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6.1 Diagnosing in the Teaching Context

Teachers need to create domain-specific learning activities in the classroom, as these
activities strongly influence students’ learning (Seidel & Shavelson, 2007). Thus,
professional knowledge about implementing these activities is a necessary prereq-
uisite for teachers’ performance in the classroom, and thus also for instructional
quality (Fortsch et al., 2016, 2018b; Seidel & Shavelson, 2007). University educa-
tion should not only offer opportunities for pre-service teachers to gain professional
knowledge in setting up these activities, but should also support pre-service teachers
in applying their knowledge and developing their competences in assessing learning
situations during actual teaching (Grossman & McDonald, 2008). Assessing learn-
ing situations also means providing on-the-fly diagnoses (Shavelson et al., 2008). As
mentioned in the introduction by Fischer et al. (2022), diagnosing describes the
“process of goal-oriented collection and integration of case-specific information to
reduce uncertainty in order to make [...] educational decisions” (Heitzmann et al.,
2019). These educational decisions aim at achieving effective teaching that exhibits
the characteristics of instructional quality within a given subject. For successful
diagnosis of teaching and learning, an evidence-based approach seems to be a
promising way to develop diagnostic competences (Helmke & Lenske, 2013).
Following Blomeke et al. (2015), diagnostic competences can be modeled as a
continuum that encompassing dispositions, such as professional knowledge; situa-
tion-specific skills, such as noticing and reasoning; and an observable performance
or an output, such as the quality of diagnostic results. The diagnostic results can be
assessed in terms of both the accuracy and efficiency of the diagnosis (Stidkamp &
Praetorius, 2017). Teachers’ noticing of challenging classroom situations and their
reasoning about them can vary depending on their professional knowledge (Seidel &
Stiirmer, 2014; van Es & Sherin, 2002). However, the execution of situation-specific
skills during the diagnostic process eventually determines teachers’ performance in
the classroom (Blomeke et al., 2015). In turn, teaching performance also influences
teachers’ professional knowledge and situation-specific skills while planning, teach-
ing, and reflecting upon instruction (Santagata & Yeh, 2016; Hume et al., 2019).
Thus, we assume bidirectionality for the development of diagnostic competences as
well. In addition, researchers have emphasized that practical experience can posi-
tively affect teachers’ professional development and thus also their development of
diagnostic competences (Stahnke et al., 2016).

Therefore, teacher education should find ways to foster pre-service teachers’
acquisition of professional knowledge and situation-specific skills as part of
teachers’ diagnostic competences. Video-based simulations such as DiKoBi (Ger-
man acronym for “diagnostic competences of biology teachers in biology class-
rooms”) are one way to foster diagnostic competences to assess learning situations.



6 Diagnosing the Instructional Quality of Biology Lessons Based on Staged. . . 65
6.2 Theoretical Background

The following sections specify professional knowledge, situation-specific skills, and
teachers’ performance as indicators of teachers’ diagnostic competences. Further-
more, ways of scaffolding these competences are outlined.

6.2.1 Teachers’ Professional Knowledge

Based on the work of Shulman (1987), teachers’ professional knowledge can be
divided into three facets: content knowledge (CK), pedagogical content knowledge
(PCK), and pedagogical knowledge (PK) (cf. Baumert & Kunter, 2013; Blomeke
et al., 2010; Fortsch et al., 2018a). According to these conceptualizations, teachers
need to use all three knowledge facets when teaching in the classroom. More
teaching experience often comes along with more organized and integrated knowl-
edge structures about teaching (de Jong & Ferguson-Hessler, 1996). De Jong and
Ferguson-Hessler recognized that in-service teachers’ domain-specific knowledge
schemas can be described as organized and structured, whereas the pre-service
teachers’ knowledge base is characterized by superficial elements and missing
links to fundamental principles relevant to the domain. Furthermore, research
shows a positive relation between teachers’ professional knowledge and expertise,
on the one hand, and instructional quality on the other (Hill et al., 2007; Blomeke
et al.,, 2010). Borko (2004) emphasized that in-service teachers can recall their
knowledge and teaching strategies in varying situations in the classroom. Thus, to
develop professional knowledge that is applicable and transferable in various teach-
ing situations, pre-service teachers need opportunities to put their knowledge into
practice (Darling-Hammond, 2010). Observing and evaluating teaching situations
with regard to instructional quality can be seen as one step toward this practice.
Observing teaching situations can call up teachers’ knowledge and help them
enhance their situation-specific cognitive structures by remembering and adapting
solutions. Over time, this process leads to growing expertise (Kolodner, 1992;
Prawat, 1989).

