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Abstract

In order to be able to recognize and cope with critical situations of teaching and learning,
teachers need diagnostic competences, which should already be fostered in teacher education
at university. Diagnostic competences can be defined as teachers’ dispositions enabling them
to apply their knowledge in diagnostic activities according to professional standards to collect
and interpret data accurately in order to make appropriate decisions. In this definition, three
components of diagnostic competences become apparent: the professional knowledge base,
diagnostic activities, and diagnostic accuracy. The professional knowledge base consists of
the facets pedagogical-psychological knowledge (PK), content knowledge (CK), and
pedagogical content knowledge (PCK). Pre-service teachers have to be able to apply
knowledge in diagnostic contexts that are real or close to everyday life by using diagnostic
activities. Diagnostic activities describe those activities that teachers execute to generate and
evaluate data in order to produce a diagnosis. Additionally, their diagnosis has to meet
qualitative demands in terms of diagnostic accuracy, which describes the adequacy of a
person’s diagnosis in terms of objective criteria. It has not yet been systematically
investigated how the components of diagnostic competences are interrelated. Furthermore,
there is a growing debate about how to foster knowledge development in higher education.
The investigation of different instructional approaches of knowledge presentation (e.g., by a
lecturer, via texts, via video-based tools) can be connected to this debate. With regard to the
demand to investigate professional knowledge as well as diagnostic activities using real-life
diagnostic contexts, video-based tools are considered promising. Video-based tools can
provide an authentic representation of the subject-specific professional everyday life of
teachers and their tasks. That makes it possible to measure and promote specific components
of diagnostic competences in a situated way. For biology teacher education, there is a lack of
tools in which subject-specific relevant situations from the biology classroom are the subject
of diagnosis.

To close this gap, the video-based assessment tool DiKoBi A4ssess was developed in
the project COSIMA (Facilitating diagnostic competences in simulation-based learning
environments in higher education), which focused on the facilitation of professional
knowledge and diagnostic competences of biology teachers and was funded by the DFG
(German Research Foundation, NE-1196/8-1). In DiKoBi Assess (German acronym for
diagnostic competences of biology teachers in biology classrooms), biology-specific

challenges of different classroom situations have to be diagnosed with regard to dimensions



of subject-specific instructional quality (i.e., level of students’ cognitive activities and
creation of situational interest, dealing with (specific) student ideas and errors, use of
technical language, use of experiments, use of models, and conceptual instruction).

Overall, the present dissertation had three aims: (1) to validate the video-based tool
DiKoBi Assess with respect to the integrated biology-specific challenges, the tasks used, and
the construct of diagnostic activities (i.e., the activities generating evidence, evaluating
evidence, and drawing conclusions) used for analysis. The validation process is completed by
comparing the construct of diagnostic activities with the construct of professional vision
(regarding the included aspects description, explanation, and prediction) established in video-
based teacher research. Further aims were (2) the investigation of the relationships between
the three components that constitute diagnostic competences, and (3) the analysis of the
effects of different types of instructional support on professional knowledge as one
component of diagnostic competences.

The three aims were addressed in the first funding phase of the COSIMA project.
Following a preliminary study with five in-service biology teachers, in which the validity of
the video-based tool was tested, two main studies with pre-service biology teachers took
place. Data was collected in both Study 1 (N = 90 pre-service teachers) and Study 2 (N =103
pre-service teachers) in a pre-post design. In both studies, professional knowledge was
assessed with paper-pencil tests, diagnostic activities and diagnostic accuracy were assessed
with the video-based tool DiKoBi Assess.

The validation of DiKoBi Assess showed that the embedded biology-specific
classroom situations were perceived as authentic, that biology-specific challenges in the
respective classroom situations were diagnosable by in-service biology teachers, and that the
integrated tasks triggered specifically the three targeted diagnostic activities gemerating
evidence, evaluating evidence, and drawing conclusions. Thus, with DiKoBi Assess, specific
diagnostic activities can be triggered and measured. Moreover, as a result of comparing the
constructs diagnostic activities and professional vision, it was possible to identify and
describe categories relevant for diagnosing the biology-specific classroom situations
presented in DiKoBi Assess. The identified categories could then be used for analysis in the
subsequent main studies. The evaluation of the two main studies showed that especially PCK
was important for the application of the diagnostic activities and for diagnostic accuracy. In
addition, a relationship between PK and diagnostic activities was found. Both main studies
also indicated an impact of the work with DiKoBi Assess on the development of PCK.

Furthermore, the use of the video-based tool in combination with instructional support
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provided by a lecturer can be considered effective. While for the development of CK, a non-
integrated instruction might be beneficial, PCK benefited slightly more from the integrated
instruction of the knowledge facets. However, the results suggest that diagnosing instructional
quality is more effective for knowledge development than instructional approaches such as
text interventions, but that in terms of PCK development, for example, greater linking of
knowledge facets may also be advisable when instructing curricular content.

Overall, it can be concluded that DiKoBi Assess is a valid measurement instrument for
studies on diagnostic competences of pre-service biology teachers. Furthermore, the results of
this dissertation suggest that working with DiKoBi Assess and diagnosing instructional
quality can promote subject-specific knowledge (PCK), which in turn is a critical component
of biology teachers’ diagnostic competences and therefore requires explicit support. Existing
instructional methods of teacher education, in which knowledge acquisition is promoted via
texts or lectures, should therefore be enriched with practice-oriented examples. This can be
done via video-based tools that could be conducive to the development and stronger
interlocking of the more practice-oriented knowledge facets PCK and PK. In addition, such
tools can also be beneficial to address the knowledge facets in an interrelated way and to
enhance linking between the knowledge facets. However, explicit specialized seminars

addressing subject content still seem useful for developing a sound CK base.
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Zusammenfassung

Um entscheidende Lehr- und Lernsituationen erkennen und bewéltigen zu kdnnen, benétigen
Lehrkrifte Diagnosekompetenzen, die bereits im Rahmen der Lehrerausbildung an der
Hochschule gefordert werden sollten. Diagnosekompetenzen kdnnen als Dispositionen von
Lehrkriaften definiert werden, die es ihnen ermoglichen, ihr Wissen in diagnostischen
Aktivitdten gemif professionellen Standards anzuwenden, um Daten zu sammeln und korrekt
zu interpretieren und somit angemessene Entscheidungen zu treffen. In dieser Definition
werden drei Komponenten von Diagnosekompetenzen sichtbar: eine professionelle
Wissensbasis, diagnostische Aktivititen und diagnostische Akkuratheit. Die professionelle
Wissensbasis besteht aus den Facetten pddagogisch-psychologisches Wissen (PK),
Fachwissen (CK) und fachdidaktisches Wissen (PCK). Die angehenden Lehrkréfte miissen in
der Lage sein, ihr Wissen innerhalb realer bzw. alltagsnaher Diagnosekontexte in
diagnostischen Aktivititen anzuwenden. Diagnostische Aktivititen beschreiben jene
Aktivititen, die Lehrer ausfithren, um Daten zu generieren und zu evaluieren, damit eine
Diagnose erstellt werden kann. Zusétzlich muss die Diagnose qualitativen Anforderungen
geniigen, beispielsweise hinsichtlich ihrer Akkuratheit, womit die Addquatheit der Diagnose
einer Person hinsichtlich objektiver Kriterien beschrieben wird. Wie die Komponenten der
Diagnosekompetenzen zusammenhidngen, wurde bisher noch nicht systematisch untersucht.
Dartiber hinaus kann mit Blick auf die universitdre Ausbildung eine stiarker werdende Debatte
hinsichtlich der Forderung der professionellen Wissensbasis ausgemacht werden, an die sich
die Untersuchung verschiedener instruktionaler Anséitze der Wissensvermittlung (z. B. durch
Vorlesungen, Textarbeit, liber videobasierte Tools) anschlieBen kann. Im Hinblick auf die
Forderung, dieses Wissen sowie entsprechende diagnostische Aktivititen anhand realer
Diagnosekontexte zu untersuchen, gelten videobasierte Tools als vielversprechend. Der
Einsatz videobasierter Tools wird als eine Moglichkeit angesehen, um den fachspezifischen
Berufsalltag moglichst authentisch abzubilden und somit spezifische Komponenten von
Diagnosekompetenzen situiert messen und fordern zu konnen. Fiir die Ausbildung
angehender Biologielehrkrifte fehlen bisher groftenteils Tools, in denen fachspezifisch
relevante Situationen aus dem Biologieunterricht Gegenstand der Diagnose sind.

Um diese Liicke zu schlieBen, wurde in dem von der DFG (Deutsche
Forschungsgemeinschaft) geforderten Projekt COSIMA (Férderung von Diagnosekompeten-
zen in simulationsbasierten Lernumgebungen in der Hochschule), in dem die Forderung von

Professionswissen und diagnostischen Kompetenzen von Biologielehrkréften im Mittelpunkt
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steht (NE-1196/8-1), das videobasierte Diagnose-Tool DiKoBi A4ssess entwickelt. In DiKoBi
Assess (Akronym fiir Diagnosekompetenzen von Biologielehrkrdften im Biologieunterricht)
sollen biologiespezifische Herausforderungen verschiedener Unterrichtssituationen im
Hinblick auf die fachspezifische Unterrichtsqualitit diagnostiziert werden (mit Bezug auf das
Niveau der kognitiven Aktivititen der Lernenden und der Erzeugung von situativem
Interesse, den Umgang mit (spezifischen) Schiilerideen und Fehlern, der Verwendung von
Fachsprache, den Einsatz von Experimenten, die Verwendung von Modellen, und
konzeptorientiertem Unterricht).

Die vorliegende Dissertation verfolgt insgesamt drei Ziele: (1) die Validierung des
videobasierten Tools DiKoBi Assess hinsichtlich der integrierten biologiespezifischen
Herausforderungen, der verwendeten Aufgaben sowie des fiir die Analyse verwendeten
Konstrukts der diagnostischen Aktivitdten (insbesondere die Aktivititen FEvidenzen
generieren, Evidenzen evaluieren und Schlussfolgerungen ziehen). Abgeschlossen wird der
Validierungsprozess durch einen Vergleich des Konstrukts der diagnostischen Aktivititen mit
dem in der videobasierten Lehrerforschung etablierten Konstrukt Professional Vision
(hinsichtlich der enthaltenen Aspekte Beschreibung, Erkldrung und Vorhersage). Weiterhin
verfolgt werden (2) die Untersuchung der Zusammenhénge zwischen den drei Komponenten
von Diagnosekompetenzen sowie (3) die Analyse der Effekte unterschiedlicher instruktiona-
ler UnterstiitzungsmafBinahmen auf die professionelle Wissensbasis als Komponente von
Diagnosekompetenzen.

Die drei Ziele wurden im Rahmen der ersten Forderphase des COSIMA Projektes
bearbeitet. Anschlieend an eine Vorstudie mit fiinf praktizierenden Biologielehrkriften, in
der die Validitit des videobasierten Tools tiberpriift wurde, fanden zwei Hauptstudien mit
angehenden Biologielehrkréften statt. Daten wurden sowohl in Studie 1 (N =90 angehende
Biologielehrkrifte) als auch in Studie 2 (N = 103 angehende Biologielehrkrifte) in einem Pra-
Post-Design erhoben. In beiden Studien wurde das Professionswissen mit Paper-Pencil-Tests,
die diagnostischen Aktivititen und die diagnostische Akkuratheit mit dem videobasierten
Tool DiKoBi A4ssess erfasst.

Die Validierung von DiKoBi Assess zeigte, dass die eingebetteten fachspezifischen
Unterrichtssituationen als authentisch wahrgenommen wurden, dass biologiespezifische
Herausforderungen in den jeweiligen Unterrichtssituationen durch praktizierende Biologie-
lehrkréfte diagnostizierbar waren, und dass die integrierten Aufgaben genau die drei
anvisierten diagnostischen Aktivititen Evidenzen generieren, Evidenzen evaluieren und

Schlussfolgerungen ziehen triggerten. Somit konnen mit DiKoBi Assess gezielt diagnostische
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Aktivitdten ausgeldst und gemessen werden. Zudem konnten als Resultat aus dem Vergleich
der Konstrukte diagnostische Aktivitdten und Professional Vision Kategorien identifiziert und
beschrieben werden, die fiir das Diagnostizieren der biologiespezifischen Unterrichts-
situationen aus DiKoBi Assess relevant waren und somit in den nachfolgenden Hauptstudien
als Analysekategorien genutzt werden konnten. Die Auswertung der Hauptstudien zeigte, dass
vor allem PCK wichtig fiir die Anwendung der diagnostischen Aktivititen und die
diagnostische Akkuratheit war. Daneben bestand auch ein Zusammenhang zwischen PK und
den diagnostischen Aktivitidten. Beide Hauptstudien deuteten zudem auf einen Einfluss der
Arbeit in DiKoBi 4ssess fiir den Aufbau von PCK hin. Als sinnvoll kann dariiber hinaus der
Einsatz des videobasierten Tools in Kombination mit dozentenbasierter Instruktion angesehen
werden. Wihrend fiir die Entwicklung von CK eine nicht-integrierte Vermittlung der
Wissensfacetten forderlich zu sein scheint, profitiert PCK deskriptiv etwas stirker von einer
integrierten Vermittlung. Insgesamt legen die Ergebnisse nahe, dass das Diagnostizieren
biologiespezifischer Unterrichtssituationen in DiKoBi Assess effektiver fir den Wissens-
aufbau als instruktionale Anséitze wie z.B. Textinterventionen ist, dass aber hinsichtlich der
Forderung von PCK auch eine stirkere Verkniipfung der Wissensfacetten bei der Instruktion
von curricularen Inhalten angebracht ist.

Daher kann hinsichtlich der Ergebnisse dieser Dissertation festgehalten werden, dass
DiKoBi Assess ein valides Messinstrument fiir Untersuchungen zu Diagnosekompetenzen
angehender Biologielehrkrifte ist. Dariiber hinaus kann durch die Arbeit mit DiKoBi Assess
und dem Diagnostizieren von Unterrichtsqualitit fachspezifisches Wissen (PCK) gefordert
werden, welches wiederum eine entscheidende Komponente der diagnostischen Kompetenzen
von Biologielehrkriften darstellt und daher expliziter Forderung bedarf. Bisherige
Lehrmethoden der Lehrerausbildung, in denen Wissen iiber Texte oder Vorlesungen
vermittelt wird, sollten daher vor allem im Hinblick auf die Forderung der
anwendungsorientierten Wissensfacetten PCK und PK noch stirker um Anwendungen mit
Praxisbezug erginzt werden. Dies kann beispielweise iiber videobasierte Tools erfolgen.
Zusitzlich konnen derartige Tools auch hilfreich sein, um die Wissensfacetten in integrierter
Weise zu adressieren und eine stirkere Vernetzung zwischen den Wissensfacetten zu
ermOglichen. Explizite Fachseminare, in denen spezifische Fachinhalte vermittelt werden,

erscheinen jedoch nach wie vor sinnvoll, um eine fundierte CK-Basis zu entwickeln.
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Introduction

1. Introduction

As part of their professional competence, teachers must solve a wide variety of problem
situations. Therefore, they engage in reasoning processes to make decisions that should lead
to effective classroom instruction and instructional quality that, in turn, improves student
achievement (Baumert & Kunter, 2013b; Seidel & Shavelson, 2007). Similar to a physician’s
behavior (identifying and interpreting symptoms of a patient to decide how best to treat the
patient), a teacher’s assessment of classroom situations and incidents can be understood as a
diagnosis aimed at adapting instruction to best meet students’ needs (Heitzmann et al., 2019;
Klug et al., 2013). In order to effectively manage such diagnostic contexts, teachers need
diagnostic competences' that can be “defined as individual dispositions enabling people to
apply their knowledge in diagnostic activities according to professional standards to collect
and interpret data in order to make high-quality decisions” (Heitzmann et al., 2019, p. 5). This
definition originates from a joint research project of actors in medical and teacher education,
who are investigating diagnostic competences in their respective professions in the DFG-
funded project COSIMA (Facilitating diagnostic competences in simulation-based learning
environments in higher education, FOR 2385). The transfer of previous findings and
constructs of diagnosis from medicine to constructs of teacher education represents a central
research approach of the COSIMA group. According to the definition of diagnostic
competences, three components have been described that need to be considered when
investigating teachers’ diagnostic competences: teachers’ professional knowledge as part of
their cognitive dispositions, diagnostic activities that teachers engage in to derive a diagnosis,
and a quality measure that can be realized in terms of accuracy to achieve adequate follow-up
decisions (Heitzmann et al., 2019; Chernikova et al., in press). Since applying knowledge to
individual cases is seen as challenging not only for pre-service teachers but also for young
professionals (Berliner, 2001; Heitzmann et al., 2019), there is a demand to promote pre-
service teachers’ knowledge development, and thus, their diagnostic competences already in
teacher education at university by providing opportunities for diagnosing. This approach is
emphasized by researchers because competences are acquired through experience and

learning in relevant, challenging situations and can be influenced by external interventions

! Throughout this dissertation, the plural “diagnostic competences” is used to indicate that there is no global
construct of diagnostic competence but that its conceptualization depends on the specific focus of the study, the
diagnostic occasion, or the level of the diagnosis (cf. Karst et al., 2014, McElvany et al. 2009, Steffensky et al.,
2015).
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and additional instructional support (Heitzmann et al., 2019; Janssen & Lazonder, 2016;
Klieme et al., 2008; Weinert, 2001). Therefore, video-based programs and tools have been
developed that approximate practice and allow for the application of knowledge while
considering the specificity of a situation (Gaudin & Chalies, 2015; Gold & Holodynski, 2017;
Hoth et al., 2018). In science education, there are a few video-based tools that provide
diagnostic situations, but whole-class scenarios in which science-specific features of
instructional quality have to be assessed for diagnosis have not explicitly been designed yet.
Instead, the diagnostic foci of the tools are directly related to student-teacher-interaction,
student behavior and student learning (e.g., Codreanu et al., 2020; Hoth et al., 2016; Kaiser et
al., 2015; Kersting, 2008; Santagata et al., 2007), but not to specific instructional quality
dimensions such as cognitive activation that affect student achievement (Fortsch et al., 2016).
Since it is the subject-specific dimensions in particular that are crucial for instructional quality
and student achievement in the subject (Helmke & Schrader, 1987; Karing et al., 2011; Seidel
& Shavelson, 2007), an instrument that allows the assessment of subject-specific instructional
quality with consideration of the teachers’ instructional behavior was developed and
validated: the video-based tool DiKoBi Assess” (German acronym for diagnostic competences
of biology teachers in biology classrooms). This tool is intended to investigate questions
regarding the analysis and promotion of the three components of diagnostic competences
within biology education.

To frame the publications and manuscripts as well as the theoretical approaches and
constructs used therein, the introduction and discussion of this dissertation are structured as
follows: In order to understand the structure and conception of the video-based tool DiKoBi
Assess and the associated diagnostic context, the introduction starts with the description of
generic and subject-specific dimensions of instructional quality that underlie effective
teaching (see Section 1.1). This perspective representing research on teaching effectiveness is
then complemented by aspects concerning research on teacher professionalism. Based on the
situated approach of modeling the professional competence of teachers as a continuum (see
Section 1.2), the components of diagnostic competences are derived from previous research
traditions before they are brought together and embedded in a conceptual framework of the
COSIMA research project, whose evaluation with regard to the conceptualization of

diagnostic competences and possible effects of instructional factors are still pending (see

? The video-based tool DiKoBi can be used in two ways: (1) as a measuring instrument (DiKoBi Assess) and (2)
as a learning environment (DiKoBi Learn). This dissertation is mainly concerned with the tool’s use as a
measurement instrument and therefore refers to the tool as DiKoBi Assess.
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Section 1.3). After that, professional knowledge (see Section 1.3.1), diagnostic activities (see
Section 1.3.2), and diagnostic accuracy (see Section 1.3.3), the three components of
diagnostic competences, are described in more detail, and each is related to corresponding
constructs used alternatively in teacher expertise research. This compilation results in further
research gaps concerning the understanding and transferability of different constructs also
included in these sections. An overview illustrates the variety of different constructs and
conceptualizations used to investigate situation-specific skills in the context of assessment
and diagnosis, as well as findings regarding their relationships to other components of
diagnostic competences such as professional knowledge or diagnostic accuracy (see Section
1.4). As a last theoretical aspect, the use of videos in teacher education is considered (see
Section 1.5), before the introduction closes with a description of the video-based assessment
tool DiKoBi Assess (see Section 1.6). From the theoretical introduction, three research aims
are derived (see Section 2), which were addressed in the context of three publications and two
manuscripts (see Section 3). Afterward, the results of these publications are summarized and
discussed with regard to the three research aims (see Sections 4.1 to 4.4). After referring to
the limitations of the different studies conducted (see Section 4.5), further research is
described that (can) follow the results of this dissertation (see Section 4.6). Finally,
implications for research and teacher education are outlined (see Section 4.7).

Since several terms and constructs are considered relevant to understand the results of
Section 3, Figure 1 was created to give an overview of the main terms and constructs used in

this dissertation as well as the corresponding theoretical sections.

Instructional support Processes in the video-based
assessment tool DiKoBi
- Self-directed knowledge A
A ssess : :
acquisition via texts Diagnostic competences

- Separated or integrated
presentation of knowledge
facets by a lecturer

Diagnostic activities as
scientific reasoning skills in the
context of diagnosis

Professional knowledge
- Knowledge types (declarative, action-related)
Knowledge facets (PCK, CK, PK)

(Section 1.3.1.3)

(Section 1.3.2) Diagnostic activities Professional Vision
— Generating evidence — Description
— Evaluating evidence — Explanation

Diagnostic context ; icti
& — Drawing conclusions - Prediction

Diagnosing biology-specific challenges
in terms of subject-specific dimensions
of instructional quality

Diagnostic quality
Diagnostic accuracy

" " - — . (Section 1.3 and Section 1.4)
— Level of students’ cognitive activities and creation

of situational interest
- Dcalm»g with (specific) student ideas and errors (Section 1.2)
— Use of technical language Blomeke et al.. 2015
— Use of experiments Fischer et al., 2014
- Use of models Fortsch et al., 2018

" s Heitzmann et al., 2019

o INCe ll'il struction N

Canceptual Instructic Seidel & Stiirmer, 2014
Wiisten, 2010

(Section 1.1 and Section 1.6)

Figure 1. Overview of the main terms and constructs used in this dissertation. Diagnostic
competences can be understood as a specification of teacher professional competence with
regard to the context of diagnosis.
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1.1 Instructional quality in biology classrooms

According to the process-mediation-product paradigm, the teaching conditions that are mostly
set by the instructional behavior of a teacher affect student outcome variables such as student
achievement (Brophy, 2000; Neuhaus, 2007; Seidel & Shavelson, 2007). A teacher’s
instructional behavior should aim to provide learning opportunities for students. Effective
instructional characteristics that promote learning are also referred to as instructional quality
features, which can be distinguished in generic and subject-specific features of instructional
quality (Neuhaus, 2007; Seidel & Shavelson, 2007; Wiisten, 2010).

In German-speaking countries, generic features of instructional quality have been
described by the use of three basic dimensions that were evolved based on the analysis of
mathematics instruction but occur more or less across domains (Baumert et al., 2010; Klieme
et al., 2001, 2006). The three basic dimensions are classroom management, supportive
climate’, and cognitive activation. Similar approaches can also be found in English-speaking
countries. The CLASS-S framework (Pianta et al., 2012), for example, distinguished three
broad domains of classroom interaction between students and teachers that are assumed to be
important for student learning. The three domains, classroom organization, emotional
support, and instructional support, can be seen as consistent with the three basic dimensions
described in German-speaking research (Hamre et al., 2007).

Classroom management describes how teachers structure, organize, and monitor
classroom instruction, and how they deal with student behavior. Overall, effective classroom
management aims at generating time for students’ learning activities (Klieme & Rakoczy,
2008; Kunter et al., 2007; Praetorius et al., 2018; Seidel & Shavelson, 2007). Supportive
climate refers to characteristics on how a teacher addresses individual needs of students,
which includes strategies of individualization and differentiation, but also adaptive support
and feedback by the teacher, as well as positive teacher-student and student-student
relationships (Hamre et al., 2007; Lipowsky et al., 2009; Praetorius et al., 2018). The third
basic dimension, cognitive activation, requires instruction that promotes in-depth learning and
reflection. The implementation of cognitive activation is to a great extent subject-specific,

with good classroom management and supportive climate being conducive to the successful

3 Supportive climate represents one out of several labels researchers used to name this basic dimension. While
supportive climate has been used, for example, by Dorfner, Fortsch, and Neuhaus (2018) or Lipowsky et al.
(2009), other researchers used labels such as student orientation (Klieme et al., 2001), personal learning
support (Schlesinger & Jentsch, 2016), student support (Praetorius et al., 2018), or emotional support (Hamre
et al., 2007).
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application of cognitively activating strategies (Dorfner, Fortsch, & Neuhaus, 2018;
Praetorius et al., 2018; Schlesinger & Jentsch, 2016). Key elements of cognitively activating
instruction that foster conceptual understanding are the level of students’ cognitive activities,
conceptual instruction, and thoughtful discourse (Lipowsky et al., 2009). From a science
education perspective, the level of students‘ cognitive activities is demonstrated by subject-
specific features such as use of cognitive conflicts, focus questions, the activation of prior
knowledge and conceptions (without targeting a specific answer), and the use of challenging
and complex tasks to foster high-level thinking. These features indicate cognitively
demanding instruction that foster students’ deep understanding of the content (Fortsch et al.,
2016; Fortsch et al., 2017; Lipowsky et al., 2009; Nawani et al., 2017; Praetorius et al., 2018).
Subject specificity is then reflected in the fact that these features must be described with
regard to the subject content that is taught, for example, in biology lessons (Dorfner et al.,
2017; Neuhaus, 2007). The second key element of cognitive activation, conceptual
instruction, aims at high knowledge linking through teaching interrelated facts and concepts
instead of isolated facts, thus, fostering students’ cognitive activation and the development of
knowledge that is suitable for application (Brophy, 2000; Lipowsky et al., 2009). To support
students’ conceptual understanding, their prior knowledge and ideas have to be activated and
linked to concepts they already know. Furthermore, learning opportunities should be
provided, which allow students to apply and transfer the underlying concepts to different
contexts (Brophy, 2000; Fortsch et al., 2020; Greeno, 2006; Wadouh et al., 2014). Thoughtful
discourse features a teachers’ questioning behavior that stimulates students to develop ideas in
a reasonable and sustained manner, “to process and reflect on content, recognize relationships
among and implications of its key ideas, think critically about it, and use it in problem-
solving, decision making or other higher-order applications” (Brophy, 2000, p. 19). There is
evidence that including these key elements of cognitive activation into mathematics or
biology instruction increases instructional quality, and thus, student achievement (Fortsch et
al., 2017; Lipowsky et al., 2009).

While it is undisputed that the implementation of the three basic dimensions is
necessary for high-quality instruction, researchers also point out that “[o]ver and beyond these
generic characteristics, content-related aspects of teaching quality need to be considered”
(Praetorius et al., 2018, p. 423). In line with this claim to extend the framework of the three
basic dimensions, research in recent years has discussed other characteristics that need to be
implemented in a subject-specific way or are entirely specific to biology instruction and

difficult to transfer to other subjects (Dorfner et al., 2017; Neuhaus, 2007; Wiisten, 2010).
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Seidel and Shavelson (2007) showed that subject-specific characteristics are the ones that

have the highest effects on student achievement. For biology instruction, several subject-

specific dimensions and corresponding features have been described to extend the basic

dimensions of instructional quality. These features were found to be empirically effective and

can be implemented in the course of a lesson (Dorfner, Fortsch, Spangler et al., 2019; Wiisten,

2010). Table 1 presents subject-specific dimensions and selected features that serve as

indicators of instructional quality in the biology classroom.

Table 1. Overview of subject-specific characteristics of instructional quality; modified and

extended to Kramer et al. (2020).

Subject-specific characteristics of instructional quality

gjlnl;]e ch:z-osfz? sczﬁc Included subject-specific features (selection) zgzgggemp e eiaies
Cognitive activation
a) level of students’ - challenging tasks and questions to foster high-  Brophy, 2000; Fortsch et al.,
cognitive activities level thinking 2017; Klieme et al., 2006;
- provoking cognitive conflicts Lipowsky et al., 2009;
- activating students’ prior knowledge and Praetorius et al., 2018
conceptions
b) conceptual - teaching interrelated facts and concepts to Fortsch et al., 2020; Lipowsky
instruction promote knowledge-linking et al., 2009; Wadouh et al., 2014
- linking students’ ideas, experiences, and prior
knowledge with new concepts
- encouraging students to discover and
understand the meaning of underlying
principles
c) thoughtful - stimulating students to develop ideas Brophy, 2000; Lipowsky et al.,
discourse thoughtfully and sustained 2009
- asking open-ended questions
Creation of content- - motivating presentation of the specific topic to  Dorfner, Fortsch, & Neuhaus,
related situational create focused attention and affective 2018; Klieme et al., 2006;
interest involvement Schiefele, 2009
- referring to biology-specific everyday
examples and problems
Dealing with (specific) - eliciting ways of student thinking Herppich et al., 2013; Praetorius
student ideas and errors - detecting technical errors and using these etal., 2018; Rach et al., 2013;
errors as an opportunity for student learning Spychiger, 2008
(in terms of conceptual change)
- encouraging students to explain their ideas and
solution methods
Use of technical - using minimally necessary topic-relevant Brown & Ryoo, 2008; Dorfner,
language terms Fortsch, & Neuhaus, 2019;

- explaining and understanding new concepts in
everyday terms before using scientific
language

- differentiate relevant terms clearly

Steffensky et al., 2015
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Use of experiments - using scientific inquiry methods to solve Dorfner, Fortsch, Germ et al.,
problems 2018; Mayer, 2007; Simon,
- steps of scientific inquiry are embedded: 1992; Tesch & Duit, 2004

formulating scientific research questions and
hypotheses, planning experiments, analyzing
data, and drawing conclusions

Use of models - model use goes beyond pure illustration Oh & Oh, 2011; Werner et al.,
- elaborate use of models (e.g., by using models 2017
as tools for scientific reasoning)
- critical reflection of the model as a
representation of something

Note: The features listed represent a selection of meaningful features. However, project-specific conceptualiza-
tions may draw on further indicators. In addition, cognitive activation was included as subject-specific part of the
basic dimensions to illustrate that its implementation is to a great extent subject-specific.

For the implementation of generic and subject-specific instructional quality features,
teachers’ professional knowledge is considered crucial. Teachers’ professional knowledge is
seen as the essential basis that informs their actions (Krauss et al., 2004). For the instructional
implementation of subject-specific features, teachers are expected to draw on the subject-
specific facets of their professional knowledge: pedagogical content knowledge and content
knowledge (Blomeke & Kaiser, 2017; Bromme, 1995; Jentsch et al., 2020; Wiisten, 2010).
This knowledge, on the other hand, is not required when generic instructional features are

implemented (Voss & Kunter, 2013).

