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Diagnostic competences of teachers are an essential prerequisite for the 
individual support of students and, therefore, highly important. There is a 
substantial amount of research on teachers’ diagnostic competences, mostly 
operationalized as diagnostic accuracy, and on how diagnostic competences 
may be  influenced by teachers’ professional knowledge base. While this line 
of research already includes studies on the influence of teachers’ content 
knowledge (CK), pedagogical content knowledge (PCK), and pedagogical-
psychological knowledge (PK) on the diagnosis of subject-specific knowledge 
or skills, research on the diagnosis of cross-domain skills (i.e., skills relevant for 
more than one subject), such as scientific reasoning, is lacking although students’ 
scientific reasoning skills are regarded as important for multiple school subjects 
(e.g., biology or physics). This study investigates how the accuracy of pre-service 
teachers’ diagnosis of scientific reasoning is influenced by teachers’ own scientific 
reasoning skills (one kind of CK), their topic-specific knowledge (i.e., knowledge 
about a topic that constitutes the thematic background for teaching scientific 
reasoning; which is another kind of CK), and their knowledge about the diagnosis 
of scientific reasoning (one kind of PCK) and whether the relationships between 
professional knowledge and diagnostic accuracy are similar across subjects. The 
design of the study was correlational. The participants completed several tests for 
the kinds of professional knowledge mentioned and questionnaires for several 
control variables. To ensure sufficient variation in pre-service teachers’ PCK, 
half of the participants additionally read a text about the diagnosis of scientific 
reasoning. Afterwards, the participants completed one of two parallel video-
based simulations (depicting a biology or physics lesson) measuring diagnostic 
accuracy. The pre-service teachers’ own scientific reasoning skills (CK) were a 
statistically significant predictor of diagnostic accuracy, whereas topic-specific 
knowledge (CK) or knowledge about the diagnosis of scientific reasoning (PCK), 
as manipulated by the text, were not. Additionally, no statistically significant 
interactions between subject (biology or physics) and the different kinds of 
professional knowledge were found. These findings emphasize that not all facets 
of professional knowledge seem to be  equally important for the diagnosis of 
scientific reasoning skills, but more research is needed to clarify the generality of 
these findings.
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1. Introduction

Teachers’ abilities to assess students’ knowledge or skills, i.e., their 
diagnostic competences, play a crucial role in successful teaching 
(Helmke and Schrader, 1987; Ready and Wright, 2011) because 
specific and individually targeted support of a student’s learning 
process can only be achieved if the student’s current cognitive skill 
levels are continuously diagnosed (Schrader, 2009). Therefore, 
diagnostic competences also influence student learning, at least 
indirectly (Behrmann and Souvignier, 2013; Urhahne and Wijnia, 
2021). For the purpose of diagnosing their students, teachers need to 
rely on the continuous observation of students’ performance on tasks 
(e.g., tasks designed for fostering a specific skill in students) within 
lessons to gather relevant information that they consequently use for 
the diagnosis of their students’ knowledge or skills. The assessment 
often takes place during interactions between students and teachers 
(see Furtak et al., 2016) and, therefore, usually happens on-the-fly. 
Because of their importance, diagnostic competences (e.g., Chernikova 
et al., 2020a), as well as specific diagnostic activities (e.g., Bauer et al., 
2020), have been studied in many different contexts, but so far, most 
research on teachers’ diagnostic competences has focused on subject-
specific knowledge or skills or students’ overall academic ability (see 
Südkamp et al., 2012); while important cross-domain skills such as 
scientific reasoning (e.g., Fischer et al., 2018) are rarely investigated. 
This lack of consideration seems especially puzzling because of the 
broader relevance of cross-domain skills for multiple school subjects 
and, as a consequence, the broader potential impact of research on 
teachers’ diagnostic competences concerning these cross-domain 
skills. Overall, research on teachers’ diagnostic competences is often 
focused on diagnostic accuracy as an indicator of diagnostic 
competences and the analysis of various factors that might influence 
diagnostic accuracy (e.g., Hoge and Coladarci, 1989; Südkamp 
et al., 2012).

1.1. Teachers’ diagnostic competences

1.1.1. Structure and indicators of teachers’ 
diagnostic competences

In a school context, diagnosing can be  characterized as the 
“goal-oriented collection and integration of case-specific 
information [e.g., information about learners’ performance] to 
reduce uncertainty in order to make educational decisions” 
(Heitzmann et al., 2019, p. 4). This collection and integration of 
information can be difficult because, typically, learner characteristics 
are not directly observable and have to be inferred from learners’ 
activities. Therefore, teachers have to rely on (acquired) diagnostic 
competences during various diagnostic situations (Heitzmann et al., 
2019), which may enable them to formulate adequate diagnoses. 
According to Heitzmann et al. (2019), diagnostic competences are 
considered to comprise the ability to carry out certain diagnostic 
activities (e.g., evaluating evidence about students’ performance). 
Performing these diagnostic activities may then lead to the 
generation of specific diagnoses, which can be evaluated in terms 
of diagnostic quality (indicated by the accuracy and the efficiency of 
diagnoses) and is supposed to be  influenced by a professional 
knowledge base (relevant kinds of knowledge). This extensive 
approach allows for detailed analyses of teachers’ diagnostic 

activities and a closer look at what specific activities are most 
common and most efficient when diagnosing students’ knowledge 
or skills (e.g., Bauer et al., 2020).

Most research on teachers’ diagnostic competences focuses 
exclusively on the accuracy of teachers’ diagnoses as an indicator of 
diagnostic competences (see Hoge and Coladarci, 1989; Südkamp 
et al., 2012). In this approach, (relative) diagnostic accuracy is usually 
operationalized as the correlation between teachers’ judgments and 
students’ actual knowledge or skill levels, as measured by 
(standardized) tests or other objective measures (Hoge and Coladarci, 
1989; Südkamp et al., 2012; Urhahne and Wijnia, 2021). Differences 
in this kind of operationalization emerge mainly from different ways 
of measuring teachers’ judgments. For one, teachers’ judgments can 
be  direct (i.e., the estimation of students’ performance on an 
achievement test that is used for measuring the students’ knowledge 
or skills) or indirect (i.e., estimation using other instruments) 
evaluations of students’ knowledge or skill levels. In addition, 
teachers’ judgments can, for example, be expressed in terms of class 
or peer norms, or their assessments can be  completely peer-
independent (see, e.g., Hoge and Coladarci, 1989). Regardless of the 
specific operationalizations, using diagnostic accuracy as a (sole) 
indicator of diagnostic competences has often been criticized as an 
overly simplified approach (see Klug et  al., 2013) that omits the 
analysis of specific diagnostic activities (see Heitzmann et al., 2019), 
but focusing primarily on diagnostic accuracy may still be an adequate 
approach, as it might be the most relevant indication of teachers’ 
actual diagnostic competences. Findings from previous research 
showed that, on average, most teachers perform rather well in 
diagnosing students’ knowledge or skills, but that the quality of 
teachers’ judgments strongly varies depending on various judgment 
characteristics (e.g., norm-referenced vs. peer-independent 
judgments or informed vs. uninformed judgments; Südkamp et al., 
2012). Furthermore, teachers also seem to overestimate students’ 
achievements, at least on standardized tests (Urhahne and Wijnia, 
2021), and therefore, there still appears to be room for improvement 
(Südkamp et al., 2012). However, despite the large body of research, 
there is still a lack of studies focusing on differentiated diagnoses of 
a more “qualitative” type, such as detailed diagnoses of students’ 
profiles of knowledge and skill levels, rather than on more global 
quantitative assessments, such as rating scales or school grades (e.g., 
Schrader, 2009).

