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Abstract The acquisition of diagnostic competences is an essential goal of teacher
education. Thus, evidence on how learning environments facilitate pre-service teach-
ers’ acquisition of corresponding competences is important. In teacher education,
approximations of practice (such as simulations) are discussed as being learning
environments that can support learners in activating acquired knowledge in authen-
tic situations. Simulated diagnostic interviews are recommended to foster teachers’
diagnostic competences.

The conceptualization of diagnostic competences highlights the importance of
cognitive and motivational characteristics. Motivational learning theories predict
that the activation of acquired knowledge in learning situations may be influenced
by motivational characteristics such as individual interest. Although teachers’ di-
agnostic competences constitute an increasing research focus, how cognitive and
motivational characteristics interact when shaping the diagnostic process and accu-
racy in authentic learning situations remains an open question.
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To address this question, we report on data from 126 simulated diagnostic one-on-
one interviews conducted by 63 pre-service secondary school mathematics teachers
(students simulated by research assistants), studying the combined effects of interest
and professional knowledge on the diagnostic process and accuracy. In addition to
the main effect of content knowledge, interaction effects indicate that participants’
interest plays the role of a “door-opener” for the activation of knowledge during
simulation-based learning. Thus, the results highlight the importance of both, cog-
nitive and motivational characteristics. This implies that simulation-based learning
environments should be designed to arouse participants’ interest to support their
learning or to support less interested learners in activating relevant knowledge.

Keywords Diagnostic competences · Teachers’ professional knowledge · Interest ·
Approximations of practice · Diagnostic task potential · Simulation-based learning

Kognitive und motivationale Personenmerkmale als Prädiktoren für
diagnostische Leistung: Gemeinsame Effekte auf die diagnostische
Aufgabenauswahl und Akkuratheit Lehramtsstudierender

Zusammenfassung Ein wesentliches Ziel der Lehramtsausbildung ist es, den Er-
werb diagnostischer Kompetenzen zu fördern. Um diesen Erwerb bestmöglich zu
unterstützen, sind Implikationen hinsichtlich der Gestaltung entsprechender Lern-
umgebungen von zentraler Bedeutsamkeit. In der Lehrerbildung wird insbesondere
der Einsatz sogenannter „approximations of practice“, wie beispielsweise Simula-
tionen, diskutiert, um die praktische Anwendung gelernter Inhalte zu trainieren.
Simulationen diagnostischer Interviews werden für die Förderung diagnostischer
Kompetenzen empfohlen.

Konzeptualisierungen diagnostischer Kompetenz betonen dabei die Rolle kogniti-
ver und motivationaler Lernvoraussetzungen.Motivationale Lerntheorien legen nahe,
dass die Wissensaktivierung in solchen Lernumgebungen möglicherweise durch mo-
tivationale Merkmale, wie beispielsweise dem Interesse, beeinflusst wird. Wie das
Zusammenspiel kognitiver und motivationaler Personenmerkmale mit dem Verlauf
diagnostischer Prozesse und der Akkuratheit der Diagnose in simulationsbasierten
Lernumgebungen zusammenhängt, ist bisher jedoch unklar.

Um derartige (Interaktions-)effekte zwischen professionellem Wissen und Inte-
resse auf den Prozess und die Akkuratheit der Diagnose zu untersuchen, wurden 126
simulierte diagnostische Einzelinterviews von 63 Mathematiklehramtsstudierenden
(Lehramt an weiterführenden Schulen; Schülerrolle gespielt von Projektmitarbeite-
rinnen) analysiert. Neben einem Haupteffekt von Fachwissen, implizieren die Inter-
aktionseffekte, dass das Interesse der Teilnehmenden die Rolle eines „Türöffners“
für die Aktivierung von Wissen zu übernehmen scheint. Die Ergebnisse bestäti-
gen damit die Relevanz beider Personenmerkmale, motivationaler und kognitiver
Art. Eine Implikation ist daher, dass simulierte Lernumgebungen darauf abzielen
sollten, das Interesse der Lernenden zu wecken, oder über entsprechende Unterstüt-
zungsmaßnahmen verfügen sollten, um Lernende mit fehlendem Interesse bei der
Wissensaktivierung zu unterstützen, um Lernprozesse optimal zu unterstützen.
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Schlüsselwörter Diagnostische Kompetenzen · Professionelles Wissen von
Lehrkräften · Interesse · Approximations of Practice · Diagnostisches
Aufgabenpotential · Simulationsbasiertes Lernen

1 Introduction

The importance of diagnostic competences for adaptive teaching is mostly undis-
puted (Behrmann and Souvignier 2013). The process of diagnosing can be defined as
the goal-directed accumulation and integration of information to reduce uncertainty
regarding educational decisions (Heitzmann et al. 2019). The situations, in which
teachers can gather such diagnostic information vary substantially (Karst et al. 2017;
Philipp 2018). In such situations, teachers must elicit, interpret, and use verbal and
written answers during whole-group classroom discussions or individual work.