1.2 Teachers’ professional competence

Teachers® professionalism has long been studied from a cognitive perspective based on the
expert paradigm (Bromme, 1997), focusing dominantly on knowledge facets of teachers. In
the COACTIV project, for example, Baumert and Kunter (2013a) introduced a model of
teachers’ professional competence, in which cognitive aspects (professional knowledge) and
non-cognitive aspects (beliefs, motivational orientations, self-regulation) are described.
However, they defined professional knowledge as the core of teachers’ professionalism being
relevant for instructional practice, and therefore, for student achievement (Kunter & Baumert,
2013). Other empirical studies in mathematics or science used similar approaches to examine
teachers professional competence, partly including motivational, metacognitive, or self-
regulatory aspects (e.g., KiL: GroB3schedl, Harms et al., 2014; MT21: Schmidt et al., 2007;
ProwiN: Tepner et al., 2012; QulIP: Fischer, H. E. et al., 2014; TEDS-M: Blomeke et al.,
2010). However, since teaching is assumed to be multi-dimensional, the situated context in
which knowledge is enacted needs to be considered as well (Blomeke & Kaiser, 2017,

Depaepe et al., 2013). Investigating teachers’ professional competence should therefore
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combine the cognitive perspective and the situated perspective to describe competence
(Depaepe et al., 2013). As a result, Blomeke et al. (2015) modeled teachers’ professional
competence on a continuum that starts from dispositional traits (cognitive, affective,
motivational) underlying teachers’ cognitive skills. These relate to specific instructional
situations and, in turn, lead to observable behavior (e.g., classroom instruction). In addition,
teachers’ instructional behavior is assumed to influence their cognitive skills, and thus, their
dispositions as well (Carlson et al., 2019; Santagata & Yeh, 2016). Since the application of
cognitive skills is considered to be situation-specific, cognitive skills are also referred to as
situation-specific skills, whose conceptualization may vary with respect to the domain and the
context (Stahnke et al., 2016).

The general conception of the competence as a continuum model by Blomeke et al.
(2015) allows its transfer to specific contexts in which teachers have to act professionally.
With regard to the importance of instructional quality features for effective teaching (see
Section 1.1), teachers’ ability to assess instruction in terms of the instructional quality features
can be considered as one key aspect of teaching expertise that is a part of teachers’ diagnostic
competences (Artelt & Griasel, 2009; Helmke & Schrader, 1987; Karst et al., 2014; Weinert et
al., 1990). The importance of diagnostic competences is also acknowledged politically as an
important element in teacher education. Therefore, it is stated in German standards of teacher
education (Sekretariat der Stindigen Konferenz der Kultusminister der Lénder in der

Bundesrepublik Deutschland [KMK], 2008).

1.3 Diagnostic competences

Diagnostic competences and diagnosis are often related to medicine when a physician
diagnoses health limitations of a patient or reasons for these limitations (Berner & Graber,
2008; Schwartz & Elstein, 2008). However, diagnostic competences are also necessary within
classrooms and are largely used synonymously with assessment competences in German
research (Herppich et al., 2018). Teachers’ diagnoses in the classroom refer to the systematic
assessment of a current state, either related to an individual student’s learning process and
achievement level or a whole classroom situation and the quality of instructional processes
(Heitzmann et al., 2019; Helmke & Lenske, 2013; Klug et al., 2013). Based on these
diagnoses, a teacher can adapt the learning environment to the learning requirements of the
students by making decisions on how to continue with instruction in order to promote
students’ learning (Ostermann et al., 2019; Schrader, 2013). Therefore, teachers’ diagnostic

competences count as a crucial part of their expertise. At the same time, the processes
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described (systematically collecting, analyzing and interpreting data for assessment to inform
pedagogical reasoning and decision-making) reveal similarities to scientific reasoning, from
which the basic processes and skills used by a diagnosing person can be derived (cf. Brown et
al., 2010; Wildgans-Lang et al., 2020). Therefore, some conceptualizations of diagnostic
competences contain components that originate from research on scientific reasoning (e.g.,
epistemic activities that have been translated into diagnostic activities by Heitzmann et al.,
2019; see Section 1.3.2). In the following, approaches to model diagnostic competences and
corresponding components are briefly outlined.

In recent years, theoretical models of teachers’ diagnostic competences have been
developed in order to identify components of diagnostic competences, to understand
interrelationships between them, and to investigate approaches to support them. For example,
Klug et al. (2013) postulated a model of teachers’ diagnostic processes when diagnosing
students’ learning behavior. The modeled diagnostic process consists of three phases
(preactional, actional, postactional) that teachers go through during the diagnostic process.
van Ophuysen and Behrmann (2015) described a model that differentiates quality features of
the diagnostic process that are considered important for the diagnostic quality. The model
distinguishes four components that teachers should use to systematically collect information
about learners in order to justify instructional decisions. Two components refer to processes
(data collection and processing of information), the other two components to the results (data
and judgment), which have to be evaluated with respect to specific criteria. However, aspects
such as knowledge, diagnostic occasions, or consequences of diagnostic judgments are often
disregarded, although modeling diagnostic competences would, in fact, require a more
comprehensive integration of these aspects (Praetorius & Siidkamp, 2017).

A more comprehensive framework was recently introduced by Loibl et al. (2020) as
the DiaCoM (Explaining teachers’ diagnostic judgements by cognitive modeling) framework
that distinguishes person characteristics (e.g., professional knowledge) and cognitive
processes from observable situation characteristics (e.g., task difficulty, instructional quality
features) and diagnostic behavior. Since the framework’s purpose is to model diagnostic
thinking, skills or activities that are utilized within diagnostic processes are not included.
Additionally, the framework does not predefine how cognitive processes are modeled but
emphasizes that this component needs to be specified with regard to a specific research goal.
Other more comprehensive approaches defined diagnostic competences with regard to the
competence as a continuum model as “those dispositions, situation-specific skills and

performance that teachers need for diagnosis in the context of teaching and learning” (Hoth et
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al., 2016, p.43). In that vein, Herppich et al. (2018) introduced a model of teachers’
assessment competence that related constituents of judgment accuracy with constituents of the
diagnostic process under consideration of individual dispositions and the specific diagnostic
situation. However, the model is intended to be used to assess learners and characteristics
relevant to learning, but not the diagnosis of other situations such as classroom instruction
(Herppich et al., 2017).

Another framework for exploring diagnostic competences was used in the COSIMA
project, an interdisciplinary project combining research in medical and teacher education
(Heitzmann et al., 2019; Chernikova et al., in press). The conceptual framework builds on the
recent attempt to integrate components of diagnostic competences from the cognitive and
situated perspective and factors that influence its development. Therein, diagnostic
competences are conceptualized across professional domains and contain both outcome and
process-related variables. Similar to the conception of professional competence by Blomeke
et al. (2015), the authors defined diagnostic competences “as individual dispositions enabling
people to apply their knowledge in diagnostic activities according to professional standards to
collect and interpret data in order to make decisions of high quality” (Heitzmann et al., 2019,
p. 5). Therefore, three components of diagnostic competences emerged as vital: professional
knowledge, diagnostic activities, and the quality of the diagnosis that can be described
through diagnostic accuracy. Based on theoretical and empirical findings on the development
of expertise and skills, the conceptual framework highlights the importance of individual
learning prerequisites such as prior knowledge as well as students’ engagement in complex,
practice-oriented situations for improving diagnostic competences (Heitzmann et al., 2019;
Renkl & Atkinson, 2003; van Lehn, 1996). With regard to research on complex learning
environments (e.g., Lazonder & Harmsten, 2016), the authors also assumed that the inclusion
of instructional support is effective for learning (Chernikova et al., in press). Figure 2 shows
the main elements of the conceptual framework.

Pending is the evaluation of the framework with regard to the conceptualization of
diagnostic competences as well as factors such as ways of instructional support that influence
diagnostic competences within a specific domain such as biology education. Such questions
are to be addressed in the project by means of video-based tools that provide approximations
of practice (Grossman et al., 2009) (see Section 1.4). This dissertation takes on such questions
to examine the model. In the following section, the three components are described in more

detail.
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Figure 2. Illustration of the “COSIMA framework model” for using video-based tools to
facilitate the development of diagnostic competences (https://www.for2385.uni-
muenchen.de/aktuelles/rahmenmodellccby/cosima-frame-model eng.pdf), created by
COSIMA research unit, published in Chernikova et al. (in press), licensed under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/legalcode).

1.3.1 Professional knowledge base

Teachers’ professional knowledge counts as an important part of teachers’ diagnostic
competences that enables them to apply specific skills such as diagnostic activities effectively
(Blomeke et al., 2015; Brunner et al., 2013; Heitzmann et al., 2019). To systematically
describe and analyze different aspects of the professional knowledge base, researchers
distinguished different types and content facets of knowledge whose relevance may vary

depending on the domain under study as well as the specific situation (Fortsch et al., 2018).

1.3.1.1 Facets of knowledge

On the basis of Shulman (1986, 1987), different facets of professional knowledge have been
distinguished. Among them, three knowledge facets were relevant in a wide variety of
studies: pedagogical-psychological knowledge (PK), content knowledge (CK), and
pedagogical content knowledge (PCK). Whereas PK can be seen as a content-independent
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facet, both CK and PCK are mainly considered content-specific (Baumert & Kunter, 2013a;
Fischer et al., 2012; Jiittner et al., 2013).

The domain-general knowledge facet PK includes generic theories and methods of
teaching and learning. One initial key aspect of PK covered knowledge about classroom
management (Konig et al., 2011; Shulman, 1987). Conceptual frameworks of TEDS-M,
COACTIV, and ProwiN additionally introduced general knowledge about instructional
methods, performance assessment, and individual learning processes as further aspects (Konig
et al., 2011; Lenske et al., 2016; Voss & Kunter, 2013). The aforementioned aspects also refer
to contents related to the basic dimensions of instructional quality, which are also explicitly
mentioned in some conceptualizations (Kunina-Habenicht et al., 2020).

CK refers to knowledge about facts and terms, as well as knowledge about subject-
specific concepts and methods (Ball et al., 2008). Content knowledge also includes
knowledge about connections between contents within one subject. A deep understanding
means knowing many details about a specific content (Hill et al., 2005; Shulman, 1986).
Therefore, CK is considered subject- and in parts content-specific (Hill et al., 2004).

The particular knowledge that is used to make particular content accessible for a
particular group of learners is referred to as pedagogical content knowledge (PCK),
containing aspects of content and pedagogy (Gess-Newsome, 2015; Shulman, 1987). For
high-quality biology teaching, biology teachers need knowledge about students’
(mis)conceptions regarding a specific instructional content as well as knowledge about
subject-specific structures of instruction and corresponding teaching strategies (Depaepe et
al., 2013; Park & Oliver, 2008; Schmelzing et al., 2013). Therefore, with regard to subject-
specific instructional quality, biology teachers’ subject-specific knowledge facets PCK and
CK are of particular importance (e.g., Baumert & Kunter, 2013b). Given the many
perspectives and situations under which PCK has been studied and the measuring methods
that have been utilized (e.g., knowledge tests, interviews, assessments of lesson planning,
classroom observations, or classroom reflections), many researchers argued for a more
differentiated view on PCK, as the different situations and methods also resulted in different
manifestations of PCK being captured, some of which were more closely to a skill than to a
cognitive disposition (Alonzo & Kim, 2016; Gess-Newsome et al., 2019). As a result, science
education researchers conceptualized a model that illustrates different forms or realms of
PCK. The model is referred to as the Refined Consensus Model (RCM) and differentiates
PCK into collective PCK (cPCK), personal PCK (pPCK), and enacted PCK (ePCK) (Carlson
et al., 2019). While pPCK and ePCK are based on an individual’s teaching and learning
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experiences, cPCK describes the knowledge that is held collectively by professionals within a
domain. It is primarily informed from research (e.g., on teaching effectiveness), collated in
subject-specific literature, and taught in subject courses (Carlson et al., 2019). Furthermore,
cPCK provides the basis for the development of test instruments (cf. Sorge, Stender et al.,
2019). pPCK develops due to a pre-service science teacher’s education, practical experience,
and professional exchange with colleagues. Therefore, pPCK reflects the individual structure
and composition of content-specific pedagogical knowledge of a particular person that also
informs the person’s actions (Alonzo et al., 2019; Carlson et al., 2019). However, teachers
also utilize PCK in the moment of teaching, when they plan instruction, carry out instruction,
or reflect on instruction. Reflection may occur directly in action (e.g., when interacting with
students), or as reflection on actions (e.g., when reflecting on classroom instruction) (Carlson
et al., 2019). Researchers refer to this realm as ePCK. ePCK is considered to appear at a very
short timescale and underly “science teachers’ in-the-moment instructional decisions”
(Alonzo et al., 2019, p. 274), thus, representing knowledge that is to a certain extent tacit and
not articulable. In contrast, cPCK and pPCK represent rather static, articulable knowledge.
Therefore, referring back to the different perspectives on professional knowledge, cPCK and
pPCK may be important from the cognitive perspective, whereas ePCK builds a bridge to the
situated perspective on competence, as it is generated in those situations where situation-
specific skills are applied. Therefore, it may inform those skills that teachers apply during
instruction and that have been operationalized as action-related skills (Kulgemeyer et al.,
2020), professional vision (Seidel & Stiirmer, 2014), or diagnostic activities (Heitzmann et
al., 2019) (see Section 1.3.2). Finally, in the vein of the assumed bidirectional competence
development, the generated ePCK can interact with other forms of PCK through reflection in
and on action (Alonzo et al., 2019).

In summary, the differentiation of professional knowledge into facets and their further
conceptualization is important to understand how knowledge and skills are connected and can

be transformed in order to support the development of diagnostic competences.

1.3.1.2 Types of knowledge

In addition, the three professional knowledge facets can be distinguished into different
cognitive types of knowledge (e.g., declarative, procedural, strategic, conditional). However,
in different domains and research strands, their terminology partly differs with respect to the

concrete understanding of each knowledge type. In order to compare research results from
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different domains, Fortsch et al. (2018) introduced a terminology to summarize emerged
knowledge aspects. In summary, three knowledge types can be distinguished: knowing that,
knowing how, and knowing when and why. Knowing that describes mostly declarative
knowledge, meaning that someone knows about facts, terms, and principles of a specific
subject and topic (Anderson, 1982; Paris et al., 1983; Tepner et al., 2012). It is complemented
by knowledge about Zow to execute various actions, subject-specific instructional practices
and procedures, as well as knowledge about when and why to execute these actions. Knowing
when and why therefore describes conditions under which instructional decisions and
practices are appropriate, as well as reasons for carrying out these practices (Fortsch et al.,
2018; Paris et al., 1983; Tepner et al., 2012). Since knowing how and knowing when and why
both contain knowledge that professionals need to act in various situations, they are also
referred to as action-related knowledge types that underlie action-related skills (Fortsch et al.,
2018; Kopp et al., 2008; Kulgemeyer et al., 2020). Action-related knowledge is also discussed
under the terms procedural, conditional, or strategic knowledge. Still, all conceptualizations
cover knowing how and knowing when and why as types of action-related knowledge, whose
application is tied to a specific situation and context (Jiittner et al., 2013; Tepner et al., 2012).

This differentiation also has consequences for the measurement of the different
knowledge types. Knowing that, for example, has mostly been measured through paper-pencil
tests, requiring participants to remember and retrieve information (GroB3schedl et al., 2019;
Schmelzing et al., 2013). Knowing how and knowing when and why, however, require
assessment situations that provide practical contexts, such as utilizing text- or video vignettes
in which authentic instructional situations are presented (Cauet et al., 2015; Hoth et al., 2018).
In the field of biology education, current efforts are also being made to measure procedural
knowledge about diagnostics and learning processes by using the simulated classroom
biology SCR®° (Fischer et al., 2018). However, attempts exist, in which knowing how and
knowing when and why have been successfully measured with paper-pencil tests that strove
for more complexity (Blomeke et al., 2016; Jiittner et al., 2013). Still, such tests are scarcely
used.

Overall, researchers agree that multiple methods are necessary to capture teachers’
professional knowledge more comprehensively and that the understanding of the structure and
nature of professional knowledge is essential to develop specific ways that promote
knowledge development (e.g., Alonzo & Kim, 2016; Fortsch et al., 2018; Kleickmann et al.,
2017; Lehane & Bertram, 2016).
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1.3.1.3 Fostering knowledge development in teacher education

With regard to subject-specific characteristics of instructional quality in mathematics or
biology classrooms, teachers’ subject-specific knowledge facets and, in particular, their PCK
are highly relevant (Fortsch et al., 2016; Kunter et al., 2013). Thus, one main research focus
lies on the conditions for the development of PCK and the role of CK and PK (Kleickmann et
al., 2017).

There is evidence that neither PK nor CK is sufficient for effective instruction and that
PCK counts as an own unique knowledge facet with high relevance for subject-specific
instructional quality (Baumert et al., 2010; Evens et al., 2018; Fortsch et al., 2016;
Kleickmann et al., 2017). Concerning the subject-specific knowledge facets, research findings
of different studies indicated a close relationship between CK and PCK, and that CK can be
considered as relevant but not sufficient for the development of PCK (Baumert & Kunter,
2013b; Fischer et al., 2012; Kleickmann et al., 2017). Positive effects in terms of PCK
development have been found for the explicit instruction on PCK that in turn affected PK and
CK, as well as for a combined instruction of CK and PCK (Kleickmann et al., 2017; Trobst et
al., 2019). Instruction on PK, however, is primarily assumed to be important for providing
domain-general knowledge about teaching and learning (e.g., about generic characteristics of
instructional quality, see Wiisten, 2010). Holding that knowledge “is seen as a general
precondition for a high quality of instruction [...] [and thus] a necessary but not sufficient
precondition to use CK and PCK for enhancing subject-specific learning processes” (Fischer
et al., 2012, 443f.).

The assumed division into the three knowledge facets is also reflected in the tripartite
organization of university teacher education, in which PK, CK, and PCK are taught in
specialized faculties (Konig et al., 2018; Trobst et al., 2019). Research findings from recent
years, however, implicate benefits of an integrated presentation of knowledge facets that takes
the existing relationship between the knowledge facets into account (Harr et al., 2014; Trobst
et al., 2019). Integration means addressing aspects of PK, CK, and PCK in an interrelated way
that allows for direct cross-referencing between content and pedagogy, filling generic
principles with subject-specific content and linking new and existing ideas, and thus, fostering
applicable and transferable knowledge instead of inert knowledge (Evens et al., 2018; Harr et
al.,, 2014; Renkl et al., 1996; Scott et al., 2011; Wadouh et al., 2014). Within teacher
education, pre-service teachers acquire knowledge through various routes, for example, self-

directed through texts, presented by a lecturer, or through practical approaches. However, an
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integrated treatment of the three knowledge facets PK, CK, and PCK is largely missing in
each of these routes (Ball, 2000; Harr et al., 2014).

To date, integrated approaches have been examined in the context of computer-based
intervention studies (Evens et al., 2018; Harr et al., 2014, 2015; Janssen & Lazonder, 2016).
For example, Janssen and Lazonder (2016) were able to show that pre-service teachers not
only preferred integrated instruction (in terms of content and pedagogy) but that integrated
instruction of content and pedagogy was also more effective for the quality of PCK in lesson
plans and PCK-related justifications. However, PCK was merely investigated as an outcome
variable but not part of the integrated instruction. The high effectiveness of an integrated
learning environment was also shown by Harr et al. (2014, 2015). They found that integrating
relevant aspects of PK and PCK increased the applicability of PK aspects and the
simultaneous application of PK and PCK when participants had to solve a particular case in
classroom teaching. Considering the effort it would take to restructure curricula at
universities, Harr et al. (2015) pursued a different approach. In this approach, integration was
not provided by a pre-structured environment but had to be done by the pre-service teachers
themselves. Pre-service teachers were mentally triggered by specific prompts to relate content
topics and pedagogical principles. Due to the effectiveness of these prompts, Harr et al.
emphasized the high potential of prompted integration for implementability in teacher
education—albeit at the expense of time. Contrary to these promising results of integrated
instruction, Evens et al. (2018) found no differences between integrated and separated
instruction on the three knowledge facets on the development of PCK in the domain French as
a foreign language. The authors trace this back to participants being overwhelmed by the
integrated information, the utilized instruments that did not account for integrated knowledge,
or their study design with particular focusing on teachers’ PCK.

However, none of the aforementioned studies addressed all three knowledge facets in

terms of instruction on a science subject such as biology.

1.3.2 Diagnostic activities: situation-specific skills for diagnosis

Teachers’ professional knowledge underlies the application of their situation-specific skills
that can be described as diagnostic skills within diagnostic contexts (Brunner et al., 2013;
Hoth et al., 2016). Since the assessment of diagnostic skills requires a situated approach, the
use of video has become a useful tool to investigate diagnostic processes and corresponding
situated skills (e.g., Blomberg et al., 2013; Kersting, 2008; Sherin & van Es, 2009) (see

Section 1.5). However, skills have also been measured by creating lesson plans or by
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prompting teachers to explicitly explain their planning, enactment, and reflection on a lesson
within interviews (Alonzo & Kim, 2016; Lee & Luft, 2008).

Different conceptual approaches exist to investigate situation-specific skills for
diagnosis. They differentiate steps or phases of the diagnostic process (Herppich et al., 2018;
Klug et al., 2013), describe different analytical or reflective abilities relevant for assessment
situations (e.g., Benedict-Chambers & Aram, 2017; Seidel & Stiirmer, 2014; van Es & Sherin,
2002) or connect to constructs such as formative assessment (e.g., Furtak et al., 2016).
Theoretically, the models can be related to each other since the execution of specific process
steps is based on the ability to execute the respective process steps. However, for relating
models, corresponding skills need to be described. Klug et al. (2013) introduced three phases
of the diagnostic process that teachers undertake cyclically: preactional (involves knowledge
activation in order to set aims, and recall quality criteria for testing and judgment formation),
actional (involves systematical enactment, for example, by collecting information, selecting
and interpreting relevant information, making predictions), and postactional (involves the
implementation of a pedagogical action that follows the diagnosis, for example, feedback).
Similar to those phases, Herppich et al. (2018) modeled teachers’ diagnostic process by
several steps such as the formation of hypothesis or collection of information that are
connected through different pathways a teacher can take. However, both the model by Klug et
al. (2013) and the process model by Herppich et al. (2018) lack a precise description of skills
relevant to succeed in diagnostic situations. Another approach to diagnostic skills builds on
formative assessment practices. Researchers defined formative assessment as the continuous
diagnosis “of the individual learning progress and the continuous response to promote
learning” (Vogt & Schmiemann, 2020, p. 4). In that vein, formative assessment abilities such
as designing tasks, asking questions, interpreting student ideas, or providing feedback might
be understood as components of diagnostic competences that influence subject-specific
instruction (cf. Furtak et al., 2016; Rakoczy et al., 2017). However, the concept of formative
assessment is not defined precisely yet, nor does research explicitly connect teachers’
professional knowledge to formative assessment practice (Herppich et al., 2018).

A more precise approach was taken by Heitzmann et al. (2019), who transferred
scientific reasoning skills used for the evaluation of data (cf. Fischer, F. et al., 2014) to the
diagnostic process. In that vein, the diagnostic process can be seen as an evidence-based
scientific reasoning process on instruction that involves systematic observations, evidence

generations and evaluations, and drawing conclusions (Brown et al., 2010). As a result of the
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transfer, eight diagnostic activities were described that teachers use to identify, interpret, and
make diagnostic decisions based on noteworthy classroom events (see Table 2).

The researchers emphasized that there is no specific order of executing diagnostic
activities, nor is there an obvious relationship between the individual processes (Heitzmann et
al., 2019; Scheiner, 2016). Thus, the different activities can be seen as a repertoire from which
appropriate activities are applied depending on the domain and the diagnostic situation. In the
context of teacher education, the diagnostic activities genmerating hypothesis, generating
evidence, evaluating evidence, and drawing conclusions were considered to be particularly
relevant (Bauer et al., 2020; Wildgans-Lang et al., 2020). Overall, the diagnostic activities are
considered to be relevant for generating knowledge that is the basis for diagnosing and

making further decisions (Heitzmann et al., 2019).

Table 2. Taxonomy of the diagnostic activities according to Heitzmann et al. (2019) and
Fischer, F. et al. (2014)

Diagnostic activity Description

Identifying problems A noteworthy event that may influence student learning is noticed by the
teacher.

Questioning The teacher asks questions to find out more about the identified problematic
incident or its cause.

Generating hypothesis The teacher generates a hypothesis about possible sources of the identified
problem.

Construct or redesign The teacher creates content-specific tasks suitable for identifying underlying

artefacts instructional problems or detecting student’s misconceptions.

Generating evidence Evidence is generated either by the use of a constructed test or a created task
or through systematic observation and description of the problematic incident.

Evaluating evidence The teacher assesses the generated evidence regarding its support to a claim or

theory. They interpret the data, thus making sense of the generated evidence
with regard to their belief, knowledge, and expertise (cf. Lai & Schildkamp,

2016).

Drawing conclusions As a result of the evaluation of evidence, the teacher predicts consequences
regarding student learning or makes suggestions for alternative instructional
strategies.

Communicating the The teacher scrutinizes diagnostic results to colleagues, students, or parents.

process/results

Furthermore, analytical abilities for the assessment of classroom situations have been
studied using different conceptual approaches that have been labeled as PID (including
perceptual, interpretative, and decision-making skills, cf. Kaiser et al., 2015), teacher noticing
(van Es & Sherin, 2002), professional vision (Seidel & Stiirmer, 2014), or reflective practice
(Benedict-Chambers & Aram, 2017; Hiebert et al., 2007). Despite differences in the specific
definitions, the conceptual approaches show considerable overlap, with a predominant focus
on selective attention and knowledge-based reasoning (Gaudin & Chali¢s, 2015). Both of
these cognitive processes have been described in detail in the professional vision approach.

Professional vision was first described by Goodwin (1994, p. 606) as “socially organized
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ways of seeing and understanding events that are answerable to the distinctive interests of a
particular social group.” In the context of teaching, professional vision can be understood as
the ability to notice and reason about relevant features of classroom situations based on the
quality of teachers’ professional knowledge (Seidel & Stiirmer, 2014; van Es & Sherin, 2002).
Noticing that is also termed perception or selective attention refers to whether teachers pay
attention to events in the classroom that are relevant to learning and corresponding
instructional quality features as described by teaching effectiveness research (Kaiser et al.,
2015; Seidel & Stiirmer, 2014; Sherin & van Es, 2009), for example, perceiving deficient
student ideas or identifying obstacles to learning in order to even use them for learning if
necessary. Reasoning refers to sense-making processes of what has been noticed in the
classroom. Three main aspects of these processes have been distinguished: description,
explanation, and prediction. In that vein, reasoning can be assumed as follows: First, a
noticed event is described without any judgments. Based on teachers’ professional
knowledge, the event is then linked with appropriate concepts and principles that support its
relevance in terms of student learning and teaching effectiveness, thus, also justifying the
interpretive stance taken (Seidel & Stiirmer, 2014; van Es & Sherin, 2002). And third,
possible consequences in terms of student learning are predicted in order to inform
subsequent pedagogical decisions (Seidel & Stiirmer, 2014; van Es & Sherin, 2002). These
pedagogical decisions usually follow professional reasoning and can comprise the
anticipation of responses to students’ answers or activities, or the proposal of alternative
teaching strategies (Kaiser et al., 2015; Santagata & Yeh, 2016). However, while professional
vision is often studied in the context of video-based research, only a few studies have used
videos to promote decision-making skills (Santagata et al., 2021).

In the vein of the competence as a continuum model, teachers’ situation-specific skills
in terms of noticing and reasoning are considered to be knowledge-based since “knowledge
guides attention processes and reasoning about observed events” (Schifer & Seidel, 2015,
p- 38). Since noticing and reasoning show similarities to classroom diagnosis and since the
aspects description, explanation, and prediction described therein may also be considered as
activities, the question arises to which extend conceptualizations of situation-specific skills
such as diagnostic activities and cognitive-psychological constructs such as professional
vision are comparable or whether they can be transferred (Scheiner, 2016; van Ophuysen &

Behrmann, 2015).
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1.3.3 Diagnostic quality in terms of diagnostic accuracy

The quality of the diagnosis must also be considered an important component of diagnostic
competences that has predominantly been studied in research on teachers’ judgment accuracy
(Artelt & Rausch, 2014; Heitzmann et al., 2019; Herppich et al., 2018; Siidkamp et al., 2012).
However, there are approaches in which judgment accuracy has been used as the only
measure for operationalizing diagnostic competences, although this approach has been
criticized in recent years (e.g., Praetorius & Stidkamp, 2017; Ufer & Leutner, 2017; van
Ophuysen, 2010). With regard to the situated perspective on diagnostic competences, both the
processes that lead to diagnostic judgments as well as the individual resources that allow these
processes must also be taken into account in order to support pre-service teachers in
developing their competences (Herppich et al., 2018). Therefore, diagnostic accuracy should
be considered as one component of diagnostic competences that need to be complemented by
other components such as teachers’ professional knowledge and their diagnostic skills (Artelt
& Rausch, 2014; Heitzmann et al., 2019).

In general, the accuracy of teachers’ diagnoses can be assessed by the difference
between the teacher’s individual judgment and more objective assessments of performance,
that can be, for example, an expert’s diagnosis or the comparison with implemented
instructional quality features described in the scientific literature (Artelt & Rausch, 2014;
Kersting et al., 2012; Schéfer & Seidel, 2015). Judgment accuracy has been assessed in terms
of diagnosing individuals’ characteristics or task-related characteristics, for example, in the
context of the simulated classroom, a computer simulation in which the user takes on the role
of a teacher, interacts with virtual students, and assesses students’ experimentally controlled
performance (Siidkamp et al., 2008). Accuracy indicators included, for example, the
assessment of students’ performance levels and their ranking (Artelt & Rausch, 2014; Karst et
al., 2014; Siidkamp et al., 2008), the diagnosis of misconceptions (Wildgans-Lang et al.,
2020), or the selection of tasks with an appropriate level of difficulty (Karst et al., 2014; Kron
et al., 2021; Schrader, 1989).

Regarding the broader understanding of the concept of diagnostic competences,
teachers’ ability to correctly diagnose classroom incidents is vital in order to adapt instruction
effectively (Artelt & Rausch, 2014). Applying accuracy measures to teachers’ diagnostic
skills can therefore be seen as an important quality criterion that has already been discussed,
for example, in terms of perception accuracy (Carter et al., 1988). Perception accuracy refers

to the precise observation of classroom situations and has been studied in terms of expert-
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novice-comparisons (Carter et al., 1988; Kaiser et al., 2015). However, accuracy should also
be considered for the application of other diagnostic skills, such as diagnostic activities, but
this has not been investigated sufficiently yet. First attempts to differentiate diagnostic
accuracy regarding the use of diagnostic activities on different knowledge facets exist, for
example, in the context of the student inventory. The student inventory is a digital instrument
to diagnose virtual student exams on the biological topic evolution (Fischer et al., 2021).
Therein, diagnostic accuracy was assessed for the application of CK (i.e., diagnosis of
scientific correctness), PCK (i.e., diagnosis of a specific misconception), and PK (i.e.,
diagnosis of achievement-relevant information). However, diagnostic activities themselves
have not been further operationalized.

Overall, accuracy measures have intensively been studied with regard to indicators of
student performance. However, analyses of teachers’ diagnostic accuracy when diagnosing
instructional features in situated contexts such as a science or biology classroom are missing.
That may be due to the greater technical effort required when features of instructional quality

need to be recorded in order to use them in studies on diagnostic competences (cf. Karst et al.,

2014).