1.1.2. The professional knowledge underlying 
teachers’ diagnostic competences

The professional knowledge base underlying diagnostic activities 
can be characterized similarly as in other cases of teachers’ professional 
activities (see Förtsch et al., 2018). Based on the original taxonomy of 
Shulman (1986, 1987), it has become common practice to differentiate 
at least three separate facets of teachers’ professional knowledge: 
content knowledge (CK), pedagogical content knowledge (PCK), and 
pedagogical-psychological knowledge (PK). CK is a teacher’s own 
mastery of the content he or she wants to teach (Baumert et al., 2010); 
it comprises subject-specific knowledge and skills, including 
knowledge about how relevant information is interconnected 
(Loewenberg Ball et al., 2008). PCK is knowledge about instructional 
approaches used for making specific content accessible for students 
(Depaepe et al., 2013); it comprises knowledge about content-specific 
tasks, student knowledge and typical misconceptions, representations, 
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and explanations (Baumert et al., 2010). PK is knowledge about how 
to arrange teaching and learning situations across subjects 
(Voss et al., 2011). Therefore, only CK and PCK are subject- or topic-
specific. In contrast, PK can be regarded as topic-independent and 
may therefore be  more relevant for the diagnosis of general 
characteristics (e.g., motivational traits) and less relevant for the 
diagnosis of students’ knowledge and skill levels. This might also 
be  true for the diagnosis of cross-domain skills, such as scientific 
reasoning, because these skills also have to be applied to concrete 
subject- or topic-specific content.

Previous research has shown that some facets of teachers’ 
professional knowledge affect not only the ability to deliver high-
quality instruction in class (Stough and Palmer, 2003; Baumert et al., 
2010; Kunter et al., 2013) but also diagnostic activities and diagnostic 
accuracy (Kramer et al., 2021). However, past research has mainly 
focused on the diagnosis of subject-specific knowledge or skills or 
students’ overall academic ability (see Südkamp et  al., 2012); in 
contrast, research on the diagnosis of cross-domain skills is still scarce. 
This holds despite the fact that cross-domain skills (such as ICT 
literacy, learning strategies, argumentation, or scientific reasoning) are 
also of high educational relevance and are considered important 
objectives, which are mentioned in many school curricula across the 
world (see, e.g., Wecker et al., 2016; Chinn and Duncan, 2018). In 
addition, cross-domain skills, such as scientific reasoning skills, can 
be regarded as especially relevant because of their importance for 
more than one subject or more than one discipline (see, e.g., Wecker 
et al., 2016; van Boxtel and van Drie, 2018).

1.2. The diagnosis of cross-domain skills

Cross-domain skills are skills that can be applied to various topics 
from different school subjects (e.g., scientific reasoning skills that can 
be applied to topics in subjects such as biology and physics; see also 
Wecker et al., 2014). This application to various topics involves the 
interplay of knowledge and skills on two levels when performing 
specific tasks: On the one hand, performing such tasks involves the 
application of the respective cross-domain skill (e.g., scientific 
reasoning skills). From the perspective of support for cross-domain 
skills, these skills constitute the so-called learning domain (Renkl et al., 
2009). On the other hand, such tasks also require topic-specific 
knowledge for successful performance. Topic-specific knowledge 
comprises relevant background knowledge determined by the 
respective cross-domain skill and the specific task. For example, in a 
classroom setting, students’ scientific reasoning skills can be fostered 
by means of inquiry tasks involving experiments conducted by the 
students. These experiments necessarily take place within a specific 
school subject and a specific topic (e.g., biology, experiments with 
plants). From the perspective of support for cross-domain skills, the 
specific topic constitutes the so-called exemplifying domain (Renkl 
et al., 2009). The exemplifying domain is usually not the main focus of 
interest, but knowledge about it is still essential for mastering the task 
(Renkl et al., 2009). Whenever fostering cross-domain skills is among 
the goals of instruction, the corresponding diagnosis of learning 
progress has to focus on them as the learning domain while at the same 
time taking learners’ knowledge of the exemplifying domain into 
account because learners’ task performance will, at least to some 
degree, reflect both.

1.2.1. The cross-domain skill of scientific 
reasoning

In the present study, we  focus on scientific reasoning as an 
exemplary case of a cross-domain skill because of its notable 
importance for several natural science subjects, such as biology or 
physics. Its relevance and special status is emphasized by a wide array 
of research from developmental psychology focused on the (co-)
development of scientific reasoning in different domains and, 
therefore, its special status as a cross-domain skill (see, e.g., Kuhn 
et al., 1992; Zimmerman, 2007).

According to the theory of Scientific Discovery as Dual Search 
(Klahr and Dunbar, 1988), scientific reasoning can be characterized 
as search within two different spaces: the hypothesis space and the 
experiment space. Within these spaces, scientific reasoning comprises 
the operations of generating hypotheses (by searching the hypothesis 
space consisting of all possible hypotheses), testing hypotheses by 
designing and conducting experiments (by searching the experiment 
space consisting of all possible experiments), and evaluating the 
results in order to draw conclusions about hypotheses or formulate 
further hypotheses (Klahr and Dunbar, 1988; see also van Joolingen 
and de Jong, 1997; de Jong and van Joolingen, 1998). Hence, the ability 
of scientific reasoning can be  described as an array of skills, all 
frequently used in the practice of science (Dunbar and Fugelsang, 
2007; see also Klahr and Dunbar, 1988; Kuhn et al., 1992; de Jong and 
van Joolingen, 1998; Schunn and Anderson, 1999; Zimmerman, 2000, 
2007). Nevertheless, the number of relevant skills can vary depending 
on research focus or research aims. Additionally, those skills can 
be organized into a system of sub-skills. Based on the theoretical 
considerations above as well as the literature in developmental 
psychology (Zimmerman, 2000, 2007), the following classification of 
11 sub-skills of scientific reasoning was used as the basis for the 
present study: The formulation of hypotheses comprises (1) the ability 
to formulate specific hypotheses (depending on prior knowledge, 
hypotheses should be as specific as possible) and (2) the ability to 
systematically approach the formulation of hypotheses (with the goal 
of formulating hypotheses about all relevant independent variables). 
Experimentation comprises (3) the ability to efficiently sequence the 
approach to conducting experiments (e.g., using experiments that 
have already been conducted for comparison), (4) the ability to 
correctly manipulate one specific variable while (5) holding all other 
variables constant, also referred to as the Control of Variables Strategy 
(CVS; e.g., Tschirgi, 1980; Chen and Klahr, 1999; Lorch et al., 2014; 
Schwichow et  al., 2016a), and (6) the ability to completely work 
through all experiments that are necessary to examine the impact of 
each potentially relevant (independent) variable. Drawing conclusions 
comprises (7) the ability to draw specific conclusions from 
experiments in which the independent variable influences the 
dependent variable or (8) from experiments in which it does not, (9) 
the ability to abstain from drawing a conclusion when an experiment 
is inconclusive (e.g., when more than one variable was manipulated 
by mistake), (10) the ability to recognize those inconclusive 
experiments, and (11) the ability to reject a hypothesis when the 
results of an experiment points in a different direction.

