus on the assessment task also supports
the simulation as a decomposition of practice (Codreanu et al., 2020; Grossman et al., 2009).
This is also supported by the possibility of taking notes during and after observing the simulated
students in the videos (see Figure 5). In these notes, participants are asked to coherently describe
relevant events in the video, interpret and explain these events, and make conclusions about

further learning (Seidel & Stiirmer, 2014).

Start video:

Familiarization _

You can watch each video only
once.

Write notes:

acob]

Click on the respective picture to write
notes.

Your notes about Anna:
Final
Judgment

Please write your notes in a coherent and understandable way.
Notes|

Figure 5. Observation of the video and taking notes during the assessment process.

7 Note that four simulated students were recorded in total, of which two were used in Study A and in the pre-test
of Study B, whereas the other two students were used in the main training session of Study B to reduce training
effects.
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If the participants think that they have gathered enough information about both simulated
students or have reached the maximum number of 10 videos in total, they enter the final
Jjudgment part of the simulation. At this stage, participants are first asked to formulate a written
judgment about each of the two simulated student’s mathematical proof skills. Afterwards, they
are asked to rate the simulated students’ mathematical proof skills on a Likert rating (see Figure
6 and Codreanu et al., 2020). From this rating, the participants’ judgment accuracy is obtained

(Schrader, 1989).

Please answer the following questions about Anna.

Fa m |I ia rization Your written judgment about Anna (as a reminder): ﬁ

Written Judgment about Anna. Lﬁ;.ﬁj l:l‘
e e~

How do you rate Anna?
Tick the appropriate boxes for your judgment. If you did not observe anything about an aspect, select the "no information” option.

rather rather
Assessment agree agree disagree disagree no information
Process

Anna ...

knows the characteristics of basic terms in geomelry

has prototypical conceptions for basic terms in geometry.

knows relationships and connections between basic terms
in geometry

Anna, knows ...
what kind of arguments are valid in a proof.
that a proof begins with the conditions and ends with the claim

that a proof is an entire sequence of arguments.

Anna...
can use different heuristic strategies to solve problems

Figure 6. Rating a student’s mathematical proof skills during the final judgment.

4.3 Scaffolds

The presented simulation can be used to assess teachers’ assessment skills (Visit-Math Assess).
It can also be used as a learning environment (Visit-Math Learn). In the latter case, additional
scaffolding can be implemented to increase possible learning gains. Conceptual prompts as
conceptual scaffolding were implemented in a previous study (Sommerhoff et al., 2023) and
were also implemented in Study B. These prompts were shown in advance of every video and
guided the participants’ attention to a given aspect of the video and their interpretation of the
corresponding indicator for mathematical proof skills. Therefore, they were expected to reduce
the complexity of the given assessment task and provide a structured way for noticing and
interpreting assessment-relevant aspects in the video (Seidel & Stiirmer, 2014). Following these
ideas, each prompt was adapted to a specific video during the assessment process according to

the following generic example:

Pay special attention to [a relevant aspect in the specific video].

What can you conclude about [a corresponding indicator of the students’ proof skills]?
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Example: Pay special attention to how the student explains a parallelogram. What can

you conclude about the student’s problem-solving strategies?

In addition to these conceptual prompts, a utility value intervention was newly designed as
motivational scaffolding. The utility value intervention was implemented prior to the
familiarization part of the simulation. Contentwise, the designed utility value intervention drew
on the combination of the two strategies of directly communicating and self-generating utility
value, which has been shown to be effective in prior research (Canning & Harackiewicz, 2015;
Gaspard et al., 2021). Thus, the utility value intervention consisted of two parts. In the first part,
a five-minute video was shown, in which an experienced researcher explained why assessment
skills are particularly relevant for teaching practice. In the video, the experienced researcher
gave examples of different assessment situations in teachers’ professional lives and explained
that accurate assessment can lead to more appropriate individual support and higher
instructional quality (Helmke & Schrader, 1987; Niickles et al., 2005). Additionally, statements
of future teachers about the relevance of assessment skills were included in this video. In the
second part, participants were then asked to explain why it is particularly important and useful
for them and their future professional lives to be able to assess students adequately. The

thumbnails of both scaffolds are depicted in Figure 7.

Please explain, why it is
particularly important and
useful for you and your future

professional life, to be able to

assess students adequately.
Please write about 5 sentences.

(a) Conceptual prompts (b) Utility value intervention

Figure 7. Thumbnails of the implementation of both scaffolds.

4.4 Design of the Studies

4.41 Course of Study

Each overarching research question (1 and 2) was addressed in one experimental study. The
first study aimed to answer Research Question 1 and took about 90 minutes. Participants were
first surveyed regarding their CK and PCK and then asked to self-report their interest, self-
efficacy, and self-regulation. Then, they entered the video-based simulation, in which they had
to assess the students’ mathematical proof skills. In the simulation, dependent variables

regarding the assessment process and judgment quality were obtained. After watching the first
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video, the dependent variables utility value and success expectancy were measured using self-
reports. After the simulation, participants were asked to self-report the remaining dependent
variables regarding situative learning experiences (presence, authenticity, intrinsic cognitive
load, extraneous cognitive load, and germane resources). At the end, demographic data were

obtained. The course of this study is depicted in Figure 8.

Study A ) 90 min

Measurement of other
situative learning

Video-based simulation
(no scaffolds)

Measurement of
learner characteristics

experiences

* CK, PCK
* Interest,
self-efficacy,
self-regulation

* Assessment process,
Motivation*

* Final judgment,

judgment accuracy

* Presence
* Cognitive load

* Motivational measures were administered after the first video in the video-based simulation.

Figure 8. Design of Study A.

Study B focused on the effectiveness of different scaffolding strategies. It consisted of a pre-
test and a main training session; the latter was administered at least seven days after the pre-
test. Both study parts have a parallel structure. In the pre-test, participants completed a video-
based simulation in which the dependent variable judgment accuracy was measured and
reported dependent situative learning experiences (utility value, intrinsic cognitive load, and
extraneous cognitive load) and their success expectancy (independent variable). In the main
training session, the participants again completed the video-based simulation and assessed two
other simulated students. This time, the assessment process was scaffolded. Participants were
randomly assigned to one of four conditions of a 2 x 2 intervention design: They either received
only the utility value intervention (UVI condition), only the conceptual prompts (CP condition),
both scaffolds (UVI+CP condition), or no additional scaffolding (control condition). The
control group did not receive any additional scaffolds compared to the pre-test. The UVI group
received the utility value intervention described above but no conceptual prompts. The CP
condition received conceptual prompts during the videos but did not receive an additional utility
value intervention. The UVI+CP condition received both the utility value intervention before
the simulation started and the conceptual prompts during the videos. For comparable results
and as opposed to the pre-test, the number of videos, and thus the number of conceptual prompts
for CP and UVI+CP conditions, was fixed to eight videos/ conceptual prompts in the main
training session (four videos/conceptual prompts per simulated student). Furthermore, to
simulate the writing task of the UVI and UVI+CP conditions, the control group and the CP

group were asked to write a short essay about the role of feedback in learning. After the
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scaffolded assessment process, the dependent variable judgment accuracy was measured.
Afterwards, the other dependent variables were also measured (utility value, intrinsic cognitive

load, and extraneous cognitive). The course of Study B is shown in Figure 9.