As effective teacher decisions rely on the accurate assessment of students’ cur-
rent learning (van de Pol et al. 2010), the acquisition of diagnostic competences
is considered an essential part of pre-service teacher education (Kultusministerkon-
ferenz 2019). Diagnostic competences are often conceptualized as judgment accu-
racy, which is the match between a teacher’s estimation of a student’s test perfor-
mance and its actual test performance. Following a holistic approach, conceptualiza-
tions of diagnostic competences go beyond this (Südkamp et al. 2012), and include
the processes of evidence generation during diagnosis (Praetorius et al. 2012; von
Aufschnaiter et al. 2015). This broader conceptualization of diagnostic competences
allows for a differentiated perspective on teachers’ diagnoses, as well as learning
opportunities to shape and foster diagnostic competences. This contribution focuses
on both the diagnostic processes and accuracy.

Weinert (2001) defines “competence” as an individual’s disposition to solve
a specified type of problems, as well as the motivational, volitional, and social
dispositions required to successfully use these skills in various situations. The term
“disposition” indicates that the individual coherently shows successful performance
according to predefined criteria when engaging in such situations. These dispositions
are assumed to be specific to certain problem types, and learnable (Herppich et al.
2018). According to Heitzmann et al. (2019), diagnostic competences require the ac-
tivation of professional knowledge in the diagnostic process to arrive at an accurate
diagnosis, which is one of the central criteria for judging performance in diagnostic
situations. Definitions of diagnostic competences highlight the role of both cognitive
and motivational characteristics in explaining teachers’ performance in diagnostic
situations. Whereas the role of professional knowledge (e.g., pedagogical content
knowledge about students’ misconceptions) in diagnostic competences is explicitly
emphasized (Tröbst et al. 2018), motivational characteristics are mostly assumed to
have a moderating influence (Herppich et al. 2017) on the effects of knowledge. The
features of diagnostic processes are usually considered an additional intermediate
indicator for mastering a specific diagnostic situation. Corresponding features, such
as the extent to which the teacher engages in actions to elicit students’ understanding
in a diagnostic interview (e.g., posing questions; see van den Kieboom et al. 2014),
are usually assumed to be based on similar individual characteristics.
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Prior findings highlight the need to foster the diagnostic competences of pre-
service teachers (Kron et al. 2021; Praetorius et al. 2012), as the acquisition of
initial conceptual knowledge (so-called personal knowledge, pPCK; e.g. Carlson
et al. 2019), often in a declarative form during teacher education, does not auto-
matically lead to a successful application of knowledge. Grossman et al. (2009)
propose approximations of later professional practices as a specific type of learning
environment, that (given suitable scaffolds) allows learners to apply, elaborate upon
and extend their initially acquired conceptual knowledge within authentic settings.
Simulation-based learning environments, which model “a natural or artificial system
with certain features which can be manipulated” (Heitzmann et al. 2019), can be
regarded as such approximations (Fischer and Opitz 2022). Simulated diagnostic in-
terviews, in which pre-service teachers interview students played by trained actors,
are examples of such simulations. Engaging in these environments is assumed to
complement acquired conceptual knowledge with strategic and procedural knowl-
edge, which are considered crucial for the successful activation and application of
knowledge (Förtsch et al. 2019). This type of applicable knowledge resonates with
the concept of enacted pedagogical content knowledge (ePCK) in the refined con-
sensus model of PCK (Carlson et al. 2019). To support the process of establishing
applicable knowledge, it is important to understand the conditions under which pre-
service teachers activate and apply their knowledge during approximations of prac-
tice (Carlson et al. 2019; Grossman and McDonald 2008). Furthermore, it is an
open question which knowledge component in terms of knowledge content is actu-
ally activated (and potentially developed toward ePCK) during approximations of
practice.