However, research is still needed to examine how professional knowledge influ-
ences diagnostic competences and how the acquisition of these competences can be
fostered. Furthermore, previous research has pointed out that different routes for the
acquisition of professional knowledge exist. Kleickmann et al. (2017) note that in the
sequence of addressing each knowledge facet (CK, PCK, and PK) within the process
of knowledge acquisition is important. However, further research is needed to
investigate the effects of different ways of fostering professional knowledge on
diagnostic competences.
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6.2.2 Situation-Specific Skills for Diagnosing

Situation-specific skills are an important mediator between teachers’ dispositions
and their performance. When observing classroom situations, teachers use situation-
specific skills to diagnose the situation and derive an appropriate teaching action
resulting from their diagnosis (Borko et al., 2008). Though different conceptualiza-
tions of situation-specific skills exist, they all describe aspects of reasoning pro-
cesses. Within teacher education, different conceptualizations for describing
teachers’ professional competences have already been compared and used to com-
plement understanding of teachers’ competences (Santagata & Yeh, 2016; Blomeke
& Kaiser, 2017). Whereas previous research solely focused on teachers’ individual
characteristics, the complementary frameworks also considered situational and
social dependencies of teachers’ development of professional competences
(Blomeke et al., 2015). However, an interdisciplinary comparison has not yet been
conducted, even though researchers have emphasized that comparing and combining
conceptualizations of reasoning and argumentation might bring benefits for science
education and thus for science teacher education as well (Bricker & Bell, 2008). In
this vein, O’Donnell and Levin (2001) described an increasing number of perspec-
tives and principles from psychology that have been adopted in education. We focus
on comparing two representative situation-specific skills that are relevant in the
context of diagnosing—one commonly used in teacher education and one commonly
used in psychology (see Table 6.1). Furthermore, these two representative skills are
considered as relevant representations of models used across the different projects
included in this volume. Thus, we expect clarification in terms of greater under-
standing across the interdisciplinary projects as well.

Researchers on teachers’ expertise describe professional vision as an important
situation-specific skill to improve instructional quality (Stiirmer & Seidel, 2015;
Kersting et al., 2012; Goodwin, 1994). Professional vision includes the ability to
notice classroom events that are relevant for students’ learning as well as the ability
to reason about these events (Seidel & Stiirmer, 2014; van Es & Sherin, 2002). When
teachers reason about noteworthy classroom events, three reasoning skills are
crucial: description, explanation, and prediction. Description is conceptualized as
teachers stating “relevant aspects of a noticed teaching situation and learning

Table 6.1 Systematizing situation-specific skills for diagnosing classroom situations

Situation-specific skills for diagnosing (Blomeke et al., 2015)

Professional vision (Seidel & Stiirmer, 2014) Diagnostic activities (Heitzmann et al., 2019)
* Noticing * Identifying problems
* Reasoning * Generating evidence

— Description » Evaluating evidence

— Explanation ¢ Drawing conclusions

— Prediction

The conceptualizations of professional vision and diagnostic activities are itemized based on
Blomeke et al.’s (2015) situation-specific skills
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components without making further judgements” (Seidel & Stiirmer, 2014, p. 745).
Explanation includes teachers’ use of knowledge to reason about the noticed aspects
by linking them to concepts and theories; and prediction is described as teachers
deriving consequences from “observed events in terms of student learning” (Seidel
& Stiirmer, 2014, p. 746). Additionally, rectifications can be made. These situation-
specific skills are considered crucial for professionally observing and interpreting
classroom situations and thus also for teachers’ performance in the classroom
(Borko, 2004; Blomeke et al., 2015).