Study B

pre-test O 90 min main training session ® 90 min

Video-based simulation
including scaffolds:

UVI+-CP

* Judgment
accuracy

Measurement of
situative learning
experiences

Video-based simulation
(no scaffolds):

Measurement of
situative learning
experiences

Control

>17d

CP

» Motivation*
« Cognitive load**

« Motivation
« Cognitive load**

* Judgment
accuracy

* Only utility value (as dependent variable)
** Only extraneous and intrinsic (as dependent variables)

Figure 9. Course of Study B.

4.4.2 Measures and Instruments

In Study A, participants were asked to take a test to measure their CK and PCK. This test
consisted of open questions, true-false items, and order tasks. The test was developed by the
project team and used in a previous study (Sommerhoff et al., 2023). The participants also self-
reported their motivational learner characteristics (interest, self-efficacy, and self-regulation)
on scales adapted from prior research (see Table 1). The participants’ situative learning
experiences were also measured using self-reports with scales adapted from prior research
(details can be found in Table 1). Except for the scale on germane resources (Cronbach’s
a = .65), the internal consistency of these self-report scales ranged from acceptable to excellent

(see Article A for details).

Regarding the main outcome measure, assessment skills, measures regarding the assessment
process, and judgment quality were used. To describe the assessment process, the total number
of videos a participant watched and the total number of words a participant wrote in his or her
notes were considered. To describe the written judgment, the total number of words a
participant wrote in the final judgments regarding both simulated students was considered. As
the main measure of the judgments’ quality, judgment accuracy was used (see Figure 6). As
mentioned in the description of the simulation, the participants rated the simulated students’
mathematical proof skills on a Likert rating at the end of the simulation. More precisely,
participants rated eight statements regarding mathematical proof skills for each of the two

simulated students on a four-point Likert scale (from 1: “I disagree” to 4: “I agree”). This rating
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was then compared to an expert solution; only a match with the expert solution was scored with

one point, and no match resulted in zero points.

Construct Scale Adapted from

Motivational learner characteristics

Interest 9 items on a 5-point Likert scale  Rotgans and Schmidt (2014)

Self-efficacy 6 items on a 5-point Likert scale  Kunter et al. (2002)

Self-regulation 6 items on a 4-point Likert scale Kunter et al. (2016)

Situative learning experiences

Success expectancy 4 items on a 7-point Likert scale =~ Rheinberg et al. (2001)

Utility value 4 items on a 4-point Likert scale ~ Wigfield (1994)

Presence 4 items on a 5-point Likert scale  Seidel et al. (2011), Frank (2015),
Vorderer et al. (2004)

Authenticity 6 items on a 5-point Likert scale  Seidel et al. (2010), Schubert et al.
(2001)

Extraneous cogn. load 3 items on a 7-point Likert scale ~ Klepsch et al. (2017)

Intrinsic cogn. load 2 items on a 7-point Likert scale  Klepsch et al. (2017)

Germane resources 2 items on a 7-point Likert scale ~ Klepsch et al. (2017)

Table 1. Self-report scales in Study A.

In Study B, success expectancy was measured using the same scale as in Study A. To reflect
the focus on the utility value intervention, the self-report scale on utility value was extended by
adding four items on a 4-point Likert scale adapted from Canning and Harackiewicz (2015).
The other dependent self-reported variables (intrinsic and extraneous cognitive load) were
measured as in Study A. Except for the scale on extraneous cognitive load in the pre-test
(Cronbach’s «a =.68), the internal consistency of these self-report scales ranged from
acceptable to good (see Article B for details). The remaining dependent variable, judgment

accuracy, was operationalized and calculated as in Study A.

4.5 Data Collection

Both studies were conducted in 2020 and 2021 using an online environment in which the
simulation was embedded. Due to the COVID-19 pandemic, both empirical studies had to be
conducted online. This allowed participants more flexible access to the simulation, as the
simulation was always available, and participants could access it on their own devices at home.

To recruit participants, the simulation was promoted in university courses. In these courses,
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future teachers were invited to voluntarily participate in the studies as an opportunity to gain
further understanding of the courses’ learning goals. In one lecture, it was possible to embed
the main training session of Study B. In this case, participation in the study (i.e., by completing
the pre-test in advance and allowing the use of anonymized data for research purposes) was
optional but remunerated. Note that for all participants, participation was remunerated and did
not influence the participants’ grading. Both studies were approved by the Technische
Universitdt Miinchen (TUM) data protection office and the ethical committee of the German

Psychological Society (DGPs).

For Study A, data were collected from 150 future teachers from different German universities.
These future teachers were mainly female, which is typical of German teacher education
(101 female [67.3%], 47 male [31.3%], and 2 NA [1.3%]). As the standard study time for future
teachers at German universities is nine to ten semesters, the sample was in the middle of their
studies (Mgemester = 5-0; SDgemester = 2.5). For Study B, data were collected from 108 future
teachers from different German universities. Again, the sample was predominantly female
[76 female (70.4%), 31 male (28.7%), and 1 NA (0.9%)]. In this study, future teachers were
slightly more advanced in their studies than in Study A (Mgemester = 6-4; SDgemester = 3-2).

4.6 Data Analysis

To analyze the collected data, the software R (R Core Team, 2020) and Mplus (Muthén &
Muthén, 1998-2017) were used. More precisely, pre-processing of the data (e.g., calculating

mean scores of the scales) and descriptive statistics was done using R.

For Article A, data were then transferred to Mplus using the MplusAutomation package
(Hallquist & Wiley, 2018). In Mplus, LPA was conducted using the measured learner
characteristics as indicators (CK, PCK, interest, self-efficacy, and self-regulation). The Akaike
information criterion (AIC), the Bayesian information criterion (BIC), the adjusted BIC (aBIC),
the Lo-Mendell-Rubin test (LMR), and the Bootstrapped Likelihood Ratio Test (BLRT) were
used to determine whether and how many distinct latent profiles could be identified (Spurk et
al., 2020). To ensure that these profiles were sufficiently distinct, entropy and posterior
classification probabilities were also considered. Using these indicators and interpretability as
criteria, one- to five-profile solutions were compared to analyze the presence of distinct learner
characteristic profiles and the number of these profiles, if present. This represents the first step

of the commonly used three-step approach for conducting LPA (Vermunt, 2010). Next, as
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learner characteristic profiles could be identified, participants were assigned to these latent
profiles. It was drawn on an approach that assigns participants to the profile for which
membership is most likely based on the posterior classification probability (“modal
assignment”) (see Vermunt, 2010 for details and other assignment strategies). In the last step,
the means of these profiles were calculated regarding several outcome variables (here: situative
learning experiences and assessment skills). In this step, calculating unweighted profile means
for outcome variables would have been biased, as participants could not be uniquely assigned
to one profile in most cases. To more generally account for the fact that a participant’s predicted
latent profile is not necessarily the true latent profile, the BCH method was developed (Bolck
et al., 2004; Dziak et al., 2016; Vermunt, 2010). Thus, for the current data analysis, the BCH
method was used to calculate profile means regarding situative learning experiences and
assessment skills. Wald’s y? test was used to examine whether these means differed (Spurk et

al., 2020).

For Article B, analyses of variance (ANOV As) were calculated to check whether the different
conditions differed in the dependent variables (utility value, intrinsic cognitive load, extraneous
cognitive load, and judgment accuracy) in the pre-test. To compare the development from pre-
to post-test® regarding the dependent variables, two-way repeated measures ANOVAs were
calculated (dependent variable: judgment accuracy; independent variables: condition, time).
Moreover, the pre- and post-test values were compared for each single condition using #-tests.
To test for possible differential effectiveness, a linear mixed model was calculated using the
Imer() function from the Ime4 package (Bates et al., 2015). Subsequently, by setting the
learners’ success expectancy to one standard deviation above/below mean in this model, the
marginal means for learners with a comparably high/low success expectancy were estimated

and compared using the emmeans package (Lenth, 2022).