The teaching of scientific reasoning in school is often based on 
relatively simple inquiry tasks designed to help students gather new 
knowledge or new ideas on their own. The emphasis is on “new” as 
there can be no inquiry when a solution to a task can be recalled 
from one’s memory (Chinn and Duncan, 2021). Especially popular 
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are experimentation tasks that are designed to let students explore 
whether a small number of predetermined independent variables 
influence a specific dependent variable. To do so, students have to 
conduct experiments in which they should manipulate only one 
independent variable while keeping all other independent variables 
constant. For implementation, such experiment tasks have to 
be embedded within a specific topic that constitutes the thematic 
background. A specific example from the subject of biology would 
be  experiments concerning the growth of plants. Here, students 
would have to formulate hypotheses (e.g., “More water leads to 
better plant growth.”) for all predetermined independent variables, 
conduct a sufficient number of experiments, and draw conclusions. 
These conclusions should include rather specific reflections of the 
results of a correctly conducted experiment (e.g., “The amount of 
water positively influences the growth of a plant.”). This example also 
clarifies the special status of a cross-domain skill, such as scientific 
reasoning, by indicating the aforementioned interaction between the 
learning domain (scientific reasoning skills) and the exemplifying 
domain (topic-specific knowledge, e.g., knowledge about the growth 
of plants). In this example, the exemplifying domain only acts as a 
surface feature and may therefore be less relevant for mastering the 
inquiry tasks. Generally speaking, this assumption may hold true in 
all cases in which inquiry tasks are designed to be a sequence of 
simple experiments that do not require much background 
information or in which these tasks themselves artificially limit the 
availability and relevance of background knowledge (e.g., as 
predetermined variables are limited, it may be  impossible to 
investigate the role of sunlight, even though highly relevant, in an 
experiment concerning the growth of plants). However, the role of 
the exemplifying domain might be  different in more complex 
scientific experiments. Although it is a common approach, reliance 
on simplified experimental tasks (“toy tasks”) is sometimes criticized 
for its lack of resemblance to the role scientific reasoning plays in 
professional research activities (Chinn and Malhotra, 2002). 
Nevertheless, those kinds of inquiry tasks are both highly researched 
and widely used and, therefore, of some relevance. It has also been 
argued that simple CVS-related experimentation tasks (see scientific 
reasoning sub-skills 4 and 5) are relevant because the ability to 
master them might be  an appropriate indicator of (students’) 
cognitive development (see, e.g., Ford, 2005; Schwichow et  al., 
2016b) and that it can therefore be regarded as a cornerstone of the 
development of a more sophisticated understanding of scientific 
reasoning. It is also well-established that many students (and also 
adults) struggle with simple inquiry tasks, including those requiring 
the CVS (Kuhn et al., 1992; Chen and Klahr, 1999) or those requiring 
the formulation of specific hypotheses (Lazonder et al., 2010), and 
sometimes even the recurring application of scientific reasoning 
sub-skills that have been successfully applied before can be a source 
of problems (Borkowski et  al., 1987; van Joolingen and de 
Jong, 1997).

1.2.2. The role of professional knowledge for the 
diagnosis of scientific reasoning skills

As argued above, performing tasks that involve the application 
of cross-domain skills, such as scientific reasoning skills, requires an 
interplay between the cross-domain skills in question, on the one 
hand, and topic-specific knowledge, on the other hand. This also has 
implications for the professional knowledge base on part of the 

teacher as a diagnostician: As CK is a teacher’s own mastery of the 
knowledge or skill that students need to perform their tasks 
successfully, two kinds of CK relevant to the diagnosis of cross-
domain skills have to be  distinguished: On the one hand, CK 
comprises teachers’ own scientific reasoning skills (learning domain), 
on the other hand, it comprises teachers’ topic-specific knowledge, i.e., 
knowledge about a specific topic that constitutes the thematic 
background for teaching and diagnosing scientific reasoning 
(exemplifying domain). Even if this topic is not the focus of the 
diagnosis, such topic-specific knowledge may also be of relevance for 
the diagnosis of scientific reasoning skills.

In terms of PCK, a similar distinction might be made. However, 
as the focus of the present study is on the diagnosis of the cross-
domain skill of scientific reasoning, the mainly relevant kind of 
PCK is teachers’ knowledge about the diagnosis of scientific reasoning. 
This is knowledge about how to diagnose students’ scientific 
reasoning skills and comprises information about specific 
difficulties, such as common errors, typical challenges in the 
development of these skills (see Zimmerman, 2000, 2007), and 
broader strategies to diagnose scientific reasoning skills (e.g., 
knowledge on how to recognize whether a student masters a specific 
scientific reasoning sub-skill).

When analyzing the relation between professional knowledge and 
diagnostic competences in diagnosing cross-domain skills (such as 
scientific reasoning), it is especially the facets of teachers’ professional 
knowledge specific to the knowledge or skill to be diagnosed (CK and 
PCK) that are of main interest. In contrast, teachers’ PK is topic-
independent and may therefore be of lesser interest when investigating 
the interaction between teachers’ professional knowledge and their 
diagnostic competences in diagnosing students’ skill levels in general 
(see Kramer et  al., 2021), and between teachers’ professional 
knowledge and their diagnostic competences in diagnosing cross-
domain skills, such as scientific reasoning, in particular, because, as 
previously mentioned, scientific reasoning skills have to be applied to 
a subject- or topic-specific content (the exemplifying domain).

1.3. Using simulations for measuring 
diagnostic accuracy

In the context of medical education as well as teacher education, 
possibilities for measuring and fostering (future) professionals’ 
diagnostic competences in real-life settings, and, therefore, with real 
patients or students, may be limited due to ethical (Ziv et al., 2003) or 
practical considerations. Over many years, simulations of diagnostic 
assessment situations have proven to be a suitable substitute not only 
for the training of diagnostic competences (see, e.g., Chernikova et al., 
2020b) but also for their measurement and analysis (see, e.g., Südkamp 
et al., 2008). Above all, this seems to be true in the field of medical 
education (e.g., Peeraer et al., 2007), but these days simulations are 
also gaining more and more attention in (pre-service) teacher 
education (e.g., Südkamp et  al., 2008; Chernikova et  al., 2020b). 
Simulations can represent specific segments of reality while offering 
opportunities to actively manipulate aspects of the segments of reality 
in question (Heitzmann et  al., 2019). From a design perspective, 
simulations also allow for the possibility of simplifying segments of 
reality in order to reduce their complexity. As a consequence, the 
amount of information that needs to be processed can be decreased 
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compared to corresponding real-life situations (see also Grossman 
et  al., 2009). Simulation-based tools can therefore depict real-life 
situations in a more accessible way, which makes them suitable for a 
broader and more diversified field of applications, especially in 
instances in which real-life situations might be too complex to provide 
efficient research opportunities. Another benefit of simulations is the 
possibility to standardize assessment situations in ways that could not 
be  implemented in a real-life setting, which again adds to the 
usefulness of simulations (see Schrader, 2009). In the context of the 
present study, for example, a (video-based) simulation is employed for 
having pre-service teachers diagnose identical students in identical 
assessment situations, even across different subjects (biology and 
physics). As a consequence of these advantages and despite some 
limitations, simulations are often viewed as an authentic way to depict 
specific classroom assessment situations (Codreanu et  al., 2020; 
Kramer et  al., 2020; Wildgans-Lang et  al., 2020). Simulations can 
therefore also be regarded as a suitable tool for conducting research 
on (pre-service) teachers’ diagnostic competences.

Because working with a simulation can nevertheless be exhausting 
(especially when it comes close to the effort required in a real-life 
situation), it presupposes that participants go along with the idea of a 
simulation replacing real-life situations and are motivated to work 
with it (see Chen and Wu, 2012). Hence, motivational variables such 
as interest and current motivation constitute important factors that 
need to be  controlled for when using simulations for research 
purposes (see also Kron et al., 2022). Taking these considerations into 
account, simulations can provide appropriate opportunities for 
investigating teachers’ diagnostic competences and potential relations 
between teachers’ professional knowledge and diagnostic accuracy in 
diagnosing scientific reasoning skills.