Epistemic activities can be considered another conceptualization of reasoning
skills, which describe activities during reasoning and argumentation (Heitzmann,
2013; Fischer et al., 2014). In the context of diagnostic processes, these activities are
called diagnostic activities and are required for generating knowledge (Heitzmann
et al., 2019; Chernikova et al., 2022). When diagnosing classroom situations,
teachers do not necessarily execute all diagnostic activities. We assume that identi-
fying problems, generating evidence, evaluating evidence, and drawing conclusions
are of particular interest when diagnosing the classroom situations in DiKoBi.
Identifying problems occurs when teachers identify a problematic event within a
classroom situation. For generating evidence, different approaches exist: Either
evidence can be generated in a hypothetico-deductive approach with an experimen-
tal design or in an inductive approach. The inductive approach might be particularly
relevant with regard to the diagnosis of classroom situations. Here, problematic
events are observed, compared, and described in a purposeful way. Evaluating
evidence occurs when teachers assess their observed and described evidence regard-
ing its support for a claim or theory. Drawing conclusions occurs when teachers
make predictions concerning students’ learning or suggest an alternative teaching
action. When assigning these activities to the conceptualization of professional
vision, identifying problems corresponds to noticing, generating evidence corre-
sponds to description, and drawing conclusions corresponds to prediction. From a
theoretical perspective, evidence evaluation might be assigned to explanation.
However, the two do not describe exactly the same construct and thus do not overlap
completely. Explanation is considered to link a theory to generated evidence, which
might be one facet of evidence evaluation (Kramer et al., 2021).

Even though both conceptualizations, professional vision and diagnostic activi-
ties, contain situation-specific skills in the context of reasoning, it is not clear as to
what degree the two conceptualizations agree with one another and whether com-
bining them to describe diagnostic processes has added value.

6.2.3 Instructional Quality in Biology Lessons

Depending on teachers’ professional knowledge and situation-specific skills,
teachers make pedagogical decisions that at least partially become visible as teaching
performance in the classroom (Blomeke et al., 2015). This performance is crucial for
teaching effectiveness and thus for instructional quality (Kyriakides et al., 2013).
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Research has identified general features as well as subject-specific features of
instructional quality (Wiisten, 2010). General features are classroom management,
supportive climate, and cognitive activation (Baumert et al., 2010; Lipowsky et al.,
2009). Classroom management and supportive climate are assumed to act as pre-
requisites for the implementation of subject-specific features (Dorfner et al., 2018b).
Cognitive activation requires the specific subject to be taken into account (Fortsch
et al., 2017). To achieve this subject specificity, Wiisten (2010) compiled a classi-
fication of biology-specific features that are important for instructional quality in
biology lessons. These include content structuring of the lesson, complexity of tasks,
cumulative learning, use of technical language, dealing with students’ errors and
feedback, use of models, use of experiments, and scientific working methods.
Research has shown that the clarity of goals had positive effects on students’
learning and motivation (Seidel et al., 2005b). Also, an error-tolerant classroom
culture showed positive effects on the affective level (Rach et al., 2013). Further-
more, knowledge linking as part of cumulative learning turned out to foster students’
knowledge structure (Wadouh et al., 2014). By teaching interrelated facts and
concepts instead of isolated facts, students were cognitively activated. Cognitive
activation is considered to be a key feature of instructional quality in biology lessons
and is associated with several of the above-mentioned features of instructional
quality (Dorfner et al., 2018b; Fortsch et al., 2017). Cognitive activation can be
influenced via tasks that promote students’ cognitive engagement (Chi & Wylie,
2014). Additionally, students’ learning can be fostered by a sophisticated use of
models that increases scientific reasoning skills (Fortsch et al., 2018b). Scientific
reasoning is also important when solving problems in biology (Dorfner et al., 2018a;
Mayer, 2007). When using experiments, embedding them in everyday life contexts
is a predictor for instructional quality (Tesch & Duit, 2004). The implementation of
process variables during experiments can be seen as part of this embedding, which
fosters scientific reasoning (Mayer, 2007). Teachers might also have to reconsider
their use of professional terms in biology lessons. Dorfner et al. (2019) emphasized
that using a high number of professional terms negatively affects students’ learning
and interest.

To summarize, much effort has been made in research on instructional quality
features to identify subject-specific features and foster teachers’ knowledge about
these features that greatly influence students’ learning (Seidel & Shavelson, 2007).
Therefore, fostering teachers’ subject-specific knowledge is vitally important in
terms of effective teaching and its evaluation.