Note that both articles draw on an alpha level of a = .05 to test statistical significance. Further

details regarding the statistical analysis can be found in both articles.

8 As in article B, post-test values refer to all measures that were obtained after the scaffolded assessment process,
but still within the main training session.
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5 Summary of Publications

5.1 Article A: Video-Based Simulations in Teacher Education:
The Role of Learner Characteristics as Capacities for
Positive Learning Experiences and High Performance

This first article addresses the superordinate Research Question (1) by answering the related
Research Questions 1.1, 1.2, and 1.3 (see Section 3.1). It investigates whether patterns of learner
characteristics that future teachers bring to the video-based simulation can be identified. To
analyze whether the indicators theoretically derived by Heitzmann et al. (2019) can serve as a
basis for additional support through scaffolding, the connection between identified learner
characteristic profiles and situative learning experiences, as well as with the assessment skills,

were examined (Brown et al., 1982; Friedrich & Mandl, 1992).

With regard to Research Question 1.1, LPA was used to describe patterns of co-occurring scores
across the indicators CK, PCK, interest, self-efficacy, and self-regulation. Based on fit indices
and interpretability, three learner characteristic profiles were identified: The knowledgeable
profile including about 41% of the total sample size showed above-average CK and PCK but
average scores regarding motivational learner characteristics (interest, self-efficacy, and self-
regulation). The motivated profile comprised about 25% of the total sample and had above-
average motivational characteristics but average CK and slightly below-average PCK. The
scores of the last profile were below average and below both other profiles across all indicators.
Thus, this profile was called potentially struggling, and about 35% of the total sample was

allocated to this profile.

To explore how these profiles were connected to situative learning experiences and assessment
skills, we used the BCH method to calculate the profile’s means, and compared them using a
Wald’s y? test. With regard to Research Question 1.2, significant results revealed that the
motivated profile was connected to motivational situative learning experiences through a higher
success expectancy component of motivation. The knowledgeable profile, in turn, was
connected to cognitive situative learning experiences through a higher use of germane

resources. However, the profiles did not differ regarding authenticity and presence.

Regarding Research Question 1.3, the results indicated that future teachers with a

knowledgeable profile watched significantly more videos and also reached significantly higher
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judgment accuracy than future teachers with a potentially struggling profile. Conversely, future
teachers with a motivated profile did not show significant (dis)advantages compared to future
teachers with a potentially struggling profile or a knowledgeable profile. Interestingly, future
teachers with a motivated profile tended to show an increase in the number of written words in
the final judgment compared to the number of written words in the notes during the assessment
process, whereas both other profiles wrote approximately the same number of words as during

the assessment process.

In summary, the present study used a person-centered approach to analyze the role of patterns
of future teachers’ learner characteristics in learning assessment skills in a video-based
simulation (Woo et al., 2018). The results underpin the important role of knowledge in
assessment skills by pointing toward the advantages of future teachers with a knowledgeable
profile in their judgment compared to both other profiles (Herppich et al., 2018; Loibl et al.,
2020). In particular, the advantages of future teachers in the knowledgeable profile over those
in the motivated profile point to a major role of knowledge compared to motivational
characteristics with regard to assessment skills, which has also been found in other fields
(Hattie, 2009). Yet, the results also potentially point toward the benefits of future teachers with
the motivated profile, which stands out for its above-average motivational characteristics, with
regard to assessment skills (compared to future teachers with the potentially struggling profile).
By pointing toward the relevance of motivational characteristics for motivational situative
learning experiences and the relevance of cognitive characteristics for cognitive situative
learning experiences, the results also contribute to further validation of the framework of

Heitzmann et al. (2019).

On a more general level, these results indicate that future teachers with different learner
characteristic profiles may differ in their situative learning experiences as well as in their
assessment skills (Heitzmann et al., 2019). Thus, it seems reasonable to base scaffolding
strategies on these profiles (Plass & Pawar, 2020; Tetzlaff et al., 2021). In that regard, this
article indicates that there are knowledgeable learners who may benefit most from motivational
support, such as a utility value intervention, as they already possess above-average knowledge.
Similarly, there are also motivated learners who may benefit from conceptual prompts as
cognitive support. Lastly, learners from the third profile, who showed below-average
knowledge and motivational characteristics, may benefit mostly from a combination of a utility

value intervention and conceptual prompts.
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5.2 Atrticle B: Fostering Pre-Service Teachers’ Assessment
Skills in a Video Simulation: Differential Effects of a Ultility
Value Intervention and Conceptual Knowledge Prompts

Building on the finding of Article A that different learners may benefit differently from
cognitive and/or motivational support for answering Research Question (2), Article B aimed at
investigating whether conceptual prompts and a utility value intervention as promising
representatives for cognitive and motivational support can be effectively used to foster teachers’
assessment skills (Hulleman & Harackiewicz, 2021; Sommerhoff et al., 2023). As potentially
struggling future teachers may require both kinds of support, it also investigated whether a
combination of a utility value intervention and conceptual prompts is beneficial for teachers’
assessment skills, which could be expected from research in other domains (Cromley et al.,
2020). This led to a 2 x 2 intervention design (conditions: Control, UVI, CP, and UVI+CP; see
also Section 4.4.1), in which the effectiveness of the scaffolds was evaluated with regard to
future teachers’ judgment accuracy as the main indicator of assessment skills (Urhahne &
Wijnia, 2021). Situative learning experiences were also measured (extraneous and intrinsic

cognitive load, and utility value; see also Figure 3) to investigate possible effect mechanisms.

An analysis of the pre-test data revealed that the four conditions did not differ significantly in
the pre-test regarding the dependent variables. With regard to judgment accuracy, all groups
improved descriptively from pre- to post-test, but only the CP condition improved significantly.
In particular, the improvement in the UVI condition did not reach significance, even though
this condition and the CP condition had descriptively similar judgment accuracy in the post-
test. Surprisingly, future teachers receiving both types of scaffolds did not significantly improve
in their judgment accuracy, and they even had the lowest descriptive improvement compared

to the other conditions.