1.4 Relationships between components of diagnostic competences

Although studies on the components of diagnostic competences are available, they rarely
consider all three components together. For example, although it is assumed that knowledge
and specific skills play a role for accurate diagnoses, their interrelationship has not yet been
systematically studied. In addition, there is a wide variety of conceptual approaches and
constructs used to operationalize components of diagnostic or assessment competences,
making a comparison or transfer of results difficult. Table 3 provides an overview of
constructs that have been utilized to investigate situation-specific skills in the context of
classroom diagnosis and relevant findings.

Overall, it becomes apparent that knowledge, skills, and accuracy measures are
related, but depending on the context, different knowledge facets are of importance. The
specific knowledge facets, in turn, predict certain skills. For subject-specific aspects of
diagnosis, content-related facets in terms of CK and especially PCK are considered decisive
(e.g., Hoth et al., 2016; Kron et al., 2021; Meschede et al., 2017), while for diagnosing
general pedagogical aspects, PK is important (e.g., Konig & Kramer, 2016). However, the
studies also showed that, in most cases, only individual components of diagnostic

competences were investigated.
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1.5 Use of videos in teacher education

For pre-service teachers, the development of a well-founded knowledge base, the ability to
apply this knowledge in classroom situations relevant for teaching and learning, and effective
instructional decision-making is challenging (Kaiser et al., 2017; Star & Strickland, 2008). In
the scientific discourse on the promotion of professional competence, the use of videos is
highly emphasized, since videos are considered promising to approach real-life demands
(Kersting, 2008; Seidel & Stiirmer, 2014; Star & Strickland, 2008). Moreover, previous
research results indicate the effectiveness of video-based professional development programs
with regard to the promotion of pre-service teachers’ situation-specific skills (e.g., Sherin &
van Es, 2009; Stahnke et al., 2016).

Currently, videos are being used in a variety of situations and for a variety of purposes
in teacher education (Blomberg et al., 2013; Darling-Hammond, 2010). Video-based

programs and tools have been developed that differ, for example, in:

— video type (e.g., whole lesson or video clip, real-life or scripted classroom scenarios),

— video object (e.g., reflecting on one’s own teaching or other teacher’s practice),

— participation structure (e.g., view videos individually, in pairs, or in groups),

— video viewing support (e.g., no instruction or broad prompts, specific questions to be
answered, assessment of rating scale items), and

— the way how they achieve learning goals (e.g., show characteristic professional

situations, best-practice examples, evaluate competencies) (Gaudin & Chalies, 2015;
Santagata et al., 2021; Sherin & van Es, 2009).

Recently, the number of developed video-based tools has increased significantly (e.g., Gold &
Holodynski, 2017; Kaiser et al., 2015; Kersting, 2008; Konig & Kramer, 2016; Meschede et
al., 2017; Michalsky, 2014; Piwowar et al., 2018; Seidel et al., 2010; Wiedmann et al., 2019;
Wiens et al., 2020)*. Among other things, the tools were designed for the assessment of
situation-specific skills such as professional vision. Furthermore, videos have been used to
create video-based simulations that can be understood as a specific type of video-based tools
(e.g., Codreanu et al., 2020; Pickal et al., in press). A simulation represents a simplified but
valid, true and dynamic model of reality implemented in a digital system (Sauvé et al., 2007).

Thus, video-based simulations allow pre-service teachers to interact with the system, explore

* Note that the examples given can only be understood as a selection of tools relevant in the broader context of
diagnostic competences, since further tools are continuously being developed, validated, and adapted to
specific topics or domains.
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it in an inquiry manner, and make decisions, which altogether is intended to enhance
diagnostic competences (Codreanu et al., 2020; Heitzmann et al., 2019; Sauvé et al., 2007).
Still, empirical evidence is scarce. However, simulations do not have to be video-based per se.
There are also simulations in which texts and images are used to create virtual classroom
situations (e.g., Stidkamp et al., 2008), or in which live role-plays are implemented (e.g., Kron
et al., 2021). In this dissertation, however, the focus is on video-based tools such as video-
based simulations.

Overall, two overarching objectives of using videos in teacher education can be
differentiated: (1) Within educational courses, the use of videos is considered beneficial for
the promotion of knowledge and situation-specific skills such as professional vision or
diagnostic activities necessary to interpret and reflect on instruction and to derive further
instructional strategies (Behling et al., 2019; Gaudin & Chalies, 2015). (2) Within situated
research approaches, including the investigation of diagnostic competences, using videos is
beneficial for measuring situation-specific skills such diagnostic activities since they have to
be applied within very specific contexts, which closely resembles their use in real-life
classroom situations. Videos thus serve as an approximation of practice (Grossman et al.,
2009). In addition, they can break down complex instructional practice into smaller units,
which is called decomposition of practice (Grossman et al., 2009). Decomposition of practice
is considered to reduce the complexity of a specific diagnostic situation, for example, by
preparing short classroom situations that include selected, noteworthy incidents in teaching
and learning. This allows adapting to pre-service teachers’ assessment skill level (Codreanu et
al., 2020).

For the investigation of pre-service teachers’ diagnostic competences, tools have been
developed that contained not only real-life videos (e.g., Steffensky et al., 2015) but also
scripted (staged) classroom scenarios, in which specific challenges relevant for effective
instructional behavior within the science classroom, and thus, for pre-service teachers’
learning, can be embedded and have been experienced as authentic (Codreanu et al., 2020;
Piwowar et al., 2018). Similar to real-life videos, staged videos can activate pre-service
teachers’ professional knowledge and skills by the specific context shown in the videos (Hoth
et al., 2018; Kersting, 2008; Seidel & Stiirmer, 2014). When measuring professional
knowledge and specific skills auch as diagnostic activities, open-ended items that require
teachers to elaborate on their observations and interpretations (e.g., Kaiser et al., 2015;
Kersting, 2008), or rating scale items that can be agreed or disagreed with have been used

(e.g., Meschede et al., 2017; Seidel & Stiirmer, 2014). However, researchers underlined
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higher face validity in terms of an open-ended approach, since the measurement of complex
cognitive processes, such as those that occur during diagnosing, requires pre-service teachers
to actually engage in them and make their perspective explicit in their own words (Arffman,
2016; Kaiser et al., 2015).

Moreover, staged videos can be designed regarding different foci. The interaction of a
teacher with a group of students or individual students can be shown in the videos. But the
observer can also monitor the entire class that is considered more complex (Kersting, 2008;
Konig & Kramer, 2016; Tolsdorf & Markic, 2017). Attention may be paid to the instructional
behavior of a teacher with regard to the treatment of student responses, but the focus may also
be on instructional quality features that have been proven to impact student learning (cf.
Kersting et al., 2012; Meschede et al., 2017; see Section 1.1). However, using videos to
investigate pre-service teachers’ diagnostic competences with regard to dimensions of
instructional quality has only been considered in few approaches in science education yet
(e.g., Meschede et al., 2017; Roth et al., 2011). Therefore, the range of contexts and content-
specific domains addressed in video-based tools as well as addressed aspects of instructional
quality need to be extended in the study of skills such as professional vision or diagnostic

activities (Helmke & Schrader, 1987; Meschede et al., 2017; Sherin & van Es, 2009).

1.6 The video-based assessment tool DiKoBi Assess

Based on the importance of diagnostic competences for teachers and the potential to
investigate them using video-based tools, the video-based tool DiKoBi A4ssess was developed
in the COSIMA project. The implementation of the tool and its different versions in the online
learning platform Unipark (Questback GmbH, 2018) was done to a large extent in the context
of this dissertation.

Overall, three versions of DiKoBi Assess have been created (DiKoBi I Assess,
DiKoBi II A4ssess, and DiKoBi III Assess), so that participants do not have to diagnose the
same lesson if they use DiKoBi 4ssess more than once. All three versions cover the biological
topic “skin”, representing an important topic area within science curricula in different school
types, grades, and nations (e.g., National Research Council, 2012; State Institute of School
Quality and Educational Research, Munich, 2017). However, each version of DiKoBi Assess
refers to a different subtopic. The subtopics are “skin as a sensory organ” (addressed in
DiKoBi I A4ssess), “protective functions of the skin” (addressed in DiKoBi II Assess), and
“importance of the skin for the regulation of the body temperature” (addressed in DiKoBi III

Assess). However, in the studies conducted in the context of this dissertation, only the
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versions DiKoBi I Assess and DiKoBi II 4ssess have been utilized. Even though the different
versions differ in terms of their content, the subject-specific dimensions and features of
instructional quality addressed therein are the same as they can be applied to different
contents. Since the structure of the tool is therefore the same in all versions, only the label
DiKoBi 4ssess is used in the following description of the tool’s structure.

The development of DiKoBi Assess was based on subject-specific instructional quality
features that teachers should be able to identify and implement in biology instruction to
improve student achievement. Based on a literature review and with reference to previous
research results, several biology-specific dimensions of instructional quality were identified,
which can be described by different features of instructional quality (see Table 1 in
Section 1.1). Based on these dimensions, six classroom situations were scripted and video-
taped, in which a teacher implemented corresponding instructional quality features in a
deficient way or not at all. The missing features are therefore also referred to as subject-
specific challenges that are to be diagnosed. Figure 3 gives an overview of the videotaped

classroom situations, the instructional quality dimensions and the challenges included.

Classroom situations (1) Aumallmn ofprm.r (2) Dea!mg with 3) U;e of (4) U.se of (5) Use of (6) Sun}mar\y/
_ A . knowledge/ideas; creation student ideas and technical experiments models transfer of
in DiKoBi 4ssess of situational interest errors language knowledge

. f / \l 4 v v
Subjem'spec'ﬁc Level of students’ Creation of Dealing with Use of Use of Use of Conceptual
dimensions of cognitive situational (specific) student technical experiments models instruction
instructional quality activities interest ideas and errors language
A
* no cognitive * no reference to « student errors/ * use of many * no elements of * no critical * no linking of
conflict or a real-life misconeeptions highly complex scientific reflection of students” prior
Subjec‘[_speciﬁc focus question example or are rarely noted terms reasoning are the model knowledge
challenges (missin = no activation of problem = no effort to = use of several included * no elaborate with new

5 g 2 £ students’ prior * presentation of elicit student terms without « experiment is model use concepts

instructional quallty knowledge the topic is not thinking explaining/ only used for (e.g., no * repetition of

features) motivating e differentiating illustration hypothesis single facts
them = testing)

Figure 3. Overview of classroom situations embedded in DiKoBi 4ssess, their underlying
subject-specific dimensions of instructional quality, and included subject-specific challenges
that are based on specific instructional quality features. This structure is the same for all
versions of DiKoBi Assess.

The six videotaped classroom situations are embedded in DiKoBi Assess in such a
way that they follow the course of a lesson, with classroom situation (1) Activation of prior
knowledge/ideas and creation of situational interest representing the beginning of the lesson
and classroom situation (6) summary/transfer of knowledge representing the final transfer

phase (cf. Dorfner, Fortsch, Spangler et al., 2019). The classroom situations (2), (3), (4), and
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(5) represent different elaboration phases within one lesson. This simulation of the course of a
lesson is intended to increase the authenticity of the diagnostic situation by simulating a real
observation situation of biology instruction. However, each of the videotaped classroom
situations represents a self-contained instructional situation that can be assessed
independently of the other classroom situations as well.

Moreover, the diagnostic process is structured by three tasks that are the same for all
classroom situations (see Appendix A for an example). Each of the three tasks intends to
measure another diagnostic activity. Based on activities that have been highlighted and
utilized in video-based research on diagnostic competences (see Section 1.3.2, cf. Bauer et al.,
2020; Kaiser et al., 2015; Seidel & Stiirmer, 2014), the diagnostic activities generating
evidence, evaluating evidence, and drawing conclusions are considered particularly relevant
in the context of diagnosing instructional quality. Therefore, the three tasks are as follows:
First, the videotaped classroom situation is to be observed, and subject-specific challenges of
biology instruction are to be described (Task Describe). Therefore, Task Describe refers to
the diagnostic activity generating evidence. Second, the relevance of the observations
described has to be justified with reference to didactical theories or subject-specific concepts
(Task Explain). Therefore, Task Explain refers to the diagnostic activity evaluating evidence.
Third, based on the critical observations, alternative teaching strategies are to be proposed
(Task Alternative Strategy). The third task, therefore, refers to the diagnostic activity drawing
conclusions.

In addition, the data to be collected that refers to the diagnostic activity generating
evidence will also be used to measure diagnostic accuracy. For a high accuracy measure, the
corresponding biology-specific challenges of the respective classroom situations must be
addressed in the participants’ answers. This approach corresponds to the concept of
perception accuracy as described in Section 1.3.3 (cf. Carter et al., 1988; Kaiser et al., 2015).

Overall, DiKoBi A4ssess 1s intended to measure components of diagnostic competences
in terms of diagnostic accuracy and the diagnostic activities generating evidence, evaluating

evidence, and drawing conclusions within a situated practice-oriented context.
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2. Aims

The video-based tool DiKoBi Assess serves as a core element for investigating the diagnostic
competences of pre-service biology teachers. In DiKoBi Assess, the diagnostic focus lies on
the instructional behavior of a biology teacher and the resulting instructional quality features.
Previous tools lack such a diagnostic focus, although this focus is considered to be important
for the implementation of diagnostic quality and student learning. Therefore, a need for
research in this regard exist (Meschede et al., 2017). The validation of DiKoBi Assess is still
pending. With regard to the COSIMA framework (see Section 1.3), the analyses in this
dissertation will also provide data for the evaluation of the framework components video-/
simulation-based tool, diagnostic competences, and instructional support (Heitzmann et al.,
2019; Chernikova et al., in press).

As the theoretical introduction has highlighted, there are various constructs that have
been used to operationalize diagnostic competences and their components. In part, these
constructs show striking similarities to more analytical constructs such as professional vision,
which is well-established in video-based research on teachers’ professional competence
(Goodwin, 1994; Seidel & Stiirmer, 2014; Sherin & van Es, 2009). Thus, the question can be
asked to what extent different constructs are transferable. Another question concerns the three
components of diagnostic competences. It is important to know how these three components
are interrelated to identify factors that teacher education can address in order to improve
diagnostic competences of future teachers. To date, research approaches that consider the
components altogether have hardly been pursued (Ohle & McElvany, 2015; see also Table 3).
That further leads to the question of suitable instructional interventions that can be used to
promote components of diagnostic competences. Teachers’ professional knowledge is a
crucial component, which has been emphasized many times in expertise research (e.g.,
Baumert et al., 2010; Fischer et al., 2012; Fortsch et al., 2016). Instructional support such as
text-based interventions or lectures should consequently be effective with respect to
knowledge development. Therefore, this dissertation investigates these instructional
approaches (text-based intervention, lectures) to address debates about the effects of
integrated instruction on the knowledge facets. By now, integrated instruction has been
studied almost exclusively in the context of computer-based intervention studies (e.g., Evens

etal., 2018; Harr et al., 2014, 2015; Janssen & Lazonder, 2016).
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Therefore, the aims of this dissertation were:

1. ... the validation of the video-based tool DiKoBi Assess that offered subject-
specific challenges of biology instruction (i.e., content of the videos), including a
whole-class perspective and addressing several subject-specific features of
instructional quality. The validation referred to the content of the videos and the
tasks used. As a second part of the validation, the construct of diagnostic activities,
important for the analysis of components of diagnostic competences, was
compared with the construct of professional vision.

The first aim was addressed within Publication I and Publication II.

2. ... the investigation of the relationships between the components professional
knowledge, diagnostic activities, and diagnostic accuracy that constitute diagnostic
competences according to the COSIMA framework.

The second aim was addressed within Publication III.

3. ... the analysis of the effects of different types of instructional support on the
components of diagnostic competences. Of particular interest is the investigation
of the effects of instructional support provided by a lecturer and via texts on the
professional knowledge base.

The third aim was addressed within Manuscript I and Manuscript I1.

In Figure 4, an overview of the main aims is given.
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15t Aim
Validation of the video-based assessment tool DiKoBi Assess

2 Aim
Relationships between components of diagnostic competences

31d Aim

Effects of instructional support

DiKoBi Diagnostic Instructional
Assess competences ) support
Professional
Validation knowledge
- content of videos B - U PCK 1 by A lachitet
- assigned tasks lagnostic i N . .
. accuracy £ S : | : ---------- -1- separated instruction
Publication I oo 7 R 175 - integrated instruction
1 P o . 1N
) . ) P : ; ] Manuscript I
Professional — Diagnostic Lo " : ] P
vision activities Ty oA 8
- utilized constructs via texts
[ Publication 11 [2 Publication III Manusecript I1
:"":; (partly) unexplained with regard to diagnostic contexts

4= =)  cOmparison

Figure 4. Overview of the main aims of this dissertation.

All three aims were addressed within the DFG-funded project COSIMA by
developing, conducting, and analyzing three studies. Data for the validation process (cf.
1*" aim), including the comparison of the constructs diagnostic activities and professional
vision, was collected through a validation study with five in-service biology teachers (see
Publication I and Publication II). Data for addressing the 2" and the 3™ aim was collected
with two main studies (see Figure 5). Study 1 was conducted with N =90 pre-service biology
teachers, Study 2 with N =103 pre-service biology teachers. Both main studies were
embedded within regular courses at the biology education of the LMU Munich. Data from the
two studies were then considered in three separate analyses: For a cross-sectional analysis,
data from both the pre-test of Study 1 and the pre-test of Study2 were used (see
Publication III). Subsequently, both pre- and post-test data from Study 1 and from Study 2
were analyzed separately. Manuscript I refers to the analysis of Study 2. Manuscript II refers
to the analysis of Study 1. Within each publication/manuscript, an appropriate subsample was
used depending on the goal of the analysis. Therefore, the sample number may differ from the
total number of data used in the individual publications. Figure 5 gives an overview of the

design of the studies.
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Validation . Interviews using think-aloud

jldeechasecassesyment taul protocols with in-service biology
study DiKoBi Assess teachers (N = 5)

[= == = = = = = = = - - i
| Pre l:—>| Intervention Post

Stlldy 1 Paper-pencil tests Instructional support via texts Paper-pencil tests
(N =90 pre-
service biology PCK PCK PCK |
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‘ CK | | CK I ‘ CK |

Lo [ ] o< ]

DiKoBi I Assess

‘ Diagnostic activities |

‘ Diagnostic accuracy |

Combination of
PCK, CK, PK

| No information |

DiKoBi Il Assess

‘ Diagnostic activities |

‘ Diagnostic accuracy |

Stl.ldy 2 Paper-pencil tests Instructional support by lecturer Paper-pencil tests
(N =103 pre- - .
e PCK ‘ Separated instruction PCK ‘
teachers)
‘ CK ‘ | Integrated instruction | ‘ CK ‘
‘ PK ‘ | No instruction | ‘ PK ‘

DiKoBi I Assess

‘ Diagnostic activities ‘

‘ Diagnostic accuracy ‘

DiKoBi II Assess

[ Diagnostic activities ‘

‘ Diagnostic accuracy ‘

Figure 5. Design of the studies. In addition to Studies 1 and 2, a cross-sectional analysis was
conducted with the pre-data from both main studies.

In both main studies, components of diagnostic competences were measured in a pre-
post design. Professional knowledge was assessed with paper-pencil tests, diagnostic
activities and diagnostic accuracy were assessed with the versions DiKoBil Assess and
DiKoBi II 4ssess of the video-based tool. Paper-pencil tests for measuring PCK and CK were
adapted versions of the professional knowledge tests utilized in the ProwiN project, which
proved to be valid (Jiittner et al., 2013; Jiittner & Neuhaus, 2013). The PCK and CK tests
were adapted to the topic of skin since this was the topic that was also covered in the video-
based assessment tool DiKoBi Assess. The paper-pencil test for measuring pre-service
teachers’ PK originated from the BilWiss project and was an adapted version of the short
scale of the dimension instruction (Kunina-Habenicht et al., 2020; Kunter et al., 2014). This
dimension covered generic characteristics of instructional quality with regard to the three
basic dimensions classroom management, supportive climate, and cognitive activation, and
was thus consistent with the theoretical considerations of the PK construct underlying the

main studies (see Sections 1.1 and 1.3.1.1).
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For the analysis of the professional knowledge tests, coding manuals were used by two
independent raters. For analyzing diagnostic activities and diagnostic accuracy, a
comprehensive coding manual was developed and used by three independent raters. As the
coding manual was developed based on current literature, and all raters were trained and took
part in regular discussions on complex coding cases, a valid measurement of diagnostic
activities and diagnostic accuracy can be concluded (Arffman, 2016). Final results of two-way
random intra-class correlations (ICCgpsonte) Showed a high agreement between the raters for
both the professional knowledge tests and diagnostic activities/diagnostic accuracy (cf. Wirtz
& Caspar, 2002). Additionally, fit indices of all measurement instruments indicated a reliable
and objective measurement (cf. Bond & Fox, 2007; Boone et al., 2014; Boone & Staver,
2020; Wirtz & Caspar, 2002). Intra-class correlations and fit indices are reported in
Publication III, Manuscript I, and Manuscript II.
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3. Results
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Abstract

For successful classroom instruction, teachers require a well-founded knowledge base
consisting of the three knowledge facets pedagogical-psychological knowledge (PK), content
knowledge (CK), and pedagogical content knowledge (PCK). However, there is not yet
clarity about the circumstances and instructional pathways through which teachers can best
develop these knowledge facets. In an experimental study (N =188 pre-service biology
teachers), we investigated the effects of separated instruction (knowledge facets were treated
successively without linking) or integrated instruction (knowledge facets were presented in an
interrelated way) in comparison to a control group that received no instruction for knowledge
acquisition. Both pathways of instruction were provided by a lecturer on the curricular topic
of senses and sensory organs, exemplified for the topic skin. Results point to the effectiveness
of both ways of instruction in terms of knowledge increase for CK and PCK. However,
descriptive results indicated that separated instruction was more effective for CK, but
integrated instruction was more effective for PCK. No effects for PK could be found, possibly
due to a ceiling effect. Overall, our results showed that instruction of CK within separate
university courses can still be considered fruitful, while in terms of PCK more attention

should be paid to integration.

Keywords: teacher education, science education, pedagogical content knowledge,

instructional design, teacher professional knowledge.
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Integrating or not-integrating — that is the question. Effects of integrated instruction on

the development of pre-service biology teachers’ professional knowledge

1 Introduction

Teacher education programs support pre-service teachers in acquiring professional knowledge
that is fundamental for high-quality instruction (Baumert et al., 2010; Keller et al., 2017).
Direct instructional guidance is one way to support knowledge acquisition and is therefore an
important element of lectures or seminars that pre-service teachers attend at university. Direct
instructional guidance can be understood as ,,providing information that fully explains the
concepts and procedures that students are required to learn as well as learning strategy support
that is compatible with human cognitive architecture” (Kirschner et al., 2006, p. 75). Concepts
and procedures that pre-service teachers have to know about for powerful teaching mainly
relate to three different facets of professional knowledge. These facets cover knowledge of
subject-specific core ideas (content knowledge or CK), knowledge of subject-specific
strategies to make subject-specific core ideas and content accessible for students (pedagogical
content knowledge or PCK), and knowledge of general pedagogical-psychological principles
and methods (pedagogical-psychological knowledge or PK) (Baumert & Kunter, 2013a;
Shulman, 1987; Voss et al., 2011). Although there is evidence that linking and cross-
referencing between knowledge facets is crucial for their retrievability and applicability, the
knowledge facets are mainly addressed within separate university courses that rarely connect
content and pedagogy (Harr et al., 2015; Konig et al., 2018; Renkl et al., 1996; Trobst et al.,
2019). For example, pre-service biology teacher attend courses in pedagogy, in which they are
instructed in general teaching methods and strategies for classroom management (Voss et al.,
2011). In courses of the discipline biology, pre-service teachers then acquire knowledge about
specific biological topics (e.g., about the skin and its structure); whereas within didactical
courses they get to know, for example, core ideas such as structure and function, and how to
implement them in biology instruction (National Research Council, 2012; Sekretariat der
Stindigen Konferenz der Kultusminister der Lédnderin der Bundesrepublik Deutschland
[KMK], 2005). Pre-service teachers also get to know strategies for how to deal with student
ideas and how to plan concept-oriented lessons that can all be considered as part of teachers’
PCK. The integration of information from the three knowledge facets is largely the pre-
service teachers’ own task. In other words, how to deal with student ideas about the skin and
its structure, and how to use scientific core ideas to foster students understanding of the

specific content is rarely explicitly addressed. Since this task creates considerable difficulties
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and is hardly achieved successfully, researchers call for an integration of knowledge facets
within teacher education, which makes the transformation into effective classroom instruction
more likely (Ball, 2000; Kleickmann et al., 2017; Renkl et al., 1996; Trobst et al., 2019).
Studies focusing on the effects of integrated instruction in university courses, which consider
all three knowledge facets for instructional input and as outcome measure, have hardly been
conducted so far. To decide when and under which circumstances integration is appropriate,
more empirical data from different domains is needed.

Therefore, the present study experimentally compared the effects of instructing all
three knowledge facets, PK, CK, and PCK, in a separated or integrated way. The separated
condition treats aspects of PK, CK, and PCK successively without linking and cross-
referencing content, as it is usually done in university teacher education (Harr et al., 2014;
Konig et al., 2018). In the integrated condition, a lesson planning model was used to structure
instruction. For each phase of the planning model, corresponding aspects of all three
knowledge facets were then presented in an interrelated way. Both conditions received direct
instructional guidance of the knowledge facets through a lecturer. Thus, the chosen
instructional approach allows at the same time a very practical investigation of the effects of
integrated instruction since teacher training programs often include courses guided by a
lecturer (Trobst et al., 2019). Therefore, especially for designing teacher education programs,

the present study is of great practical use as well.

1.1 Professional knowledge as part of teachers’ professional competence

Teachers’ professional competence describes how teachers, depending on cognitive and
affective-motivational dispositions, apply specific skills in specific situations to inform their
actions. The understanding of competence described therein is represented in the competence-
as-a-continuum model (Blomeke et al., 2015), which can be applied to different contexts such
as lesson planning, instructing, reflecting on instruction, or diagnosing. The integration of
professional knowledge facets that are part of teachers’ cognitive dispositions counts as an
important key process within the varying contexts in order to act effectively (Brunner et al.,
2013; Heitzmann et al., 2019).

The importance of teachers‘ professional knowledge for instructional quality and student
outcomes is empirically well-proven (Baumert et al., 2010; Fischer et al., 2012; Fortsch et al.,
2016; Kunter et al., 2013). With regard to the subject and specific contextual and situational
demands, different facets of professional knowledge have been distinguished on the basis of

Shulman (1987). The common ground is that teachers need pedagogical-psychological
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knowledge (PK), content knowledge (CK), and pedagogical content knowledge (PCK) during
instruction (Baumert et al., 2010; Shulman, 1986, 1987; Voss & Kunter, 2013). Pedagogical-
psychological knowledge (PK) is considered generic and independent from a specific subject,
and has been conceptualized slightly differently. Whereas Voss et al. (2011) included
knowledge about classroom processes and students’ heterogeneity in their conceptualization
of PK, Konig et al. (2014) considered knowledge about generic theories and methods of
instruction and learning as well as of classroom management as essential for their
conceptualization. In addition, classroom analyses offer a further perspective on PK. Research
on instructional quality has identified three basic dimensions of instructional quality that
occur more or less across domains: classroom management, supportive climate, and cognitive
activation. Classroom management refers both to the structure and organization of instruction
and to the management of students’ behavior (Klieme et al., 2001; Praetorius et al., 2018;
Schlesinger & Jentsch, 2016). Supportive climate (also often referred to as learning support)
refers to the creation of a positive learning atmosphere in the classroom. It is characterized by
a caring attitude of the teacher, a positive teacher-student relationship and other forms of
support such as constructive feedback (Klieme et al., 2001; Lipowsky et al., 2009; Praetorius
et al., 2018). Cognitive activation requires instruction that builds on students’ prior
knowledge and ideas, that uses challenging problems and questions to stimulate cognitive
conflicts, that foster students’ engagement in higher-level thinking and thus their in-depth
elaboration of content, as well as students’ active participation in classroom discourse
(Baumert et al., 2010; Fortsch et al., 2017; Lipowsky et al., 2009). However, since many of
the characteristics of cognitive activation have to be applied within subject-specific contexts,
the operationalization of this basic dimension differs largely between studies due to content-
specific issues of the study subject (Schlesinger & Jentsch, 2016). Furthermore, research
findings revealed that “classroom management and supportive climate could be interpreted as
basic conditions, which have to be established before implementing cognitively activating
strategies of instruction” (Dorfner et al., 2018, p. 49). Thus, cognitive activation is more
related to knowledge of subject matter (CK and PCK) (Baumert & Kunter, 2013b). In
conclusion, knowledge about the basic dimensions classroom management and supportive
climate as well as about corresponding strategies on how do deal with these dimensions, are
important to create learning opportunities and an effective learning atmosphere in which
pedagogical strategies and methods can be applied and adapted to student heterogeneity (cf.
Konig & Kramer, 2016; Kunter et al., 2007). Applying PK in instruction can therefore also be

seen as implementing the basic dimensions in instruction.
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Furthermore, when teaching a subject, teachers need knowledge of subject matter.
Professional knowledge referring to the understanding of subject-specific methods and core
concepts is called content knowledge (CK) (Ball et al., 2008; Gess-Newsome, 2015). The
knowledge that is necessary to make this content available for a particular group of students is
referred to as pedagogical content knowledge (PCK), including aspects of content and
pedagogy (Gess-Newsome, 2015; Shulman, 1987). Although conceptualizations of PCK
differ, they all emphasized knowledge about subject-specific instruction and a student-related
perspective as essential. Therefore, important components of PCK are knowledge about
students’ (mis)conceptions, as well as knowledge about subject-specific structures of
instruction and corresponding teaching strategies (Depaepe et al., 2013; Park & Oliver, 2008;
Schmelzing et al., 2013). With regard to subject-specific instructional quality (assessed
through instructional quality features such as cognitive activation) and student achievement,
researchers assumed teachers’ subject-specific knowledge facets PCK and CK to be relevant
(e.g., Kunter et al., 2013). While no direct effects of CK on cognitive activation have been
found, there is evidence of the connectedness between CK and PCK (e.g., Krauss et al., 2008;
Liepertz & Borowski, 2019). In contrast, PCK was shown to be highly predictive for
instructional quality and students’ achievement (Depaepe et al., 2013; Kulgemeyer et al.,
2020; Schmelzing et al., 2013). An indirect effect of teachers’ PCK on students’ achievement
mediated by cognitive activation was found, for example, in biology and mathematics
education (Fortsch et al., 2016; Kunter et al., 2013). While there are conceptualizations in
which both CK and PCK are included as subject-specific knowledge for teaching (e.g., Ball et
al., 2008; Hill et al., 2008; Kersting et al., 2010), other researchers developed instruments for
a separate measurement of the knowledge facets (e.g., Jiittner et al., 2013). Results from the
COACTIV project (Cognitive Activation in the Mathematics Classroom and Professional
Competence of Teachers) led to the conclusion that CK and PCK exist as two overlapping but
distinct facets (Krauss et al., 2013). However, within the ProwiN project (Professional
Knowledge of Teachers in Science) CK and PCK did not correlate significantly, and thus,
could be measured independently (Fortsch et al., 2016).