In analogy to real diagnostic situations (Herppich et al. 2018), it is plausible
that also during approximations of practice motivational dispositions play the role
of a “door-opener” and trigger the activation of specific knowledge components.
Owing to the complexity of authentic situations (even if approximated), this can be
of particular importance to ensure that pre-service teachers approach the presented
situations with the intended knowledge components (e.g., PCK, see Sect. 1.2.) in-
stead of merely focusing on general pedagogical knowledge during the diagnosis
of mathematical understanding. More specifically, research indicates that individual
interest in a topic shapes situational interest, which in turn has been found to trigger
deeper processing and sustained attention during learning (Ainley et al. 2002; Hidi
and Renninger 2006). However, it remains an open question how different facets
of interest moderate the effects of different components of professional knowledge
regarding diagnostic competences.

Heitzmann et al. (2019) note that research should investigate diagnostic com-
petences by considering individual dispositions holistically, focusing on diagnostic
judgement accuracy and the diagnostic process that leads to that respective judg-
ment. This contribution focuses on the main and interaction effects of interest and
professional knowledge on the diagnostic process and diagnostic accuracy in role-
play-based simulations, which approximate an authentic setting from later teaching
practice. The relationship between the measure of a knowledge component and pre-
service teachers’ performance during the simulation of diagnostic practice is consid-
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ered as evidence of activation of the respective knowledge component. We lay out
the theoretical foundations of our study in more detail in the following subsections.

1.1 Diagnosing Students’ Mathematical Understanding

Assessing students’ mathematical understanding requires teachers to acquire diag-
nostic competences. Judgment or diagnostic accuracy is commonly used as a mea-
sure of the diagnostic competences of teachers. It refers to the match between
teachers’ assessment of students’ understanding and their actual understanding as
measured by an independent test (Südkamp et al. 2012) or as presented in a crafted
vignette or simulation (Chernikova et al. 2019). Behrmann and Souvignier (2013)
established a relationship between teachers’ judgment accuracy and their students’
learning. From this perspective, diagnostic competences are observable in the accu-
racy of teachers’ diagnoses. In this sense, individual characteristics such as cognitive
and motivational characteristics are assumed to form the central basis of diagnostic
competences. However, competences go beyond these individual characteristics be-
cause accurate diagnoses require the activation of applicable knowledge in authentic
situations under specific motivational conditions (Herppich et al. 2018).

The sole focus on diagnostic accuracy has been criticized in the past because
the diagnostic process often remains unexplained and is usually not investigated
(Herppich et al. 2018). Addressing this, different models of diagnostic processes
were developed, moving from generic models (Klug et al. 2013) that focus on
process regulation, to more detailed models that focus on how diagnostic information
is gathered and processed (NeDiKo: Herppich et al. 2018; DiaCoM: Loibl et al. 2020;
COSIMA: Heitzmann et al. 2019).

Tasks play an indisputable role in mathematics instruction (Bromme 1981) and in
eliciting evidence of student understanding (Black and Wiliam 2009). More specif-
ically, assigning students meaningful tasks is central to the generation of diagnostic
information. This is also mirrored in the NeDiKo and COSIMA models, which
explicitly note the role of teacher actions in eliciting diagnostic information. Math-
ematical tasks vary in their diagnostic potential that is, their ability to unveil diag-
nostically relevant information (Maier et al. 2010). When solving diagnostic tasks,
students may rely strongly on deep understanding of the targeted mathematical con-
cepts, or they may solve them correctly using deficient or superficial strategies, or
strategies that do not use the targeted concepts. Thus, selecting high-potential tasks
in diagnostic processes is crucial, but teachers’ diagnostic task selection has rarely
been investigated. Kron et al. (2021) introduce the concept of sensitivity to the diag-
nostic potential of tasks as a facet of diagnostic competences, defining the diagnostic
potential of a task as “its ability to stimulate student responses, allowing for the
generation of reliable evidence about students’ mathematical understanding”. This
sensitivity is reflected in the tendency to prefer tasks with high diagnostic potential
during diagnostic processes. Sensitivity to the diagnostic potential of tasks digs into
teachers’ competences to elicit reliable information about student understanding,
comparable to asking probing questions, as previously studied by van den Kieboom
et al. (2014). As Takker and Subramaniam (2019) note, “Rich knowledge and antic-
ipation of student thinking”—in correct and incorrect aspects—is a central basis of
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“interpretative listening” when diagnosing decimal understanding. We assumed that
this is similarly to selecting tasks that elicit students’ understanding. Thus, beyond
the accuracy of the diagnosis, teachers’ sensitivity to the diagnostic potential of
a task is an additional measure of diagnostic competences that reflects the quality of
the diagnostic process. Current models of diagnostic competences assume that the
quality of diagnostic processes depends on individual knowledge and motivational
characteristics. The quality of the diagnostic process is key to generating accurate
diagnoses, which reveals the importance of individual characteristics.