Regarding situative learning experiences, it is important to note that future teachers’ perception
of the utility value was already almost at the top of the scale in the pre-test, which could have
led to a ceiling effect. Regarding other situative learning experiences, only the control group
perceived significantly less extraneous load during the intervention than in the pre-test. No other
changes within future teachers’ situative learning experiences reached significance. The
decreases in the perception of intrinsic cognitive load of groups receiving conceptual prompts

(CP and UVI+CP) tended to yield small to medium effect sizes.
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In summary, these results substantiated prior findings in the context of Visit-Math (Sommerhoff
et al., 2023) that conceptual prompts are a promising means of facilitating future teachers’
assessment skills. Interestingly, when combined with a utility value intervention, conceptual
prompts did not yield further significant benefits as opposed to prior attempts to combine
cognitive and motivational support (Cromley et al., 2020). When the utility value intervention
was presented without conceptual prompts, there was only a descriptive tendency for the utility
value intervention to be effective in facilitating future teachers’ assessment skills. This was not
expected, as prior research pointed toward the effectiveness of utility value interventions, yet
with rather small effect sizes (Hulleman & Harackiewicz, 2021). In that regard, previous
research has indicated that utility value intervention can be especially effective for learners with
comparably high success expectancy (Durik et al., 2015). This was also found in the present
study, as future teachers with comparably high success expectancy tended to benefit most from
the utility value intervention, classified with a medium to large effect size for these learners.
All other conditions (control, CP, and UVI+CP) had only small or small to medium effect sizes.
Conversely, for learners with a success expectancy of one standard deviation below the mean,
conceptual prompts were most helpful, showing a large effect size, possibly indicating a
motivational effect of conceptual prompts (Belland et al., 2013). Thus, both scaffolds seem to
be differentially effective for learners with comparably high or comparably low success

expectancy.
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6 Discussion

6.1 Discussion of Central Findings

6.1.1 Role of Learner Characteristics in Performance and Learning

One of the goals of Article A was to identify typical patterns of cognitive and motivational
learner characteristics among future teachers. By using LPA, it was possible to identify three
such patterns: a knowledgeable profile, a motivated profile, and a potentially struggling profile.
Each profile had similar scores across motivational learner characteristics (e.g., no profile had
clearly above-average interest but clearly below-average self-efficacy) and similar scores
across aspects of professional knowledge (e.g., no profile had clearly above-average CK but
clearly below-average PCK). Thus, for better interpretability, it makes sense to summarize
profiles by combining mean values of the profiles to one mean value for cognitive
characteristics (CK, PCK), and one mean value for motivational characteristics (interest, self-

efficacy, self-regulation); see Figure 10.

1

—e—Lknowledgeable (N = 61)

motivated (N =37)

z-standardized mean
o

/ +p0tenﬁally stmggling (N - 52)

cognitive characteristics motivational characteristics

Figure 10. Summary of the three identified latent profiles.

The three profiles met the expectations: profiles with above-average knowledge but below-
average motivational characteristics and vice versa, as well as a profile with both below-average
knowledge and below-average motivational characteristics. However, a fourth profile with
above-average knowledge and above-average motivational characteristics was also expected
but could not be detected. Note that this does not mean that there are no future teachers with
above-average professional knowledge and above-average motivational characteristics.
However, this combination could not be identified as a typical pattern of future teachers’ learner

characteristics and—at least in the sample of Article A—the combination of above-average
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professional knowledge and above-average motivational characteristics was scarce. This
missing fourth profile seems particularly important, as both professional knowledge and
motivational characteristics are regarded as crucial aspects of teachers’ professional
competence (Baumert & Kunter, 2006; Kunter, Klusmann, et al., 2013). Thus, further research
is needed to investigate whether this promising fourth profile can be detected in other samples,
for example, in samples of more experienced teachers. With regard to the three identified
profiles, future teachers with a knowledgeable profile can be considered learners who met the
university’s primary learning goal of acquiring knowledge most compared to future teachers
with either of the other two profiles (Kunter, Kleickmann, et al., 2013). Fortunately, as an
empirical validation of universities’ focus on knowledge in teacher education, future teachers
with this profile had descriptively the highest judgment accuracy and reported the most use of
germane cognitive resources—in both cases, with significant advantages over the potentially

struggling future teachers.

Due to its advantages in judgment accuracy and cognitive situative learning experiences, the
knowledgeable profile may serve as a role model profile (Schrader, 1989; Sweller et al., 2019).
Since future teachers with a knowledgeable profile are more accurate in their judgments than
future teachers with either of the other two profiles, it can be assumed that they also draw on a
better assessment process (Brandl et al., 2021; Herppich et al., 2018). When considering their
assessment process, advantages could be reflected in (i) the notes future teachers’ wrote during

the assessment process and in (ii) the number of videos future teachers watched.

With regard to notes (i), future teachers with a knowledgeable profile wrote most words in their
notes overall. Since the total sum of words also depends on the total number of watched videos,
it seems reasonable to take a particular look at the average number of words written per video
(see Table 2). This allows to investigate the quantity of the notes more independently from the

quantity of videos watched.

Construct Knowledgeable Motivated Potentially struggling
M (SE) M (SE) M (SE)
Number of words in the 19.83 (1.70) 19.77 (2.68) 18.02 (1.88)

notes per video

Table 2. Mean and standard error of the number of words the three profiles wrote in their notes per watched video.

These calculations highlight that the three profiles did not vary considerably in the number of
words written in their notes (y? = 0.55, p = .760). Thus, the reason for a higher quality in the
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assessment process of future teachers with a knowledgeable profile may not be the quantity of
their notes but the quality. That is, the notes may better mirror the relevant video events that
future teachers notice and show better descriptions, explanations, and predictions (Brunswik,
1955; Herppich et al., 2018; Seidel & Stiirmer, 2014). A first approach that provides insights
into the quality of the written notes is to consider the extent to which the three indicators of
students’ mathematical proof skills are covered (Codreanu et al., 2021; Sommerhoff, 2017).
The first results indicate that the future teachers with a knowledgeable profile covered basic
content knowledge and methodological knowledge to a greater extent than those with a
potentially struggling profile, whereas problem-solving strategies were considered to a similar
extent among all profiles (Nickl, Sommerhoff, Codreanu, et al., in press). This substantiates
that the advantages of future teachers with a knowledgeable profile may be mirrored in the

quality of their notes.

These advantages may also be mirrored in the number of watched videos (ii), since
knowledgeable future teachers watched significantly more videos compared to potentially
struggling ones, which may have allowed them to notice more relevant video events (Brunswik,
1955; Codreanu et al., 2022). However, it is worth noting that watching more videos could
decrease the efficiency of the resulting judgment (Heitzmann et al., 2019). This is of particular
importance within classroom settings when teachers have to attend to the whole class while
supporting individual students. Spending too much time with the assessment of a single student
in such situations could decrease the accuracy of judgments regarding other students; see Braun
et al. (2017) for a similar discussion in medical education. As Braun et al. (2017) pointed out,
efficiency is about finding a balance between adequate levels of judgment accuracy and coming
to judgments quickly. However, in the context of acquiring assessment skills, it seems
reasonable to first reach a sufficient level of judgment accuracy before increasing the
judgments’ efficiency. Even though there are no clear thresholds for a sufficient level of
judgment accuracy (Blomeke & Kaiser, 2017), future teachers’ judgments matching experts’
judgments less than 50% on average, which was the case in Article A and Article B, and also
holds for the knowledgeable profile, suggests that improving judgment accuracy still needs to
be prioritized. Thus, despite a possible decrease in efficiency, watching more videos can be
regarded as a positive characteristic of future teachers’ assessment process — at least when their
judgment accuracy is on a lower level, as watching more videos possibly allows them to notice

more relevant events in the videos and may thus increase judgment accuracy.
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Thus far, the discussion has mainly focused on the assessment performance of future teachers
with a knowledgeable profile in comparison to those with a potentially struggling profile. This
has underpinned the important role of knowledge in future teachers’ assessment skills, which
is also in line with prior research (Kramer, Fortsch, Boone, et al., 2021; Todorova et al., 2017).
Further, the joint approach to analyzing cognitive and motivational characteristics seemed
promising to further investigate the role of motivational characteristics in teachers’ assessment
skills. However, the results are inconclusive in this regard. The assessment process and
judgment accuracy of future teachers with a motivated profile did not differ significantly from
those with a knowledgeable profile. Yet, there are also no significant differences to future
teachers with a potentially struggling profile, making the motivated profile an “in-between”
profile and making possible interpretations regarding the motivated profile tentative. That is,
the motivated profile may not be on par with the knowledgeable profile regarding assessment
skills, but it also seems better than the potentially struggling profile. Thus, the motivational
advantages of future teachers with a motivated profile may not be able to completely
compensate the advantages in knowledge of future teachers with a knowledgeable profile. This
would also be in line with findings from other learning contexts, in which knowledge often had

a greater impact on performance than motivational characteristics (e.g., Hattie, 2009).