6.2.4 Scaffolds for Facilitating Diagnostic Competences

When seeking to establish instructional quality, diagnostic competences (profes-
sional knowledge, situation-specific skills, and performance) are a crucial part of
teachers’ expertise (Blomeke et al., 2015). Hence, situations that foster the acquisi-
tion of diagnostic competences, and thus the transfer of professional knowledge to
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practice, are needed (Heitzmann, 2013). These situations can be provided by video-
based instruments such as simulations (Seidel & Stiirmer, 2014). To support teachers
in applying their knowledge when diagnosing classroom situations, scaffolds can be
used. Scaffolds can be seen as an adaptive support for teachers in carrying out tasks
or trying to achieve certain goals (Quintana et al., 2004).

One approach to fostering the acquisition and application of professional knowl-
edge is the use of prompts during the solution of the task as a scaffolding option.
Prompts can be content-related and thus support novice teachers in activating
relevant knowledge structures and linking them to the teaching situation by referring
to specific information; or they can provide strategic hints on how to effectively
execute diagnostic activities (cf. Wildgans-Lang et al., 2022; Hannafin et al., 1999;
Seidel & Stiirmer, 2014). Thus, teachers can develop new connections between their
knowledge structures and their classroom performance. Research on the teaching of
foreign languages has shown that video-based simulations can foster teachers’
application of PK and PCK to their own classroom teaching under certain condi-
tions. The effect occurred only if pre-service teachers were supported by hints from
the video-based simulations shown to them before they interacted with a simulation
(Goeze et al., 2014). Since the effects of different types of prompts and their
embedding in simulations have not yet been investigated, further systematic studies
are necessary.

6.3 Research Questions and Objectives

As there is hardly any research measuring teachers’ diagnostic competences in light
of contextualized and situated real-world biology demands (Blomeke et al., 2015),
this project investigated pre-service teachers diagnosing real classroom situations in
the context of a video-based simulation named DiKoBi. The situations are focused
on the whole class to give participants the opportunity to apply their diagnostic
competences with a subject-specific view under conditions similar to real class-
rooms. More precisely, we want to investigate the relation between professional
knowledge; the use of situation-specific skills, which are operationalized as diag-
nostic activities and professional vision; and the quality of the diagnostic results.
Within this project, we focus on the facilitation of professional knowledge as part of
diagnostic competences, and its influence on the execution of situation-specific skills
and the accuracy and efficiency of the diagnostic results. Additionally, the effects of
addressing the different knowledge facets in a successive or integrated way during
teachers’ acquisition of professional knowledge are investigated. We use our devel-
oped video-based simulation DiKoBi to measure situation-specific skills, the accu-
racy and efficiency of the diagnostic results. Furthermore, we want to investigate
how diagnostic competences can be fostered with DiKoBi. Therefore, we analyze
the influence of scaffolding by using different prompts during the solution of the
task. The main research questions of the project are:



70 M. Kramer et al.

1. What is the relation between the different facets of professional knowledge (CK,
PCK, and PK) and the use of situation-specific skills as well as the quality of the
diagnostic results?

2. What are the effects of addressing CK, PCK, and PK in (a) a successive way or
(b) in an integrated way on the acquisition of diagnostic competences?

3. What are the effects of prompting (regarding content or diagnostic activities)
during the solution of the tasks in DiKoBi on the acquisition of diagnostic
competences among pre-service teachers with different levels of professional
knowledge?

6.4 Video-Based Simulation

In this project, the German online learning platform DiKoBi serves as a video-based
simulation, in which six classroom situations are embedded. The classroom situa-
tions represent challenging dimensions in biology classrooms: (1) students’ level of
cognitive activities (Fortsch et al., 2016), (2) dealing with students’ ideas and errors
(Rach et al., 2013), (3) use of technical language (Dorfner et al., 2019; Wiisten,
2010), (4) use of experiments (Mayer, 2007), (5) use of models (Fortsch et al.,
2018b; Werner et al., 2017), and (6) conceptual understanding (Fortsch et al., 2017).
Pre-service teachers had to diagnose effective teaching using DiKoBi. To represent a
real-world context, the classroom situation for diagnosis focuses on interactions
between a teacher and a whole class, not a single student. Thus, the diagnostic
situation is individual and based on (observed) interaction (Chernikova et al., 2022).

To show specific classroom situations, staged videos were recorded and embed-
ded in the learning platform. The use of staged videos is considered an appropriate
method for analyzing the complex situations of classroom teaching and learning as
well as measuring teachers’ expertise in such classroom situations, where teacher
knowledge is activated by the real-life context (Hoth et al., 2018; Kersting et al.,
2010; Stiirmer & Seidel, 2015).