1.4. Aims and hypotheses

Teachers’ diagnostic competences are a cornerstone of successful 
teaching. Therefore, it is surprising that, despite extensive research on 
diagnostic competences, there is still a lack of studies addressing the 
diagnosis of cross-domain skills such as scientific reasoning. Cross-
domain skills have their peculiarities because they are relevant for 
different school subjects (in contrast to subject-specific skills) and can 
be applied to various subject-specific content. Consequently, they are 
of high relevance for multiple (natural science) subjects and closely 
interact with topic-specific knowledge when performing specific tasks. 
As theoretical approaches and past research suggest that diagnostic 
accuracy in diagnosing subject-specific knowledge or skills may 
depend on teachers’ professional knowledge, the same can be expected 
for cross-domain skills, where it is important to assess whether 
teachers’ own mastery of a cross-domain skill (CK), their topic-specific 
knowledge (CK), as well as their knowledge about the diagnosis of a 
cross-domain skill (PCK) are related to their diagnostic accuracy. Based 
on these assumptions, the aim of this study was to extend our 
knowledge of the relations between (pre-service) teachers’ professional 
knowledge and their diagnostic accuracy by testing the 
following hypotheses:

H1: Pre-service teachers’ own scientific reasoning skills (CK) are 
positively related to their diagnostic accuracy in diagnosing 
scientific reasoning skills.

H2: Pre-service teachers’ topic-specific knowledge (CK) is positively 
related to their diagnostic accuracy in diagnosing scientific 
reasoning skills.

H3: Pre-service teachers’ knowledge about the diagnosis of scientific 
reasoning (PCK) is positively related to their diagnostic accuracy 
in diagnosing scientific reasoning skills.

As the cross-domain skill of scientific reasoning may 
be applied by learners in different subjects and may therefore also 
be diagnosed in the context of different subjects, the question 
arises whether the aforementioned relations are similar across 
subjects or whether they vary by subject. Hence, we  also 
investigated the generality of these relations by testing the 
following interaction hypothesis:

H4: The relations between pre-service teachers’ scientific reasoning 
skills (CK), pre-service teachers’ topic-specific knowledge (CK), as 
well as pre-service teachers’ knowledge about the diagnosis of 
scientific reasoning (PCK), on the one hand, and their diagnostic 
accuracy, on the other hand, differ between school subjects such 
as biology and physics.

2. Materials and methods

2.1. Participants

Participants were recruited at three German universities, where 
data collection took place as required activities in the context of 
several mandatory university courses within university programs 
for pre-service teachers (e.g., courses intended for pre-service 
teachers focusing on biology/physics and more generally relevant 
courses, such as courses on teaching and lesson design). University 
students who attended one of the selected courses but were not 
enrolled in a teacher preparation program (i.e., studied other 
subjects, such as educational science) also participated but were 
not considered eligible for this study. Participants were free to 
decide whether their data could be used for the purpose of this 
study or not; their decision had no impact on grading or the 
successful completion of the course. In case the lecturer of the 
particular course was open and receptive to the idea, we gave away 
vouchers as compensation for participation. In accordance with the 
local legislation and institutional requirements, ethical approval 
was not required for this study. Participants who participated in 
one of two data collection sessions that resulted in unusable data 
due to major technical problems were entirely excluded from the 
data sample. Additionally, individual participants with specific, 
significant technical problems (19 participants) and participants 
who skipped essential tests/questionnaires or did not finish the 
simulation (7 participants) were also excluded. The sample size 
used for analysis included 161 pre-service teachers overall (54% 
female, 44% male; age: M = 22.76, SD = 2.48). Participants in the 
sample differed in terms of the school type and the subject 
(combination) that their university program was focused on; 55% 
of the pre-service teachers specialized in biology, 7% in physics, < 
1% in biology and physics, and 37% neither in biology nor in 
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physics. They also differed in terms of their individual progress 
within the university programs, but a majority had already been 
studying for several semesters at the time of the data collection 
(semester: M = 4.94, SD = 1.78).

2.2. Design

The design was correlational, focusing on the predictors scientific 
reasoning skills (CK), knowledge about the diagnosis of scientific 
reasoning (PCK), and topic-specific knowledge (CK), as well as the 
dependent variable of diagnostic accuracy. Because we expected low 
values and limited variation for the predictor knowledge about the 
diagnosis of scientific reasoning (PCK), we decided to experimentally 
manipulate this kind of knowledge as a between-subjects factor 
using an explanatory text, describing the different sub-skills of 
scientific reasoning and possible strategies for diagnosing them, in 
a control-group design. The participants were randomly assigned to 
one of the two groups. We  used the dichotomous variable 
manipulation of knowledge about the diagnosis of scientific reasoning 
(PCK) instead of the measure of knowledge about the diagnosis of 
scientific reasoning (PCK) for further analysis because we expected 
the variable to deviate markedly from a normal distribution. 
Furthermore, control variables were included as additional 
predictors (interest and current motivation) because we expected 
those variables to be  of particular importance for the 
diagnostic accuracy.

2.3. Procedure

All participants completed tests of scientific reasoning skills 
(CK), topic-specific knowledge (CK), and knowledge about the 
diagnosis of scientific reasoning (PCK), as well as questionnaires on 
interest and current motivation. Participants who were assigned to 
the experimental group additionally read a text about the diagnosis 
of scientific reasoning right before working on the corresponding 
test (see Table 1 for more information). Afterwards, the participants 
were introduced to one of two video-based simulations that 
depicted either a biology or a physics lesson (see Table 1). We used 
these video-based simulations for the purpose of assessing the 
participants’ diagnostic competences in diagnosing students’ 
scientific reasoning skills by capturing their diagnostic accuracy. 
Whether participants were assigned to work on the simulation 
depicting a biology lesson or on the simulation depicting a physics 
lesson depended on the school subject they specialized in as part of 
their teacher education. Participants who specialized in neither 
biology nor physics were assigned at random. Due to the COVID-19 
pandemic, data collection after March 2020 (accounting for 58.4% 
of the data) was conducted online. In these cases, we made sure that 
participants received the same detailed instructions as participants 
who participated during “in-person courses” by replacing live 
instructions with video instructions and giving participants a 
chance to ask questions via email throughout their participation. 
Overall, participants asked few questions. In terms of content, there 
was a shift to more technology-related questions during online 
participation (e.g., regarding the technical requirements 
for participation).

2.4. Instruments and operationalizations

2.4.1. Scientific reasoning skills (CK)
Participants’ own scientific reasoning skills (CK) were 

measured using a shortened and translated 7-item version of the 
revised edition of the Classroom Test of Scientific Reasoning 
(Lawson, 1978; Lawson et al., 2000). The seven items (involving 
“strings,” “glass tubes 1″, “glass tubes 2″, “mice” “burning candle,” 
“red blood cells 1″, “red blood cells 2″) were selected based on 
relevance and thematic proximity because they tested 
participants’ knowledge about the appropriate approach for 
conducting experiments and drawing conclusions (related to the 
basic principles of CVS). Five of the seven items consisted of two 
parts. As in the original instrument, in those cases, only the items 
with both parts answered correctly were scored as correct. This 
means that participants could score between 0 and 7 points. For 
further analysis, we  calculated the individual score of each 
participant by dividing the participants’ achieved score by the 
maximum score of 7 points, which yields an individual score 
between 0 and 1.