One possible driver that might have affected the assessment performance of future teachers
with the motivated profile negatively compared to those in the knowledgeable profile may lie
in their above-average self-efficacy. For example, Klug et al. (2016) found self-efficacy to
negatively predict assessment performance and discussed this finding against the backdrop of
possible overestimation. Similarly, manifested in comparably high self-efficacy and success
expectancy, future teachers with a motivated profile were comparably optimistic about
assessing the simulated students accurately, which they, in fact, did not (by matching only about
33% with the experts’ judgment), which points to a possible overestimation of future teachers
with a motivated profile. Even though the findings by Klug et al. (2016) point to a critical role
of overestimation for assessment skills, and other studies, such as Robins and Beer (2001), also
found a connection between overestimation and disengagement, it is important to note that, in
general, overestimation has been reported as rather beneficial for learning (Dupeyrat et al.,
2011; Praetorius et al., 2016). Thus, it seems desirable to investigate how overestimating
learners, such as those with the motivated profile, may be supported in acquiring assessment
skills. As one possible approach to address this research aim, the role of success expectancy in

the effectiveness of scaffolds was investigated in Article B.
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6.1.2 Scaffolding

Article A revealed different patterns of learner characteristics and their relation to situative
learning experiences and assessment skills. As a result, possible approaches for adequately
fostering assessment skills, such as motivational support and cognitive support, became
evident. The main goal of Article B was to investigate the effectiveness of a utility value
intervention as an example of motivational support and conceptual prompts as an example of
cognitive support using a 2 x 2 intervention design. The potential effectiveness of combining
these two strategies was also investigated. The results of the four conditions (control,
conceptual prompts only, utility value intervention only, conceptual prompts, and utility value

intervention) will be discussed in the following section.

The results indicate that, on average, future teachers in the control group improved descriptively
from pre- to post-test in their judgment accuracy. One possible reason for this may be the
ongoing familiarization with the simulation, which resulted in a significant decrease in
extraneous cognitive load from the pre-test to the post-test for the control group (Sweller et al.,
1998). By receiving the utility value intervention or cognitive prompts, all other conditions had
to deal with additional instructional elements related to the learning context, making it plausible
that these conditions did not change significantly in their extraneous cognitive load, despite
their familiarization with the other instructional elements of the simulation (Mayer, 2014).
However, regarding judgment accuracy, the descriptive improvements of the control group did

not reach significance.

In that regard, the condition receiving only conceptual prompts improved significantly from the
pre-test to the post-test, which is in line with prior research drawing on the same conceptual
prompts (Sommerhoff et al., 2023). Thus, this study further substantiates that conceptual
prompts can be effectively used to foster assessment skills in simulations and may also have a
strong impact, as, similarly to Sommerhoff et al. (2023), who observed strong effects of
conceptual prompts, Article B reported a medium to strong effect. The magnitude of this effect
size is slightly higher than what was reported in a meta-analysis by Chernikova, Heitzmann,
Fink, et al. (2020), who analyzed the effectiveness of prompts in simulations within teacher
education and medical education. With regard to the effect mechanism of the conceptual
prompts from Article B, learners receiving conceptual prompts reported a small- to medium-
sized tentative decrease in intrinsic cognitive load. This suggests that the designed conceptual

prompts seemed to have influenced the intrinsic cognitive load, which in turn might have led
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to an increase in judgment accuracy—as expected (Klepsch & Seufert, 2021). Prior research
has also pointed toward the possible motivational effects of conceptual prompts. For example,
conceptual prompts have been shown to increase learners’ success expectancy (Bixler, 2007),
which could also be the case in Study B, as the conceptual prompts in Study B may have been
perceived as additional help and thus led to more optimism for assessing the simulated student
accurately. In other words, conceptual prompts may have positively affected future teachers’
success expectancy component of motivation, and may have thus increased their performance
(Wigfield & Eccles, 2000). This is empirically substantiated by the finding of Article B that
learners with a comparably low expectancy benefitted strongly from conceptual prompts,
whereas learners with one standard deviation above the mean (representing a success
expectancy of 4.71 + 1.12 = 5.83 on the unstandardized 7-point Likert scale) benefitted less
from this expectancy boost, possibly due to a ceiling effect. This is particularly interesting, as
prior analyses revealed that future teachers’ knowledge does not influence the effectiveness of
these conceptual prompts, and conceptual prompts may thus be not particularly beneficial for a
certain learner subgroup but generally effective (Sommerhoff et al., 2023). In that regard, the
findings of Article B highlight that there are variables beyond knowledge, such as motivational
characteristics, that may influence the effectiveness of conceptual prompts (Belland et al.,
2013). Figure 11 depicts the estimated effect sizes for conceptual prompts (turquoise line) and
for the other conditions in Study B plotted over the learners’ success expectancy (calculated in
the same way as in Article B). In particular, this figure suggests that future teachers with a
success expectancy of up to M+0.60 SD (on the unstandardized scale from 1 to 7, this
corresponds to a value of 5.38; N =72 future teachers of the sample in Study B had a lower
success expectancy) may have benefitted most from conceptual prompts. Learners with higher

success expectancy, in turn, may have benefitted most from the utility value intervention.
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Figure 11. Effect size of the four conditions plotted over future teachers’ success expectancy.
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With regard to the measured utility value, it is surprising that future teachers considered
assessment skills an important component of their later professional lives, since they typically
lack a perception of relevance regarding learning contents within educational sciences (Alles et
al., 2019; Voss, 2022). This could be caused by a pre-selection of motivated future teachers, as
participation was voluntary yet mitigated through remuneration (see Section 6.4). However,
future teachers’ high perception of utility could also point toward a motivational effect of the
video-based simulation. As the utility value was measured after future teachers completed the
video-based simulation in the pre-test of Study B, the simulation itself could have increased
future teachers’ utility value regarding assessment skills by explicitly showing the relevance of
assessment skills in an application case (Belland et al., 2013). In the end, future teachers’
increased perception of utility value prior to the actual utility value intervention may have led
to a ceiling effect of the intervention, resulting in a descriptive yet nonsignificant increase in
judgment accuracy for future teachers receiving the utility value intervention. However, there
are also other aspects of motivation, such as success expectancy, involvement, or interest, that
may have been affected by the utility value intervention and could have led to better
performance and learning outcomes. The detection of effects on performance and learning
outcomes, however, may be challenging, as Hulleman and Harackiewicz (2021) found the
effect sizes of utility value interventions regarding learning outcomes to be rather small
(d = .24). Thus, as the sample size of Article B only allowed the detection of small to medium
effect sizes, the utility value intervention might have been effective, even though the descriptive
improvement did not reach significance. This does not seem unrealistic, as the future teachers
who received the utility value intervention had at least descriptively higher judgment accuracy
in the post-test than the control condition (#54)=.858, p=0.395, d=.23). Against the
backdrop of these small effect sizes, further research may also consider other types of
motivational scaffolding, as, for example, competence-related beliefs have been shown to have
more impact on performance and learning gains compared to the utility value (Rosenzweig et
al., 2022). However, prior research has repeatedly stressed that utility value interventions are
not one-size-fits-all interventions but yield higher effect sizes for certain learner subgroups
(Hulleman & Harackiewicz, 2021). As such, prior research has focused on the moderating role
of success expectancy, which was also used for analyzing the differential effects of utility value
interventions in Article B (Canning & Harackiewicz, 2015; Durik et al., 2015). It was found
that the designed utility value intervention was most beneficial for learners with a comparably
high success expectancy (see also Figure 11). In other words, increasing the utility value as part