When measuring professional knowledge, declarative (knowledge related to facts,
terms and principles) and action-related knowledge (knowledge about actions, manipulations,
or procedures, as well as knowledge about when and why to apply these procedures in order
to foster student learning) is mostly addressed in the form of paper-pencil tests including short
answer or multiple-choice formats (Fortsch et al., 2018; Harr et al., 2014). While paper-pencil

tests, mainly used within quantitative approaches, are connected to a more cognitive
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perspective on professional knowledge, there are also approaches to study teachers’
professional knowledge from a situated perspective (Depaepe et al., 2013). Within the
situated perspective, professional knowledge can also be understood as dynamic knowledge in
action (Alonzo & Kim, 2016). Consequently, knowledge should be captured within specific
contexts that are closer to practice. That can be done, for example, with text or video vignettes
in which authentic teaching situations are presented (Cauet et al., 2015; Hoth et al., 2018).
Observations or subsequent interviews can then provide insights into the teachers’ knowledge.
However, this is usually realized within qualitative approaches (cf. Alonzo & Kim, 2018).
The distinction between cognitive and situated perspectives is also displayed within recent
models such as the Refined Consensus Model that depicts teachers’ professional knowledge
in terms of the facets PK, CK, and PCK within the science classroom, but also takes different
forms of PCK into account (Carlson et al., 2019). One form of PCK describes a kind of
canonical knowledge that professionals of a discipline share, and that is taught in university
courses (collective PCK). This form differs, however, from the personal knowledge (personal
PCK) that each pre-service teacher holds. Researchers assume that personal PCK develops
based on the knowledge that is taught and the persons’ individual experiences within the
classroom. The third form of PCK refers to the knowledge that “teachers draw on in the
moment of action, where the action may include planning, teaching, or reflecting on teaching”
(Alonzo et al., 2019, p. 273) and is therefore referred to as enacted PCK. Whereas collective
and personal PCK represent more static forms of PCK, and thus, are similar to the cognitive
perspective, enacted PCK is more adaptive and connected to a specific classroom situation.
Thus, ePCK is related to the study of knowledge and skills from the situated perspective
(Alonzo et al., 2019). Eventually, both perspectives are important as they complement each
other and offer opportunities to study teacher professional knowledge more holistically
(Evens et al., 2018).

Although we are aware of the advantage and necessity of considering both
perspectives, the present study focuses more on the cognitive perspective on teacher
professional knowledge that enables us to investigate professional knowledge quantitatively,

thus, increasing the generalizability of the results.
1.2 Development of professional knowledge in teacher education

The education of pre-service teachers is based on curricula, in which the three knowledge
facets CK, PK and PCK are largely treated separately in seminars and lectures (Ball, 2000;

Harr et al., 2014). On the basis of research findings from recent years, however, scientists are
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increasingly calling for an integrated presentation of knowledge facets, in which
corresponding knowledge components are addressed together, which is assumed to improve
knowledge retrievability and application in practice (Evens et al., 2018; Trobst et al., 2019). A
reason for this claim is the existing relationship between the knowledge facets. For example,
CK and PK have been identified as components of PCK, but solely addressing CK and PK is
not sufficient to develop PCK (e.g., Kind & Chan, 2019; Kleickmann et al., 2017; Konig et
al., 2016). Furthermore, explicitly addressing PCK has also proven to be effective for the
development of PCK (Trdbst et al., 2019). Regarding the relationship between CK and PCK,
researchers emphasized that CK is considered a necessary but not sufficient condition for the
development of PCK (Baumert & Kunter, 2013b; Fischer et al., 2012). In addition, other
study results showed that PK is related to the instruction of specific PCK content (Konig et
al., 2018), which also emphasizes the importance of PK in the overall knowledge
development process. Furthermore, learning and retaining knowledge is considered more
effective when link-making processes between new and existing ideas take place (Scott et al.,
2011; Wadouh et al., 2014). Link-making can also take place in the sense that general
pedagogical principles are explicitly related to subject-specific characteristics when new
content is presented. In other words, link-making between PK, PCK and CK should be given
much more focus. Thus, researchers pointed out that the separate presentation of the
knowledge facets might not be the most powerful way to develop teacher professional
knowledge (Evens et al., 2018; Trobst et al., 2019).

Studies investigating the effects of an integrated presentation of the knowledge facets
have already shown positive effects when using direct instructional guidance within
computer-based learning environments. When creating lesson plans, an integrated
instructional support (content and pedagogical information were linked) was more effective
than a separate support (elaborate information about pedagogy and content were received
separately) in terms of PCK-related justifications and the quality of PCK in lesson plans
(Janssen & Lazonder, 2016). However, the authors did not include instruction on PCK as a
treatment condition but only looked at PCK as an outcome variable. Harr et al. (2014)
developed computer-based learning environments on mathematics, and compared the effect of
an integrated or segregated presentation of PCK and PK on pre-service teachers’ PCK and
PK. “Integrated” meant that participants worked on one learning environment, in which PK
and PCK aspects were treated interrelated. In contrast, in the “segregated” condition,
participants worked on two learning environments, each focusing solely on either PCK or PK

aspects. The results showed high effectiveness of the integrated learning environment “in
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increasing the application of PK aspects by pre-service teachers [...] [as well as in increasing]
simultaneous application of both PCK and PK when solving a particular case from teaching
practice” (Harr et al., 2014, p. 7). However, effects on the application of PCK aspects did not
significantly differ between the integrated and the segregated condition. Furthermore, for the
segregated condition, they varied the sequence of the learning environments, but found no
sequencing effects (Harr et al., 2014). As a consequence of these results, those responsible in
teacher education should think about how to restructure university curricula in order to allow
for an integrated presentation of knowledge facets. However, since restructuring curricula that
have a long tradition might be challenging and long-winded, other ways of more integration
and linking of the knowledge facets have to be found. In this vein, Harr et al. (2015) used the
same methodology again but added another condition (“prompted integration”) to analyze the
effects of prompting pre-service teachers to integrate knowledge facets by themselves. After
presenting PK and PCK separately, participants had to process prompts that asked, for
example, for a connection of content topics and pedagogical principles, and were presented on
additional slides to trigger mental integration. Results showed that the prompted integration
was as effective as the provided integration from their first study, but at the expense of time
(Harr et al., 2014, 2015). Nevertheless, considering feasibility for implementation in teacher
education, the focus on a prompted integration might be one way to facilitate the development
of pre-service teachers’ professional knowledge.

While the previous studies examined only two of the three knowledge facets, Evens et
al. (2018) included all three knowledge facets in their study. Situated within the subject of
French as a foreign language, one question they investigated was whether a learning
environment in which PCK, PK, and CK are integrated is more effective for PCK
development than a learning environment in which PCK, PK and CK are segregated. Five
conditions (four experimental groups and one control group) differed in the knowledge facets
that were presented, and in the way the knowledge facets were integrated. In contrast to Harr
et al. (2014, 2015), Evens et al. (2018) found no significant differences between integrated
and separated instruction. In both conditions, PCK increased moderately. However, whether
both groups can equally apply their knowledge to the processing of practical examples was
not investigated. Furthermore, results of the study support previous findings on the
importance of explicit instruction on PCK for the development of subject-specific knowledge.
The authors also emphasized that the instruction of all three knowledge facets might then be
expedient “if teacher education aims at promoting not only teachers’ PCK, but also their PK

and CK” (Evens et al., 2018, p. 253). Therefore, addressing different knowledge facets and
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connecting them can still be considered appropriate to develop pre-service teachers’

professional knowledge holistically.
1.3 The present study

For the present study', we investigated the effects of both a separated and an integrated
presentation of general pedagogical-psychological aspects of PK as well as aspects of the
subject-specific knowledge facets CK and PCK (in terms of the subject biology). Earlier
findings already indicated beneficial effects for PK and PCK when information was provided
in an integrated way (e.g., Harr et al.,, 2014, 2015; Janssen & Lazonder, 2016) using
computer-based learning environments in which the knowledge facets were differently
presented (e.g., Evens et al., 2018; Harr et al., 2014, 2015; Janssen & Lazonder, 2016). To go
beyond these earlier findings and to close gaps concerning the investigation of knowledge
development, the present study adds value concerning two points. First, we included all three
knowledge facets in our study, and we examined possible effects for PCK, as well as for CK
and PK. Second, we used a different methodological approach, which reflects common
practice at universities: direct instructional guidance provided by a lecturer. A glance at
university education shows that this way of supporting knowledge acquisition makes up a

great deal in lectures and seminars as a common form of university courses.

Therefore, the main research question of the present study is: Are there differences in
the effectiveness of a separated or an integrated instruction on the development of pre-service

teachers’ professional knowledge facets (PK, CK, and PCK)?

We assume that integrated instruction might be more effective for PK development
than separated instruction since previous findings indicated higher applicability of PK aspects
when knowledge facets were acquired in an integrated way (Harr et al., 2014). However, there
is also the possibility of deriving pedagogical principles from specific examples from the field
of PCK, thus, enhancing PK within sequential instruction as well (Konig et al., 2018; Trobst
etal., 2019).

! The study, presented in this article, represents a sub-analysis of the database that was collected as part of a
larger study. The original study focused on the impact of integrated/separated instruction of the knowledge
facets on pre-service teachers’ professional knowledge and their diagnostic competences. In order to address
the questions raised in the theoretical section, however, the present analysis focuses only on the effects of an
integrated/separated instruction on professional knowledge. To avoid misunderstanding, the original study is
referred to as “original study”, whereas the present sub-analysis is referred to as “the present study” or “sub-
analysis”.
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For CK, we consider the separated instruction to be more effective. CK is considered
an important basis for the development of PCK. Thus, a deeper understanding of content-
specific concepts and processes is the basis on which subject-specific content can adequately
be prepared for students (cf. Ball et al., 2008; Krauss et al., 2008). Focusing solely on CK
within instruction might help to strengthen CK without distractions.

Furthermore, since PCK contains aspects of CK and PK, we assume that the integrated
instruction is more effective for the development of PCK than the sequential instruction. Our
assumption is based on previous research results indicating the importance of PK and
especially CK for the development of PCK (Kleickmann et al., 2017; Krauss et al., 2008;
Schneider & Plasman, 2011). We assume that in the integrated instruction, two effects may be
important: First, the interaction of PK and CK for the development of PCK, and the explicit
instruction of PCK itself (cf. Trobst et al., 2019).

2 Materials and Methods

To completely reflect the methodology of the present study, the design of the original study is
presented below. In the original study, we used two kinds of measuring instruments: paper-
pencil tests to measure the knowledge facets and a video-based assessment tool to measure
components of diagnostic competences. Since the video-based tool presented real-life
classroom situations, we took the classroom context into account that is considered to play an
important role when teachers have to apply their knowledge (Evens et al., 2018). Thus,
measuring professional knowledge was based on the cognitive perspective, whereas
measuring diagnostic competences was based on the situated perspective (cf. Hoth et al.,
2016). However, since the video-based assessment tool was not part of this sub-analysis,
further information on the video-based assessment tool is reported in Kramer et al. (2020).
The original study focused on the topic of senses and sensory organs, which represents
an important topic area within science curricula in different school types and grades (e.g.,
National Research Council, 2012; State Institute of School Quality and Educational Research,
Munich, 2017). The topic area was exemplified for the particular topic “skin” including
information on skin as a sensory organ, protective functions of the skin, and the importance of
the skin for the regulation of the body temperature. The content was differentiated in such a
way that aspects of the content were of practical relevance for prospective primary school
teachers as well as for prospective secondary school teachers in accordance with science

curricula (for more information, see Kramer et al., 2020).
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2.1 Design and sample

The study had an experimental design and was embedded in a regular seminar held once a
week. The seminar is attended by pre-service biology teachers at the beginning of their
teacher education. In the seminar, pre-service teachers acquire knowledge about subject-
specific theories and concepts for biology instruction. The study was conducted over two
weeks in May 2019, with pre-testing and post-testing during the regular seminar time. The
intervention was shifted to the weekend in between. Both pre- and post-tests took 50 minutes
and included three paper-pencil tests each (see Figure 1). Thus, each knowledge facet was
measured with a separate paper-pencil test, which was the same in pre- and post-test.
Additionally, a video-based assessment tool was used to measure pre-service teachers’
diagnostic competences in the pre- and post-test. However, measurements of the assessment
tool were not considered for the present sub-analysis. For the intervention, pre-service
teachers were randomly assigned to three different treatments. In treatment 1 and 2, a
professional lecturer (first author of the article) gave three lectures on declarative and action-
related aspects of PK, CK, and PCK relevant for the biological topic “skin”. Each lecture took
90 minutes. During instruction, the different knowledge facets were addressed either in a
separated or in an integrated way (see section description of the treatments). Pre-service
teachers in treatment 3 (control group) did not receive any instruction. They only completed
the pre- and the post-test. Informed consent documents stating an anonymous and voluntary
participation were signed by all participants. The ethics committee of the Faculty of

Psychology and Education of the LMU Munich approved the study in advance.
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Figure 1. Design of the study. Measurements that were not considered in the present sub-
analysis are framed with dashed lines.

The sample consisted of 118 pre-service biology teachers (66.9 % female; average
study semester: M = 3.02, SD = 1.20; age in years: M =22.65, SD = 3.49). 32.2 % of the pre-
service teachers attended the academic track of teacher education, qualifying them for future
teaching at German secondary schools (“Gymnasium™); 67.8 % attended programs for the
non-academic track that qualifies students for vocational career. For an overview of the
German school system, see Cortina and Thames (2013). Table 1 shows how the 118
participants were distributed among the three treatments. There was no statistically significant
difference in age (F(2,114)=2.78, p=.07), or percentage of pre-service teachers attending
academic track (F(2,115)=.53, p=.59). They also did not statistically differ in their
knowledge at the pre-test: PK. (F(2,115)=.05, p=.96), CKr (F(2,115)=.03, p=.97),
PCKyre (F(2,115) = .87, p = .42). However, a statistically significant difference was found in
study semester (F(2,115) =3.94, p =.02) between treatment 3 (control group) and treatment 2
(integrated instruction) as assessed by Tukey-HSD (mean difference control group-integrated

instruction = .74, p = .02).
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Table 1. Overview of pre-service teachers’ background characteristics within the treatments
(Niotal = 118). The mean value was given for age in years and study semester.

Treatment

1 separated instruction 2 integrated instruction 3 no instruction
on the knowledge facets on the knowledge facets (control group)

PK, CK, PCK PK, CK, PCK
Number of
participants 42 (29) 40 (25) 36 (25)
(thereof female)
Age in Years M 22.51 21.85 23.69
(SD) (4.18) (2.02) (3.73)
Study semester M 2.95 2.70 3.44
(SD) (1.19) (1.07) (1.25)
Percentage of pre-
service teachers 357 25.0 36.1

attending the
academic track (%)

2.2 Description of the treatments

Pre-service teachers were randomly assigned to one out of three treatments: separated
instruction (treatment 1), integrated instruction (treatment 2), or no instruction/control group
(treatment 3). The intervention was held on a weekend, containing three 90-minutes lasting
lectures for treatment 1 on the weekend’s Saturday, and three 90-minutes lasting lectures for
treatment 2 on Sunday. On both days of the weekend, the intervention was held by the same
lecturer to reduce potential confounding effects. In addition, the lecturer, who was the first
author of the article, prepared scripts to ensure that the overall content was kept constant in
both treatments. Scripts were based on a review of the relevant literature and state-of-the-art
research results of each knowledge facet with respect to the specific topic “skin”. After
intensive training, the lecturer strictly held the lecture according to the scripts to ensure that
only the planned contents were addressed in the lectures. The distribution of the contents to

the different lectures of the treatments is shown in Table 2.
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Table 2. Overview of the content of the three lectures of each treatment

Treatment 1
separated instruction

Treatment 2
integrated instruction

Treatment 3
control group

CK

- importance of the skin / basic
functions

- structures and functions
(epidermis and appendages,
sclera, subcutis)

- the skin as a sensory organ
(touch, pressure, heat, cold, pain)

Lesson planning model — phase 1
and phase 2

- supply usage model

- lesson planning model and basic
dimensions of instructional quality

- phases during the course of a
lesson, planning instruction,
teaching methods, subject-specific
instructional quality features

Lecture 1 -
(90 min) - phase 1: starting the lesson:
classroom management, supportive
climate
- phase 2: activation of prior
knowledge and focus question: level
of students cognitive activities,
creation of situational interest, the
importance of the skin / basic
functions, structures and functions of
the skin (epidermis), cognitive
activation, subject-specific theory
situational interest
PK Lesson planning model — phase 3
- supply usage model - phase 3 (part A): elaboration and
backup: students’ ideas and their
- basic dimensions of formative handling, structures and
instructional quality (classroom function of the skin (epidermis and
Lecture 2 management, supportive appendages, sclera, subcutis), the
(90 min) climate, cognitive activation in skin as a sensory organ (touch, )
general) pressure, heat, cold, pain),
conceptual change theory, classroom
- lesson planning model (phases management, supportive climate,
during the course of a lesson, scientific inquiry methods, ...
planning instruction, teaching
methods)
PCK Lesson planning model — phase 3,
phase 4, and phase 5
- addressing subject-specific
instructional quality features - phase 3 (part B): use of models,
Lecture 3 within each phase during the teaching methods, technical terms
(90 min) course of a lesson (e.g., )

activation of prior knowledge,
use of focus questions and
challenging tasks, creation of
situational interest, formative
handling of students’ ideas,

- phase 4: referring back to the focus
question, linking, cognitive
activation, lesson planning model,
phases during the course of a lesson
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scientific inquiry methods, use of - phase 5: closing the lesson
models, technical terms,
linking...)

- subject-specific theories
(situational interest, conceptual
change, ...)

Note: Although the overall content was the same for both treatments, it was presented in different ways in the
three lectures per group. Some of the topics in treatment 2 are listed twice because specific subtopics were
addressed in one phase, while other subtopics were relevant in another phase. For example, while lecture 1
included an overview of the interdependence of classroom management, classroom context, and the teacher’s
personality as a subtopic of classroom management (cf. Helmke, 2017), lecture 2 included techniques of
classroom management (cf. Kounin, 1970; Tarman, 2016). All lectures lasted about 90 minutes but varied in the
number of topics addressed due to the time required to treat a topic.

In treatment 1, each of the lectures focused on one of the knowledge facets separately,
meaning that the first lecture dealt with content knowledge (CK), the following lecture with
pedagogical-psychological knowledge (PK), and the last lecture with pedagogical content
knowledge (PCK). There was a 20-minute break between each lecture. In each of the three
lectures of treatment 2, the knowledge facets were addressed in an integrated way. The overall
structure of the three lectures of treatment 2 followed the basic structure of a planning model
for biology instruction (see Dorfner et al., 2019), including different phases during the course
of a lesson: introduction (with reactivation of students’ prior knowledge, use of a focus
question, and generating hypothesis), stage of elaboration and evaluation, backing up results,
referring back and answering the focus question, as well as a consolidation of the
content/concepts being taught. For each phase, corresponding aspects of CK, PK, and
resulting PCK were presented. These aspects were the same for both treatments. Only the way
of integrating the contents varied. Therefore, the planning model mentioned above was also
considered in Treatment 1 as part of the lecture on PCK.

Furthermore, we made sure to call repeatedly for pre-service teachers’ attention in all
lectures through short tasks that varied slightly due to an appropriate embedding in the
structure of the lecture. Additionally, content connecting phrases added to make transitions
smoother were included in treatments 1 and 2. The phrases varied between the treatments but
did not contain additional information on PK, CK, or PCK. Table 3 shows an example of how
a task has been embedded and how a transition has been phrased in treatment 1 and

treatment 2.
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Table 3. Example of how a task was embedded in treatment 1 and treatment 2 and how the

corresponding transition was phrased.

Treatment 1
separated instruction

(here: PCK)

Treatment 2
integrated instruction

(here: PCK with transition to CK)

[...]1 TASK: Explain why it is important to
consider student ideas? Collect ideas on how
student ideas can be explored.

The consideration of students’ ideas is important
to pick up the students’ level of knowledge and to
motivate them according to their ideas/interests. It
is also crucial to ensure that teachers and students
talk about the same thing. What do students
associate with the “skin”? Above all, everyday
experiences are decisive for the generation of
ideas. The student’s idea and the academic idea of
a subject are sometimes far apart. Therefore, it is
important for the teacher to consider both and to
structure the lessons accordingly.

Didactic models that address this issue are, for
example [...]

[next: model of didactic reconstruction)

[...] The consideration of students’ ideas is
important to pick up the students’ level of
knowledge and to motivate them according to their
ideas/interests. It is also crucial to ensure that
teachers and students talk about the same thing.
What do students associate with the “skin”?
Above all, everyday experiences are decisive for
the generation of ideas. The student’s idea and the
academic idea of a subject are sometimes far apart.
Therefore, it is important for the teacher to
consider both and to structure the lessons
accordingly.

TASK: Explain what becomes visible in the
student’s idea about the skin and what is the

deficit?
To understand the student’s idea about the skin,
we must first familiarize ourselves with the

biological content.

[next: structure and function of the skin]

2.3 Professional knowledge tests

PK, CK, and PCK were measured through use of paper-pencil tests. In the tests, three

different types of items have been utilized (open-ended, single best answer, multiple

true/false). Open-ended items required a written response in a text field; single best answer

(SBA) items required the selection of a single answer from a set of possible responses

consisting of multiple distractors and one correct response; multiple true/false items required

the assessment of each of four given responses with respect to their correctness (Campbell,

2011). Sample items are displayed in Table 4.
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Table 4. Item examples of the CK and PCK test. Due to the different design of SBA-items,
two examples are given.

Item type Item example Corresponding
knowledge facet

Open-ended  Please evaluate the three-dimensional model by comparing as many PCK
different advantages and disadvantages as possible.

Read each statement and tick the statement if correct. CK

The dermis has subcutaneous fatty tissue and thus serves as a
protection against cold.

During cornification, the cell interior dies and is replaced by the O
protein carotene.

Single best

answer
(SBA) Please evaluate the statements below regarding the given teacher PCK

experiment.

This experiment allows effective use of time.

1 = very O
2 = rather O
3 = neither O
4 = rather not O
5 =not at all O

Note: Information on items utilized in the PK test can be found by Kunina-Habenicht et al. (2020). Data sets
from the BilWiss project, in which the PK test from this study was developed and used, are publicly available on
the IQB website https://www.igb.hu-berlin.de/fdz/studies/BilWiss.

PK was assessed by an adapted short version of a paper-pencil test utilized in the
BilWiss project covering declarative knowledge of the dimension instruction (Kunina-
Habenicht et al., 2020). According to Evens et al. (2018), PK includes at least knowledge
about teaching methods and classroom management, which both were covered in the
dimension instruction of the BilWiss project. The PK-test referred to basic dimensions of
instructional quality containing items about generic features such as classroom management,
supportive climate, and cognitive activation (Baumert et al., 2010; Klieme et al., 2001;
Lipowsky et al., 2009), as well as items on general pedagogical issues of teaching such as
teaching methods. The PK-measure included five SBA-items and ten multiple true/false
items. Item scoring followed the instructions from the BilWiss project (Kunina-Habenicht et
al., 2020). SBA-items were scored with either 0 points (wrongly ticked) or 2 points (correctly

ticked). Multiple true/false items were scored with either 0 points (for 0 or 1 correctly ticked
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answers), 1 point (for 2 or 3 correctly ticked answers), or 2 points (for 4 correctly ticked
answers, thus a completely solved task).

CK and PCK were assessed by adapted versions of the professional knowledge tests
used in the ProwiN project (Jiittner et al., 2013; Jiittner & Neuhaus, 2013). The CK- and
PCK-test covered declarative and action-related knowledge about the topic “skin” (in
accordance with the knowledge that was addressed in the intervention and also covered in the
video-based assessment tool). Based on the model of Tepner et al. (2012), the PCK-test
covered two important components of biology teachers’ PCK: knowledge of instructional
strategies (model use and use of experiments) and knowledge of students’ errors. The PCK-
measure included eight open-ended items and five SBA-items. Open-ended items were scored
in accordance with a coding manual that was adapted from Jiittner et al. (2013) and Jiittner
and Neuhaus (2012), and written on the basis of the literature in science education. A
maximum of 3 points could be achieved for each open-ended item. SBA-items represented
ranking items, where statements to a given experiment were to be evaluated on a five-point
Likert scale by the pre-service teachers (see Table 4). Prior to the scoring process, the items
were rated by 16 in-service teachers who we considered as experts in biology education. In
accordance with the tendency for correct answers the in-service biology teachers gave, we
divided the Likert scale into positive, neither/nor, and negative parts for scoring pre-service
teachers’ ratings. For example, if the mean of the experts’ rating was between 1 and 2, and a
pre-service teacher check-marked 1 or 2, the answer was scored with 1 point. If the pre-
service teacher check-marked 3, 4 or 5, the answer was scored with 0 points (cf. Jiittner et al.,
2013). The CK-measure included 13 open-ended items and 15 SBA-items. Both open-ended
items and SBA-items were scored in accordance with criteria provided in a coding manual
adapted from Jiittner et al. (2013). A maximum of 3 points could be achieved for each open-
ended item. SBA-items were scored with either 0 points (wrongly ticked) or 1 point (correctly
ticked). To ensure objective and reliable coding, ten percent of both the PCK- and CK-test
were coded by two independent raters utilizing the coding manuals. A high agreement
between the two raters has been shown by the results of two-way random intra-class
correlations (ICCapsolute): PCK: 1CCpsonie(310,310) =.84, p <.001; CK:
ICCupsonne(341,341) =97, p <.001 (Wirtz & Caspar, 2002).

After item scoring, each knowledge test was analyzed separately using the Rasch
partial credit model (PCM), which resulted in PK, CK, and PCK Rasch person measures
(person abilities) for each pre-service teachers for each test instrument (Bond & Fox, 2007;

Boone et al., 2014). The Rasch model also takes the difficulty of test items into account.
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Person measures and item measures are calculated on the same scale using the unit “logits” as
equal-interval units that allow comparisons between persons and items (Boone et al., 2014).
For evaluating data fit, Outfit-MNSQ (mean-square) values, item reliability and person
reliability for each test were used. According to Wright and Linacre (1994), item Outfit-
MNSQ values below 1.5 indicate a productive measurement. Concerning the reliability
values, high item reliability indicates that both the range of item difficulty and the sample size
can be considered as appropriate to measure the items precisely. The person reliability
describes the internal consistency of the measure. For example, a value of .50 means that the
test discriminates the sample in 1 or 2 levels; higher values discriminate in more levels
(Boone et al., 2014).

Item fit statistics of the PK, CK, and PCK-test showed satisfactory fit values (see
Table 5). To compare data from the identical pre- and post-tests, pre-test items have been
anchored with appropriate post-test items for each test considering Differential Item
Functioning (Boone et al., 2014). Those items, which produced a measurement bias for pre-
and post-test were excluded from anchoring. In the end, the PK-test included 12 anchor items,

the CK-test had 17 anchor items, and the PCK-test included eight anchor items.

Table 5. Fit statistics of the professional knowledge tests using Rasch analysis techniques and
the Rasch partial credit model.

Knowledge facet Number of items  outfit-MNSQ person reliability  item reliability
PCK,e (anchored) 13 <1.44 .61 93
PCKpost 13 <1.15 .63 .95
CK,r. (anchored) 28 <1.44 .69 .97
CKpost 28 <1.43 .69 .97
PK,:. (anchored) 15 <1.50 .57 .97
PK post 15 <1.19 .58 .98

2.4 Analyses

First, raw data of all knowledge tests (pre/post: PK, CK, PCK) was analyzed using the Rasch
PCM (Bond & Fox, 2007) with the software Winsteps 3.81 (Linacre, 2014) to calculate
person measures. The resulting equal-interval person measures were used for all following

analyses. Second, descriptive results and Pearson’s correlations were calculated utilizing IBM
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SPSS Statistics (version 26) to describe the development and correlation between the
knowledge facets. SPSS has also been utilized for running mixed ANOVAs separately for
each knowledge facet to reveal possible time effects and interaction effects between time and
treatments. Assumptions for applying mixed ANOVAs were checked. There was a violation
of normal distribution for PCK,. and PK, of treatment 2 (integrated instruction), as well as
for PK,s of the control group, as assessed by the Shapiro-Wilk test (p > .05). For PK and
CK, homogeneity of the error variances, as assessed by Levene’s test (p >.05), as well as
homogeneity of covariances, as assessed by Box’s test (PK: p =.53; CK: p =.19) were given.
However, for PCK,., Levene’s test was significant (p = .03). We therefore focused on
Tukey-HSD post-hoc comparisons and calculated repeated measures ANOVAs for each
treatment.

As an effect size measure, we used partial 1%, applying the following benchmark
values: .01 for small effects, .06 for medium effects, and .14 for large effects (Cohen, 1988;
Richardson, 2011).

3 Results
3.1 Descriptive statistics and correlations

An overview of the descriptive results of all measurements can be found in Table 6. For each
knowledge facet, the mean values increased between pre-test and post-test. However, for PCK
and CK, the increases were greater. Additionally, it is worth mentioning that for PK the
control group showed the largest increase compared to treatment 1 or 2. Pearson’s
correlations between the knowledge facets showed that PK, as well as CK and PCK, could
mostly be measured independently. For the pre-test, there were small correlations between
CKpre and PCKre (r = .29, p <.01), as well as between PCK,,. and PK,. (r = .28, p <.01). For
the post-test, there were a medium correlation between CKos¢ and PCKpost (r = .40, p <.01),

and a small correlation between PCK s and PKost (r = .24, p <.01).
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Table 6. Descriptive statistics of the knowledge tests, including mean, standard deviation,
minimum and maximum value.

Treatment 1 Treatment 2 Treatment 3
separated instruction integrated instruction control group
N=42 N=40 N=36

PK* Pre Post Pre Post Pre Post
M 5.27 5.36 5.28 5.33 5.24 5.38
SD 49 Sl .56 .60 .52 52
Min 4.21 4.34 4.38 4.34 4.02 4.66
Max 6.49 6.48 6.49 7.28 6.21 7.28
CcK*
M 4.49 5.18 4.44 4.98 4.46 4.53
SD .68 .81 78 .76 81 .67
Min 3.30 3.44 2.26 3.19 1.74 3.19
Max 5.85 6.68 5.70 6.37 5.99 5.66
PCK*
M 3.83 4.37 3.62 4.35 3.79 4.23
SD .69 .55 75 .62 .87 .81
Min 2.62 3.19 1.27 2.83 1.32 2.83
Max 5.28 5.53 4.65 5.36 5.28 5.70

* Rasch person measures of variables scaled according to the PCM in Logits. Each person ability value was
summed up with 5 to avoid negative person abilities and thus misunderstandings in interpretation. Note that the
person measures were calibrated for each knowledge facet separately, and therefore, they cannot be compared
with each other.

3.2 Effects on PK, CK, and PCK

For PK, results of calculating the mixed ANOVA showed a significant effect of time
(F(1,115)=3.94, p=.05, partial n*=.03), but no interaction effect between time and
treatments (F(2, 115) = .23, p = .79, partial n* < .01), meaning that pre-service teacher
acquired more PK regardless of treatment affiliation. However, due to the high person
measures in both the pre- and the post-test, a ceiling effect can be stated (see Figure 2).

Mixed ANOVAs for CK revealed that there was a statistically significant effect of
time for treatment 1 (separated instruction) (F(1,41) =28.64, p <.01, partial n* =.41) and for
treatment 2 (integrated instruction) (F(1,39) =33.44, p <.01, partial n?> = .46). There was no
significant effect of time for the control group (F(1,35)=.39, p=.54, partial n*>=.01).