2.4.2. Topic-specific knowledge (CK)
To measure participants’ topic-specific knowledge (CK), we used 

two different tests. Depending on the subject of the simulation 
participants were assigned to, they completed either a test in biology 
or physics. The test in biology was a shortened and translated 4-item 
version of a test on the growth of plants (Lin, 2004). The four items 
(involving “importance of water for germination,” “importance of soil 
for germination,” “importance of sunlight for growth,” “energy source 
for growth”) were selected based on thematic relevance, as they tested 
participants’ knowledge about content also featured in the biology 
case of the simulations. The test in physics was a custom-made 4-item 

TABLE 1  Procedure of the study.

Phase Time 
(minutes)

Tests and text

Scientific reasoning skills (CK)

40

(with text)/

30

(without text)

Knowledge about the diagnosis of scientific reasoning (PCK)

 � Text about the diagnosis of scientific reasoning

 � Test of knowledge about the diagnosis of scientific reasoning

Topic-specific knowledge (CK)

Questionnaires

10

Interest

 � Interest in diagnosing

 � Interest in scientific reasoning

 � Interest in teaching biology/physics

Current motivation

 � Expectation component of current motivation

 � Value component of current motivation

Simulation
30

Diagnostic accuracy
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test on optical lenses (e.g., “Does the refraction of light through an 
optical lens depend on the type of lens?”). The custom-made test was 
designed to be structurally identical to the test in biology, including 
the same type and number of questions. In both cases, all four items 
consisted of two parts, with the second part always asking about the 
reason for the answer given in the first part. Again, only those items 
with both parts answered correctly were scored as correct. Participants 
could score between 0 and 4 points per test. We  calculated the 
individual score of each participant by dividing the participants’ 
achieved score by the maximum score of 4 points, which yields an 
individual score between 0 and 1. Because each participant’s topic-
specific knowledge (CK) was only measured with one of the two tests, 
depending on the simulation, z-scores instead of raw scores were used 
in the statistical analyses.

2.4.3. Knowledge about the diagnosis of scientific 
reasoning (PCK)

2.4.3.1. Text about the diagnosis of scientific reasoning
A text was used to manipulate the participants’ knowledge about 

the diagnosis of scientific reasoning (PCK). It was a comprehensive 
summary (consisting of 1,221 words) about the structure of scientific 
reasoning and included instructions on how to diagnose students’ 
scientific reasoning (sub-) skills. It was written to cover the content 
of the simulations and was specifically tailored for this purpose. The 
text contained a short introduction to scientific reasoning and 
featured information about the 11 scientific-reasoning sub-skills that 
were structurally divided into three groups: formulation of hypotheses 
(e.g., “precision of hypotheses”), experimentation (e.g., “manipulation 
of one specific variable”), and drawing conclusions (e.g., “conclusions 
about variables that have an influence on the dependent variable”; 
for a listing of all scientific reasoning sub-skills see Section 1.2.1). 
For all sub-skills, the text contained an explanation of the respective 
sub-skill and a description of how to diagnose it. For this purpose, 
it was described how to identify a student’s skill level on a specific 
sub-skill. For example, the skill level on the “precision of hypotheses” 
sub-skill is indicated by the degree of detail in hypotheses with the 
levels (1) hypotheses about the strength of an influence of the 
independent on the dependent variable, (2) hypotheses about the 
direction of an influence, (3) hypotheses about the existence of an 
influence, and (4) the absence of specific hypotheses (see also, e.g., 
Lazonder et al., 2008). An additional section on diagnostic strategies 
explained the relation between observable behavior and 
non-observable latent skills. It described how the absence of a 
certain behavior is insufficient for concluding that the person lacks 
the respective skill and that the person’s skill has to be probed by 
specific questions in this case. Participants in the experimental 
group who received the text spent an average of 6.93 min reading the 
text (SD = 2.26).

2.4.3.2. Test of knowledge about the diagnosis of 
scientific reasoning

To establish the effectiveness of the manipulation of knowledge 
about the diagnosis of scientific reasoning (PCK) by means of the text, 
we conducted a manipulation-check by administering two interrelated 
open-ended questions about the content of the text (e.g., “Now describe 
which problems you expect during experimentation on part of the 
students. Consider which student errors are common in the field of 

scientific reasoning. Subdivide your answer according to the areas 
formulating hypotheses, planning and conducting experiments, and 
drawing conclusions.”). Two persons independently coded both answers 
(as a whole) based on a pre-specified coding system. Participants 
received points for mentioning (one point) and correctly explaining 
(one point) each individual sub-skill (resulting in up to two points per 
sub-skill). A correct explanation contained descriptions on how to 
differentiate between students’ skill levels when diagnosing their 
individual scientific reasoning (sub-)skills. Participants received an 
additional point for explaining the significance of distinguishing 
between manifest behavior and latent skills. They could therefore score 
between 0 and 23 points. Once again, we calculated the individual 
score of each participant by dividing the participants’ archived score by 
the maximum score of 23 points, which yields an individual score 
between 0 and 1. A two-way mixed intra-class correlation showed high 
agreement between the raters; ICCabsolute (160,160) = 0.95. Averaged 
scores of both raters were used for further analyses.

2.4.4. Interest
Interest in three objects of interest was measured by questionnaire 

scales: interest in diagnosing (e.g., “I want to know more about 
diagnosing.”), interest in scientific reasoning (e.g., “I enjoy working on 
the topic of scientific reasoning.”), and interest in teaching biology/
physics (e.g., “I think teaching biology and physics is interesting.”). 
Each scale consisted of three items. The items were translated and 
adapted from a questionnaire by Rotgans and Schmidt (2014). 
Participants rated each statement on a 5-point scale. The scales’ 
internal consistencies amounted to Cronbach’s α = 0.80 (diagnosing), 
0.82 (scientific reasoning), and 0.96 (teaching biology/physics).

2.4.5. Current motivation
The expectation component of current motivation was measured by 

a shortened 4-item version of the Questionnaire on Current Motivation 
(e.g., “It is likely that I will not be able to solve this task.”; Rheinberg 
et al., 2001). The participants rated each statement on a 7-point scale. 
The scale’s internal consistency amounted to Cronbach’s α = 0.77.

The value component of current motivation was measured by four 
items, which were developed based on the expectancy-value theory of 
achievement motivation (e.g., “I think it is important to be able to 
solve this task”; Wigfield, 1994). Participants rated each statement on 
a 5-point scale. The scale’s internal consistency amounted to 
Cronbach’s α = 0.84.

2.4.6. Diagnostic accuracy

2.4.6.1. Inquiry tasks used in the simulations
Diagnostic accuracy was measured using video-based simulations 

mimicking a certain segment of reality: a classroom situation involving 
small groups of students who independently conduct inquiry tasks. 
During such tasks, students have to formulate hypotheses, plan and 
run experiments, and draw conclusions about their initial hypotheses 
based on the results of the experiments. To keep track of their 
experiments, they usually would take notes about every trial they 
conduct. In this scenario, the teacher would be  a rather passive 
observer who keeps a watch on the experimenting students and 
occasionally takes a look at their notes. He or she would only interact 
with the students by asking questions about their current activities in 
order to gather additional information, especially in situations in 
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which the students’ intentions are unclear or when their observable 
activities are insufficient as a basis for diagnostic inferences. Because 
this kind of inquiry task could be implemented within different school 
subjects, two different simulations, one depicting a biology lesson and 
one depicting a physics lesson, were developed (see Figure 1). Both 
simulations feature all of the defining characteristics of the segment of 
reality described above. The biology lesson comprises experiments 
concerning the growth of plants, and the physics lesson comprises 
experiments concerning optical lenses. In both scenarios, the students’ 
goal is to find out which of a set of independent variables influence a 
specific outcome variable. In each scenario, the students have to 
investigate the influence of four different independent variables. As an 
example, the biology lesson is focused on the independent variables 
(1) amount of water (possible values: all values between 5 and 40 
milliliters), (2) a fertilizer stick (possible values: yes or no), (3) salt 
(possible values: all values between 0 and 5 grams), and (4) an 
undefined white powder (possible values: yes or no). The students’ 
goal is to find out whether or not each of those variables influences the 
growth of a mustard plant; in this case, the growth is influenced by 
amount of water and salt but not by a fertilizer stick and an undefined 
white powder. There are no interaction effects of the independent 
variables in this scenario. Both simulations are structurally identical, 
only differing in terms of the topic used as the exemplifying domain 
for introducing the inquiry task.