of the value component of motivation was beneficial for learners with comparably high success
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expectancy. Thus, in the present discussion on the interaction of value and success expectancy,
the results of Article B point to the existence of a positive interaction of both components
(Nagengast et al., 2011; Wigfield & Eccles, 2020). This is also in line with the empirical results
of Trautwein et al. (2012), who additionally found comparably low success expectancy when
combined with comparably high utility value (in other words, knowing about the relevance of
a task but not feeling able to cope with it) to be more detrimental than when combined with
comparably low utility value. This may be reflected in the finding of Article B that future
teachers with comparably low success expectancy improved the least compared to all other
conditions when receiving a utility value intervention. Thus, the empirical findings underpin
that utility value interventions can be particularly effective for learners with comparably high

SUcCCeEss expectancy.

Surprisingly, the combination of both scaffolds did not significantly improve the participants’
judgment accuracy. Descriptively, the improvement of this condition was even the lowest
among all four conditions, which means that combining both scaffolds may have reduced the
individual scaffolds’ effectiveness and was even less effective than only getting acquainted with
the simulation, as in the control group. This is surprising, as the effects of both scaffolds should
be independent from each other, since the utility value intervention primarily aims at increasing
the perceived utility value and conceptual prompts rather focus on reducing cognitive load and
guiding future teachers’ attention and conclusions (Hulleman & Harackiewicz, 2021; Klepsch
& Seufert, 2021; Sommerhoff et al., 2023) (see also Figure 3). The benefits of combining
motivational and cognitive support have also been substantiated by prior research theoretically
(e.g., in the context of self-regulated learning, see Pintrich, (2000) and empirically (Cromley et
al., 2020). Cromley et al. (2020) combined various types of cognitive and motivational support
for undergraduate STEM students, which led to larger effects than cognitive-only or
motivational-only support. However, they also found that different combinations of
motivational and cognitive support varied in their effectiveness. Thus, the less effective
combination of motivational and cognitive support in Article B may indicate that utility value
interventions and conceptual prompts could be less fruitfully combined, which needs to be
substantiated in further research. As an alternative type of cognitive support that may be
combined more fruitfully with utility value interventions, self-reflection prompts have shown
effective in other assessment contexts (Mamede & Schmidt, 2017), as well as in combination

with other types of support (Huk & Ludwigs, 2009). Thus, this may be particularly effective
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for learners who benefit from both cognitive and motivational support, such as future teachers

with a potentially struggling profile in Article A.

6.2 Overarching discussion: Relation to Adaptivity

Article A highlighted the presence of distinct learner characteristic profiles, which served as a
basis for developing conceptual prompts and a utility value intervention as scaffolding
measures, which were shown to be potentially helpful when empirically evaluated in Article B.
Besides addressing learner characteristic profiles in the design process of possible scaffolding
measures, prior research has repeatedly pointed toward the benefits of individualized support
in the learning process, often referred to as adaptive support (Kulik et al., 1990). In the context
of technology-enhanced learning, adaptivity is typically referred to as the ability of a learning
system to specifically support individual learners (Aleven et al., 2017; Plass & Pawar, 2020).
To this end, the theoretical considerations and empirical studies in this dissertation can also be
interpreted as an approach for preparing adaptivity within the Visit-Math simulation. This
approach is based on two guiding questions: What variable should the learning environment
adapt to? How should the learning environment adapt to these variables (Aleven et al., 2017;
Plass & Pawar, 2020). These two guiding questions will be described in more detail in the

following section; see Figure 12 for an overview.

What to adapt to? ? How to adapt?
Choice of Ensuring Potential Selecting Developlng
Empirical Source of Adaptivity Potential for Support Measures Adaptatlon Strategy
Evaluation Related to Outcome? Adaptivity Existent? Effective? Effective?

Figure 12. Step-wise approach to establishing adaptivity in a learning environment.

6.2.1 What variable should the learning environment adapt to?

As the first step of this dissertation’s approach toward adaptivity, the source of adaptivity’ was
identified, which refers to finding variables that can serve as a valid basis for deciding which
instruction to present (Aleven et al., 2017; Friedrich & Mandl, 1992; Plass & Pawar, 2020).

Generally, the source of adaptivity can be chosen from a great variety of behavioral, cognitive,

% The source of adaptivity is sometimes also called learner model, for example, in the context of intelligent tutoring
systems; see Shute and Zapata-River (2012). See also Brusilovsky and Millan (2007) for an overview of different
approaches for modeling the source of adaptivity.
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motivational, emotional, and socio-cultural variables (Plass & Pawar, 2020; Vandewactere et
al., 2011), but it is important that the chosen variables are (theoretically and empirically) related
to the learning outcome and can be measured adequately (Plass & Pawar, 2020). For this
dissertation, Heitzmann et al.’s (2019) theoretical considerations highlighted the relevance of
cognitive (professional knowledge) and motivational characteristics (interest, self-efficacy, and
self-regulation) for teachers’ assessment skills. As opposed to common, solely theoretical
approaches to substantiate the selection of the source of adaptivity (Vandewaetere et al., 2011),
this dissertation follows the recommendations of Plass and Pawar (2020) by dedicating an
empirical study to the validation Heitzmann et al.’s (2019) theoretical considerations. To this
end, using LPA reflects that learner characteristics typically appear in complex patterns (Kosel,
Wolter, & Seidel, 2021) and methodologically allows the representation of these complex
patterns by a single variable (i.e., the latent profile). Whether future teachers are assigned to the
knowledgeable, motivated, or potentially struggling profile can also be used as a source of
adaptivity, which is backed up by Article A, substantiating the profiles’ relation to assessment
skills as a learning outcome. Note that the latent profile as a source of adaptivity still draws on
the measurement of multiple learner characteristics and thus exceeds the common approaches
taken in research on adaptivity, which mainly focus on one variable as a source of adaptivity
(Nakic et al., 2015). This also emphasizes that LPA can serve as a rather simple and
comprehensible approach for including multiple learner characteristics compared to other fairly

complex approaches (Kabassi & Virvou, 2004).

Once selected, it must also be ensured that the chosen source of adaptivity bears the potential
for adaptivity. That is, the source of adaptivity suggests possible directions of support, and not
all learners receive the same support as they would, for example, when varying in a too small
extent along the source of adaptivity (see Shute & Zapata-River, 2012). For example, choosing
a variable as a source of adaptivity that is already sufficiently present among learners will not
suggest possible directions of support and will thus fail to yield a valid adaptation strategy.
Again, substantiating theoretical considerations with empirical findings can further ensure the
potential for adaptivity (Plass & Pawar, 2020). In this regard, this dissertation underpinned the
merits of person-centered approaches, such as LPA, to identify certain learner subgroups for
which promising support measures can then be individually developed (Tetzlaff et al., 2021).
To this end, Article A highlighted that all profiles could still improve, and future teachers may
be supported through cognitive support (motivated profile), motivational support
(knowledgeable profile), or both (potentially struggling profile).
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6.2.2 How should the learning environment adapt to these variables?