6.4.1 Development of Staged Videos

We scripted three consecutive lessons on the topic of ‘skin’ to be videotaped,
focusing on three different subtopics. By doing this, we were able to vary the lesson
shown in the videos in case participants use DiKoBi more than once. Instruction on
the subtopics was guided by standards from the Bavarian curriculum on the content
area ‘senses and sensory organs’ (State Institute of School Quality and Educational
Research Munich, 2018). The first lesson focuses on the subtopic “skin as a sensory
organ” in Grade 5, the second lesson on the subtopic “protective functions of the
skin,” and the third lesson on the subtopic “regulation of body temperature.” Each
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lesson was divided into six cases, each focusing on a different instructional quality
feature of biology lessons.

For each of the six dimensions of instructional quality, we videotaped lessons on
three different quality levels based on scripts. For each case, there is a basic version
showing a part of the lesson in which relevant features of the dimension of instruc-
tional quality under study are missing. Additionally, there are two other versions
showing alternative teaching strategies considering the relevant instructional quality
features. To ensure the comparability of the three video versions, the content of the
lessons shown in the video for each instructional quality feature is identical. We
ultimately prepared 18 simulated video cases for each of the three lessons.

The staged video cases were videotaped in school afternoon workshops at a
secondary school in Bavaria (for a more detailed description, see Kramer et al.,
2020). The workshop took place in a science classroom, which was equipped with
cameras for videotaping lessons. The teacher and all speaking students used micro-
phones to improve the sound quality. The workshop program included time for
textbook learning, practicing, and video recording.

6.4.2 Use of Simulation and Diagnostic Process

The diagnostic process was measured with three different tasks that require situation-
specific skills for diagnosing. First, participants have to watch the video and identify
challenging aspects of the classroom situation by noting them down in open text
fields in the simulation on the computer (for Task Describe, see Fig. 6.1). Second,
participants are asked to reason about their described aspects by linking them to
subject-related pedagogical theories and concepts (Task Explain). Additionally, they
have to estimate their confidence about their reflections on the classroom situation by
adjusting a slider on a questionnaire scale (from completely unconfident to very
confident). Third, participants have to propose an alternative teaching strategy and
explain why their selected strategy would improve the classroom situation (Task
Alternative Strategy). Again, for each classroom situation, participants have to
estimate how confident they feel about their described and explained alternative
teaching strategy (see Fig. 6.2).

Last, the learning environment DiKoBi can be extended depending on the aim of
measurement. In the extended version, participants watch two videos showing
teaching alternatives at the end of each of the six different classroom situations,
and they are asked to decide which alternative is better from their perspective. In
addition, they have to explain using their professional knowledge why they chose the
selected alternative. However, a reduced version without video alternatives can be
used to measure diagnostic competences. The extended version showing the teach-
ing alternatives can be used to propose ways to optimize the presented classroom
situation.

Diagnostic accuracy is determined based on the participants’ answers from the
text fields, which are assessed with a coding scheme. The coding scheme is theory-
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Task Describe

1. Classroom situation

The video sequence shows a classroom situation, which offers room for improvement, from a pedagogical point
of view,

Briefly describe your observations, using specific examples of challenging teaching aspects which are to be
improved. No explanations or recommendations forimprovement are needed for this section.

Single teaching aspects that differ in content can be listed separately from each other in the text boxes. More text
boxes can be added by clicking the ‘plus’ button. Please bear in mind to provide key points that are
understandable to others.

1. was short and rather superficial.

Fig. 6.1 Design of the first task. Participants are asked to note identified challenging teaching
aspects in the open text fields on the right

based and includes references to biology-specific features of instructional quality, to
which participants have to refer during the diagnostic processes. Diagnostic effi-
ciency can be determined based on the participants’ time spent completing the tasks
in relation to accuracy. The coding scheme also includes descriptions for coding the
participants’ diagnostic competences based on their conceptualizations of profes-
sional vision and diagnostic activities.

6.4.3 Generating Data with DiKoBi

In the following example, the process of data generation to measure situation-
specific skills in the context of diagnosing instructional quality is elaborated for a
teacher named Paul, illustratively shown for the Task Describe and the Task
Alternative Strategy with reference to diagnosing the first classroom situation in
DiKoBi. The assigned tasks guide the diagnostic process and therefore the execution
of situation-specific skills.