2.4.6.2. Simulation interface
When working with the simulations, the participants are 

instructed to view the setting as a kind of role-play scenario in which 
they take on the role of a teacher who tries to collect information 
about a certain student’s scientific reasoning skills while observing 
him or her during a school lesson. In the simulation interface, the 
computer screen is divided into four areas (see Figure 1). In the 
video area (see Figure 1A), the participants can watch videos of two 

experimenting students. The inquiry table (see Figure 1B) contains 
hand-written notes by the students featured in the videos. It was 
designed with the purpose of helping the participants keep track of 
all the experiments already conducted by the students and is updated 
automatically when the students in the videos write down additional 
notes. In the notepad (see Figure 1D), participants can write down 
notes on their own. To help them focus on essential information, the 
notepad contains structuring headings identical to those used in the 
text about the diagnosis of scientific reasoning (formulation of 
hypotheses, experimentation, and drawing conclusions). Participants 
are free to decide how to use the notepad; it is also possible to delete 
the headings. In the navigation area (see Figure 1C), up to three 
pre-formulated questions appear and disappear simultaneously at 
certain points of the videos (e.g., “Do you already have a specific idea 
about how exactly salt influences the growth of the plant?”). 
Participants can ask one or more questions by clicking on the 
individual question links. Asking a question stops the video 
automatically (at the next appropriate moment), and a video 
segment containing the associated answer is then played in the video 
area. After the answer has been played back, the primary video 
continues. Participants have a limited amount of time to ask 
questions. Taking this limitation into account, not all of the 
questions were designed to be potentially useful; instead, some are 
also supposed to be redundant or even completely irrelevant. Based 
on these preliminary considerations, participants have just enough 
time on their “time account” to ask all of the useful questions. After 
the students featured in the videos declare that they are finished with 
the task and that there is no other meaningful experiment left to do, 
participants can spend their remaining “time account” on asking 
additional questions that appear at the end of the simulations (e.g., 
“Is there one or even more than one experiment that was not 
completely necessary and, therefore, could have been left out?”; see 
also Pickal et al., 2022).

FIGURE 1

Biology case of the video-based simulations: (A) video area (B) inquiry table (C) navigation area (D) notepad.
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2.4.6.3. Video material
The videos (including the answer-videos) were recorded based 

on scripts. These scripts were developed based on a fictitious student 
profile for one of the two students in the video. This profile contained 
specifications of levels for each of the scientific reasoning sub-skills. 
Both profiles and scripts (for the biology and the physics videos) 
were designed to be  structurally identical. The dialogues in the 
biology case and the physics case are composed of essentially the 
same moves and differ in only two respects: (1) The subject-specific 
content refers to either the biology or the physics inquiry task (see 
also Pickal et al., 2022). (2) In the biology case, the video is divided 
into two main parts: One covering a session in which the students 
experiment with already sprouted mustard plants and one covering 
a session that takes place roughly 2 weeks later in which they 
measure the growth of the plants. The distinction between these two 
parts is emphasized by the fact that the two students wear different 
clothes. In the first part, they formulate a research question and/or 
hypothesis for each trial and choose the values of the four 
independent variables, whereas in the second part, they read the 
value of the dependent variable and draw a conclusion. In the 
physics case, on the other hand, each trial conducted by the students 
comprises the formulation of a research question and/or hypothesis, 
the setting of the four independent variables, as well as the reading 
of the dependent variable, and the drawing of a conclusion in one 
continuous session. Hence, although the dialog moves are distributed 
across two sessions (in biology) or only one session (in physics), they 
are structurally equivalent and uttered in the same sequence within 
each session.

2.4.6.4. Diagnoses
The participants were instructed to arrive at a diagnosis for one 

pre-specified student from the pair of students in the video. After 
completing the simulation, they were asked to write down a diagnosis 
of this student’s individual scientific reasoning skills. In doing so, they 
could use their notes from the notepad (see Figure 1D) from the 
video-based simulation. The participants’ written diagnoses (but not 
their notes) were analyzed to determine diagnostic accuracy.

For each sub-skill of scientific reasoning (identical to the sub-skills 
mentioned in the text about the diagnosis of scientific reasoning; for 
more information, see Sections 1.2.1 and 2.4.3.1), it was coded 
whether the written diagnosis contained a statement about that 
sub-skill and if so, whether the respective sub-skill was diagnosed 
correctly or not (based on the student profile underlying the video 
case). Participants received one point per mentioned sub-skill and one 
additional point per correctly diagnosed sub-skill (for an example, see 
Table 2). If the diagnosis also contained a statement about how the 
participant used information gained by observing a certain behavior 
or by observing the absence of a certain behavior to make assumptions 
about an underlying latent skill (e.g., based on asking a specific 
question during working on the simulation), he or she received an 
additional point. This led to an overall 23-point maximum. The 
individual score for each participant’s diagnostic accuracy was 
calculated by dividing the archived score by the maximum score of 23 
points, which yields an individual score between 0 and 1. Two 
independent raters coded the diagnoses of all participants. There was 
a high agreement between the coders, as indicated by a two-way 
mixed intra-class correlation; ICCabsolute (160,160) = 0.83. Averaged 
scores of both raters were used for all further analyses.

2.5. Statistical analysis

Two regression analyses with diagnostic accuracy as the criterion 
variable were conducted. In the first regression analysis, only the 
control variables were included: interest in diagnosing, interest in 
scientific reasoning, interest in teaching biology/physics, expectation 
component of current motivation, and value component of current 
motivation. The second regression analysis additionally included the 
following predictors: participants’ own scientific reasoning skills 
(CK), topic-specific knowledge (CK), and the manipulation of 
knowledge about the diagnosis of scientific reasoning: text vs. no text 
(PCK). The subject of the simulation (biology/physics) and the 
interaction terms between the subject of the simulation and scientific 
reasoning skills (CK), topic-specific knowledge (CK), and the 
manipulation of knowledge about the diagnosis of scientific reasoning 
were also added as predictors in the second regression analysis. For 
all analyses, the level of significance was set to p < 0.05.

3. Results

3.1. Preparatory analyses

A treatment check indicated that knowledge about the diagnosis 
of scientific reasoning (PCK) was higher in participants who had read 
the text about the diagnosis of scientific reasoning (M = 0.16, 
SD = 0.14) than in participants who had not read the text (M = 0.02, 
SD = 0.04). This difference was statistically significant and amounted 
to a large effect size, t (93.30) = 8.56, p < 0.001, d = 1.11. As expected, 
the distribution of knowledge about the diagnosis of scientific 
reasoning (PCK) was significantly different from a normal 
distribution, as shown by a significant Kolmogorov–Smirnov test; 
D(161) = 0.27, p < 0.001.

Although the biology case and the physics case of the 
simulations were designed to be structurally equivalent, the average 
diagnostic accuracy was higher for the biology case (M = 0.28, 
SD = 0.12) than for the physics case (M = 0.22, SD = 0.14). The test 
of significance for the predictor subject of the simulation in the 
second linear regression analysis indicated that this difference is 
statistically significant.