1.2 The Role of Professional Knowledge

Models of diagnostic competences highlight the role of teachers’ professional knowl-
edge (NeDiKo: Herppich et al. 2018; DiaCoM: Loibl et al. 2020; COSIMA: Heitz-
mann et al. 2019). These models assume an influence of professional knowledge
on the diagnosis, which is mediated by the characteristics of the diagnostic process
(Leuders et al. 2017). In the context of teacher education, Shulman’s (1987) catego-
rization of professional knowledge is commonly used to separate different knowl-
edge components (for a recent overview in the context of diagnosis see Förtsch
et al. 2019). In mathematics education research, content knowledge (CK) is often
described as knowledge of school mathematics and its mathematical background
(COACTIV: Baumert and Kunter 2013; TEDS-M: Blömeke et al. 2011; KiL: Kle-
ickmann et al. 2014). Subject-specific knowledge about teaching, student cognition,
diagnostic tasks, and instructional strategies for a specific subject is subsumed under
pedagogical content knowledge (PCK) (Baumert and Kunter 2013), whereas general
knowledge about teaching and, for example, diagnosis without connection to a spe-
cific subject refers to pedagogical knowledge (PK) (Kleickmann et al. 2014). How
these different components of knowledge influence the diagnostic process remains
unclear (Tröbst et al. 2018). Analyzing pre-service teachers’ questioning in diag-
nostic interviews that focused on investigating students’ algebraic thinking, van den
Kieboom et al. (2014) found that participants with high CK on algebra asked more
probing questions than did participants with lower CK. An intervention study of
Ostermann et al. (2018) indicates that content-specific PCK influences pre-service
teachers’ estimates of the difficulty of tasks in the area of functions and graphs.
Investigating pre-service teachers’ task selection during diagnostic interviews on
decimal fractions, Kron et al. (2021) report a relationship between participants’ CK
on decimals and their sensitivity to the diagnostic potential of tasks on decimals.
Regarding the accuracy of diagnosis, research has emphasized the influence of CK
as well as PCK (Binder et al. 2018).

The specific and relative roles of different knowledge components have not yet
been analyzed systematically. From a theoretical perspective, a prominent role of
PCK related to the content at hand for diagnostic performance is plausible, since
knowledge about potential misconceptions and the diagnostic potential of tasks are
usually subsumed under PCK. Some results also highlight the important role of
content-related CK in diagnostic task selection and questioning. One reason may be
that judging the diagnostic potential of a task or question requires the generation
of multiple possible solutions to the task, which are based on more or less correct
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and efficient strategies. Finally, definite conclusions about the different components
of professional knowledge that play a role during the diagnostic process cannot be
drawn (Herppich et al. 2018). In particular, it is an open question as to which knowl-
edge components are actually used by (pre-service) teachers to diagnose efficiently
and accurately, as well as under which conditions beginning teachers activate, use,
and deepen different subject-specific knowledge components in authentic (learning)
situations (Jeschke et al. 2021).

1.3 Approximations of Practice (AoPs)

Despite the role of professional knowledge for diagnosing, novice teachers who have
acquired some professional knowledge also struggle to activate and apply this knowl-
edge in authentic situations (Correa et al. 2015; Dicke et al. 2015; Levin et al. 2009).
This activation and application requires knowledge structures that link conceptual
knowledge about central terms and principles with procedural components on how
to approach specific problems, and strategic components on which approaches are
more or less efficient in which situations. Moreover, it is assumed that these com-
ponents must be tied to practical applications (cf. Förtsch et al. 2019). In teacher
education, the so-called approximations of practice, or AoP (Grossman et al. 2009),
have been proposed as efficient means to build such knowledge structures.