Furthermore, the interaction effect between time and treatment was significant in terms of
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CK-development (F(2,115) = 7.66, p < .01, partial n> =.12). However, Tukey-HSD post-hoc
tests of the mixed ANOVA revealed no significant difference between the groups. Despite
missing significance, calculation of Tukey-HSD indicated that the separated instruction might
have had an advantage over the control group (mean difference separated instruction-control
group = .34, p =.07). In contrast, this potential advantage was not apparent for the integrated
instruction (mean difference integrated instruction-control group = .22, p =.33). However, to
understand the significant interaction effect, we run another analysis. Since pre-service
teachers did not statistically differ in their CK,., we also analyzed group differences in the
post-test and calculated a one-way ANOVA for CK,. In the post-test, CK-scores differed
significantly between the treatments. According to the Tukey-HSD post-hoc tests, control
group differed significantly from treatment 1 (separated instruction) (mean difference control
group-separated instruction = -.65, p =.001), and treatment 2 (integrated instruction) (mean
difference control group-integrated instruction = -.44, p =.03) at the post-test. Overall, the
results showed the effectiveness of the lectures, and might indicate a greater potential of the
separated instruction in terms of CK development (see Figure 2).

Mixed ANOVAs for PCK could not be interpreted due to the significance of the
Levene’s test (p = .03), which still remained after cox-box-powertransformation (Hemmerich,
2016). Additionally, Tukey-HSD post-hoc tests showed no statistically significant difference
between the treatments. However, repeated measures ANOVA for the total sample (without
consideration of treatments) revealed a significant difference between PCK,. and PCKpos
(F(1,115)=77.76, p < .01, partial n?>=.40). Therefore, we run repeated measures ANOVA
for each treatment separately. Results showed significant increases from PCKy. to PCKos: for
all three treatments (see Figure 2), which were much more pronounced for the treatments 1
and 2, which included instruction (treatment 1: F(1,41)=30.47, p <.01, partial n? = .43;
treatment 2: F(1,39) =44.72, p < .01, partial n? = .53; control group: F(1,35)=11.38, p <.01,
partial m?=.25). Since the highest estimate of explained variance was reported for
treatment 2, the integrated instruction might be more beneficial to foster knowledge

acquisition in terms of PCK than addressing knowledge facets separately.
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Figure 2. Comparison of pre- and post-test person measures between the different treatments,
illustrated for each knowledge facet (***p < .001, **p < .01, *p < .05). For PK and CK,
mixed ANOVAs have been performed, whereas we run repeated ANOVAs for PCK. Note
that the person measures were calibrated for each knowledge facet separately, and therefore,
they cannot be compared with each other.
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4 Discussion

In the present study, we compared the effects of separated or integrated instruction on PK,
CK, and PCK on the development of pre-service teachers’ professional knowledge. Of critical
significance was that all three knowledge facets were addressed both as part of the instruction
and as outcome variables, whereas previous studies were often limited to specific knowledge
facets (cf. Janssen & Lazonder, 2016; Harr et al., 2014). Regarding this point, our study
provides insights into how teachers’ professional knowledge can be fostered. Furthermore, we
investigated the integration of the knowledge facets in a very practical way within regularly
scheduled lectures. Therefore, the study also provides practical value for realizations of

teacher education programs. Although the use of computer-based learning environments
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offers advantages in terms of controllability and standardizability, we decided to investigate
the integration of the knowledge facets in lectures in order to expand methodological
approaches within the investigation of knowledge instruction. In addition, study results could
be used directly to adapt instruction due to the affiliation to our courses. Therefore, it
addressed how curricular content should be presented in courses and lectures of science
teacher education. Despite the evidence of greater effectiveness of integrated instruction (Harr
et al., 2015; Janssen & Lazonder, 2016), knowledge facets are largely taught in separate
courses in teacher education. Since curricular restructuring is not feasible without enormous
effort, the purpose of this study was to generate more evidence on the extent to which
restructuring in lectures might be effective. For this purpose, three treatments (separated
instruction, integrated instruction, and control group receiving no instruction) were compared
on participants’ PK, CK, and PCK development.

The following main findings of the statistical analysis can be noted: All knowledge
facets (PK, CK, PCK) increased from pre- to post-test. The largest increases were shown with
respect to the development of CK and PCK. However, not all increases can be attributed to
the intervention. Referring to PK, a small time effect but no interaction effect between time
and treatments could be found. Instead, we noticed a ceiling effect, indicating that the utilized
PK-test has been too easy and did not differentiate the sample enough (Linacre, 2014). In the
future, we should therefore raise test difficulty through an extension of the PK-test by
including other scales of the original BilWiss project (Kunina-Habenicht et al., 2020). Thus,
at this stage, we cannot make any firm conclusions about differences in the effectiveness of
separated or integrated instruction on the development of PK.

Referring to the development of CK, both addressing knowledge facets separately or
integrated in lectures were effective. There were large interaction effects between time and
treatments of both the separated and the integrated instruction compared to the control group
that showed no significant difference between CK. and CK,,ost. Furthermore, the descriptive
results indicated that the separated instruction was slightly more effective for CK
development. This seems plausible because before teachers can teach a topic, they first need
knowledge about the subject matter and they have to understand the underlying core concepts
before actually planning instruction (Ball et al., 2008; Kleickmann et al., 2017). Furthermore,
pre-service teachers can be considered as novices for whom less integration of knowledge
facets is characteristic, in contrast to the knowledge of experienced in-service teachers, which
is stronger integrated and encapsulated (Krauss et al., 2008). Therefore, due to little subject-

specific knowledge about a specific topic and due to the still less integrated knowledge
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structures, the separated instruction might be the more effective one in terms of CK
development. Here, future studies that take the different levels of prior knowledge of different
pre-service teachers into account could provide more differentiated insights on the
circumstances of a beneficial instruction on CK.

Referring to the development of PCK, it was striking that a large time effect was
found not only in the two treatment groups but also in the control group who did not receive
any kind of instruction during the intervention. This effect may be due to the processing of the
biology-specific classroom situations provided in the video-based assessment tool that we
used to measure diagnostic competences in the pre- and post-test within the original study.
Even though these measurement results are not part of the present sub-analysis, the use of the
tool seems to have had an impact on the knowledge facets captured as defined by the
cognitive perspective. To explain this observation, we want to refer to the Refined Consensus
Model mentioned in the theoretical section to define the PCK-constructs used in our study
more precisely. Thus, the paper-pencil tests utilized in the pre- and post-tests measured pre-
service teachers’ individual subject-specific knowledge (personal PCK) that reflected their
person-specific reservoir of declarative and action-related knowledge as well as the teachers’
own teaching and learning experiences (Carlson et al., 2019). When elaborating on the PCK
aspects of the intervention, we focused on topic-specific literature within the field and state-
of-the-art research results. Thus, this form of PCK represented collective PCK that interacted
with pre-service teachers’ personal PCK and was therefore assumed to change it.
Additionally, we assume that pre-service teachers had to rely on their personal PCK when
working in the video-based assessment tool during the diagnostic process while
simultaneously drawing on enacted PCK that is generated in the moment of action (Alonzo et
al., 2019). Even if pre-service teachers were not actually in action themselves, they engaged
in the practice of science teaching in terms of reflecting on biology instruction, and thus,
utilized enacted PCK. It is assumed that through reflection, enacted PCK can be transformed
to personal PCK, and thus, the experiences can become part of future knowledge (Alonzo et
al., 2019). Since we used videos of real-life classroom instruction, the videos and their
reflection might have elicited knowledge which could then be accessed in the post-test. This
could have been, for example, knowledge about the use of three-dimensional models triggered
by the situated context in the video. The videos thus functioned as an additional prompt for
the retrieval of personal PCK (Alonzo & Kim, 2016; Kersting et al., 2010; Seidel & Stiirmer,
2014). Therefore, the results of our sub-analysis also emphasized the relevance of considering

both, a cognitive and a situated perspective on teacher professional knowledge. Considering
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the results, there is the possibility that an interaction effect between time and treatments was
overshadowed by the effect of the video-based assessment tool. However, effect sizes suggest
higher effects for the two treatments that received instruction, with the greatest value of
explained variance for the integrated instruction. Therefore, our findings indicate a benefit for
the development of PCK when knowledge facets are addressed in an interrelated way, which
is in line with previous research findings (Harr et al., 2014, 2015). Through an integrated
instruction on the knowledge facets, PCK development might benefit from the interaction of
PK and CK, as well as from the explicit instruction on PCK itself (Kleickmann et al., 2017;
Krauss et al., 2008; Schneider & Plasman, 2011; Trobst et al., 2019).

Despite these insights, there are some limitations to the present study. First, some
assumptions relevant for applying mixed ANOVAs were violated. However, the violation of
normal distribution for PCK,,. and PK of treatment 2 (integrated instruction), as well as for
PK,ost of the control group, can be explained by the fact that PCK,.. was rather difficult for
the students. Thus, due to the small group sizes of treatments, the probability that the normal
distribution is violated increased. Results of PCK,. tests were normal distributed for all
treatments. PK,., on the other hand, was too easy, which is why there was no normal
distribution for two treatments there either. A second limitation concerns the knowledge tests
used. Since we used the same paper-pencil test for pre- and post-test, a test effect might have
played a role concerning test results. Additionally, knowledge increases of the knowledge
facets, even when not significant, might be due to pre-service teachers’ regular courses that
took place during the study but were not part of it. Regarding the ceiling effect resulting from
the utilized PK-test, we cannot make any statements on the effects of the treatments on PK,
which is why the discussion refers primarily to CK and PCK findings. Therefore, an extended
test version should be piloted and used in future studies. Accordingly, the current study design
would have to be applied again in a similar way using an extended PK test version in order to
conduct and discuss the targeted holistic investigation of all three knowledge facets. This is
especially important to evaluate whether integrated instruction might also be favorable in
terms of PK development. If this is the case, university courses would need to pursue a
stronger interlocking of the more practice-oriented facets PK and PCK (cf. Konig et al.,
2018). At the same time, expanding the study could result in a larger sample size of the
individual treatments. The increase in sample size might then provide more clarity about the
partly descriptive trends in PCK and CK. Conducting the study at other universities would
also be conceivable. However, it is a great challenge to embed the lecture-based study in

exactly the same form at other universities since conception and implementation were
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strongly oriented towards the instructional practice of the biology education at the LMU
Munich. However, this also represents a strength, as research and practice have been
combined.

In addition, conceptual limitations regarding the knowledge tests must also be
considered. Thus, we could only measure specific aspects of a pre-service teacher’s
knowledge facet referring to articulable knowledge “related to the teaching and learning of
specific science topics” (Alonzo et al., 2019, p. 273). The paper-pencil tests did not allow us
to capture more dynamic forms of knowledge that are used in practice, quasi "in action"
(Alonzo & Kim, 2016), and thus, the measurement of professional knowledge with paper-
pencil tests might lack sufficiency (Liepertz & Borowski, 2019). Measurement data from the
video-based tool will provide more information here. Nonetheless, with reference to the
RCM, for example, it remains open which particular form of PCK was addressed, and to what
extent integrated instruction is equally effective for all forms. Consequently, future studies
would do well not only to differentiate into knowledge facets, but also to consider potential
subforms within a knowledge facet (as in the case of the PCK forms) that is relevant to
interpretation and eventual consequences.

Another relevant limitation is the absence of a manipulation check of the treatments.
Thus, we cannot ensure that pre-service teachers in the treatments that received instruction
had processed the presented knowledge. However, in the lectures, attempts were made to
control this point. Since the sample size of the treatments was not too big, and the lecture hall,
although rather small, provided enough seats to distribute the participants evenly, the lecturer
could keep an eye on them. Furthermore, the lecturer tried to make sure that no participant
was distracted by secondary activities (mobile phone, conversations) but instead was
stimulated by tasks to ensure active and constructive participation at least temporarily, which
is assumed to foster learning (Chi & Wylie, 2014). Nevertheless, the cognitive presence of the
participants has not been instrumentally controlled.

Nonetheless, our study contributes to the exploration of integrated approaches to
promote knowledge acquisition. Therefore, we finally want to point out some implications
resulting from our findings. For effective knowledge acquisition in teacher education, the
strategy should not limit oneself to one way of knowledge instruction. The choice of a
specific way of instruction should depend, among other things, on the level of prior
knowledge of the pre-service teachers. In case of low prior knowledge, separate instruction
may be more effective; in case of high prior knowledge, an integrated approach might be

more beneficial for knowledge development. Further studies that investigate separated and
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integrated approaches with regard to developmental trajectories of pre-service teachers with
different levels of prior knowledge should be initiated in the future. As the present analysis
has shown, direct instructional guidance as provided through lectures is an efficient way to
foster pre-service biology teachers’ CK that builds the crucial fundament for a profound
development of PCK. Addressing CK separately might therefore be a way to ensure that pre-
service teachers develop a sufficient level of CK that impacts PCK development in the longer
term, and thus, instructional quality as well (Baumert et al., 2010). Within the instruction of
PCK, it might be practicable to refer to subject-specific content and core concepts as well as
to general pedagogical methods that can be transferred to the specific subject to be taught.
This can be done in a way that Harr et al. (2015) called prompted integration describing the
use of reflective questions to promote knowledge integration. There is the necessity to bring
the knowledge facets together in order to increase their applicability in complex instructional
situations (Ball, 2000; Harr et al., 2015; Trobst et al., 2019). These situations may occur
during classroom instruction as well as when instruction is planned or reflected. In order to
address this practical context already in teacher education at university, situated approaches
on knowledge acquisition and application are increasingly in demand. Video-based tools such
as the assessment tool that offers real-life classroom situations can therefore be seen as

instructional elements with practical relevance that complement teacher education.
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Abstract: In a diagnostic context of reasoning about instructional quality, scientific reasoning skills
can be described as diagnostic activities, which require professional knowledge. Different ap-
proaches to enhance pre-service teachers’ professional knowledge (PCK, CK, PK) as well as diag-
nostic activities exist. However, results about their effectiveness are still inconsistent. We system-
atically investigated the effectiveness of self-directed knowledge acquisition via texts on PCK, CK,
PK, and diagnostic activities of 81 pre-service biology teachers following an experimental design.
Paper-pencil tests, measuring PCK, CK, and PK, and the video-based assessment tool DiKoBi As-
sess, measuring diagnostic activities in the context of diagnosing instructional quality, were used
pre and post an intervention. Intervention included four treatments on self-directed knowledge
acquisition via texts on (1) PCK, (2) CK, (3) PK, (4) combination PCK/CK/PK. Treatment (5) served
as control. Mixed ANOV As showed large time effects for PCK and CK, but no interaction effect
concerning knowledge facets between time and treatment for any of the treatments. Time effects
might be due to pre-service teachers’ scientific reasoning on biology instruction that activated
knowledge. An ANCOVA showed no significant effect of treatment on diagnostic activities either.
We conclude that scientific reasoning about instructional quality is more effective for knowledge
acquisition than text-work.

Keywords: professional knowledge; scientific reasoning skills; diagnostic activities; knowledge
acquisition; pedagogical content knowledge; video-based assessment; biology education

1. Introduction

Scientific reasoning, as a component of scientific inquiry, encompasses reasoning
and problem-solving processes that count as crucial for coping with science-related is-
sues of everyday-life [1,2]. Therefore, Krell et al. [3] underlined the importance of de-
veloping scientific reasoning competencies during teacher education. Krell et al. defined
scientific reasoning competencies as complex construct comprising three knowledge
types for problem-solving (knowing that, knowing how, knowing why, cf. [4]) that are ap-
plied in cognitive processes (e.g., encoding, strategy development, cf. [1]). For this ap-
plication, scientific reasoning skills such as formulating questions, testing hypotheses,
planning and performing investigations, analyzing information systematically, and
drawing reasonable conclusions from specific observations are required [1,5,6]. With
regard to a rather broad understanding of scientific reasoning competencies, they can
also be considered important for teachers to monitor and improve instructional quality in
the science classroom. In such a context of instructional diagnosis, a teacher explicitly
and systematically compares different characteristics of instruction in a data-based
manner in order to be able to make appropriate instructional decisions [7]. Scientific
reasoning competencies in such a context of diagnosis can be considered similar to con-
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ceptualizations of diagnostic competences [8,9]. For diagnostic competences, different
components such as professional knowledge and diagnostic activities have been distin-
guished. Knowledge has been conceptualized in terms of the content-related facets
pedagogical content knowledge (PCK), content knowledge (CK), and psychologi-
cal-pedagogical knowledge (PK) as well as with regard to types of knowledge (knowing
that, knowing how, knowing when and why) [10]. Since knowledge is applied in diagnostic
contexts, and since within those contexts, the diagnostic focus can vary, all con-
tent-related knowledge facets may be of importance. Therefore, knowing that, knowing
how, knowing when and why is not restricted to CK, but can also be distinguished for PCK
and PK, which can be seen as an extension of the definition given in the scientific rea-
soning competencies approach. The conceptualization of diagnostic activities in which
knowledge is applied in order to solve specific problems can be seen as equivalent to
scientific reasoning skills [9].

Whereas many studies in recent years have examined the structure of professional
knowledge and developed instruments to measure different knowledge facets (e.g.,
COACTIV: Cognitive Activation in the Mathematics Classroom and Professional Competence of
Teachers [11]; ProwiN: Professional Knowledge of Teachers in Science, [12]), there is still a lack
on how to effectively promote the content-related knowledge facets PCK, CK, and PK
and whether there are differences regarding the effectiveness of training procedures.
Additionally, the effects of fostering professional knowledge on the execution of scien-
tific reasoning skills are not well studied either. Within a biology context, the present
study addresses this issue by investigating whether pre-service biology teachers’ profes-
sional knowledge can be supported by self-directed knowledge acquisition via texts and
if this support affects their scientific reasoning skills about instruction expressed as di-
agnostic activities.

The following theoretical section starts from the professional competence of teach-
ers, from which corresponding conceptualizations of knowledge and skills are derived
that are relevant for scientific reasoning in the context of diagnosis.

1.1 Conceptualizing Teachers’ Professional Competence in terms of Diagnosing

Teachers” professional competence has been studied from a cognitive perspective
focusing dominantly on teachers’ knowledge facets (e.g., [11,13,14]) and from a situated
perspective including the context in which instructional decisions have to be made (e.g.,
[15-17]). The competence as a continuum model combines both perspectives and defines
professional competence as a continuum with different components spanning from a
teachers’ dispositions (e.g., professional knowledge, beliefs) that underlie situa-
tion-specific skills, which in turn inform the teacher’s actual instruction [18]. Dispositions
are defined as “underlying characteristic of a person” [19] (p. 97) that can be regarded as
cognitive in terms of professional knowledge and as affect-motivation in terms of teach-
ers’ belief, interest, or motivation [18,20]. Conceptualizations of situation-specific skills
refer to teachers’ adequate coping with teaching situations and allow an action-orientated
assessment of variables that take situated learning approaches into account [20,21]. In the
context of reasoning, such skills can be operationalized as scientific reasoning skills [22].
Furthermore, teachers’ instruction in the classroom is considered to be decisive for
teaching effectiveness. Effective teaching can be described by generic and subject-specific
dimensions of instructional quality, which influence students’ outcomes [23-25]. As part
of their professional competence, teachers should know about these dimensions and in-
cluded instructional quality features in order to reason about them, to diagnose instruc-
tional processes, make appropriate decisions, and adapt teaching (cf., [17,26]). Within
these situation-specific processes, teachers evaluate data (e.g., from monitoring scientific
inquiry steps, the elicitation of student thinking, the use of three-dimensional models) to
inform their pedagogical reasoning and decision-making [27]. Since such processes are
part of the systematic and continuous generation and evaluation of knowledge about
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98 students and instructional characteristics, they can be summarized as diagnosing, which
99 counts as an important dimension of teachers’ professional competence [28,29]. Taking
100 the data-based process into account, diagnosing can be considered as a type of scientific
101 reasoning including several epistemic activities teachers can make use of [30]. In the
102 context of diagnosis, these activities have also been described as diagnostic activities [9].
103 Therefore, teacher education should not only foster teachers’ professional knowledge
104 regarding instructional quality features but also enable them to “apply their knowledge
105 in diagnostic activities according to professional standards to collect and interpret data in
106 order to make decisions of high quality” [9] (p. 9). Thus, diagnostic activities represent
107 scientific reasoning skills used to specify situation-specific skills in the context of diag-
108 nosis.
109 Depending on the context in which knowledge has to be applied, different con-
110 tent-related knowledge facets and types of knowledge may be critical [10]. In addition,
111 different diagnostic activities have been described, but not all of them are considered
112 relevant for diagnosing specific situations [9] since in some situations, it might be suffi-
113 cient to generate and evaluate evidence, whereas in other situations, the generation of
114 hypothesis or the creation or redesign of artifacts may be more important for knowledge
115 generation. In the following, different approaches to conceptualize teacher professional
116 knowledge and skills are described.
117
118 1.1.1 Conceptualizing Teachers’ Professional Knowledge
119 Effective biology teaching requires different knowledge types. Fortsch et al. [10]
120 distinguished knowledge related to facts, terms, and principles (mostly referred to as
121 declarative knowledge or knowing that), and action-related knowledge (knowing how,
122 knowing when and why). Knowing that means, for example, that a teacher can correctly list
123 the advantages and disadvantages of a specific model. Knowing how refers to knowledge
124 about actions, procedures, or manipulations, and is applied, for example, when a teacher
125 deals with students’ ideas. Knowing when and why relates to knowledge about when and
126 why to apply particular procedures to achieve particular goals, for example, knowing
127 when and why students’ errors within a certain topic are dealt with [10,31].
128 In addition to the division into different types of knowledge, content-related
129 knowledge facets can be classified. Based on Shulman’s classification [32,33], most mod-
130 els focused on PCK, CK, and PK that build the core of the construct [11]. Knowledge can
131 be described for all three knowledge facets in terms of declarative and action-related
132 knowledge [10]. The subject-independent facet PK contains knowledge that counts as
133 necessary for classroom management, classroom assessment, and organization to facili-
134 tate an effective learning atmosphere in which pedagogical strategies can be applied
135 [34,35]. Broader conceptualizations as used in the BilWiss project include the
136 PK-dimensions instruction (which is further divided into the sub-dimensions instruc-
137 tional quality features and teaching strategies/methods), learning and development, di-
138 agnostics and evaluation, educational theory, school as an educational institution, and
139 teaching as a profession [36]. In general, the conditions a science teacher establishes in the
140 classroom are assumed to provide the basis on which PCK and CK can be used [34]. Since
141 PCK and CK count as subject-specific, they are most important for science education. CK
142 describes the knowledge of subject matter, discipline-specific methods for generating
143 knowledge, and the conceptual understanding of specific topics, which researchers em-
144 phasized as a necessary but insufficient precondition for the development of PCK
145 [11,33,37]. With regard to a specific subject matter, PCK includes subject-specific
146 knowledge about corresponding (mis)conceptions of particular students, knowledge
147 about subject-specific structures of instruction, and corresponding teaching strategies,
148 and was shown to be highly predictive for instructional quality and students’ achieve-
149 ment [17,21,38]. However, researchers emphasized that it is not only this stage of
150 knowledge that forms PCK but also the knowledge that is closely related to the actual
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practice and thus is more dynamic [38—40]. Science teaching includes taking students’
prior learning into account, facilitating linkages between concepts, or choosing and uti-
lizing instructional strategies that best suit particular teaching moments. Such tendencies
underpin teachers’ pedagogical reasoning, which is the heart of teaching, and are re-
garded as components of PCK rather than equivalent to PCK (see [41,42]).

For measuring professional knowledge, researchers mostly used paper-pencil tests
with validated test items [11,43]. However, to measure context-dependent, prac-
tice-oriented knowledge, other approaches than paper-pencil assessments are needed
that take the situated character of knowledge application into account [44].

1.1.2 Conceptualizing Situation-specific Skills for Reasoning about Instruction

Researchers assume that teachers’ professional knowledge underlies their situa-
tion-specific skills that teachers use to systematically solve specific situations in the
classroom or to inform subject-specific instruction [18]. When solving (problematic) sit-
uations, teachers engage in reasoning processes in order to make decisions. From a sci-
entific stance, “scientific reasoning encompasses the reasoning and problem-solving
skills involved in generating, testing and revising hypotheses or theories, and in the case
of fully developed skills, reflecting on the process of knowledge acquisition and
knowledge change that results from such inquiry activities” [1] (p. 61). In this definition,
it becomes evident that scientific reasoning comprises specific processes that aim at gen-
erating knowledge [1,30]. The mentioned processes are in line with Nowak et al. [6], who
identified three main processes that are central to scientific reasoning: (1) asking ques-
tions and formulating hypotheses, (2) planning and performing an investigation, (3) an-
alyzing data and reflecting on the investigation. For effective engagement in any of these
reasoning processes, scientific reasoning skills including reasoning from evidence are
required [22,45]. Several skills have been described either with regard to the three main
processes (cf. [6]) or with regard to epistemic activities that have been found relevant for
generating knowledge in different domains [30]. Overall, eight epistemic activities have
been described: (1) problem identification, (2) questioning, (3) hypothesis generation, (4) con-
struction and redesign of artefacts, (5) evidence generation, (6) evidence evaluation, (7) drawing
conclusions, and (8) communicating and scrutinizing. Such scientific reasoning skills are
considered vital not only for teachers’ classroom instruction [46] but for every human'’s
understanding of the world and for the development of responsible citizenship [1,47].
Accordingly, it is important that science teachers master such skills: Firstly, to promote
them among their students and, secondly, to apply them in the context of reasoning
processes about science or biology instruction.

Within the broader understanding of scientific reasoning, applying scientific rea-
soning on instruction can be seen as an evidence-based process of systematically col-
lecting data, generating and evaluating evidence, and drawing inferences in order to
produce a diagnosis and make instructional decisions (cf. [9,27,48]). Therein, evidence is
not only the product of an experimental investigation but can also consist of statements
describing observations (cf. [45]). Overall, scientific evidence-based reasoning in the
context of diagnosing enables teachers to diagnose their students and also instructional
features that are important in terms of instructional quality, and thus, for student learn-
ing (cf. [11,49]). In teacher education, pre-service teachers should therefore also develop
knowledge and skills to enact scientific reasoning in different contexts, such as diagnos-
ing, for which specific tools are needed [3].

In the context of diagnosing, scientific reasoning skills have been operationalized as
diagnostic activities. Diagnostic activities describe those activities that teachers execute
for data-evaluation within situation-specific diagnostic contexts and that are more clearly
observable than solely cognitive processes that underlie diagnosing [9,50]. Diagnostic
activities have been mentioned in several studies (e.g., [51,52]), but an explicit definition
of different activities is mostly missing. A more differentiated approach was recently
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204 made by Heitzmann et al. [9], who translated the eight epistemic activities introduced by
205 Fischer et al. [30] into eight diagnostic activities relevant for the goal-oriented process of
206 diagnosing. In the following, these diagnostic activities are illustrated with examples
207 from teaching:
208
209 *  identifying problems (e.g., a teacher recognizes a noteworthy incident in classroom
210 instruction driven by prior knowledge, cf. [53]),
211 *  questioning (e.g., a teacher asks for reasons of the identified problematic incident),
212 e generating hypothesis (e.g., a teacher makes an assumption about the underlying
213 problem of the teaching situation),
214 *  constructing artifacts (e.g., a teacher generates tests/tasks to be used for (further) data
215 collection),
216 *  generating evidence (e.g., a teacher/observer uses the test/task or systematically ob-
217 serves and describes the situation, for example, with regard to relevant student or
218 teacher behavior),
219 *  cvaluating evidence (e.g., a teacher interprets data and evaluates the extent to which it
220 supports a demanded standard),
221 *  drawing conclusions (e.g., a teacher derives [behavioral] consequences from the
222 evaluation of multiple data sources,
223 *  communicating the process/results (e.g., a teacher shares findings and feedback can be
224 given; afterward, further measures can be taken or alternative instructional strate-
225 gies can be implemented).
226
227 The eight diagnostic activities can be understood as a reservoir of activities teachers
228 can use for diagnosis. Which diagnostic activities are appropriate may differ with regard
229 to the discipline or the diagnostic focus [9,54]. In studies that investigated diagnostic ac-
230 tivities in the context of teacher education, the diagnostic activities generating hypothesis,
231 generating evidence, evaluating evidence, and drawing conclusions were considered to be
232 particularly relevant [48,54,55]. Furthermore, it is noteworthy that some diagnostic ac-
233 tivities show similarities with conceptualizations of situation-specific cognitive skills
234 such as perceiving, interpreting, and decision-making (PID model, [56]) or professional
235 vision [57,58]. Both conceptualizations have been used in the context of video analysis
236 and the diagnosis of classroom instruction. From the perspective of the PID-model,
237 teachers’ abilities to perceive particular events in instructional settings, to interpret the
238 events, and to make decisions either as anticipating answers to student ideas or proposing
239 alternative teaching strategies have been identified as crucial in terms of professional
240 competence. From the perspective of professional vision, the skills of noficing (paying
241 attention to noteworthy events) and reasoning (describing noteworthy events, explaining
242 by linking pedagogical concepts and principles to observed events, and predicting pos-
243 sible consequences as specification of teachers’ decision making) are highlighted [57].
244 Therefore, researchers using diagnostic activities in the context of video analysis have
245 operationalized generating evidence, evaluating evidence, and drawing conclusions as rea-
246 sonable diagnostic activities for assessment designs [55].
247 Even when scientific reasoning skills, and more explicit the epistemic purpose un-
248 derlying a diagnostic activity, are transferable across disciplines [59], to a certain extent,
249 the application of scientific reasoning skills is discipline- and context-specific as well as
250 knowledge-dependent (cf. [60,61]). Therefore, the adequate execution of diagnostic ac-
251 tivities in the context of diagnosing biology instruction may rely on subject-specific facets
252 of professional knowledge such as teachers’ PCK (cf. [8,62]).
253
254 1.2 Fostering Professional Knowledge and (Scientific) Reasoning Skills
255 Due to the complex interaction and interdependence of professional knowledge and
256 scientific reasoning skills, such as diagnostic activities, pre-service teachers need varying
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257 opportunities to develop knowledge and apply diagnostic activities during their teacher
258 education. The common division into three content-related knowledge facets is also re-
259 flected in the university organization, in which the knowledge facets are taught in sepa-
260 rate courses and lectures [63], while different knowledge types are addressed more or
261 less explicitly across all courses. Standard working methods in higher education include
262 text-based procedures requiring pre-service teacher to acquire knowledge self-directed,
263 lecture-based procedures in which specific information is presented by a lecturer, mixed
264 forms of text- and lecture-based instruction, and situated approaches to learning that
265 represent scenarios from real-world demands, for example, in video vignettes (cf.
266 [64,65]). Depending on the context, on learners’ prerequisites, on structure and content of
267 materials, and specific learning goals, the effects of instructional support on knowledge
268 acquisition may vary.
269 Barth et al. [66] compared the effects of self-directed knowledge acquisition and di-
270 rect instruction of knowledge about classroom disruptions that represent an aspect of PK
271 on three cognitive outcomes: (declarative) knowledge on classroom management, notic-
272 ing critical incidents in the classroom, and knowledge-based reasoning. Results showed
273 that direct instruction that was conducted by a university teacher and included a sys-
274 tematic introduction to the relevant content led to higher gains in knowledge on class-
275 room management (PK) and improved the “ability to apply this knowledge in a simu-
276 lated teaching situation (the video) through knowledge-based reasoning” [66] (p. 8).
277 However, noticing (that corresponds to the diagnostic activity problem identification) was
278 not affected. In addition, the self-directed acquisition of knowledge did not result in any
279 significant effects. Kleickmann et al. [67] investigated conditions that are necessary for
280 developing PCK in mathematics education. Experimentally manipulated treatments re-
281 ceived instructions by an experienced lecturer on different combinations and sequencing
282 of declarative and action-related PCK, CK, or PK over two days. Additionally, important
283 content was repeated, and the participating pre-service teachers received handouts and
284 had to carry out different tasks such as answering short questions or writing assignments
285 to recapitulate the major contents of the instruction. Regarding direct instruction, their
286 results showed that “explicitly addressing the knowledge of students, learning and
287 teaching in concrete content domains, whether with or without antecedent CK instruc-
288 tion, appeared to be the most effective pathway” [67] (p. 126). A reanalysis of the data
289 also underlined that instruction on PCK has small effects on CK or PK development as
290 well [63]. The authors of the study attributed this to comparisons and reflections stimu-
291 lated by the test questions that might have prompted particular aspects of CK and PK.
292 Furthermore, Smit et al. [68] investigated the relationships between PCK, CK, and scien-
293 tific inquiry attitudes. They found gains for both declarative PCK and CK measured with
294 test items within a training program on scientific inquiry. To ensure all participants had a
295 similar level of knowledge, a teacher educator gave a theoretical PCK input on scientific
296 inquiry. Furthermore, inquiry-related videos were discussed. Results showed a major
297 relationship between PCK and scientific inquiry attitudes. In addition, the input proved
298 to be effective for PCK and scientific inquiry attitudes. The ensuing intervention con-
299 sisted of a peer-coaching on lesson planning focusing on scientific inquiry skills. How-
300 ever, lesson planning was not found to affect professional knowledge. Possible effects on
301 scientific inquiry skills have not been investigated.
302 Besides studies focusing on the three knowledge facets PCK, CK, or PK, training
303 interventions that aim to improve situation-specific skills exist. Positive effects of uni-
304 versity courses were shown, in which noticing and knowledge-based reasoning were
305 fostered by using videos [57,69,70]. In most of these courses, pre-service teachers dis-
306 cussed and reflected teaching performances shown in video clips, which potentially ad-
307 dressed the diagnostic activities problem identification, generating and evaluating evidence,
308 and drawing conclusions. To our knowledge, effects of instructional support via texts ex-
309 plicitly on activities relevant within diagnostic contexts have not been investigated yet.
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However, a first approach to differentiate between measurements of cognitive dis-
positions in terms of knowledge facets and situated skills was recently made by
Gess-Newsome et al. [40]. As part of a three-year professional development training,
participants studied curriculum materials, discussed issues of effective pedagogy, and
deepened CK to promote different facets of knowledge and skills. Investigated facets of
teachers’ knowledge and skills were declarative CK, general PK, two separate
PCK-constructs (PCK-PK and PCK-CK) as well as inquiry-oriented teacher practice. Even
though general PK was conceptualized as a cognitive knowledge facet in their initial
conception, the authors finally recognized that by using an observation protocol to assess
PK in video-recorded classroom sessions, they actually measured a skill instead of de-
clarative PK. Furthermore, the assessment of the PCK-constructs was situated and can be
considered as an approach to elicit skills as enacted form of PCK (cf. [41]). These
PCK-related skills reflected the application of reasoning skills in terms of diagnostic ac-
tivities on a meta-level. Skills referred to the abilities to describe a lesson (i.e., generating
evidence), to explain rationales for instruction (i.e., evaluating evidence), and to make in-
structional decisions (i.e., drawing conclusions). In addition, Gess-Newsome et al. [40] in-
vestigated the development of teachers’ inquiry-based instruction and, thus, included a
second measure related to reasoning skills directly used in action. As the result of the
three-year professional development training, the authors found an increase of all inves-
tigated facets of teachers’ knowledge and skills, indicating the effectiveness of integrating
multiple pathways of teachers’ professional learning.