Table 6.2 presents Paul’s answers as well as the corresponding codings and their
operationalization within the different conceptualizations. After watching the video
of the first classroom situation, the Task Describe asks for a description of challeng-
ing aspects of the watched classroom situation. To answer the Task Describe, Paul
has to generate information by describing the problem he has identified in the
classroom situation. Paul’s note (The introduction was short and rather superficial)
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Task Explain

1.Classroom situation
Explain, with reasoning, as to how you see room for improvement of the classroom situation.

Use pedagogical theories for an evidence-based rationale. In the text box on the left you can find a teaching
aspect you mentioned before. Note the associated pedagogical theory or theeries in the text box on the right.

Please bear in mind to provide key points that are understandable to others.

Attention: Do not describe concrete recommendations here.

' the introduction was short and rather superficial

How confident do you feel about your reflections on this classroom situation?

Completely unconfident Very confident

E— e -~

Task Alternative Strategy

1.Classroom situation

Now describe how to perform teaching more skillfully as a teacher, from a pedagogical viewpaint. Clarify why you
think that your alternative teaching strategy would improve the problematic classroom situation which you have
observed in the video.

How confident do you feel about your reflections on this classroom situation?

Completely unconfident Very confident

 S— —_—

Fig. 6.2 Design of Task Explain and Task Alternative Strategy. Participants are asked for peda-
gogical rationales as well as alternative teaching strategies. Additionally, participants have to
estimate their confidence about the answers they have given
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Table 6.2 Part of the coding scheme used for generating data with DiKoBi

Teacher Paul’s answers

Situation-specific skills for diagnosing

Diagnostic activities
(Fischer et al., 2014;
Heitzmann et al., 2019)

Professional vision
(Seidel & Stiirmer, 2014; van
Es & Sherin, 2002)

Task Describe: Briefly describe
your observations. . .

The introduction was short and
rather superficial

Generating evidence
Means: Challenging events
are observed, compared
and described purposively

Description

Means: Relevant events that
influence instructional quality
and thus students’ learning are
listed

Task Alternative strategy:
Describe how to perform teach-
ing more skillfully. ..

The teacher could compare the

Drawing conclusions

Means: Consequences that
lead to redesign of behavior
or environment are derived

Prediction

Means: Consequences of
observed events or alternative
teaching strategies are derived

skin and its tasks with a jacket
and its tasks. By doing so, he
can extrapolate functions of the
skin from its structures and fea-
tures to conclude that functional
aspects depend on structural
features

For illustrative purposes, answers from a teacher named Paul are presented and matched with
codings from the different conceptualizations

refers to the biology-specific feature “level of students’ cognitive activities”, which
can be enhanced, for example, by reactivating students’ prior knowledge. Paul’s note
shows that he described the observation he made without any further judgments.
Thus, he generated evidence for further reasoning. Accordingly, we can code
generating evidence as the situation-specific skill that occurs using the conceptual-
ization of diagnostic activities. The Task Alternative Strategy asks for a description
of an alternative teaching strategy to improve on the identified problem. The task
targets teachers’ ability to conclude how teaching could be performed more skill-
fully. Paul’s answer shows that his alternative strategy supports cognitive activation
by comparing structures and functions. Thus, we can code drawing conclusions as
the situation-specific skill that occurs.

To sum up, by matching teachers’ answers with diagnostic activities or aspects of
professional vision, we measure situation-specific skills in the process of diagnosing
as indicators of diagnostic competences.