AoPs, which can be used as learning or assessment situation, reconstruct real-life
situations, control disruptive factors, and limit the complexity of presented situa-
tions. This limitation is necessary because complex and authentic situations, as they
occur in real classrooms, are often considered overwhelming by novice pre-service
teachers (Seidel and Stürmer 2014). In AoPs, pre-service teachers are expected to
develop their (diagnostic) competences by applying their professional knowledge in
authentic situations, which are not as cognitive demanding as traditional practical
studies in real classrooms (Codreanu et al. 2020; Marczynski et al. 2022). While
AoPs in teacher education have strongly focused on the use of video cases (e.g.,
Seidel et al. 2011; van Es and Sherin 2008), the field of medical education has a long
tradition of investigating the use of simulations and simulated patients (Lane and
Rollnick 2007). In particular, the use of roleplay-based simulations with actors as
patients has been investigated (e.g., Lane et al. 2008; Stegmann et al. 2012), as these
simulations allow for interpersonal interaction, portray the natural behavior of par-
ticipants and allow them to make their own decisions. Paralleling this development,
research in teacher education has started to investigate roleplay-based live simula-
tions, such as teacher-parent communication (Gartmeier et al. 2011) or diagnostic
one-on-one interviews with students (Marczynski et al. 2022). In the context of di-
agnosing students’ understanding, Wollring (2004) highlights the use of diagnostic
interviews with real students as diagnostic situations that allow for the application
of professional knowledge and ultimately further develop diagnostic competences
(cf. van den Kieboom et al. 2014; Schack et al. 2013). Interviews with real students,
however, may provide varying and unpredictable challenges for pre-service teachers,
so using simulations with standardized student profiles as AoPs would be helpful.

A key point in the effectiveness of AoPs is that the learner activates and applies
relevant knowledge when working in an authentic (approximated) situation. For
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example, Seidel et al. (2011) argue and provide some evidence that analyzing one’s
own classroom videos leads to a stronger activation of relevant knowledge than
analyzing others’ classroom videos. In diagnostic situations, pre-service teachers
who have little experience in applying pedagogical content knowledge might thus
primarily activate their content knowledge to check the mathematical correctness of
students’ final solutions (CK) rather than explicitly considering students’ specific
strategies or potential misconceptions (PCK). This is supported by prior evidence
(van den Kieboom et al. 2014). Likewise, participants may also focus on general
principles of diagnosis, such as observer bias (PK), without considering subject-
specific knowledge components, which would be of additional value in a specific
situation. Whether and how pre-service teachers differ in the knowledge they activate
during AoPs is an open question.

To measure knowledge activation, some studies (e.g., Seidel et al. 2011) have
analyzed participants’ responses to prompts embedded in an AoP. Alternatively,
the relationship between performance in an AoP (e.g., task selection or accuracy
of the diagnosis) and individual knowledge measures (e.g., based on CK, PCK, or
PK tests) may be analyzed, and varying correlations between individual knowledge
scores and measures of performance in the presented authentic situation may be
taken as evidence of differences in knowledge activation. This perspective is part
of the NeDiKo model (Herppich et al. 2018). Both approaches also allow to study
whether interindividual differences in knowledge activation can be explained by
other individual characteristics such as motivational characteristics.

1.4 Individual Interest as a “Door-Opener” for Knowledge Activation

As described above, the activation of knowledge in an AoP requires not only that this
knowledge is available but also that it is identified as relevant in the corresponding
situation. Individuals’ interest is expected to trigger knowledge activation (Hidi
1990).

In the sense of person-object theories of interest (Krapp 2002), individual interest
as a motivational trait is usually understood as a relatively stable person-object
relationship which is reflected in a “tendency to occupy oneself with an object of
interest” (intrinsic component, Krapp 2002), a positive emotional relationship to the
object (emotional component), and ascribing the object of interest a certain value
(value component, cf. Schiefele et al. 1992). Sometimes, the “intrinsic component” is
considered under the perspective of knowledge construction, indicating the desire to
learn more about the “object” (epistemic component, Krapp and Prenzel 2011). The
“object of interest” may be any cognitively represented entity from the individuals’
“life-space” (Lebensraum; Krapp 2002). Understanding interest as a relationship
between a person and a specific object (e.g., a certain knowledge domain or a certain
type of activity, such as educational diagnosis) implies that facets of interest may
be distinguished by different objects. This leads to the question of which facet of
interest serves as a trigger for the activation of which knowledge component.