Despite the number of studies carried out in the field of professional competence
training, only a few studies can be found that explicitly investigated a certain type of
knowledge acquisition (self-directed via texts, lecture or instruction, video-club) and its
impact on the knowledge facets PCK, CK, and PK, as well as on teachers’ skills such as
diagnostic activities in a systematic way. Previous studies have rarely focused on the
investigation and support of all knowledge facets equally. Moreover, in some studies, the
conceptualization of investigated variables lacks preciseness or has not been clearly con-
sidered.

Assessment situations should include the explicit measurement of all knowledge
facets and types or at least situate measures to specific facets and types for a more fi-
ne-grained differentiation and analysis of professional knowledge in order to examine
knowledge development in relation to methodological approaches and training
measures (cf. [10,71]). This is important for understanding the nature of the individual
knowledge facets and skills, and for clarifying whether and what type of intervention is
effective. It also provides important information for practical implementation.

1.3 Motivation of the Study and Research Questions

Teacher education at universities continues to provide a great deal of knowledge
acquisition about text-based instruction, although it is unclear to what extent this is ef-
fective. The question arises whether this kind of learning setting is best for pre-service
teachers with little classroom experience. Therefore, our first goal was to investigate the
effects of knowledge acquisition via texts and how self-directed knowledge acquisition
via texts affects pre-service teachers’ professional knowledge facets PCK, CK, and PK.
Our second goal was to analyze if knowledge acquisition also affects the application of
scientific reasoning skills within the context of diagnosing instructional quality. Since it is
assumed that the use of scientific reasoning skills, such as diagnostic activities, relies to
some degree on an individual’s knowledge (cf. [61]), there might not only be an effect of
self-directed knowledge acquisition via texts on the professional knowledge facets but on
diagnostic activities as well [17,41]. Thus, the present study addresses the following re-
search questions:
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362 e RQla: Is the self-directed knowledge acquisition via texts effective to foster pre-service bio-
363 logy teachers’ PCK, CK, and PK?
364 o RQIlb: Are there different effects of the intervention on pre-service biology teachers” PCK,
365 CK, and PK?
366 e RQ2: Is the self-directed knowledge acquisition via texts effective to foster the execution of
367 diagnostic activities?
368 2. Materials and Methods
369 2.1 Design and Sample
370 The present study was embedded in pre-service biology teacher’s university studies
371 within a regular seminar held once a week. It took a total of three seminar dates in au-
372 tumn 2018. The seminar dealt with basic theories and concepts for teaching biology and is
373 attended by pre-service biology teachers at the beginning of their teacher education. Us-
374 ing the video-based tool DiKoBi (German acronym for diagnostic competences of biology
375 teachers in biology classrooms) was compulsory for all seminar attendees. However,
376 consent to the use of data for analysis was voluntary. All participants signed informed
377 consent documents stating an anonymous and voluntary participation.
378 The experimental design of the study contained a pre-test (day 1), a post-test (day 3)
379 and featured five different treatments (intervention on day 2). Pre- and post-data were
380 collected in two steps each (see Figure 1). First, pre-service biology teachers completed
381 three paper-pencil tests to measure their PCK, CK, and PK, which were the same in pre
382 and post-test. Second, we used the video-based assessment tool DiKoBi Assess to measure
383 pre-service teachers’ diagnostic activities pre (DiKoBi I Assess) and post (DiKoBi IT As-
384 sess). The assessment tool provides videotaped classroom situations that have to be di-
385 agnosed with regard to different subject-specific dimensions (see section 2.3.2 Video-based
386 assessment tool). The diagnostic tasks were the same for DiKoBi I and II Assess; both ver-
387 sions differed only in the content of the classroom situations shown. Both pre- and
388 post-measurements took 120 min each. The intervention lasted 90 min and consisted of
389 five different treatments, in which information on either (1) PCK, (2) CK, (3) PK, (4) a
390 combination of these three knowledge facets, or (5) none of these knowledge facets (con-
391 trol group) was acquired in a self-directed way. The intervention covered declarative and
392 action-related knowledge relevant for teaching the topic “skin”. The same topic was also
393 addressed in the videotaped classroom situations of DiKoBi Assess [72].
394

Day 1 — Pre-test Day 2 — Treatments Day 3 — Post-test
(t= 120 min) — (t =90 min) —y (t =120 min)
self-directed knowledge
paper-pencil tests acquisition via texts on: paper-pencil tests
4 combination of
video-based assessment PCK, CK, PK video-based assessment
tool DiKoBi I Assess tool DiKoBi II 4ssess
5 no information
(control group)

395
396 Figure 1. Design of the study
397 The sample consisted of 81 pre-service biology teachers (75.3 % female; average
398 study semester: M= 3.9, SD=1.3; age in years: M=23.6, SD=3.9). 48.1 % of the
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pre-service teachers attended the academic track of teacher education, qualifying them
for future teaching at German secondary schools (“Gymnasium”); 51.9 % attended pro-
grams for the non-academic track that prepares students for a vocational career (for an
overview of the German school system see [73]).

Pre-service teachers were randomly assigned to five treatments (see Table 1). There
was no statistically significant difference in age (F(4, 76) = 0.77, p = 0.55), study semester
(F(4, 76) = 0.55, p=0.70), or percentage of pre-service teachers attending academic track
(F(4,76)=0.62, p=0.65). They also did not statistically differ in their pre PCK
(F(4, 76) =0.81, p=0.52), pre CK (F(4, 76) = 0.21, p = 0.93), pre PK (F(4, 76) = 0.33, p = 0.86),
or pre diagnostic activities (F(4, 76) = 1.23, p = 0.31).

Table 1. Descriptive statistics of the five treatments (Nl = 81). Mean value (M) and standard deviation (SD)
are given for age in years, study semester, and the results of the pre-tests.

Treatment

1 2 3 4 5
PCK CK PK combination of  no information
PCK, CK, PK  (control group)

Number of partici-

pants (thereof female) 15 (13) 15 (11) 16 (15) 17 (11) 18 (11)
Agein Years M 244 23.6 24.6 229 22.7
(SD) (5.0) (4.4) (5.6) 2.0) (1.3)
Study semester M 4.0 42 3.6 3.7 4.0
(SD) (1.0) (1.3) (1.2) (1.7) (1.0)
Percentage of
preseviinEasien 53.3 53.3 438 412 50.0
attending the aca-
demic track (%)
Pre PCK M -1.56t -1.31t <112+ -1.34+ -1:29%
(SD) (0.63) (0.49) (0.64) (.76) (0.76)
Pre CKM -0.78t -0.70t -0.61t -0.73t -0.601
(SD) (0.80) (0.71) (0.59) (0.65) (0.41)
Pre PK M 0.301 0.391 0.38t 0.45t 0.48+
(SD) (0.42) (0.56) (0.60) (0.51) (0.41)
Pre diagnostic activi- -2.05t -2.22+ -1.74+ -1.97+ -2.19t
ties M (SD) (0.47) (0.94) (0.68) (0.65) (0.78)

Note: T Values represent personal abilities from the Rasch analysis. Negative mean values for PCK, CK, and
diagnostic activities indicate that the used tests were rather difficult for the pre-service teachers.

2.2 Description of the Treatments

After reviewing the literature on generic and subject-specific features of instruc-
tional quality and including theoretical aspects that were relevant for pre-service teach-
ers’ reflection of classroom situations in DiKoBi Assess, content-specific aspects regarding
PCK, CK, and PK were identified and summarized in texts (for an overview about the
content included in the texts, see Appendix A). The texts either contained information on
only one knowledge facet (treatments 1-3, see Figure 1) or represented a combined form
of all three knowledge facets (treatment 4). A control group (treatment 5) did not receive
any information according to the three knowledge facets. After a five minute lasting in-
troduction into day 2 of the study, the participants of each treatment worked individu-
ally for 85 minutes on the associated texts. In treatments 1-4, participants were guided by
identical tasks that were adapted with regard to the specific content of the texts (for an
example, see Appendix B). The participants were asked to highlight important infor-
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mation in the texts (task 1), to supplement an already outlined concept map on the basis
of the highlighted information (task 2), and to apply this information by evaluating a
statement or situation and providing alternatives (task 3). The tasks were constructed to
consider declarative and action-related knowledge that were also part of the professional
knowledge tests used [43]. However, the major share relates to declarative knowledge.

2.3 Measuring Professional Knowledge and Diagnostic Activities
2.3.1 Professional Knowledge Tests

Three paper-pencil tests for measuring PCK, CK, and PK were utilized. The tests
included open-ended items (required a written response in a text field), single best an-
swer (SBA) items (required the selection of one correct answer from a set of possible re-
sponses consisting of multiple distractors and one correct answer), and multiple
true/false items (all of the possible responses had to be assessed for their validity) [74].

The PCK and CK test covered declarative and action-related knowledge about the
topic “skin” (in accordance with the topic covered in DiKoBi Assess and the intervention).
For example, declarative knowledge (knowing that) for PCK was addressed by asking for
advantages and disadvantages to a specific model, which shows the structure of the
human skin. Action-related knowledge in terms of knowing when and why was measured
by asking for possible reasons students develop specific misconceptions on a specific bi-
ology topic after the learning process (cf. [43]). Both the PCK and CK test were adapted
versions of the professional knowledge tests used in the ProwiN project [43,75]. The PCK
test included eight open-ended items and five SBA items. Therefore, we assumed to elicit
pre-service biology teachers PCK with the different items since for responding, the
pre-service teachers had to draw on their individual specialized knowledge. The PCK
test covered two important components of biology teachers” PCK: knowledge of instruc-
tional strategies (model use and use of experiments) and knowledge of students’ errors
[12]. The CK test included 13 open-ended items and 15 SBA-items. Criteria for item
scoring of both the PCK and CK test were provided in two separate coding manuals.
Precise descriptions of the scoring process can be found in Kramer et al. [8]. To ensure
objective and reliable coding, ten percent of both the PCK and CK tests were coded by
two independent raters utilizing the coding manuals. A high agreement between the two
raters has been shown by the results of two-way random intra-class correlations (IC-
Cabsotute): PCK: ICCasorute(310,310) = 0.84, p <0.001; CK: ICCapsoiute(341,341) = 0.97, p <0.001
[76].

For assessing PK, we used a short, adapted version of a paper-pencil test utilized in
the BilWiss project covering the dimension instruction [36,77]. This dimension of the PK
test referred to basic dimensions of instructional quality containing declarative items
about generic features such as classroom management, supportive climate, and cognitive ac-
tivation [11,24,78], as well as items on general pedagogical issues of teaching such as
teaching methods. Since the differentiation between generic and subject-specific features
of instructional quality was an important element of the video-based assessment tool
DiKoBi Assess, the dimension instruction was best suited to our construct. For
PK-measurement, participants had to answer five SBA-items and ten multiple true/false
items. Item scoring followed the instructions from BilWiss [36,77]. Precise descriptions of
the scoring process can be found in Kramer et al. [8].

Afterward, each knowledge test was evaluated using the Rasch partial credit model
(PCM), which resulted in PCK, CK, and PK Rasch person measures for each respondent
for each test instrument [79,80]. For evaluating data fit, we utilized item Outfit-MNSQ
(mean-square) values, item reliability and person reliability for each test. A productive
measurement is shown by item OQutfit-MNSQ values below 1.5 [81]. If item reliability is
high, both the range of item difficulty and the sample size can be considered as appro-
priate to measure the variables precisely. The person reliability is a measure of internal
consistency. Person reliability is impacted by the length of the test and the range of abili-
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480 ties of respondents [82]. Item fit statistics of the PCK, CK, and PK test showed good fit
481 values (see Table 2). To compare data from the identical pre- and post-tests, we anchored
482 items from the pre-test with appropriate items from the post-test. After analyzing pre-
483 and post-test of each knowledge facet utilizing Differential Item Functioning [80], we in-
484 cluded ten anchor items for the PCK test, 23 anchor items for the CK test, and 11 anchor
185 items for the PK test. Those items, which produced a measurement bias for pre- and
486 post-test were excluded from anchoring.
487 Table 2. Fit statistics of the professional knowledge tests using Rasch analysis techniques and the Rasch partial
488 credit model.
Knowledge Number of items  All item Outfit- Person Item
facet MNSQ reliability reliability
PCK preanchored 13 <1.36 0.65 0.91
PCK post 13 <1.10 0.62 0.93
CK preanchored 28 <1.37 0.70 0.95
CK post 28 <1.36 0.76 0.96
PK preanchored 15 <1.28 0.54 0.95
PK post 15 <1.18 0.60 0.95
489
490 2.3.2 Video-based Assessment Tool DiKoBi Assess
491 To measure the three diagnostic activities generating evidence, evaluating evidence, and
492 drawing conclusions, which are applicable for diagnosing instructional quality [55], we
493 used the video-based assessment tool DiKoBi Assess that is embedded in an online survey
494 platform [83]. DiKoBi contains short staged video clips showing challenging biology
495 classroom situations on the topic “skin”. DiKoBi Assess consists of six videotaped class-
496 room situations, which represent one whole biology lesson and refer each to another
497 subject-specific dimension of instructional quality that was found to be empirically ef-
498 fective for student achievement in science instruction [84]: (1) level of students’ cognitive
499 activities and creation of situational interest, (2) dealing with (specific) student ideas and errors,
500 (3) use of technical language, (4) use of experiments, (5) use of models, (6) conceptual instruction.
501 The evaluation of these dimensions is applicable to any biology lesson regardless of the
502 specific content to be taught and refers to the identification of subject-specific instruc-
503 tional quality features [72].
504 For each of the six classroom situations of DiKoBi Assess, pre-service teachers had to
505 identify challenging aspects of the shown situation of biology instruction and reason
506 about them by describing the identified challenging aspects (diagnostic activity generat-
507 ing evidence), by explaining why there is room for instructional improvement (including
508 theoretical references) (diagnostic activity evaluating evidence), and by proposing alterna-
509 tive teaching strategies (diagnostic activity drawing conclusions) (cf. [54,56,57]). Pre-service
510 teachers’ diagnostic activities were measured in an open-ended format with
511 short-answer items [85]. For scoring, written answers were compared with predefined
512 sample solutions of content-related coding variables that have been compiled with re-
513 gard to the literature and research results on the subject-specific dimensions of instruc-
514 tional quality. The content-related coding variables referred to subject-specific instruc-
515 tional quality features that represent challenging aspects of biology instruction. For ex-
516 ample, when using experiments, the steps of scientific inquiry should be implemented; or
517 when using three-dimensional models, the models should be applied as scientific inquiry
518 instruments including testing the models or judging the purpose of the models (cf.
519 [3,5,72]). Depending on the shown situation of biology instruction, participants’ identi-
520 fied challenging aspects had to refer to corresponding features of subject-specific in-
521 structional quality. Therefore, diagnostic activities were measured content-dependently.
522 In total, generating evidence was measured with 13 coding variables, evaluating evidence
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was measured with six coding variables, and drawing conclusions with 12 coding varia-
bles. Depending on the quality of the executed diagnostic activity (e.g., observable in not
accurate/vague answers, or in more detailed, elaborated answers), Zero (0), 1, or 2 points
were used for scoring answers corresponding to the diagnostic activity generating evi-
dence, 0, 1, 2, or 3 points for scoring answers corresponding to evaluating evidence, and 0, 1,
or 2 points for answers corresponding to drawing conclusions (cf. [8]). For a high-quality
scoring of answers corresponding to the diagnostic activity generating evidence, it was
important that the provided answer contained a systematic description of an observed
challenging instructional aspect. A high-scored answer of the diagnostic activity evaluat-
ing evidence contained references to scientific concepts that were used to justify the claim
that was made. High-quality in drawing conclusions became visible by specifically de-
scribed alternative strategies that were derived based on the preceding steps of scientific
reasoning. Results of several qualitative validation steps showed that the staged chal-
lenging instructional aspects are received as authentic, that they could be sufficiently
identified by in-service biology teachers and that the assigned tasks validly measured the
assumed diagnostic activities. Further information regarding the assessment tool in-
cluding validation results can be found in Kramer et al. [55,72].

For this study, we used two versions of DiKoBi Assess, which differed in the specific
sub-theme of the embedded videos on the topic “skin”:

o DiKoBi I Assess (sub-theme: “skin as a sensory organ”) to assess pre-service teachers’
diagnostic activities before intervention (diagnostic activities pre),

e DiKoBi Il Assess (sub-theme: “protective function of the skin”) to assess pre-service
teachers” diagnostic activities after the intervention (diagnostic activities post).

After data collection, Rasch PCM was used to analyze person measures for execut-
ing all three diagnostic activities in six classroom situations. This was done separately for
pre- and post-test, since the corresponding versions of DiKoBi contained different
sub-themes that may have had an impact on the execution of diagnostic activities. Fit
statistics showed good fit values for pre- and post-test including a one-dimensional con-
struct of diagnostic activities (diagnostic activities pre/post: 31/31 items, all item Out-
fit-MNSQ < 1.32/1.38, person reliability = 0.77/0.73, item reliability = 0.90/0.85; note: for
diagnostic activities pre, one item in DiKoBi I Assess produced inestimable high values).
The one-dimensional construct was used due to weak reliability values when calculating
person measures separately for the three diagnostic activities generating evidence, evalu-
ating evidence, and drawing conclusions.

Our video-based approach follows Kersting et al. [17], who “use video clips of au-
thentic classroom events as prompts to elicit teachers’ analyses, which are in turn as-
sumed to draw on teachers’ knowledge” (p. 571). Therefore, we assume that the vide-
otaped classroom situations elicit pre-service biology teachers’ diagnostic activities for
reasoning about the biology-specific challenges and features in both versions of the as-
sessment tool, which are in turn assumed to rely on pre-service teachers’ declarative and
action-related PCK (cf. [8]).

2.4 Data Analysis

First, measures of all variables [pre/post: PCK, CK, PK, diagnostic activities] were
separately analyzed using the Rasch PCM [79] with the software Winsteps 3.81 [86].
Second, Pearson’s correlations and descriptive results were calculated utilizing the soft-
wares IBM SPSS Statistics (version 26) and Microsoft Excel (2010) to describe the devel-
opment and intercorrelation between all variables relevant for this study. The main
analysis was done in two steps. (I) To answer RQla and RQ1b, we ran mixed ANOVAs
for PCK, CK, and PK to analyze the main and interaction effects between time and
treatments. (II) To answer RQ2, we chose an analysis of covariance (ANCOVA) to ana-
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lyze effects on diagnostic activities in post-test while controlling for diagnostic activities
in pre-test. There was homogeneity of the error variances of all variables, as assessed by
Levene’s test (p > 0.05), as well as homogeneity of covariance, as assessed by Box’s test
[(personal) PCK: p = 0.53; CK: p = 0.57; PK: p = 0.53) and homogeneity of regression slopes
(diagnostic activities: p = 0.20).
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588 3. Results
589 A descriptive overview about means and standard deviations, as well as intercor-
590 relations between all variables, is given in Table 3. The mean values represent the average
591 person ability from the PCM of the corresponding variables. Intercorrelations empha-
592 sized the importance of PCK since there was a low to moderate correlation between PCK
593 and most of the pre or post-measured variables (Cohen, 1988). For example, PCK pre was
594 significantly correlated with PCK post (r = 0.57, p < 0.001), CK post (r = 0.30, p = 0.006), PK
595 pre (r=0.22, p=0.048), and diagnostic activities pre (r = 0.33, p = 0.002). Furthermore, the
596 descriptive results showed that pre-service teachers’ PCK, CK, and PK increased from
597 pre to post (see Table 3). Note that the average person measures of diagnostic activities
598 pre and post are not directly comparable because they have not been anchored, as we
599 used two separate measurement instruments in pre and posttest pre (pre: DiKoBi I Assess
600 and post: DiKoBi II Assess). However, a descriptive comparison between diagnostic ac-
601 tivities pre and diagnostic activities post can be made based on the quality of the diag-
602 nostic activities generating evidence, evaluating evidence, and drawing conclusions. Table 4
603 shows how often each diagnostic activity was scored with 0, 1, 2, or 3 points. It is note-
604 worthy that the total scores of generating evidence and drawing conclusions decreased from
605 pre to post, while the total score of evaluating evidence increased. Furthermore, the dis-
606 persion increased from pre to post for the diagnostic activities generating and evaluating
607 evidence. More often 0 points (low quality of diagnostic activity) but also 2 or 3 points
608 (improved quality of diagnostic activity) were used for scoring. In contrast, fewer an-
609 swers were scored with 1 point in DiKoBi II Assess. For the diagnostic activity drawing
610 conclusions, frequency of 0 points increased whereas frequency of 1 and 2 points de-
611 creased, indicating an overall decrease of quality.
612 Table 4. Absolute frequency of points that were used for scoring the quality of the three diagnostic
613 activities. N refers to the total number of activities scored. This number is calculated from the
614 number of participants (81) and the number of content-related coding variables for the respective
615 diagnostic activity and is therefore the same for pre and post.
Generating evidence Evaluating evidence Drawing conclusions
(N =1053) (N =486) (N=972)
Points Pre Post Pre Post Pre Post
0 796 855 345 356 658 800
1 212 139 94 54 223 143
2 45 59 47 72 91 29
3 not not 0 4 not not
applicable applicable applicable applicable
Total 302 257 188 210 405 201
score
616 Note: The maximum score for generating evidence and drawing conclusions was 2 points, for evaluating
617 evidence it was 3 points.
618
619 Next, we ran mixed ANOVAs for PCK, CK, and PK to analyze time effect, treatment
620 effect, and interaction effect between time and treatment (RQ1la, RQ1b). Main effects of
621 time were found for both PCK and CK. They confirmed the positive descriptive trend of
622 knowledge acquisition since a statistically significant increase of mean person abilities of
623 PCK and CK was measured from pre to post. However, there was no statistically signif-
624 icant increase from pre- to post-measurement for PK. Furthermore, there was no statis-
625 tically significant main effect of treatment or interaction between time and treatment for
626 any knowledge facet when each treatment was considered individually (see Table 5).
627
628
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Table 5. Results of mixed ANOV As of the knowledge facets

df F p partial 1)
PCK
- time effect 1,76 118.28 <.001 0.61
- treatment effect 4,76 0.53 0.715 0.03
- interaction 4,76 1.11 0.359 0.06
effect
CK
- time effect 1,76 31.60 <.001 0.29
- treatment effect 4,76 0.15 0.963 0.01
- interaction 4,76 213 0.085 0.10
effect
PK
- time effect 1,76 3.60 0.062 0.05
- treatment effect 4,76 0.17 0.952 0.01
- interaction 4,76 0.72 0.583 0.04
effect

630

632
633
634
635
636
637
638

640
641
642
643

645
646
647
648
649
650
651
652
653
654

656

657
658
659
660
661
662
663

Note: Significant results are highlighted in bold.

However, since the maximum number of participants per treatment did not exceed
18, we merged treatments that included CK in a second step. This step was done because
the p-value of 0.085 of the interaction effect between time and treatment for the CK group
was considerably lower compared to PCK or PK. This p-value might indicate a possible
underlying effect of the self-directed knowledge acquisition via texts in terms of CK ac-
quisition that might not have been detectable due to the small number of participants per
treatment. Since it was not possible to increase the number of participants in the overall
sample for the time of the study, a fallback solution was applied: treatments containing
CK and treatments not-containing CK were merged (group 1: CK-treatment and combi-
nation-treatment; group 2: PCK-treatment, PK-treatment, control group). Since our
PCK-treatment did not contain CK content, we assigned the PCK-treatment to
not-containing CK (group 2). Accordingly, the PCK test was constructed in such a way
that PCK could be measured as independently as possible from CK (cf. [49,75]).

However, results of mixed ANOVAs showed no statistically significant interaction
effect between time and merged treatments of none of the knowledge facets either, indi-
cating that self-directed knowledge acquisition was not effective in terms knowledge
development: PCK: F(1,79) =0.34, p = 0.564, partial n? <0.01; CK: F(1,79) = 0.47, p = 0.497,
partial n? =0.01; PK: F(1,79) = 1.02, p = 0.315, partial 2= 0.01.

Effects of treatments on diagnostic activities were examined using ANCOVA (RQ2).
Results showed that the covariate diagnostic activities pre was significantly related to
diagnostic activities post (F(1,75) =11.77, p=0.001, partial n?=0.14). There was no sig-
nificant effect of treatment on diagnostic activities after controlling for the effects of the
covariate (F(1,75)=0.61, p=0.656, partial n?=0.03), meaning that pre-service biology
teachers in all treatments had equal person abilities after the intervention.

4. Discussion

This study aimed to investigate one particular way of knowledge acquisition and its
effects on pre-service biology teachers’ cognitive dispositions and skills. Thus, we inves-
tigated effects of self-directed knowledge acquisition via texts on the pre-service teachers’
professional knowledge facets PCK, CK, and PK, as well as on their diagnostic activities
as conceptualization of scientific reasoning skills in diagnostic setting. By using a vid-
eo-based assessment tool to measure diagnostic activities, we contributed to situated
measures of pre-service teachers” knowledge and skills.
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664 In summary, neither PCK, CK, PK nor diagnostic activities were significantly af-
665 fected by any of the study treatments. The knowledge facets PCK and CK have signifi-
666 cantly increased from pre to post; however, this increase could not be explained by the
667 self-directed knowledge acquisition (RQla, RQ1b, RQ2). This finding is in line with other
668 research showing, for example, that PK could not effectively be fostered through
669 self-directed knowledge acquisition compared to direct instruction [66]. Therefore, the
670 methodological approach to knowledge acquisition via texts as it was implemented in the
671 present study has not proven to be effective. However, that does not mean that
672 self-directed knowledge acquisition via texts that represents one common learning prac-
673 tice at German universities is generally ineffective. Effectiveness may depend on the
674 specific actions that are initiated by the instructional approaches. For example, Kyriaki-
675 des et al. [87] found that both direct instruction and self-directed constructivist ap-
676 proaches can benefit student outcomes, depending on what exactly the teacher and the
677 students do during instruction. Therefore, even though we made an effort to increase
678 pre-service teachers’ engagement with the learning material, the utilized tasks may not
679 have been activating enough or appropriate to promote in-depth learning. Moreover,
680 possible small effects of the self-directed knowledge acquisition via texts might have
681 been overlaid by other effects, possibly resulting from the video-based work. However,
682 descriptive comparisons regarding the quality of the diagnostic activities pre and post
683 showed an increase in terms of quality that was slightly noticeable for the diagnostic ac-
684 tivity generating evidence and particularly noteworthy for evaluating evidence. Whereas
685 pre-service teachers’ evidence evaluations in DiKoBi I Assess were often superficial and
686 vague, their quality slightly increased in DiKoBi II Assess in terms of more frequent con-
687 cept references and explicit linking of observations and theoretical references. This pri-
688 marily indicates a potential impact of the self-directed knowledge acquisition on the di-
689 agnostic activity evaluating evidence. Similar findings regarding the relationship between
690 knowledge and interpretive processes have also been described in other studies (cf. [88]).
691 The findings on the decrease in the quality of the diagnostic activity drawing conclusions
692 from pre to post might indicate that other approaches of instructional support are nec-
693 essary for the promotion of this activity, which cannot be provided via text-based in-
694 struction (that included a large amount of declarative knowledge). In addition, affec-
695 tive-motivational aspects have to be taken into account, because in order to set up an al-
696 ternative strategy, longer answers were required, for which the study participants might
697 not have been motivated enough (cf. [89]). However, further research is needed to make
698 more reliable conclusions and differentiate pathways of knowledge and skill develop-
699 ment.
700 Hence, two other important questions remain whose answers contribute to the de-
701 bate on measuring knowledge and skills of science teachers: First, how can the increase in
702 knowledge in our study be explained, if not by the treatments? Second, which ways of
703 knowledge acquisition might be more effective for university teaching? Regarding the
704 first question, we want to refer to “the use of classroom video as a tool for bringing the
705 central activities of teaching into the [professional development] setting” [90] (p. 1099).
706 The greatest effects reported in this article are time effects of PCK-measures and, there-
707 fore, were independent of treatment. Researchers within science education already un-
708 derlined that the use and prompted analysis of classroom performances challenges
709 pre-service teachers’ thinking and thus can activate their knowledge and make it acces-
710 sible [17,40,69,91]. Our hypothesis is that the increase of PCK is due to the work with the
711 video-based assessment tool DiKoBi Assess. The observation and diagnosis of biolo-
712 gy-specific classroom situations may have elicited existing subject-specific knowledge.
713 Working on the tasks in DiKoBi Assess and engaging in scientific evidence-based rea-
714 soning on biology instruction required pre-service teachers to apply diagnostic activities.
715 This application of diagnostic activities to a specific situation of biology instruction may
716 have contributed to the promotion of PCK. By observing and describing challenging as-
717 pects of biology instruction (i.e., gemerating evidence that helps encoding, cf. [1]),
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pre-service teachers directed their focus to very specific aspects. For the evaluation of this
evidence (i.e. the observed and described challenging aspects) a linkage with broader
principles they represent and thus the elicitation of professional knowledge had to take
place [57,70]. The scientific reasoning skill evaluating evidence, in particular, is considered
important in order to interpret classroom interactions and inform appropriate follow-up
decisions [92]. Thus, implementing opportunities in which diagnostic activities can be
applied or are even fostered may in turn have an impact on pre-service teachers’ PCK.
This assumption can be seen as an indication of the bidirectional relationship between
knowledge and skills [93]. Consequently, the results of the study suggest that scientific
reasoning about instructional quality can potentially promote PCK and that the applica-
tion of skills, such as diagnostic activities, to video-based settings thus seems to be more
suitable for knowledge development than instructional support via texts.