Once the source of adaptivity and its potential for adaptivity have been clarified, the focus shifts
to the second major question of how the learning environment should adapt to these variables.
This question can be disentangled in the selection and development of possible support
measures in the learning environment (how to support) and in the implementation of the
developed support measures in an adaptation strategy (when to support how). With regard to
the selection of support measures, Plass and Pawar (2020) indicated seven different categories
of support while solving a task, such as scaffolding or providing feedback, from which
designers of adaptive learning environments can choose. The specific choice of support needs
to build upon the chosen source of adaptivity. In the context of the present dissertation,
motivational and conceptual scaffolds, as well as their combination, seemed promising to
specifically support the identified profiles and were then designed based on theoretical
considerations as well as prior empirical results (Hulleman & Harackiewicz, 2021; Sommerhoff
et al., 2023). At this point, the present dissertation highlights the benefits of empirically
investigating the developed scaffolds’ effectiveness in the targeted learning environment, in
addition to theoretical considerations (Aleven et al., 2017): Contrary to the expectations, the
combination of the utility value intervention and the conceptual prompts tended to be less
effective than each scaffold individually. Following these expectations could have led to a less
effective use of the scaffolds, particularly for learners who could have benefitted the most from
the combination of conceptual and motivational scaffolding (e.g., future teachers with a
potentially struggling profile), but who may benefit more from receiving only conceptual

prompts based on the empirical findings of Study B.

Such empirical results also affect the adaptation strategy, which refers to the question of when
(in terms of individual scores on the chosen source of adaptivity) the learning environment
should support #ow (in terms of the available support measures). Depending on the chosen
source of adaptation and the designed support measures, the development of an adaptation
strategy can be rather simple. For example, based on the learner characteristic profiles from
Article A (as a source of adaptivity) and the utility value intervention and conceptual prompts
(as support measures), one possible adaptation strategy could be that, depending on the assigned
profile, future teachers receive either conceptual prompts (motivated or potentially struggling
profile) or the utility value intervention (knowledgeable profile). However, if the source of

adaptivity is not a nominal variable but an ordinal or continuous variable, such as future
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teachers’ success expectancy, thresholds need to be derived for deciding which possible support
measure is provided for learners with a certain score on the chosen source of adaptivity (see
Shute, 1995). One approach to how such cut-off values could be derived was applied in Section
6.1.2, in which the effectiveness of the utility value intervention and conceptual prompts was
compared depending on future teachers’ success expectancy (see Figure 11). This points to
another possible adaptation strategy, according to which future teachers with a success
expectancy higher than 5.38 are provided with a utility value intervention, whereas those with
a lower success expectancy than 5.38 receive conceptual prompts. For both adaptation
strategies, the video-based simulation responds to the source of adaptivity that was analyzed
before learners entered Visit-Math as a learning environment. This is sometimes called meso-
level adaptivity (Tetzlaff et al., 2021) or task-loop adaptivity (Aleven et al., 2017). However,
micro-level adaptivity (Tetzlaff et al., 2021), for which the source of adaptivity is analyzed
while learning, is within reach for Visit-Math. A micro-level adaptation that adapts conceptual
prompts based on a real-time evaluation of the learners’ notes during the assessment process
was developed and is currently being investigated (Nickl, Sommerhoff, et al., 2022). For this
study, the development of an adaptation strategy is currently complemented by an empirical
evaluation (Plass & Pawar, 2020). As a typical approach to evaluating an adaptation strategy,
researchers investigate whether the developed adaptive support is more effective than non-
adaptive or no support, with early results suggesting the benefits of adaptive support over non-

adaptive support (Radkowitsch et al., 2021; Sailer et al., 2022).

Altogether, the present dissertation shows a possible way of approaching adaptivity in a given
(so far non-adaptive) learning environment. This approach draws on theory-based
considerations but also highlights starting points for empirical evaluations, as the combination
of theory and empirical evaluation is stressed as a promising approach to validly establish

adaptivity in a given learning environment (Plass & Pawar, 2020).

6.3 Implications for Teacher Education

With regard to the superordinate Research Question (1), this dissertation identified three learner
characteristic profiles (knowledgeable, motivated, and potentially struggling) that future
teachers bring to the video-based simulation Visit-Math. These profiles were also shown to be
related to situative learning experiences and assessment performance in the simulation. Based

on these profiles, a utility value intervention and conceptual prompts were developed as
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promising strategies for effective scaffolding, which were then evaluated with regard to
superordinate Research Question (2). The findings show that effective scaffolding strategies
may consist of providing conceptual prompts or, possibly, a utility value intervention but not
both together. Furthermore, the utility value intervention was most beneficial for learners with
a comparably high success expectancy, whereas conceptual prompts were most beneficial for
learners with a comparably low success expectancy. In this section, I briefly highlight some

implications of these findings for the practice of teacher education.

As a contribution to the practice of teacher education, Visit-Math, as a scalable and always
accessible online learning environment for future teachers to acquire assessment skills, was
further developed (Codreanu, 2021). A utility value intervention designed based on prior
promising examples (Hulleman & Harackiewicz, 2021) and conceptual prompts were
implemented as promising scaffolding strategies in this improved version of the simulation,
further improving the effective use of this simulation for teacher education. By identifying
learner characteristic profiles within the simulation and developing scaffolding based on these
profiles, the simulation can also be designed as an adaptive simulation. To further support future
teachers in acquiring assessment skills, the simulation can even be adapted based on real-time

measures (see Nickl, Sommerhoff, et al., 2022).

To identify the learner characteristic profiles, LPA was used. The learner characteristics that
were used as indicators for LPA were related to the mathematical content (CK and PCK) and
to motivational characteristics, primarily focusing assessment skills (interest, self-regulation,
and self-efficacy). Thus, such profiles are likely to appear in learning settings in teacher
education with regard to assessment skills in a mathematical context but may also appear in
other learning settings. Thus, instructors can use the identified profiles in their own teaching
practice to provide (possibly adaptive) support for learners with different learner characteristic
profiles, which is expected to increase learning gains (Kulik et al., 1990; van de Pol et al., 2010).
The use of LPA also showed effectiveness when approaching adaptivity within the Visit-Math
simulation, as described in Section 6.2. In this regard, the steps described in Section 6.2 (from
the choice regarding the source of adaptivity toward the development of an adaptation strategy;
see Figure 12) may provide guidance for important considerations. The realization of the steps
in this dissertation may also serve as a blueprint for designing adaptive learning environments

within teacher education.
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Another aspect that may increase learning gains, as highlighted by this dissertation, is the use
of scaffolding. Primarily, based on the findings in this dissertation, this refers to scaffolding
within simulations; however, this may also apply to scaffolding within other virtual learning
environments or even classroom settings (Belland et al., 2017; Chernikova, Heitzmann, Fink,
et al., 2020). For example, this dissertation found that a utility value intervention may lead to
better learning outcomes by helping students to explore the utility of the topic to be taught by
themselves, which could also be implemented in other learning contexts in teacher education
(Hulleman & Harackiewicz, 2021); yet, utility value interventions have rarely been used in such
contexts (Rochnia & Grisel, 2022). To this end, implementing such scaffolding techniques in
teacher education may also lead to future teachers using these strategies in their own
professional practice (Bandura, 1977). When combining such motivational scaffolding with
conceptual scaffolds, the present dissertation also highlights that such combinations may not
necessarily be beneficial for learning, which suggests exercising caution in combining
motivational and conceptual scaffolding (Cromley et al., 2020). This caution is necessary with
regard to the scaffolds used in this dissertation, but it might also be necessary in other settings,

maybe even classroom settings.