From this perspective, an individual’s interest in a certain knowledge domain
should increase the tendency to activate this knowledge in situations where it can
be applied. According to theories of interest as a motivational state, individual
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interest is an important antecedent of situational interest. Hidi and Renninger (2006)
argue that situational interest positively influences learning processes and gains by
establishing a positive mood for the learner. Furthermore, situational interest is
assumed to generally contribute to sustained attention (Ainley et al. 2002; Hidi
and Renninger 2006), self-regulative processes (Lee et al. 2014), and deep levels
of learning (Hidi and Renninger 2006). Again, these processes can be assumed to
stimulate a stronger focus on the object of interest, leading to a deeper analysis
of the situation at hand when working on an AoP, and thus, a more goal-directed
activation of knowledge components that are connected to the respective object of
interest. This is in line with Kosiol et al. (2019) who argue—based on Holland’s
(1973) congruence hypothesis—that for interest to be relevant for learning, the
object of interest must align with the contents of the learning situation. However, it
is unclear whether interest in the general type of situation (interest in diagnosis) is
sufficient to ensure this alignment, or if a specific interest in the specific knowledge
component to be applied (interest in mathematics education, in this case) is required.

These mechanisms suggest that individual interest supports the activation of rel-
evant knowledge in approximations of practice, such as simulated diagnostic inter-
views, and subsequently leads to improved diagnostic processes and more accurate
diagnoses. Thus, interest is expected to moderate the relationship between profes-
sional knowledge and performance in the diagnostic situation, as hypothesized in
Sect. 1.3. and the NeDiKo model (Herppich et al. 2018). In this sense, individual
interest can be expected to act as a “door-opener” for the activation of professional
knowledge during an AoP in pre-service teacher education if the object of interest
corresponds to the contents of the AoP. For example, it is reasonable to expect that
activating PCK especially depends on interest in mathematics education and that
this leads to more efficient diagnostic processes and higher diagnostic accuracy.
A more general interest in educational diagnosis could support the activation of PK,
pointing participants towards general judgment errors, which could also influence
the diagnostic process and the accuracy of diagnoses, whereas we did not expect
that CK activation would be affected by an interest in mathematics education or an
interest in diagnosis.

2 The Present Study

We have argued that the productive use of AoPs, such as simulated diagnostic
interviews, depends on the activation of already acquired knowledge components
such as CK, PCK, or PK. Moreover, we have proposed the hypothesis that, in such
AoPs, individual interest facets, such as interest in mathematics education or interest
in diagnosis, might function as a relevant moderator (the aforementioned “door-
opener”) that stimulates the activation of specific knowledge components (Fig. 1).

This study strives to contribute to this topic not only by analyzing whether such
moderation effects can be observed, but also by exploring which knowledge com-
ponent pre-service teachers (the participants of our study) activate in simulated
diagnostic interviews and which facets of interest play a role in this knowledge
activation. It can be considered a theoretically plausible hypothesis that some facets
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Fig. 1 Model of the investigated concepts

of interest affect the activation of relevant knowledge components (see Sect. 1.4.).
Which interest facets moderate the activation of which knowledge components is
a more exploratory question. In particular, we focused on the following questions.

RQ 1 How are the different components of pre-service teachers’ professional
knowledge (CK, PCK, PK) related to pre-service teachers’ sensitivity to diagnostic
task potential and diagnostic accuracy?

As described above, the main effects of the knowledge components would only be
expected if the respective component is activated, irrespective of the interest level.
This might be because of sufficiently high interest levels, or because the knowledge
component is obviously highly relevant for the situation at hand (e.g., CK on decimal
fractions in a diagnostic interview dealing with decimal fraction tasks). Based on
prior research findings and assuming that participants were sufficiently interested,
we expected that the participants’ CK and PCK would be linked to their sensitivity
to diagnostic task potential and diagnostic accuracy. We expected that higher CK
would positively influence the evaluation of the diagnostic potential of tasks and
the selection of tasks with high diagnostic potential (e.g., relying on an evaluation
of possible solution strategies) and would also be related to diagnostic accuracy
by influencing the evaluation of the student’s responses to the selected tasks. For
PCK, we expected a relationship to diagnostic accuracy, as the interpretation of
the diagnostic information gathered about the student’s understanding with respect
to typical student misconceptions would be primarily related to knowledge about
student cognition. Based on prior findings, we did not expect a relationship between
PCK and task selection (Kron et al. 2021). Since the diagnostic interview had
a strongly subject-related focus, we did not expect PK to have a strong influence.

RQ 2 How are different facets of pre-service teachers’ interest (interest in diagno-
sis, interest in mathematics education) related to pre-service teachers’ sensitivity to
diagnostic task potential and diagnostic accuracy?