Building on these thoughts, we want to emphasize the relevance of using and re-
flecting on practical examples for the development of pre-service teachers’ professional
knowledge (cf. [91]). While a profound declarative knowledge base is considered im-
portant (especially in terms of CK) and may still be provided via specialized texts, PCK
and PK are much more action-oriented and therefore require other forms of knowledge
acquisition (cf. [94]). Our suggestion based on the present findings is to provide learning
opportunities in which pre-service teachers engage in scientific reasoning about instruc-
tional quality, for example, via video-based tools. Other researchers have already made
similar suggestions. Konig et al. [88], for example, used video vignettes to underline the
importance of practical insights into teaching to improve teachers’ general pedagogical
knowledge. By setting the focus on practical scenarios, they also addressed reasoning
skills as necessary components for the acquisition and transformation of knowledge. The
use of video-based tools can be considered an appropriate approach to provide oppor-
tunities for the assessment and development of PCK and PK in teacher education that
count as an important part of diagnostic competences [9,62,94].

Besides the use of video-based tools, other ways of supporting pre-service teachers’
knowledge development have been discussed with regard to direct instruction. Effective
approaches to knowledge acquisition often included an experienced lecturer in addition
to text-based work in science teacher education. In contrast to static texts, a lecturer can
“explicitly [address] the knowledge of students, learning and teaching in concrete con-
tent domains” [67] (p. 126), including practical examples as well, which has proven to be
an effective method. Barth et al. [66] showed a positive effect of a systematic introduction
to the relevant knowledge base on both the development of declarative professional
knowledge and knowledge-based reasoning skills. Small effects of direct instruction on
PCK were also reported by Trébst et al. [63]. With regard to the development of PCK, the
researchers found the combined instruction of the knowledge facets within professional
development programs, which considered transformation processes of CK and PK dur-
ing PCK-construction, to be more effective than polyvalent traditional teacher education
[40,63,67]. This combined view on the acquisition of knowledge attributes a high rele-
vance to educational training in higher education. In such trainings, practical classroom
scenarios can also be videotaped and used for eliciting reasoning processes about these
classroom scenarios, for which positive effects in terms of professional development
could be recorded [90,95]. It is therefore important for pre-service teachers to take ad-
vantage of corresponding offers of universities.

5. Limitations

First of all, it should be noted that the overall sample size of the reported study was
rather small, thus, resulting in an even smaller sample for the five treatments. This is
accompanied by losses in terms of statistical power in our calculations. However, since
the study was embedded in regular courses within a German university, the number of
participants was limited and could not be easily increased up to the time of the study.
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770 Moreover, the increase in professional knowledge in terms of PCK and CK from pre
771 to post might also be the result of the pre/post-test research design, since other experi-
772 ences made during the study period or other forms of input that took place in everyday
773 life or other seminars may have contributed to teachers’ learning (cf. [69]).
774 Although descriptive PK-measures improved from pre to post, the time effect of the
775 mixed ANOVA did not show statistical significance. One reason might be seen in the
776 subject-specific focus of the videos, in which mainly subject-specific dimensions from
777 biology instruction were addressed. In contrast, studies using videos that focus on gen-
778 eral pedagogical aspects showed corresponding effects on PK [26,91]. Another reason for
779 the lack of significant improvement in PK may also be due to the PK test used. Test re-
780 sults for the pre-test were already comparatively high. Thus, the PK test did not dis-
781 criminate the sample enough. Test reliabilities might be increased by utilizing a longer
782 version of the test, or by a higher number of participants to increase variance in ability
783 [86].
784 Additionally, the absence of motivational variables that were not considered in this
785 study might be seen as another potentially limiting factor. For a productive measure-
786 ment, it is important that participants’ desire and willingness to solve the tasks are con-
787 sidered and, if necessary, are scaffolded [89]. However, a supplementary analysis con-
788 sidering teachers’ situational interest showed that controlling the variable situational in-
789 terest did not change the results either. Still, an impact on particular diagnostic activities
790 such as drawing conclusions may be possible.
791 A final limitation is of conceptual nature. In our study, we measured content-related
792 knowledge facets (CK, PCK, PK). Theoretically, the different knowledge types knowing
793 that, knowing how, knowing when and why can be distinguished for each of them [10].
794 However, the utilized PK test merely contained items covering knowing that. Addition-
795 ally, the texts used for the intervention mainly covered declarative knowledge. Even
796 though action-related knowledge in terms of knowing how and knowing when and why
797 should be prompted by the tasks to be completed in the treatments, their proportion may
798 not have been high enough to significantly influence the diagnostic activities. However,
799 when addressing scientific reasoning, Kind and Osborne [4] emphasized the importance
800 of procedural knowledge comprising the understanding of science-specific procedures
801 (knowing how), and epistemic knowledge comprising knowledge about epistemic con-
802 structs and values in science (knowing why). In future interventions, the proportion of
803 these knowledge types should be expanded accordingly. Moreover, addressing knowing
804 how and knowing when and why may be better accomplished through other types of in-
805 structional support than texts, e.g., through experienced lecturers.
806 6. Conclusions and Further Research
807 Finally, we want to derive implications for practice and further research. The pre-
808 sent study provides further evidence that using video-based tools is beneficial in teacher
809 education since these tools extend the number of practical approaches, which are pro-
810 vided, for example, via videos, classroom observations, or field experiences. Since the use
811 of the video-based tool as an assessment instrument already had positive effects on
812 pre-service teachers’ professional knowledge in our study, possibly elicited by reasoning
813 about instructional quality, it is reasonable to use the tool as a learning environment to
814 promote pre-service biology teachers” PCK and their application of diagnostic activities
815 even more effectively. Therefore, scientific reasoning skills should not only be investi-
816 gated in terms of their relation to content knowledge of a specific discipline (cf. [4]), but
817 also with respect to teachers’ PCK. In this context, it might also be useful to use the indi-
818 vidual activities generating evidence, evaluating evidence, and drawing conclusions separately
819 for analyses instead of the one-dimensional diagnostic activities construct.
820 Future research could also investigate additional support in terms of scaffolding
821 within video-based tools or simulations that might further promote the development of
822 knowledge and diagnostic activities in order to facilitate teachers’ diagnostic compe-
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823 tences [9]. Moreover, scaffolding different types of knowledge relevant for scientific
824 reasoning (that is procedural and epistemic knowledge for problem solving, cf. [4]) may
825 improve scientific reasoning skills such as diagnostic activities and, thus, the develop-
826 ment of content-related knowledge as well.
827 Following the demand for integrated coursework or a combined instruction of the
828 knowledge facets, knowledge acquisition could also be addressed through direct in-
829 struction, as it is done, for example, in lectures at universities [66,67]. Therefore, further
830 research could investigate the possible effects of an integrated presentation of the
831 knowledge facets in lectures (cf. [96,97]).
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848
849 Appendix A
850 Table Al. Overview about the content that was covered in the texts.

Treatment Content included in the texts References
- subject-specific features of instructional quality (level of students’ cog- [49,98-112]
nitive activities, use of originals, use of models, use of experiments and
1PCK scientific working methods, use of technical language, linking and

structuring of content)
- lesson planning model for biology instruction considering core ideas
- basic functions of the skin [109,113-119]
- structure of the skin
2CK - effects of sunlight
- skin as a sensory organ
- perception of stimuli

- generic features of instructional quality (basic dimensions: classroom [109,110,120-125]
3PK management, supportive climate, cognitive activation)
- teaching methods
- basic dimensions: classroom management, supportive climate, cognitive  [99,101-103,105,110-
activation 113,115-119]
- lesson planning model for biology instruction considering core ideas
- basic functions of the skin
- structure of the skin
- skin as a sensory organ

4 combination
of PCK, CK,
PK
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Appendix B
Tasks:
(1) Highlight, in accordance with the key questions, important subject-specific aspects of

)

3)

successful teaching and learning in biology lessons in the material. Use different colours for
the key questions a-c:

a) How can cognitive activation be implemented in biology lessons?

b) Which biology-specific features of instructional quality exist? What should be taken into
account when implementing them in biology lessons?

¢) What are the main characteristics of the “Schalenmodell” (a lesson planning model for
biology instruction)?

d) In Figure 3 (see material M2)', assign the features mentioned in 1b by writing them down
in the appropriate section of the lesson planning model.

Complete the concept map below by using your highlighted information from task (1). Use
your identified subject-specific aspects of successful teaching and learning in biology lessons
and add at least 15 additional terms in the concept map (node terms). Make sure that the
relations between the node terms are clear. To do this, link the node terms with connecting
lines or arrows, and note the relationship/context in words on the corresponding connecting
lines. Also use cross-links.

Apply the aspects learned from the previous tasks to the following questions:

a) Critically assess the following situation with regard to the used questions (e.g. focus
question) and tasks.

Mrs. Hanna starts her lesson (on the topic blood groups) by asking the following questions: Why do
you think someone should know their blood group or why should their blood group be known? When
might this be important?

Later she presents the topic of the lesson by saying “And today we want to find out what is meant
by the statement the blood does not match”.

During the rest of the lesson, Mrs. Hanna presents information on different types of blood cells,
corresponding antigens and antibodies. The students have to repeat the information afterwards
and determine the blood type of six patients.

(Example based on [99].)

b) Describe an alternative teaching strategy in which your criticized aspects are taken into
account.

! The materials used, including figures and tables, can be made available on request by the authors of this study.

Figure B1. Example of the given tasks utilized in treatment (1) PCK (translated from German).
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cognitive
activation

1 promoted by

v

subject-specific features

erucial is

of instructional quality

by takinglinto account
teaching biology successfully l

\Qr:ugh planning with

lesson planning model
(“Schalenmodell”)

Figure B2. Outlined concept map, which is to be completed in task 2 (translated from German).
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Discussion

4. Discussion

In the following, the results of all publications and manuscripts are first summarized before
they are discussed with regard to the aims of this dissertation. The discussion starts with the
validation of the video-based assessment tool DiKoBi Assess and the comparison of the
constructs professional vision and diagnostic activities as feasible operationalizations of
situation-specific skills required in (video-based) problem-solving situations. Then, the
relationships that were found between the components of diagnostic competences are
described and discussed in terms of previous research findings. In addition, the effectiveness
of instructional support provided by a lecturer or via texts, as well as their impact on the
professional knowledge base as an important component of diagnostic competences is
discussed. The discussion of the results is followed by elaborating on the limitations of the
studies, which lead to the description of further research questions. Finally, implications for

teacher education that can be derived from the results of this dissertation are considered.

4.1 Summary of the results

This dissertation pursued three aims that were addressed in three publications and two
manuscripts: (1) to develop and validate a video-based tool to assess pre-service biology
teachers’ diagnostic competences, (2) to investigate the relationships between professional
knowledge, diagnostic activities, and diagnostic accuracy as components of diagnostic
competences, and (3) to analyze the effects of different types of instructional support on the
professional knowledge base representing a crucial component of diagnostic competences.

Figure 6 presents the main results of this dissertation:
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Figure 6. Summary of the main results of this dissertation.

The validation of the video-based tool DiKoBi Assess with in-service biology teachers
showed that DiKoBi Assess could be used as a valid test instrument. This is due to the fact
that the staged videos were able to simulate biology-specific classroom situations
authentically. Moreover, after conducting several validation steps, it could be concluded that
teachers sufficiently identified the scripted subject-specific characteristics (content of videos)
in each classroom situation and that the assigned tasks validly measured the assumed
diagnostic activities (see Appendix A for an example of the tasks embedded in DiKoBi
Assess). Additionally, the comparison of the constructs professional vision and diagnostic
activities, which were both used independently for coding and analyzing the data collected in
DiKoBi 4ssess, showed that with regard to the diagnostic activities relevant in the context of
the tool, both constructs provide comparable coding and analysis results. Further details of the
comparison are described in Section 4.2.

Based on the validation, DiKoBi Assess was used in two studies as a measurement
instrument for diagnostic activities and diagnostic accuracy in addition to conventional paper-
pencil tests measuring professional knowledge. The analyzed relationships between the three
components of diagnostic competences revealed a strong correlation between diagnostic
activities and diagnostic accuracy, a moderate correlation between the knowledge facets PCK
and CK, and small correlations between PCK and PK as well as between PK and CK. In
addition, there was a positive directional relationship between PCK and pre-service teachers’

diagnostic activities, PCK and diagnostic accuracy, and PK and diagnostic activities. Overall,
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the results highlighted PCK and PK as particularly important for performing diagnostic
activities and accurate diagnoses, with higher effect sizes for PCK compared to those of PK.

In terms of instructional support, both separated and integrated instruction provided by
a lecturer has been effective in fostering pre-service teachers’ PCK and CK. However, only
for CK, there were large, statistically significant interaction effects between time and
treatments for both the separated and the integrated instruction compared to the control group
that showed no significant increase in CK. The descriptive results indicated slightly higher
effectiveness of separated instruction for CK development. For PCK, there was a statistically
significant increase for all treatments (integrated instruction, separated instruction, and no
instruction). However, it is particularly noteworthy that a significant increase in PCK also
occurred in the control group, which received no instruction. Descriptive results indicated that
addressing the knowledge facets in an interrelated way might be beneficial for the
development of PCK. However, this assumption needs to be further examined. In contrast, no
effects of instructional support by a lecturer were found for PK, possibly due to a ceiling
effect caused by the knowledge test used.

Instructional support via texts did not seem to be effective for any of the components
of diagnostic competences within this particular study design since an interaction effect
between time and treatment was not found for any of the treatments. At the same time,
however, there were significant time effects visible in the increases in PCK and CK.
Therefore, it becomes apparent that in both the lecture-based and the text-based intervention
study, there must be another factor that led to the knowledge increases in the subject-specific
knowledge facets PCK and CK. The assumption is that these increases may be due to the
processing of the videos in the video-based assessment tool DiKoBi Assess showing biology-

specific classroom situations. This assumption is discussed in Section 4.4 in more detail.

4.2 Validation of the video-based assessment tool DiKoBi Assess

The first aim of this dissertation was the validation of the video-based assessment tool
DiKoBi Assess that provided subject-specific classroom situations. The videos embedded in
DiKoBi A4ssess were designed to show biology-specific instructional challenges of a biology
teacher’s classroom behavior. The diagnostic task required the diagnosis of this behavior with
regard to subject-specific features of instructional quality. One novelty of this approach was
that the diagnostic focus was on the whole class and the instructional behavior of the teacher,
which is considered more complicated than diagnosing an individual student (Tolsdorf &

Markic, 2017). On the other hand, the tool allowed the identification and interpretation of
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subject-specific dimensions of instructional quality through practice-oriented cases. Previous
tools for assessing diagnostic skills or diagnostic accuracy rather focused on the diagnosis of
student performance, on teacher-student interaction, or general characteristics such as
classroom management (e.g., Codreanu et al., 2020; Fischer et al., 2021; Gold & Holodynski,
2017; Siidkamp et al., 2008). Previous research in biology education has been conducted in
the context of the simulated classroom biology SCR®® (cf. Fischer et al., 2018) and the
student inventory for biology (cf. Fischer et al., 2021), in which diagnostic competences are
investigated with respect to declarative and action-related PK, CK, and PCK. However, the
diagnostic focus in these studies was also on measures of student performance and products.
Skills such as professional vision or diagnostic activities have rarely been conceptualized and
studied in relation to aspects of instructional quality in subject-specific domains (Meschede et
al., 2017). Therefore, being able to validly measure situation-specific skills in terms of
diagnostic activities with DiKoBi Assess extends existing measurement instruments not only
by the range of skills that can be measured with these instruments but also by the biology
context to which the skills are applied.

In addition, DiKoBi Assess is an important instrument for conducting studies within
the COSIMA project (cf. Heitzmann et al., 2019; Chernikova et al., in press). Furthermore,
the validation in terms of the utilized construct of diagnostic activities used for coding and
analyzing the data as well as the conceptual comparison with professional vision can be
considered meaningful for the connection of the interdisciplinary research project to teacher
professionalism research and teacher education. In video-based teacher research, professional
vision 1s a common concept used to examine teachers’ situation-specific skills for classroom
assessment and teachers’ situated professional knowledge to promote them in terms of
teachers’ professional development (e.g., Kersting et al., 2012; Seidel & Stiirmer, 2014;
Sherin & van Es, 2009; Steffensky et al., 2015). The comparison of the constructs diagnostic
activities and professional vision confirmed on the one hand that both constructs are basically
suitable for coding situation-specific skills of teachers and that utilizing the constructs for
analyses leads to comparable conclusions (Kramer, Fortsch, Seidel et al., 2021). On the other
hand, it also became apparent that specific particularities were present in a small percentage
of the data, which could be better captured by one of the constructs, depending on the
particularity. Adjusting to our project-specific data, relevant categories from both constructs
were therefore combined by merging similar construct categories from both constructs as well
as subdividing categories more finely with respect to the specific particularities. The resulting

combined conceptualization (see Figure 7) was then used as the conceptual basis for further
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data analysis in the subsequent COSIMA studies. With regard to the tasks embedded in
DiKoBi Assess that prompted specific diagnostic activities, three categories accounted for the
majority of coded responses. These categories were “describing as generating evidence”,
“explaining as linking evidence to theory*, and “concluding alternative teaching strategies”.
In terms of the construct diagnostic activities, the categories represent operationalizations of
the diagnostic activities generating evidence, evaluating evidence, and drawing conclusions.
These main categories are also consistent with subdivisions of other studies, such as those
used in the PID model (Kaiser et al., 2015). Furthermore, it is worth mentioning that only a
few studies have used videos to promote teachers’ decision-making so far (cf. Santagata et al.,
2021), so that addressing the skill “concluding alternative teaching strategies” in the video-
based tool DiKoBi Assess will provide empirical data for a more detailed analysis of this skill

in future studies.

Situation-specific skills

Describing as generating evidence

Explaining as linking evidence to theory

Predicting learning consequences

| ]
| ]
[ Evaluating generated evidence ]
| |
% ]

Concluding alternative teaching strategies

Figure 7. Combined conceptualization for situation-specific skills for diagnosing classroom
situations from Kramer, Fortsch, Seidel et al. (2021), embedded in the competence as a
continuum model (Blomeke et al., 2015).

4.3 Relationships between components of diagnostic competences

The results of the cross-sectional analysis provided answers regarding the second aim of the
dissertation. First, the analysis of the pre-tests from Studies 1 and 2 revealed a just moderate
correlation between PCK and CK (r =0.30), whereas results from other studies in mathe-
matics and science education showed moderate to high correlations (e.g., Grof3schedl, Mahler
et al., 2014; Kirschner et al., 2016; Kleickmann et al., 2017; Kulgemeyer et al., 2020; Sorge,
Keller et al., 2019). The just moderate correlation from the cross-sectional analysis can be
attributed to the underlying characteristics of test construction. Similar knowledge tests have

been used in the ProwiN project. The aim of the ProwiN project was to find predictors of
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instructional quality. Therefore, predictors that do not correlate were better suited for testing.
This was artificially achieved by the way the test was constructed, for example, by providing
the CK content in the PCK test in order to be able to answer PCK questions as independently
of CK as possible (Jiittner & Neuhaus, 2012). Studies in which the ProwiN knowledge tests
were utilized confirmed a largely independent measurement of CK and PCK (cf. Fortsch et
al., 2016; Jittner et al., 2013). The moderate correlation found in the cross-sectional analysis
might be due to the test versions adapted in the COSIMA project, which concerned different
subject content.

Although CK is not directly related to diagnostic activities or accuracy, researchers in
mathematics and science education emphasized its role for PCK development (Fischer et al.,
2012; Krauss et al., 2008). Furthermore, there was a correlation between PCK and PK, only
slightly lower than the one between PCK and CK. This correlation can be attributed to an
overlap of PCK and PK test items (see next paragraphs). In addition, there is evidence that for
pre-service teachers, PCK and PK initially correlate higher, and as expertise increases, the
correlation turns in favor of PCK and CK (Sorge, Stender et al., 2019). This points to the
importance of PK in the early stages of pre-service teacher education (cf. Konig et al., 2011).
However, such a shift in correlation during the course of teacher education is probably not
measurable with the test instruments used in this dissertation due to the underlying
characteristics of test construction.

Regarding PK and CK, a very small correlation was found. Depending on the test
construction, similar results on the correlations between PCK/CK and PK were also found in
other studies (e.g., Kirschner et al., 2016; Kleickmann et al., 2017; Kulgemeyer et al., 2020).

The strong correlation between diagnostic activities and accuracy might be due to the
operationalization of accuracy that was measured in terms of perception accuracy, related to
the correct perception and description of a professional situation (cf. Carter et al., 1988;
Kaiser et al., 2015). The assessment of accuracy was thus primarily related to the diagnostic
activities identifying problems and generating evidence, which were used to decide whether
the scripted biology-specific instructional challenges were correctly diagnosed.

Nevertheless, for both diagnostic activities and accuracy, pre-service teachers’ PCK
was significantly important. Thus, the results support the tendency in previous findings
emphasizing the relation between PCK and situation-specific skills in domain-specific
situations (e.g., Dreher & Kuntze, 2015; Kersting et al., 2012; Meschede et al., 2017).
Furthermore, the positive relationship between PCK and diagnostic accuracy is important to

consider. This result is in line with the expectations, as the diagnostic focus and thus the study
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context was on subject-specific dimensions of instructional quality in biology, thus requiring
the activation of content-specific knowledge. However, this also means that depending on the
diagnostic focus, a different knowledge facet may be crucial for the interplay between the
components of diagnostic competences (cf. Hoth et al., 2018; Steffensky et al., 2015). For
example, teachers’ PK has been found critical for interpreting general pedagogical classroom
situations (Konig et al., 2014). However, in the real classroom, content-specific and general
pedagogical aspects are not always strictly separable but build on each other to a certain
extent, as general pedagogical principles and strategies are sharpened for application in
subject-specific situations with regard to the specific content. This intertwining becomes
clear, for example, with regard to the basic dimension cognitive activation, which is
considered to be a generic feature of instructional quality, but has to be refined with regard to
the specific instructional context (Dorfner et al., 2017; Lipowsky et al., 2009; Steffensky &
Neuhaus, 2018). Such connections could also be described in the cross-sectional analysis. The
relationships found between PCK, PK, and diagnostic activities can be explained with regard
to the items used. In the video-based assessment tool DiKoBi Assess, used to measure pre-
service teachers’ diagnostic activities, six subject-specific dimensions were covered: (1) level
of students’ cognitive activities and creation of situational interest, (2) dealing with (specific)
student ideas and errors, (3) use of technical language, (4) use of experiments, (5) use of
models, and (6) conceptual instruction. While the PCK paper-pencil test covered three of
these dimensions (student errors, use of models, and use of experiments), there was also an
overlap with two items of the PK test (constructive handling of errors and role of students’
prior knowledge) (see Kramer, Fortsch, Boone et al., 2021). However, whereas the PK items
asked for general strategies, the PCK items asked for content-related aspects such as specific
student errors and their causes. Thus, they were closer to the video-based assessment tool.
Such content-related concretization is necessary for subject-specific instruction (Dorfner et
al.,, 2017; Steffensky et al., 2015). However, the results indicated that PK should not be
disregarded in the context of subject-specific diagnostic competences, even if PCK has

greater relevance.

4.4 Instructional support to foster knowledge development

For addressing the third aim of the dissertation, the two intervention studies were analyzed.
Within biology education, these studies were one of the first ones that considered all three
knowledge facets as conceptual part of separated or integrated instruction and as outcome

variables of instruction. With regard to different ways of instructional support, both separated
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and integrated instructional support by a lecturer was yielding in terms of CK development.
However, the descriptive results indicated potential benefits related to the separated
instruction. As the correlations between the knowledge facets that were reported in science
research suggest, CK is an important and necessary precondition for PCK (Fischer et al.,
2012; Kleickmann et al., 2017). Teachers need a certain level of knowledge about subject-
specific concepts and core ideas before they can effectively plan, teach, and reflect upon
instruction (Ball et al., 2008; Kleickmann et al., 2017). This subject matter knowledge may
best be taught in courses explicitly designed to build CK. A well-developed CK base can then
be useful for integrating PCK and PK aspects, thus, developing integrated knowledge
structures, which are more common among teachers with higher expertise (Berliner, 2001;
Krauss et al., 2008). To verify this assumption explicitly, further research would have to be
conducted in which effects of separated and integrated instruction are analyzed depending on
the prior knowledge of the participants.

Regarding the PCK development, it was striking that not only the intervention
treatments showed a significant increase in PCK, but also the control group, which only
processed the knowledge tests and the video-based assessment tool DiKoBi Assess. This
suggests that working on DiKoBi Assess also had a learning effect. Effects of the use of
videos in terms of professional learning have already been observed in other studies (e.g.,
Gaudin & Chali¢es, 2015; Llinares & Valls, 2009; Marsh et al., 2010; Roth et al., 2011).
Videos that take into account the elements of cognitive load, student engagement, and active
learning are particularly beneficial (Brame, 2016). Indicators of all three elements are
applicable to the video-based assessment tool DiKoBi Assess (for example, important
information was highlighted to reduce cognitive load, each video were kept brief (Min =.67
min; Max = 5.23 min) to keep student engagement high, and guiding questions have been
implemented that might have been beneficial in terms of active learning). In addition, the
situations shown in the videos represent prompts that can elicit knowledge (Alonzo & Kim,
2016; Kersting, 2008; Seidel & Stiirmer, 2014), which in turn can influence further test
performances. The effect resulting from the processing of the video-based tool might
therefore have overshadowed possible interaction effects between time and treatments that
should be induced by the intervention. However, treatments receiving separated or integrated
instruction still had greater increases with larger effect sizes than the control group. That the
greatest value of explained variance was found for the integrated instruction might indicate
the potential benefit of addressing knowledge facets in an interrelated way in order to foster

PCK development. This assumption is supported by similar findings from previous research
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(Harr et al., 2014, 2015). A potential explanation for this is that PCK development can benefit
from both the explicit instruction of PCK and the instruction of CK and PK aspects related to
the specific content and situation (Kleickmann et al., 2017; Krauss et al., 2008; Trobst et al.,
2019). However, this assumption needs further investigation in the future.

Effects of instructional support by a lecturer on PK could not be analyzed in more
detail due to ceiling effects that could be evaded in the future by increasing the level of the
PK test (e.g., by adding higher cognitive test items or by using more test scales from the
BilWiss project, see Kunina-Habenicht et al., 2020). However, a small time effect was found
independent from treatments that may be due to the processing of DiKoBi Assess as well.
Even though the videos showed situations in which the focus was on subject-specific
instruction, the situated context also activated general pedagogical-psychological components
that generally underlie instruction (e.g., knowledge of classroom management or knowledge
of adaptivity and learning differences, see Konig et al., 2011; Wiens et al., 2020).

Instructional support via texts as it was implemented in Study 1 did not show
measurable significant relevance for either professional knowledge or diagnostic activities.
Although there was a significant increase in PCK and CK from pre to post-tests, this could
not be attributed to the text-based intervention. As with instructional support by a lecturer, the
video-based assessment tool might have caused such time effects. Consequently, the question
arises as to how such influences of DiKoBi Assess can be explained. A possible explanation
can be derived with reference to the RCM (see Section 1.3.1.1), which differentiates PCK into
the realms cPCK (collective), pPCK (personal), and ePCK (enacted) (Carlson et al., 2019).
Within the intervention studies, PCK was measured with paper-pencil tests eliciting pre-
service teachers’ declarative (knowing that) and action-related knowledge (knowing how and
knowing when and why) (Fortsch et al., 2018). The majority of the items was presented as
open-ended items and required pre-service teachers to write answers in their own words. It
can be assumed that for solving the item tasks, both the specific education of the participants
and their previous practical experiences were relevant. Consequently, the paper-pencil tests
have measured participants’ pPCK. In contrast, the instructional support (both the one by the
lecturer and the one via texts) presented cPCK because they were designed on the basis of
subject-specific literature. Additionally, the application of knowledge and diagnostic activities
in the processing of DiKoBi Assess activated yet another realm of PCK connected to specific
teaching actions (Alonzo et al., 2019). Prompted by the instructions given in the tool,
participants engaged in scientific reasoning about the teacher’s instructional behavior and

instructional quality. The skills required are referred to as enacted PCK or ePCK (Carlson et
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al., 2019). Initial findings of other researchers supported the assumption that pPCK affects
ePCK in terms of better (explaining) skills (Kulgemeyer et al., 2020). In addition, it is
assumed that through reflection processes such as reasoning on teaching and learning
situations, ePCK can, in turn, influence a teachers’ pPCK (Alonzo et al., 2019). However, this
assumption is difficult to prove due to the tacit and elusive nature of ePCK. Nevertheless, the
results of the studies described in this dissertation suggest that ePCK may have affected pPCK
through scientific reasoning about specific instructional situations (Alonzo et al., 2019). That
might explain why PCK also increased in the control conditions. Thus, including practice-
oriented tasks within teacher education, which elicit scientific reasoning processes, may be
particularly beneficial for PCK, but potentially for PK as well.