We decided to report the findings from analyses without online 
vs. in-person participation as an additional variable in the linear 
regression because analyses in which this variable was included did 
not yield substantially different results.

TABLE 2  Diagnostic accuracy – coding examples (scientific reasoning 
sub-skill 1: the ability to formulate specific hypotheses).

Diagnosis (excerpt) Coding

“She [the student] does not make 

specific assumptions and, additionally, 

does not formulate any hypotheses.”

Sub-skill 1 mentioned: 1

Sub-skill 1 diagnosed correctly: 0

“The formulated hypotheses that she 

[the student] deduces bit by bit (e.g., size 

and curvature [of a lens] make a 

difference) are sometimes not specific 

enough.”

Sub-skill 1 mentioned: 1

Sub-skill 1 diagnosed correctly: 1
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3.2. Predictors of diagnostic accuracy

Descriptive statistics for all tests and questionnaires used for 
measuring the potential predictors of diagnostic accuracy can be found 
in Table 3. The table indicates relatively high variances and ranges of 
the distributions for all tests and questionnaires, indicating no floor 
or ceiling effects for any instrument.

In the regression analysis including only control variables 
(Model 1, Table  4), 16.5% of variance in pre-service teachers’ 
diagnostic accuracy was explained by the predictors, F (5, 155) = 6.14, 
p < 0.001. Two control variables were statistically significant predictors 
of diagnostic accuracy: interest in diagnosing as well as the value 
component of current motivation. Thus, higher interest in diagnosing, 
as well as a higher value component of current motivation, was 
associated with higher accuracy in diagnosing. Interest in scientific 
reasoning, interest in teaching biology/physics, and expectation 
component of current motivation were not found to be statistically 
significant predictors of diagnostic accuracy.

In the regression analysis including all predictors (Model 2, 
Table 4), 23.2% of variance in pre-service teachers’ diagnostic accuracy 
was explained by the predictors, F (12, 148) = 3.73, p < 0.001. However, 
the R2 change of 0.067 between both analyses did not reach statistical 
significance, F (7, 148) = 1.84, p = 0.084. In testing the first hypothesis, 
the results of this regression analysis indicated that scientific reasoning 
skills (CK) are a statistically significant predictor of pre-service 
teachers’ diagnostic accuracy. Thus, the higher the scientific reasoning 
skills (CK), the more accurate the diagnosis, a result that directly 
supports H1. In testing the second hypothesis, topic-specific knowledge 
(CK) was not found to be  a statistically significant predictor of 
pre-service teachers’ diagnostic accuracy. A similar result was found 
in testing the third hypothesis: Manipulation of knowledge about the 
diagnosis of scientific reasoning (PCK) was also not a statistically 
significant predictor of pre-service teachers’ diagnostic accuracy. Thus, 
no empirical support was found for H2 and H3.

Concerning the fourth hypothesis, none of the interactions of the 
three professional knowledge variables with the subject of the 
simulation was statistically significant. This includes the interaction 
term for subject and scientific reasoning skills (CK), the interaction 

term for subject and topic-specific knowledge (CK), and the interaction 
term for subject and manipulation of knowledge about the diagnosis of 
scientific reasoning (PCK). Thus, no support for H4 was found.

4. Discussion

The aim of this study was to broaden our understanding of the 
relations between teachers’ professional knowledge and their 
diagnostic accuracy by extending research beyond the predominant 
focus on subject-specific knowledge or skills or overall academic 
ability (see Südkamp et al., 2012). To this purpose, we focused on the 
specific relation between professional knowledge and the diagnosis of 
a cross-domain skill, scientific reasoning. The results indicated that, 
controlling for interest and current motivation, pre-service teachers’ 
diagnostic accuracy is related to their own scientific reasoning skills 
(CK). No such relations could be established for their topic-specific 
knowledge (CK) or knowledge about the diagnosis of scientific reasoning 
(PCK), as manipulated by the text in this study; although the results 
regarding the relation between topic-specific knowledge (CK) and 
diagnostic accuracy, and, even more so, regarding the relation between 
knowledge about the diagnosis of scientific reasoning (PCK) and 
diagnostic accuracy, descriptively point in a positive direction. The 
study yielded no evidence that these results vary across subjects. In 
addition, it has to be mentioned that two of the control variables 
(interest in diagnosing and the value component of current motivation) 
had the strongest effects on pre-service teachers’ diagnostic accuracy. 
Consequently, although the second regression analysis (including all 
variables) explained about 7% more variance in pre-service teachers’ 
diagnostic accuracy compared to the first regression analysis (including 
only the control variables), the increase in explained variance did not 
reach statistical significance.

As discussed above, when diagnosing students’ scientific reasoning 
skills, teachers’ own scientific reasoning skills play a role that corresponds 
to teachers’ CK. Hence, on a general level, the result concerning the first 
hypothesis is in line with theories emphasizing the importance of 
professional knowledge for the accurate diagnosis of students’ knowledge 
or skills (e.g., Förtsch et al., 2018). In particular, one kind of CK seems to 

TABLE 3  Instrument descriptions and descriptive statistics including means (M), standard deviations (SD), and observed range of the tests and 
questionnaires.

Items Source M SD Range

Scientific reasoning skills (CK) 7 Lawson (1978); Lawson et al. (2000) 0.44 0.24 0.00–1.00

Topic-specific knowledge (biology; CK) 4 Lin (2004) 0.41 0.31 0.00–1.00

Topic-specific knowledge (physics; CK) 4 custom-made 0.27 0.24 0.00–0,75

Knowledge about the diagnosis of scientific reasoning (PCK) 2 custom-made 0.09 0.13 0.00–0.52

Interest

 � Interest in diagnosing 3 (5-point scale) Rotgans and Schmidt (2014) 3.28 0.70 1.00–5.00

 � Interest in scientific reasoning 3 (5-point scale) Rotgans and Schmidt (2014) 3.38 0.73 1.00–5.00

 � Interest in teaching biology/physics 3 (5-point scale) Rotgans and Schmidt (2014) 3.31 1.20 1.00–5.00

Current motivation

 � Expectation component of current motivation 4 (7-point scale) Rheinberg et al. (2001) 4.08 1.20 1.50–7.00

 � Value component of current motivation 4 (5-point scale) Wigfield (1994) 3.64 0.74 1.50–5.00
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be a prerequisite for diagnostic accuracy, i.e., teachers’ own mastery of the 
knowledge or skill to be diagnosed seems to play an important role in this 
respect. Still, research on further cross-domain skills is necessary in order 
to assess the generality of these findings.

Contrary to the second hypothesis, knowledge about the growth of 
plants and knowledge about optical lenses, respectively, as instances of 
topic-specific knowledge (CK), were not significantly related to diagnostic 
accuracy. First, it should be noted that there was sufficient variance in the 
participants’ topic-specific knowledge (CK; see Table 3), indicating that the 
absence of a significant relation cannot be explained by limited variation. 
Hence, a substantive explanation is required for this result. According to 
our argument in Section 1.2.2, topic-specific knowledge constitutes an 
aspect of teachers’ CK beyond teachers’ own scientific reasoning skills. 
However, it does not correspond directly to the skills to be diagnosed but 
only to the exemplifying domains (Renkl et al., 2009) employed in the 
diagnostic situations, i.e., the specific topics that are needed in order to 
provide a thematic context for the application of scientific reasoning 
skills. In line with the view that the exemplifying domains are more of a 
surface feature (see Renkl et al., 2009), these topics have structurally little 
relevance for mastering the inquiry tasks. Hence, the present findings 
suggest that the mainly relevant kinds of CK, in terms of diagnostic 
accuracy, may be those that constitute the diagnosticians’ own mastery of 
the knowledge or skill to be diagnosed rather than aspects that refer to 
knowledge of exemplifying domains used in diagnostic situations. 
Alternatively, it may be assumed that topic-specific knowledge (CK) is only 
less relevant for the diagnosis of scientific reasoning skills when relying 
on simple CVS-related experiment tasks, such as the ones used in this 
study. It may therefore be rather unlikely that identical results would 
be obtained when using more complex experiment tasks for measuring 
teachers’ diagnostic competences; as professional knowledge might play 
a different role for the diagnosis of scientific reasoning skills in such 
instances. Further research is needed to follow up on these possibilities.