Again, the main effects of interest facets would only be expected if all participants
had sufficient knowledge to accomplish the diagnostic task. As studies have shown
that interest facilitates deep processing, we assumed that higher levels of interest
would be reflected in stronger sensitivity to diagnostic task potential in the diagnostic
process, and higher scores of diagnostic accuracy.
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RQ 3a Does the interaction of professional knowledge and interest affect pre-ser-
vice teachers’ sensitivity to diagnostic task potential and their diagnostic accuracy?

Assuming that individuals’ interest influences the activation of knowledge, as
reflected in the relationship between acquired professional knowledge and perfor-
mance in AoPs, we expected to find moderating effects of interest in the relationship
between professional knowledge and participants’ diagnostic performance. In par-
ticular, we expected that the interplay of high interest and professional knowledge
would be reflected in a higher ratio of high-potential tasks, as well as a more accurate
diagnosis.

Since prior studies do not provide a sufficient basis to predict which interest facets
would interact with which knowledge components, the following, more detailed
question is treated in an exploratory way:

RQ 3b Which knowledge components and interest facets interact in their effects on
pre-service teachers’ sensitivity to diagnostic task potential and diagnostic accuracy?

To provide first, exploratory insights into the interplay between interest and pro-
fessional knowledge while performing in authentic situations, we investigated the
interaction of CK, PCK, and PK with interest in diagnosis and interest in mathe-
matics education in detail.

2.1 Method

Simulated diagnostic one-on-one interviews on decimal fractions were designed to
answer these research questions (Marczynski et al. 2022). Reliable assessments of
student understanding may be particularly important for decimal arithmetic with
(positive) rational numbers (Padberg and Wartha 2017), as a range of student prob-
lems has been reported in the past (Lortie-Forgues et al. 2015). For example, how
quantities are structured into decimal bundles with sizes larger than or equal to one
(1, 10, 100, ...) and smaller than one (0.1, 0.01, ...; i.e., the bundling principle),
and how the number of these bundles relates to the digits in different positions
(the place value principle). This knowledge is assumed to underlie specific individ-
ual strategies to compare decimals and perform calculations. However, less optimal
strategies, such as treating the parts before and after the decimal point as separate
natural numbers, have been frequently observed in the past (i.e., a natural number
bias; Alibali and Sidney 2015; cf. Steinle and Pierce 2006). Decimal comparison
and calculation tasks that cannot be solved correctly using these strategies (e.g.,
comparing, or adding 1.25 and 1.4) can be considered to have higher diagnostic po-
tential than tasks for which these strategies lead to a correct solution (comparing or
adding 1.25 and 1.51). Moreover, how students adaptively select efficient calculation
strategies depending on the numerical structure of the task has been proposed as an
important measure of arithmetic skill (Heinze et al. 2009). Finally, the transition
to rational numbers leads to new phenomena with arithmetic operations, e.g., that
multiplication can have a result that is smaller than one of the two factors (Fischbein
et al. 1985; Siegler and Lortie-Forgues 2015).

In the employed roleplay-based live simulated interviews, participants took the
role of a teacher who diagnoses a student’s understanding of decimal fractions.
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Research assistants were well-trained to enact four different student case profiles
that were used as scenarios in the simulations (for a description of the constructed
student case profiles, see Kron et al. 2021). Before the two half-hour interviews,
participants had time to familiarize themselves with the computer-based system and
had 15minutes to review the given set of tasks and prepare notes for the interviews.
Each participant participated in two diagnostic interviews in a row with different
student case profiles (enacted by different research assistants). Immediately before
the first interview, the participants’ interest in diagnosis and mathematics education
was measured. During the interviews, participants selected tasks from the given task
set, which consisted of 45 mathematical tasks with varying diagnostic potential.
The diagnostic tasks refer to the understanding of the decimal place value system,
including the comparison of decimals, performing calculations, and solving word
problems. Apart from the time limit, there were no restrictions on task selection.
Participants were encouraged to ask verbal follow-up questions to elicit further di-
agnostic information after the simulated student answered. After each interview, the
participants were asked to rate the simulated student’s mathematical understanding
using a closed-answer format. Finally, the participants’ professional knowledge was
assessed using a paper-and-pencil test (duration: 60min). Experts rated the imple-
mentation and design of the simulation positively (Stürmer et al. 2021).