Consequently, the question arises whether university courses, which mainly present
knowledge separated in specialized faculties via texts and in lectures (Trobst et al., 2019),
could not endeavor to present knowledge, where possible and appropriate, in a more practice-
oriented way. This might be especially beneficial for PCK and PK, as the acquisition and
application of these knowledge facets is much more action-oriented and therefore requires
additional forms of instructional support (cf. Kaiser et al., 2014; Konig et al., 2018).
Consequently, the stronger integration of videos into university courses could be a
corresponding element with which instruction on PK, CK, and PCK aspects could be applied

in an interrelated way.

4.5 Limitations

Due to the multiple conceptual and methodological approaches that were applied in the
individual studies of this dissertation, the limitations of the studies and analyses are discussed
in terms of methodological and conceptual limitations below.

First, five limitations of methodological nature are stated. (1) The studies were
conducted with a relatively small sample size due to their embedding into the regular courses
of the biology education at LMU Munich. Therefore, the number of participants was limited.
Because of the resulting lower statistical power, possible effects might not have been (clearly)
visible. (2) Regarding the instructional support, the absence of manipulation checks can be
criticized, as it could not be completely ensured that the interventions in the treatments were
effectively processed. Certain precautions were taken (e.g., by preventing secondary activities
such as distraction by mobile devices, and in turn, by using stimulating questions to enhance
cognitive activation of the pre-service teachers), but processing was not instrumentally

monitored. (3) Furthermore, in both intervention studies, the same paper-pencil tests were
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used for pre-testing and post-testing. Thus, a testing effect might have played a role in terms
of a valid measurement (Shadish et al., 2002). It is also possible that the pre-service teachers
acquired knowledge elsewhere during the period in which the respective study took place
(several dates of data collection over 2-4 weeks) so that increases in knowledge cannot be
explained exclusively by study effects. (4) In addition, overall analyses of the PK test showed
that most of the selected items were too simple and therefore did not sufficiently discriminate
the sample. In future studies, the PK test should be extended by using additional scales from
the BilWiss project (Kunina-Habenicht et al., 2020) to increase test reliability (Linacre, 2021).
(5) The video-based assessment tool DiKoBi Assess, which was primarily used as a
measurement tool, emerged as potentially conducive in terms of learning. Explicit statistical
evidence of this hypothesis does not yet exist, so future investigation of the tool as a learning
environment has to follow. Regarding the videos from the video-based tool, it should be noted
that these videos represented scripted, condensed challenges. In contrast, in real-life teaching,
a multitude of complex challenges can occur. Consequently, measuring diagnostic competen-
ces with DiKoBi Assess may differ from measurements collected in real-life contexts.
Nevertheless, the use of short videos of classroom situations in which the complexity of
instructional practice is reduced is an important component for training inexperienced pre-
service teachers’ professional competence (Codreanu et al., 2020; Grossman et al., 2009).
Furthermore, five conceptual limitations are important to mention. (1) One conceptual
limitation refers to the missing consideration of motivational variables in the analyses of this
dissertation. The analyses presented in this dissertation focused on cognitive variables,
whereas affective-motivational variables (such as interest or motivation) were collected
separately and are available for later analyses. This procedure has proven to be successful for
empirical research designs (Klieme & Leutner, 2006). However, since affective-motivational
variables may have an impact on performance in problem- or case-based learning
environments (Belland et al., 2013; Klug et al., 2016), they must also be considered when
analyzing data collected with DiKoBi Assess. (2) For measuring diagnostic accuracy, pre-
service teachers’ descriptions of the identified challenges in DiKoBi Assess were used. The
measure was calculated by comparing the instructional challenges described by the pre-
service teachers with literature-supported challenges relevant for biology instruction. Thus,
the calculation was related to the description of identified challenges so that diagnostic
accuracy is more strongly associated with the diagnostic activity generating evidence. By
doing so, the situated character of diagnostic decisions was taken into account. Nevertheless,

other accuracy measures such as the development and embedding of separate items to
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measure diagnostic accuracy independent from diagnostic activities may be worth
investigating in future studies. (3) Based on the validation, only those diagnostic activities
that were considered relevant in the context of video analyses were considered for
measurements and analyses with DiKoBi A4ssess. In real-life settings, other activities such as
generating hypotheses may also be relevant (cf. Herppich et al., 2018; Wildgans-Lang et al.,
2020). Furthermore, the comparison of the constructs diagnostic activities and professional
vision presented as part of the validation was not completely tautology-free due to the specific
study design and the data collected with it. However, the implemented diagnostic tasks can be
considered highly relevant for effective diagnosing of video situations and with regard to real
situations in biology classes. (4) The conceptualization of PK was rather narrow, covering
merely pedagogical-psychological aspects of the dimension instruction that included the basic
dimensions of instructional quality and general teaching methods. More comprehensive
conceptualizations of PK, on the other hand, include even more dimensions, for example,
knowledge of classroom assessment (Konig et al., 2011; Kunina-Habenicht et al., 2020; Voss
& Kunter, 2013). An extension of the PK dimension would be particularly useful in relation
to further research on instructional support in order to reflect the range of pedagogical course
content. However, in the context of the research conducted with DiKoBi Assess and the focus
on instructional quality, primarily the selected PK dimension was relevant. Finally, (5)
professional knowledge was conceptualized in the present studies according to the common
tripartite division into PK, CK, and PCK (cf. Baumert & Kunter, 2013a; Shulman, 1986,
1987). In the future, the knowledge facets could also be conceptualized more precisely, for
example, with regard to the different realms of PCK defined in the RCM (cf. Carlson et al.,
2019). That would be useful to investigate in more detail which PCK realms are promoted by
which type of instructional support and to what extent there might be a difference between

pre-service teachers with different prior knowledge.

4.6 Further research

Following up on the results of this dissertation, there are several aspects that require further
research. Firstly, the use of an extended PK test version would be advisable to overcome the
limitations of the present studies and to check whether results can be replicated. This would
also be important in order to describe concepts for a stronger interlocking of PK and PCK
courses and curricula (cf. Konig et al., 2018), and to be able to investigate their effectiveness

by considering the various dimensions of PK and PCK included therein.
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Further research could also pay more attention to pre-service teachers’ prior
knowledge by examining how different types of instructional support (e.g., different types of
scaffolding) affect learning outcomes. This is currently being pursued in the follow-up project
COSIMA 2, in which the video-based tool DiKoBi is used both as a measurement instrument
(DiKoBi Assess) and as a learning environment (DiKoBi Learn). It is considered that
“learners with low levels of prior knowledge might require more instructional support and
guidance than advanced learners [...], which therefore might influence the choice of
instructional approaches” (Chernikova et al., 2020, p. 160). Building on the results of this
dissertation regarding the importance of PCK for diagnostic competences in the context of
subject-specific diagnosing, different scaffolding types for facilitating pre-service teachers’
PCK will be investigated in COSIMA 2 for their effectiveness for pre-service biology
teachers with different levels of prior knowledge. A recently published meta-analysis
indicated that for learners with low prior knowledge providing examples is effective, whereas
for learners with higher levels of prior knowledge, other scaffolding types such as prompts in
the ongoing diagnostic process or the stimulation of reflection are more effective (Chernikova
et al., 2020). The extent to which these findings can be translated into the promotion of PCK
is currently being investigated.

While the diagnostic activities generating evidence, evaluating evidence, and drawing
conclusions have been used as a joint measure for the analyses so far, it should also be
investigated in the future to what extent different types of instructional support have different
effects on the individual diagnostic activities and to what extent pre-service teachers at
different stages of their education may need different forms of instructional support.
Consequently, corresponding long-term studies are to be conducted here. In addition, the
analyses should also be extended with regard to affective-motivational variables such as
motivation or self-related cognitions that have a potential impact on teachers’ skills as well
(Kaiser et al., 2014; Klug et al., 2016; Meschede et al., 2017).

Furthermore, future studies within COSIMA should conceptually address differences
in the measurement and promotion of different PCK realms. That requires a detailed
decomposition and analysis of the measurement instruments and any intervention variables to
intentionally conceptualize, control, and vary the different realms of PCK. Such efforts to
understand the concept of PCK are currently being discussed mainly in the field of science
teacher education and research (Sorge, Stender et al., 2019). The tools and instructional
support approaches established in COSIMA can therefore be used to further evaluate the

RCM to learn more about the exchanges between the broader knowledge facets and the three
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realms of PCK. Particularly “ePCK, i.e. how PCK is utilised in teachers’ actual practice”, still
needs to be researched more intensively (Alonzo et al., 2019, p. 272). Investigating teachers’
reasoning about instructional quality and their application of diagnostic activities might be a
way to approximate this realm that is difficult to capture due to its tacit and elusive nature.

In addition, further research questions can be connected beyond the COSIMA project.
Two contexts are pointed out in particular. First, the attempt to list different conceptualiza-
tions of situation-specific skills in order to compare study results revealed a high number of
varying constructs (see Table 3 in Section 1.4). Even more, different labels exist for very
similar conceptualizations. In order to bring an overview into the jungle of different
constructs and to make it possible to compare or differentiate research results more precisely,
a systematic review should bring structure into the research field. A similar concern was
recently pursued by Santagata et al. (2021). However, their review referred to studies on
mathematics teacher noticing that used video to support teacher learning and mainly
addressed theoretical perspectives, the specific use of video technologies, and research
questions and methods. A comparable approach was realized by Chan et al. (2020) for science
education. But again, the focus of the review is on teacher noticing and professional vision.
The future review should accordingly summarize and contrast conceptualizations of situation-
specific skills in the context of science-specific classroom diagnosis and video analyses that
go beyond teacher noticing and professional vision. Though, the comparison of diagnostic
activities and professional vision presented in this dissertation can be used as a first step
towards such an endeavor.

The second context refers to the extension of research designs toward classroom
practice. Since diagnostic competences are relevant not only for video viewing but also in
real-life instruction, future studies should advance more into investigating the instructional
practice. How are diagnostic competences related to a teacher’s instructional behavior and to
instructional quality? It is also important to examine the extent to which diagnostic accuracy
(in diagnosing subject-specific features of instructional quality) is related to performance
measures of instructional quality. To date, the correlates of diagnostic accuracy with other
measures are still not well enough studied (Kaiser et al., 2012; Machts et al., 2016; Schrader,
2013). The results of this dissertation explicitly indicate the relationship between PCK and
(situated measures of) diagnostic accuracy, not only for student errors but also for other
dimensions of subject-specific instructional quality. Whether teachers’ diagnostic accuracy
also turns out to be important for instructional quality in real-life teaching needs to be

examined.
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4.7 TImplications

From the investigation of pre-service biology teachers’ professional knowledge and
diagnostic competences, some implications for research and practice can be derived. First, the
present investigations refer to specific components of the COSIMA framework (Heitzmann et
al., 2019; Chernikova et al., in press). Findings relate to the validation of the video-based
assessment tool DiKoBi A4ssess to measure components of diagnostic competences (diagnostic
activities and diagnostic accuracy), to relationships between components of diagnostic
competences, and to the effects of instructional support provided by a lecturer or via texts. All
findings were investigated within diagnostic situations relevant to biology instruction.
Therefore, this dissertation provided answers to specific sections of this framework.

Regarding the interrelationships of components of diagnostic competences reported in
this dissertation, practical implications for biology education can be derived. The promotion
of pre-service teachers’ PCK should primarily be addressed, for example, by teaching specific
subject-related methods and principles and discussing them with regard to the subject-specific
context (e.g., when using models or experiments) within didactical courses. The additional
influence of PK found can be taken into account in these courses, for example, by drawing
conclusions about general, broader principles when comparing and reflecting on specific
scenarios (cf. Trobst et al., 2019). This can be realized, for example, by examining a teacher’s
use of challenging tasks within different phases during the course of a biology lesson (e.g., in
the reactivation, elaboration, and transfer phase) (cf. Dorfner, Fortsch, Spangler et al., 2019).
In each phase, the method of stimulation of students to engage in higher-level thinking may
differ (e.g., through guided instructional discussion, through specific work assignments), yet
the concept of cognitive activation, which is one of the three basic dimensions of domain-
general characteristics of instructional quality, overarches all observations (Lipowsky et al.,
2009). Especially with regard to the instruction of knowledge about instructional quality, a
stronger interlocking of PK and PCK thus makes sense.

Moreover, implications can be derived regarding the structure and methodology of
university education. Through which instructional pathways can the development of
knowledge and skills best be fostered? How can different faculties in teacher education
cooperate and contribute to curricular cross-linking (cf. Meier et al., 2018)? Results from the
separated or integrated instruction of knowledge facets provide further information regarding
this question. As already emphasized by various researchers, a sound CK basis is considered
crucial for the development of PCK (e.g., Baumert & Kunter, 2013b; Fischer et al., 2012).

PCK, in turn, is considered crucial for the application of skills such as diagnostic activities in
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subject-specific contexts (cf. Hoth et al., 2016). Specialized courses that provide specific
instruction on CK are therefore important. The present results of the dissertation support the
importance of courses in which CK is taught separately. Nevertheless, CK can also benefit
from integrated instruction of the knowledge facets. However, since such a rearrangement of
university curricula is difficult to do (cf. Harr et al., 2015), separated instruction may be
considered feasible and effective for CK development. For PCK, both separated and
integrated instruction has been beneficial, with some evidence pointing to a small advantage
for integrated instruction. Integration can be realized through linking PK, CK, and PCK
aspects during course work. An example can be given with regard to the handling of student
(mis)conceptions. First, general pedagogical-psychological principles of teaching and learning
can be addressed (PK), which are then extended to student (mis)conceptions of a specific
subject content (CK) by discussing how to deal with them subject-specifically (PCK).
Overall, the research results suggest a stronger interlocking of didactical and pedagogical
courses. Both the interrelated instruction of PCK and PK, as well as their application to
specific contexts, can be expanded in future teacher education and should also be stated
accordingly in the curricula. Instruction that connects PK and PCK aspects could be
implemented in terms of more practical approaches. The results of this dissertation suggest
that the sole focus on text- or lecture-based instruction is not the most optimal way, but that
the development of the action-oriented knowledge facets PK and PCK can also be supported
through other ways that allow a stronger interconnection of knowledge facets (Meier et al.,
2018). Using videos or video-based tools can be considered promising in this regard. Using
these tools in teacher education provides effective benefits (e.g., Kersting, 2008; Meschede et
al., 2017; Roth et al., 2011; Seidel & Stiirmer, 2014; Wiens et al., 2020): (1) videos elicit
aspects of professional knowledge, (2) the situated context supports the acquisition and the
application of knowledge and skills, (3) PK and PCK can be applied interrelatedly to the
video cases, and (4) diagnostic competences can be acquired and trained with regard to
specific, subject-relevant cases.

DiKoBi 4ssess (and in the future DiKoBi Learn) is a video-based tool that has been
developed, validated, and used in initial studies to measure skills (i.e., diagnostic activities)
within a situated diagnostic context. The tool provides subject-specific challenges from the
biology classroom that are relevant for subject-specific instructional quality. In order to teach
effectively and to implement specific features of instructional quality in the classroom, it is
necessary that teachers are able to notice and diagnose relevant features (Meschede et al.,

2017; Wiens et al., 2020). DiKoBi Assess can be used to measure this ability of teachers.
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Using the tool systematically in the future can support pre-service biology teachers in their
skills to notice relevant dimensions of instructional quality, analyze corresponding indicators,
and develop alternative teaching strategies to improve biology-specific instruction. The use of
DiKoBi A4ssess (and DiKoBi Learn) thus represents an important step in the promotion of pre-
service biology teachers’ knowledge application and its transfer to effective classroom

instruction (cf. Jeschke et al., 2020; Seidel et al., 2017).
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8. Appendices

A Task design in DiKoBi Assess

The following three tasks (Task Describe, Task Explain, and Task Alternative Strategy) were
the same for the six classroom situations embedded in DiKoBi Assess. The Figures Al, A2,
and A3 show the original German version of the tasks as they were used in the studies.

d cosimA

1. Unterrichtssituation

In der Videosequenz wird eine aus fachdidaktischer Sicht verbesserungsfahige Unterrichtssituation deutlich.

Beobachten Sie diese und beschreiben Sie bitte in Stichpunkten einzelne verbesserungsfahige Unterrichtsaspekte. Geben
Sie dabei bitte noch keine Begriindung und keine Verbesserungsvorschlédge ab.

In den Textfeldern kénnen Sie einzelne Unterrichtsaspekte inhaltlich getrennt voneinander notieren. Dabei kénnen Sie mit
dem Plus-Button beliebig viele Felder hinzufugen. Achten Sie darauf, dass lhre Beschreibung trotz Stichpunkten
verstandlich ist.

1. und sehr oberflachliche Hinfiihn

Figure Al. Design of the Task Describe. Participants are asked to note challenging teaching
aspects they identified in the open text fields on the right (corresponds to the diagnostic
activity generating evidence).
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o cosima

1. Unterrichtssituation

Begrunden Sie in Stichpunkten, warum Sie Ihre beobachteten Unterrichtsaspekte fur verbesserungswurdig halten.
Versuchen Sie fiir Ihre Begriindung fachdidaktische Theorien zu benutzen. Hierfirr erscheint im linken Fenster jeweils ein von lhnen genannter Unterrichtsaspekt. Notieren Sie lhre

fachdidaktischen Bezlge zu jedem Unterrichtsaspekt im freien rechten Feld. Achten Sie darauf, dass Ihre Begrundung trotz Stichpunkten verstandiich ist.
Vorsicht: Sie sollen hier noch keine konkreten Verbesserungsvorschldge beschreiben.

sehr kurze und sehr oberflachliche Hinfihrung

Wie sicher filhlen Sie sich bei Ihren Uberlegungen zur Unterrichtssituation?

Vollig unsicher Sehr sicher

Figure A2. Design of the Task Explain. Participants are asked for didactical rationales
(corresponds to the diagnostic activity evaluating evidence). Additionally, participants have to
estimate their confidence about the answers they have given.

d cosiva

1. Unterrichtssituation
Beschreiben Sie nun, wie Sie als Lehrkraft aus fachdidaktischer Perspektive geschickier handeln wirden. Erlautern Sie hierfur genau, wie Sie durch Ihre eigene Handlungsaltemative die

beobachteten kritischen Unterrichtsaspekte verbessern konnen

Wie sicher fiihlen Sie sich bei Ihren Uberlegungen zu lhrer Handlungsalternative der Lehrkraft?

Vollig unsicher Sehr sicher

Figure A3. Design of the Task Alternative Strategy. Participants are asked for alternative
teaching strategies (corresponds to the diagnostic activity drawing conclusions). Additionally,
participants have to estimate their confidence about the answers they have given.
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B Ethical approval by ethics committee

LUDWIG-

MAXIMILIANS-
UNIVERSITAT
MUNCHEN

FAKULTAT FUR PSYCHOLOGIE UND PADAGOGIK
MUNICH CENTER OF THE LEARNING SCIENCES
LEARNING SCIENCES RESEARCH METHODOLOGIES

PROF. DR. MORITZ HEENE

Herr Frank Fischer
Im Hause

lhr Antrag an die Ethikkommission

Lieber Herr Fischer,

Prof. Dr. Moritz Heene

Telefon +49 (0)89-2180-72514
Telefax +49 (0)89-2180-99-6888
Mail: heene@psy.Imu.de

Leopoldstr. 13
80802 Mdinchen

Munchen, 07.12.17

ich habe mich eingehend mit Ihrer Wiedereinreichung lhres Antrages fir die
Sitzung der Ethikkommission am 18.12.2017 bezuglich des Forschungsprojekts

,Analyse und Férderung von Diagnosekompetenzen in simulationsbasier-
ten Lernumgebungen an der Hochschule”

beschiftigt. GemaB §7, Absatz 4 teile ich lhnen das Votum der Ethikkommis-

sion hiermit mit:

Es bestehen keine Bedenken gegen die Durchfiihrung des Forschungsvorha-

bens.

Mit freundlichen GriBen

Prof. Dr. Moritz Heene

Forschungsdekan und Leiter der Ethikkommission

Dienstgebaude
Leopoldstr. 13, Zi. 3520
80802 Miinchen

Offentliche Verkehrsmittel Bayerische Landesbank Miinchen
StadtBus 154, Haltestelle GiselastraBe Kto. 24 868 BLZ 700 500 00
U-Bahn U3/U6, Haltestelle Giselastrae USt-IdNr. DE 811 205 325
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MONCHEN

Informationen zum Ablauf

1. Teil

Der heutige Kurstag ist zweigeteilt. Zuerst erfolgen Wissenstests, im Anschluss schauen Sie
sich die Lernumgebung an.

Im ersten Teil werden Sie drei verschiedene Wissenstests bearbeiten. Fur jeden Wissenstest
ist eine feste Bearbeitungszeit vorgegeben. Deshalb erfolgt die Bearbeitung der Tests
nachemander. Ich teile Thnen den ersten Test aus und wenn alle den Test vorliegen haben,
gebe ich ein Startsignal und starte die Zeit. 5 Minuten vor Ende der Bearbeitungszeit gebe ich
Thnen kurz Bescheid. Sobald die Bearbeitungszeit rum ist, reichen Sie bitte die Bogen an den
Rand, sodass ich Sie schnell einsammeln kann.

Dann folgt das gleiche Prozedere fiir den zweiten Test und im Anschluss auch fiir den dritten
Test.

Sobald ich den dritten Test eingesammelt habe, starten wir mit der Lernumgebung. Kurze
Hinweise dazu gebe ich Thnen dann unmittelbar davor.

Wiihrend ich nun dic ersten Testbogen austeile, lesen Sie bitte das Informationsblatt vor Thnen
einmal vollstindig. Der erwihnte Identifikationscode ist besonders wichtig. Denken Sie bitte
immer daran, diesen auf den Tests und in der Lernumgebung anzuwenden, damit die
Ergebnisse von Test und Lernumgebung in der Auswertung dann aufeinander bezogen
werden kénnen.

= (Versuchsleiter*in teilt PCK-Test aus)

Starten Sie bitte jetzt mit dem ersten Test. Sie haben datiir 25 Minuten Zeit.

= (5 min vor Zeitende) Sie haben noch 5 Minuten Zeit.

(Zeit abgelaufen) Bitte stoppen Sie jetzt Thre Bearbeitung und geben Sie die Testbogen an
den Rand/zu mir.

(Versuchsleiter®*in sammelt PCK-Tests ein und verstaut Sie auf einem festgelegten Platz.)

Nun geht es mit dem zweiten Test weiter. Sie haben 15 Minuten Zeit dafiir.
2 (Versuchsleiter *in teilt CK-Test aus)
Starten Sie bitte jetzt mit dem zweiten Test.

2 (5 min vor Zeitende) Sie haben noch 5 Minuten Zeit.
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(Zeit abgelaufen) Bitte stoppen Sie jetzt Thre Bearbeitung und geben Sie die Testbogen an
den Rand/zu mir.

MAXIMILIANS-
LMU | o
MONCHEN

(Versuchsleiter*in sammelt CK-Tests ein und verstaut Sie auf einem festgelegten Platz.)

Nun geht es mit dem dritten Test weiter. Sie haben 10 Minuten Zeit dafir.
=2 (Versuchsleiter*in teilt PK-Test aus)

Starten Sie bitte jetzt mit dem dritten Test,

= (3 min vor Zeitende) Sie haben noch 5 Minuten Zeit.

(Zeit abgelaufen) Bitte stoppen Sie jetzt Thre Bearbeitung und geben Sie die Testbogen an
den Rand/zu mir.

(Versuchsleiter*in sammelt PK-Tests ein und verstaut Sie auf einem festgelegten Platz.)

2. Teil
Nun folgt der zweite Teil, den Sie an den Computern vor Ihnen durchfithren werden.
Sie werden gleich 6 verschiedene Unterrichtssituationen sehen, zu denen jeweils 3
Arbeitsanweisungen folgen. Arbeiten Sie diese bitte ztigig durch. Als Orientierung sollten Sie
pro Bearbeitung einer Unterrichtssituation 5-8 min anpeilen. Ich werde Thnen, sobald das erste
Unterrichtsvideo startet, jeweils nach 8 Minuten einen zeitlichen Hinweis geben, damit Sie
einschiitzen konnen, ob Sie ein gutes Arbeitstempo haben oder etwas zigiger sein sollten.
Wenn Sie mit der Bearbeitung des Lemprogrammes durch sind, kénnen Sie leise
zusammenpacken und den heutigen Kurstag verlassen.
Seien Siein ...... dann wieder piinktlich .... Uhr in Raum .....
Bitte starten Sie jetzt mit dem Lemprogramm.

(Studierende altivieren die PCs.)
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Probandeninformation
DFG Forschergruppe COSIMA

Probandeninformation

Sie sind eingeladen, an unserer Studie zur Diagnosekompetenz von angehenden
Biologielehrkriften teilzunchmen.

Bitte lesen Sie die folgenden Informationen sorgfiltig durch, bevor Sie zustimmen, an der
Studie teilzunehmen. Sollten Sie zusitzliche Fragen haben, kénnen Sie sich jederzeit an die
Studienleiterin (maria.kramer@bio.lmu.de) bzw. an die Didaktik der Biologie

(Didaktik. Biologie(@lrz.uni-muenchen.de) wenden.

Ziel der Untersuchung

Ziel dieser Studie ist es, Kompetenzen der Unterrichtsdiagnose von angehenden
Biologielehrkriften anhand von simulationsbasierten Lernprogrammen zu untersuchen.
Gegenstand der Diagnose sind somit Unterrichtsprozesse auf Klassenebene und das damit
verbundene Lehrerhandeln. Auf langfristige Sicht sollen Forderansitze zur Verbesserung der
Diagnosekompetenz fur die universitire Lehrerausbildung entwickelt werden.

Verfahren und Dauer der Untersuchung

Die Aufgabe innerhalb des Lemprogrammes besteht darin, sich Videosequenzen von
Biologieunterricht anzusehen und didaktisch problematische Unterrichtssituationen zu
diagnostizieren. Dabei werden Thnen auch Fragen zu Ihrer Person (Alter, Geschlecht,
Muttersprache, schulische und universitidre Ausbildung), zu Threr Einstellung sowie zur
Wahrnehmung des Lernprogrammes gestellt.

Die Bearbeitung des Lernprogrammes dauert insgesamt circa 45 Minuten.

Freiwilligkeit

Die Teilnahme an dieser Studie ist freiwillig. Sie kénnen jederzeit und ochne Angabe von
Griinden Thre Einwilligung zur Teilnahme an dieser Studie widerrufen, ohne dass [hnen
daraus Nachteile entstehen. Ebenso kénnen Sie Thre Emnwilligung zur Speicherung der Daten
bis zum Ende der Datenerhebung widerrufen, ohne dass Thnen daraus Nachteile entstehen.

Datenschutz

Die erhobenen Daten dienen ausschlieBlich der Erforschung von Moglichkeiten zur
Forderung der Diagnosekompetenzen von angehenden Biologielehrkraften im Rahmen der
DFG - Forschergruppe "Cosima". Die Daten werden innerhalb der Forschergruppe vertraulich
behandelt und vor der Veroftentlichung so aufbereitet, dass ein Rtckschluss auf Thre Person
nicht mehr moglich ist.
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Verwendung der anonymisierten Daten

Ergebnisse und Daten dieser Studie werden als wissenschaftliche Publikation verdffentlicht.
Dies geschieht in anonymisierter Form, d.h. ohne dass die Daten einer spezifischen Person
zugeordnet werden kénnen. Die vollstindig anonymisierten Daten dieser Studie werden als
offene Daten im Internet in einem sicheren, internetbasierten Datenarchiv zugénglich
gemacht. Damit folgt diese Studie den Empfehlungen der Deutschen Forschungsgemeinschaft
(DFG) und der Deutschen Gesellschaft fiir Psychologie (DGPs) zur Qualititssicherung in der
Forschung. Nicht vollstandig anonvmisierbare Daten (wie etwa Audio- und
Videoaufzeichnungen) werden nicht veroffentlicht.

O Hiermit versichere ich, dass ich die oben beschriebenen Probandeninformationen
verstanden habe und mit den genannten Teilnahmebedingungen einverstanden bin.

Hinweise zur Verwendung der Videos im Lernprogramm

Wie Sie schon erfahren haben, werden Sie im Lernprogramm DiKoBi mit Unterrichtsvideos
arbeiten. In diesem Zusammenhang bitten wir Sie, die folgenden Informationen zur
Verwendung der Videos im Lernprogramm sorgfiltig durchzulesen, bevor Sie diesen
zustimmen.

Ich verpflichte mich, die Videos nicht aus dem Lernprogramm zu kopieren, sie nur fiir den
mir ausgehéndigten Zweck zu nutzen und sie nur unter den Fragestellungen zu bearbeiten,

welche im Lernprogramm genannt werden.

Versehentliche Abweichungen von der oben beschriebenen Verwendung der Videos im
Lemprogramm teile ich der Abteilung fur die Didaktik der Biologie umgehend mit.

Ich habe die Informationen zur Verwendung der Videos im Lernprogramm DiKoBi
gelesen, verstanden und erkldre mich damit einverstanden.
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E Electronic supplemental material

The dissertation further contains an electronic appendix consisting of the following contents:

— Study 1: Material (information texts) used for the intervention
o Materials on PCK
o Materials on CK
o Materials on PK
o Materials on combination of PCK/CK/PK
— Study 2: Material (lectures notes) used for the intervention
o Lecture notes for separated instruction

o Lecture notes for integrated instruction

All material is confidential. Please do not pass on the material.

Final note:
The coding manual created and used for the analyses was published as a technical report in
“MCLS reports”, an edited series of text published in the context of the Munich Center of the

Lerning Sciences (MCLS). The coding manual is available under:

Kramer, M., Fortsch, C., Stiirmer, J., & Neuhaus, Birgit J. (29. November 2021). DiKoBi:
Kodiermanual DiKoBi - Messung von Diagnosekompetenzen von Biologielehrkriften im
Biologieunterricht mit einem videobasierten Simulationstool. Munich Center of the

Learning Sciences: MCLS Reports, Nr. 2. https://doi.org/10.5282/ubm/epub.77972

1170


https://doi.org/10.5282/ubm/epub.77972

	1. Introduction
	1.1 Instructional quality in biology classrooms
	1.2 Teachers’ professional competence
	1.3 Diagnostic competences
	1.3.1 Professional knowledge base
	1.3.1.1 Facets of knowledge
	1.3.1.2 Types of knowledge
	1.3.1.3 Fostering knowledge development in teacher education

	1.3.2 Diagnostic activities: situation-specific skills for diagnosis
	1.3.3 Diagnostic quality in terms of diagnostic accuracy

	1.4 Relationships between components of diagnostic competences
	1.5 Use of videos in teacher education
	1.6 The video-based assessment tool DiKoBi Assess

	2. Aims
	3. Results
	3.1 Publication I
	3.2 Publication II
	3.3 Publication III
	3.4 Manuscript I
	3.5 Manuscript II

	4. Discussion
	4.1 Summary of the results
	4.2 Validation of the video-based assessment tool DiKoBi Assess
	4.3 Relationships between components of diagnostic competences
	4.4 Instructional support to foster knowledge development
	4.5 Limitations
	4.6 Further research
	4.7 Implications

	5. References
	6. Acknowledgments
	7. Curriculum vitae
	8. Appendices
	A Task design in DiKoBi Assess
	B Ethical approval by ethics committee
	C Guidline for supervisors
	D Information for participants and declaration of consent
	E Electronic supplemental material