Contrary to the third hypothesis, no support was found for a positive 
relation between teachers’ knowledge about the diagnosis of scientific 
reasoning (PCK), as manipulated by the text, and their diagnostic 
accuracy. Analogous to the second hypothesis, the low variance in 
knowledge about the diagnosis of scientific reasoning (PCK) was not a 
statistical problem because, in this case, the manipulation of knowledge 
about the diagnosis of scientific reasoning (PCK; text vs. no text) and not 
the knowledge about the diagnosis of scientific reasoning (PCK), as 
measured by the subsequent test, was used as a predictor in the linear 
regression analysis. The result is a rather counter-intuitive finding, as it 
seems obvious that it should be helpful to have knowledge about how to 
diagnose scientific reasoning skills when diagnosing them in students. 
This would also have been in line with theoretical assumptions (see 
Förtsch et al., 2018). Even if the manipulation of knowledge about the 
diagnosis of scientific reasoning (PCK) proved to be quite effective for the 
participants’ actual knowledge about the diagnosis of scientific reasoning 
(PCK), it might be  argued that the average knowledge level of the 
manipulation group was still insufficient. As the participants’ average 
diagnostic accuracy was also relatively low, it may also have been the case 
that it was too difficult for the participating pre-service teachers to benefit 
substantially from their (newly gained) knowledge during the specific 
assessment situation within the video-based simulations (see Heitzmann 
et al., 2019).

As we could not find any evidence supporting H4, the results do not 
indicate that the above-described pattern does not hold true across 
different school subjects (biology and physics), at least on a type of task 
that is highly isomorphic across two topics. Further research is needed to 
specify the extent to which these results can be replicated across other less 
isomorphic tasks, other school subjects, or other cross-domain skills 
(such as ICT literacy, learning strategies, or argumentation skills). 
Regardless, the findings reveal an interesting pattern concerning the role 
of the different kinds of pre-service teachers’ professional knowledge for 

TABLE 4  Linear regressions of diagnostic accuracy on the predictors (including interactions).

Model 1 Model 2

β SE β t (df = 155) β SE β t (df = 148)

Scientific reasoning skills (CK) 0.18** 0.08 2.36

Topic-specific knowledge (CK) 0.09 0.08 1.08

Manipulation of knowledge about the diagnosis of scientific reasoning (PCK) 0.11 0.08 1.42

Subjecta −0.16* 0.08 −1.87

Subject × scientific reasoning skills (CK) −0.01 0.08 −0.15

Subject × topic-specific knowledge (CK) 0.10 0.08 1.26

Subject × manipulation of knowledge about the diagnosis of scientific reasoning (PCK) −0.03 0.07 −0.40

Interest

 � Interest in diagnosing 0.27** 0.09 3.14 0.32** 0.09 3.62

 � Interest in scientific reasoning −0.02 0.09 −0.20 −0.04 0.09 −0.42

 � Interest in teaching biology/physics 0.00 0.09 0.03 −0.10 0.10 −1.04

Current motivation

 � Expectation component of current motivation 0.00 0.08 0.00 −0.04 0.08 −0.49

 � Value component of current motivation 0.23** 0.09 2.53 0.19* 0.09 2.14

R2 0.165 0.232

R2 change 0.165 0.067

* p < 0.05 (one-sided), ** p < 0.01 (one-sided); a0 = biology, 1 = physics.
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their diagnostic accuracy when diagnosing scientific reasoning, as 
especially one kind of teachers’ professional knowledge, their own 
scientific reasoning skills (CK), seems to be more relevant than others, i.e., 
teachers’ topic-specific knowledge (CK) and their knowledge about the 
diagnosis of scientific reasoning (PCK).

The limitations of the present study, first of all, include the relatively 
heterogeneous sample. Even though the majority of the participating 
pre-service teachers specialized in one of the two subjects biology and 
physics, the sample also included pre-service teachers who specialized in 
neither of these two subjects. This means that for them, the simulations 
depicted an assessment situation with a thematic background that might 
have been completely new and of little obvious relevance for their own 
subjects. Because the simulations were focused on the diagnosis of 
scientific reasoning skills, which can also be regarded as important for 
subjects other than biology or physics, and because of the simple design 
of the inquiry tasks featured in the simulations, we would argue that the 
assessment situations are nevertheless accessible and relevant for 
pre-service teachers of other subjects. An inclusive sample seemed 
therefore justifiable. The sample also included pre-service teachers 
specializing in different school types (e.g., primary and secondary 
schools). Even though teaching scientific reasoning can be regarded as 
relevant for all school types, it might appear to be  less relevant for 
(pre-service) primary school teachers. Another limitation of the present 
study is that, due to time restrictions, the instruments used to measure 
teachers’ own scientific reasoning skills (CK) and their topic-specific 
knowledge (CK) employed only a limited number of items with low 
thematic overlap between items. For example, the instrument measuring 
topic-specific knowledge (CK) in biology included an item on the 
“importance of water for germination” and an item on the “importance 
of sunlight for growth” (see also Lin, 2004). As a consequence of this 
limited coverage of the respective topics, it cannot be fully ruled out that 
the respective regression coefficients in the present study may have been 
underestimated and that, therefore, the corresponding tests of 
significance may have been overly conservative. However, the chance that 
a relevant effect of topic-specific knowledge (CK) was overlooked is limited 
in light of the rather low regression coefficient for this predictor.

Future research on teachers’ diagnostic competences might benefit 
from extending the approach of the present study by using a broader 
array of measures of diagnostic competence, which could cover 
additional aspects beyond diagnostic accuracy. This approach should also 
consider measures of teachers’ diagnostic activities, which would also take 
the increased complexity of recent competence models of diagnostic 
competences into account (see Heitzmann et al., 2019). Furthermore, 
future research should also reassess the role of (pre-service) teachers’ 
PCK for the diagnosis of students’ scientific reasoning skills, as other 
studies that focused on subject-specific diagnosis found pre-service 
teachers’ PCK to be significantly related to their diagnostic accuracy 
(Kramer et al., 2021). With respect to the low average knowledge about 
the diagnosis of scientific reasoning (PCK), even in the text-group, and the 
relatively low average level of diagnostic accuracy of the participants in the 
present study, reducing the complexity of the situation and the diagnostic 
task should be considered for further studies using simulation-based 
assessment situations, including studies using our own video-based 
simulation environment. This could, for example, be achieved by offering 
the participants more time to process the information provided or by 
offering them more opportunities to apply the newly gained knowledge 
to diagnostic situations. In addition, pre-service teachers could 

be supported within the simulations by computer-based scaffolding. 
Scaffolding might comprise functions for guiding the observation of 
students in the video-based simulations in terms of the structure of 
scientific reasoning (sub-) skills as well as for guiding participants’ 
documentation of their observations with respect to this structure. This 
also opens up new lines of research concerning support for the 
development of (pre-service) teachers’ diagnostic competences.
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