However, this dissertation not only highlights the importance of being cautious when
combining different scaffolds but also points toward a sensitization for the interaction between
scaffolds (or generally, support measures) and learners’ prerequisites. To this end, the influence
of the learners’ success expectancy on the effectiveness of scaffolds and the preceding
discussion about adaptivity substantiate that learning is an individual process, and one-size-fits-
all instruction may not be the most appropriate strategy to maximize learning gains. This, again,

emphasizes the advantages of individualized learning.

6.4 Limitations and Further Research

The findings of this dissertation have limitations that need to be considered when interpreting
the results and conclusions. First, as a typical constraint, the sample size needs to be considered.
With regard to LPA, a sample size of 150 is legitimate but in the lower range of possible sizes
compared to other LPAs (Spurk et al., 2020). However, considering other LPAs conducted with
(future) teachers, this sample size is average. For example, Blomeke, Hoth, et al. (2015)
conducted LPA with 231 primary teachers, whereas Blomeke et al. (2020) conducted LPA with

77 secondary mathematics teachers. In Study B, the power analysis revealed that the sample
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size was sufficient to detect small to medium effects. Again, with regard to the context and prior
studies, the obtained sample of 108 future teachers seems appropriate. However, it is desirable
that further research targets larger sample sizes, which may allow for the substantiation of the

results of this dissertation and may also allow the detection of smaller effects.

Second, both empirical studies were affected by COVID-19 in such a way that in-person data
collections were barely possible. Thus, studies had to be conducted online, which could have
led to a decrease in data quality. However, the data did not give any indication to doubt their
quality. Another effect of conducting the studies online may be an increased selection effect
regarding the sample: Only future teachers who already perceive a high utility of assessment
skills might have participated, thus leading to a possible ceiling effect. However, with additional

remuneration, this effect was probably attenuated.

Third, prior research has highlighted the domain specificity of assessment skills (Spinath,
2005). Thus, what is understood in the sense of assessment skills in this dissertation is first
limited to the specific assessment situation in Visit-Math, which can be categorized as a short-
term assessment for learning, which is relatively specific to certain skills of the learners
(mathematical proof skills), and inaccurate judgments do not provoke negative consequences
for the (simulated) student (Karst et al., 2017). Therefore, future studies need to carefully
consider whether the results can be transferred to other assessment situations. This, however, is

a typical constraint with regard to teachers’ assessment skills.

Fourth, another limitation with regard to teachers’ assessment skills is their conceptualization.
As outlined in Section 2.1, the main constituents of assessment skills are dispositions, situation-
specific skills, and assessment performance. This dissertation mainly focused on judgment
accuracy (operationalized as the matching of the future teachers’ solution with an expert’s
solution) as a performance measure and learning outcome. This is in line with prior research
(see Urhahne & Wijnia, 2021) but may also be extended in further research. Additional
measures to rate different aspects of the quality of the judgment are one possible direction for
further research, such as the different measures outlined by Schrader (1989) or efficiency
following future teachers’ acquisition of sufficient assessment skills (Heitzmann et al., 2019).
Another aspect of teachers’ assessment performance is their assessment process. As the first
approach, Article A draws on the number of watched videos and the number of written words
in the assessment process. However, these measures are rather superficial and do not allow

viable conclusions about underlying situation-specific skills and dispositions. Thus, as a next
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step, the notes are currently being coded, and the first set of publications, including a content-
wise description (Nickl, Sommerhoff, Codreanu, et al., in press) and activity-based description
(Radkowitsch et al., 2022) of the notes, are currently in the publication process. This may
further allow for a description of teachers’ situation-specific skills, which are also manifested

in the assessment process (Blomeke et al., 2016).

Fifth, with regard to the interventions in Article B, it is important to note that both interventions
were relatively short. The utility value intervention lasted about 10 minutes, which is considered
to be at the lower end of the limit to effectively support learning outcomes (Rosenzweig et al.,
2019). Thus, even though the utility value intervention from Article B could be expected to
increase judgment accuracy, the length of the utility value intervention may have reduced its
effectiveness for learning outcomes. This may also be the case with regard to conceptual
prompts, which were implemented in the simulation that lasted only about 25 minutes. Again,
this is in line with prior research that mainly focused on short-term interventions for assessment
skills. However, it would be particularly interesting to develop and evaluate more longitudinal
interventions, including different types of scaffolding and fading strategies, to foster future

teachers’ assessment skills.

6.5 Conclusion

Teachers’ assessment skills have been shown to be an important aspect of teachers’ professional
practice, but they also leave room for improvement. Improvements in teachers’ assessment
skills can already be achieved within university teacher education through the provision of
appropriate learning opportunities, which can be enriched with scaffolding to further increase
learning gains. This dissertation pursued the goal of developing effective scaffolding for
facilitating future mathematics teachers’ assessment skills in a video-based simulation while
approaching the adaptivity of the simulation. Based on empirically identified patterns of learner
characteristics, promising scaffolds were derived, developed, and empirically evaluated. The

dissertation makes several contributions to the field of research.

Conceptually, this dissertation identified three typical patterns of learner characteristics that
future teachers may bring to a simulation and that also affect judgment accuracy. To this end,
the important role of knowledge in assessment performance was substantiated, whereas the role
of motivational characteristics only showed tentatively. This has led to the identification of

possible directions for effective scaffolding strategies in the context of assessment skills. As
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possible scaffolds, conceptual prompts and a utility value intervention were designed and
evaluated, showing the potential of conceptual and motivational scaffolding to increase future
teachers’ learning gains—as long as provided individually; a combined presentation was less
effective than each scaffold individually, suggesting caution when combining conceptual and
motivational scaffolding. Moreover, future teachers’ success expectancy affected the
effectiveness of both supporting means, underpinning the role of the learners’ characteristics in
the effectiveness of scaffolding, potentially indicating additional motivational effects of
conceptual prompts and supporting the positive interaction of expectancy and the value

component of motivation.

Methodologically, this dissertation presented a way to design scaffolding based on theoretical
considerations and an empirical evaluation of what learners bring to the video-based simulation.
This approach highlighted advantages of LPA as a person-centered approach for developing
effective scaffolding compared to variable-centered approaches, as it allowed to identify
patterns that could be used to analyze pattern by pattern, what possible scaffolding strategies
could be. By using a 2 x 2 intervention design for investigating the effectiveness of the two
derived scaffolds, it was possible not only to evaluate each individual scaffold’s effectiveness
but also to identify the combination of both scaffolds as less promising. Altogether, this
approach to designing effective scaffolding was also interpreted in the sense of adaptivity
following a step-wise approach to establishing adaptivity in learning environments that may

serve as a blueprint for designing further adaptive learning environments.

With regard to practice, this dissertation designed scaffolding to facilitate future teachers’
assessment skills in a given learning environment. To this end, it highlighted the role of learner
characteristics as prerequisites for learning and substantiated the use of scaffolding to support
learners. Lastly, this dissertation highlighted the role of scaffolding in computer-based settings

beyond one-size-fits-all instructional support toward individualized support measures.
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