6.5 Validation of DiKoBi as a Measurement Instrument

To investigate the validity of DiKoBi for measuring situation-specific skills as part
of diagnostic competences, the content and tasks were validated with (a) interviews
using think-aloud protocols (Kramer et al, 2020) and (b) expert-novice
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comparisons. Moreover, the comparability of diagnostic activities and aspects of
professional vision as situation-specific skills were examined. Thus, we seek to
contribute to clarifying and expanding conceptualizations used in interdisciplinary
research fields. (a) Interviews using think-aloud protocols were conducted with five
experts who were biology teachers at German secondary schools with an average
teaching experience of 9.4 years after teacher training (SD = 6.9 years). These
experts first watched the six classroom situations to identify challenging teaching
aspects. Second, they worked on one classroom situation from DiKoBi by answering
the items in the simulation while thinking aloud. Afterwards, their protocols were
transcribed and analyzed using qualitative content analysis (Mayring, 2014). Each
statement made by the experts in the interviews was matched with one category from
professional vision and one from diagnostic activities. The results showed that
almost all of our scripted problems were identified in the interviewees’ statements,
and that the created tasks measure situation-specific skills of the diagnostic process.
The results of the comparison of professional vision and diagnostic activities showed
that generating evidence as a diagnostic activity matched the professional vision
aspect description, and drawing conclusions matched the professional vision aspect
prediction. The diagnostic activity evidence evaluation included explanatory state-
ments, which linked theories and evidence. Additionally, there were evaluative
statements that contained a personal assessment of the quality of the generated
evidence. The assessment referred to the degree to which the evidence supported
the identified challenging classroom situation. The comparison with professional
vision showed that explanatory parts of evidence evaluation matched the profes-
sional vision aspect explanation (Kramer et al., 2021). (b) For the expert-novice
comparison, 15 in-service teachers with an average teaching experience of 6.1 years
(8D = 5.9) and 64 pre-service teachers with an average length of study of 2.2
semesters (SD = 0.7) worked on DiKoBi. Both experts and novices examined the
authenticity of the diagnostic situations presented in the videos. Furthermore,
experts’ and novices’ answers in the open text fields were analyzed for each of the
six simulated classroom situations. The described challenges, theoretical rationales,
and selected alternatives by experts and novices were compared in terms of the
situation-specific skills used. Initial results showed that both experts and novices
assessed the videos as authentic. Furthermore, experts used situation-specific skills
more extensively.

The above validation results points out that DiKoBi can be used as a valid
instrument for measuring diagnostic competences concerning instructional quality.
Additionally, we showed that the concepts of professional vision and diagnostic
activities contain facets that can be used for conceptual refinement, as we did for the
diagnostic activity evaluating evidence. Thus, the results promote the understanding
of the research projects’ fundamental principles based on common discipline-
specific theories.
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6.6 Interdisciplinary Collaboration

The interdisciplinary collaboration within this project combines expertise on
research on teachers’ professional competences (e.g., Jiittner & Neuhaus, 2013),
video-based teaching (e.g., Seidel et al., 2005a; Seidel & Stiirmer, 2014; Ufer &
Reiss, 2010), as well as on learning and computer-supported case-based learning in
both the mathematical (e.g., Lindmeier, 2011) and medical contexts (e.g., Kopp
et al., 2009; Stark et al., 2011). The experiences from this interdisciplinary collab-
oration enabled us to build the computer-supported video-based simulation DiKoBi,
in which different features of instructional quality in biology lessons are presented in
the form of staged videos. In accordance with Seidel and Stiirmer (2014), who
developed a video-based instrument called the Observer Research Tool for measur-
ing professional vision in classroom situations, we developed the biology-specific
instrument DiKoBi, which can be used to examine the development of professional
vision among pre-service biology teachers. The Observer Research Tool project also
investigated which competences teachers need to develop to cope with classroom
situations successfully (Koster et al., 2005). The experiences and concepts from the
interdisciplinary collaboration can be used to analyze diagnostic competences in a
wider approach.

6.7 Conclusion and Possible Applications

This chapter describes the conceptualization, design, and development of the video-
based simulation DiKoBi, which focuses on diagnosing effective teaching in terms
of instructional quality in the context of biology lessons. A validation study showed
that DiKoBi can be used to measure situation-specific skills that are used during
diagnostic processes (Kramer et al., 2020). DiKoBi could potentially be used in
university courses as a learning environment for professional vision. Additionally,
the staged videos from the simulations can be used separately for analyzing teaching
examples, discussing features of instructional quality, and linking them to profes-
sional terms and concepts. Going forward, we want to contribute to Questions 2 and
4 of the overarching research questions mentioned in the introduction by Fischer
et al. (2022) and in the concluding chapter by Opitz et al. (2022). We plan to address
the question of how best to support pre-service teachers’ learning outcomes by
investigating effects of scaffolds such as content-related prompts or prompts focused
on diagnostic activities. Furthermore, depending on pre-service teachers’ profes-
sional knowledge, we want to adapt the scaffolds used in the simulation to better fit
learners. Altogether, the developed instrument and its components represent a video-
based simulation with the potential to support teachers in transferring professional
knowledge to actual decisions in classroom teaching.
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