2.1.1 Instruments

Professional knowledge. Participants’ professional knowledge was assessed sepa-
rately for each component as described by Shulman (1987). CK was measured
using 12 items to assess mathematical knowledge of decimal fractions. These items
required substantial reflection on school mathematics. For example, participants
had to justify (without using the usual calculation rules for decimal fractions), that
0.3 � 0.4 D 0.12 (see Sect. 6.2. in the Supplementary Materials). The participants’
PCK regarding the teaching and learning of decimal fractions was measured using
eight items. For example, participants were asked to analyze an incorrect student
solution and select two of the four given potential student misconceptions, which
might have led to this incorrect solution (Sect. 6.2. in Supplementary Materials).
The PK scale was adopted from the KiL project (Kleickmann et al. 2014). From this
scale only 11 items covering knowledge of diagnosis were used. These are related
to assessments from a psychological standpoint, for example, focusing on general
judgment errors and observer biases. While all PK items had a multiple-choice for-
mat, also single-choice and open-ended items were used for the CK and PCK scales.
The answers to all items were coded dichotomously.

Data for all tests were gathered from the participants of this study and from an
additional scaling sample of 292 pre-service mathematics secondary school teachers
studying at the same university. For CK and PCK, the scaling sample covered a larger
pool of items (24 CK items and 16 PCK items) that were employed in a multi-matrix
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Table 1 Item statistics

Sample CK PCK PK

Whole sample
(N= 357)

# of items, whole test 24 16 11

EAP Reliability 0.60 0.58 0.55

Item-parameters

# of items, this study 12 8 11

M 1.07 0.66 0.90

SD 1.06 0.88 0.83
Scaling sample
(N= 292)

Person-parameters

M 0.30 0.14 –0.03

SD 1.05 1.28 1.12
Sample of present
study
(N= 63)

Person-parameters

M 1.00 0.97 0.14

SD 1.03 0.77 0.80

Item-parameters are only given for items included in the current study

Table 2 Mean values, standard deviations, and reliability coefficient for the interest scales

Interest scale M SD Cronbach’s α
Interest in diagnosis 2.82 0.62 0.74

Interest in mathematics education 2.80 0.87 0.89

design with four booklets. Individual knowledge scores (person-parameters)1 for
each of the three components as well as scale characteristics (e.g., item-parameters)
were calculated for both samples together (see Table 1; for detailed information see
Table 1.1 in the Supplementary Materials) using the one-dimensional one-parameter
logistic Rasch model (Rasch 1960). The person-parameters are presented separately
for each sample. All the items covered the knowledge required in the diagnostic
interviews. The mean person-parameters for CK and PCK in the present study were
comparable to or larger than the mean item-parameters, indicating that participants
had acquired relevant knowledge to a substantial extent (see Table 1). Standard
deviations of person-parameters in the present study indicate that the tasks in our
test were harder for some of our participants, but that there were also participants
who could master a substantial number of tasks.

Interest We adopted the scales of Rotgans and Schmidt (2011) to assess partici-
pants’ interest and distinguish between two objects of interest: interest in diagnosis
(example item: “I want to learn more about diagnosis”) and interest in mathematics
education (example item: “I want to learn more about mathematics education”).
Each of the two interest scales contained three items (listed in the Supplementary
Materials, see Sect. 6.3.). Five-point Likert scales were used (0= not true at all;
4= very true for me). Cronbach’s alpha was calculated to measure reliability (Ta-

1 The IRT knowledge scores can be interpreted in the following way: a person with knowledge score
(person parameter) θ will, according to the underlying Rasch model, solve an item with item-parameter δ
with a probability of p D 1

.1Cexp.ı��//
.
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ble 2). It should be noted that, on average, interest ratings were above the midpoint
of the scale and had substantial variability among participants.2

Diagnostic Process We focused on the sensitive selection of tasks, considering
their varying diagnostic potential during the interviews (Kron et al. 2021) to in-
vestigate the diagnostic process. The diagnostic potential of each task was coded
a priori as low or high based on prior research on students’ understanding of deci-
mal fractions (e.g., Steinle 2004). The coding of diagnostic potential relied only on
the characteristics of the task itself. It was independent of the student case profiles
and thus independent of the students’ responses and solutions to the tasks. Of the
45 tasks, 20 were coded as high-potential tasks. Based on this, we were primarily
interested in the relative amount (ratio) of high-potential tasks among all selected
tasks, reflecting participants’ sensitivity to diagnostic task potential (Kron et al.
2021). However, to ensure that the observed effects were specific to this ratio, we
also considered the absolute number of selected tasks and the absolute number of
selected high-potential tasks.

Diagnostic Accuracy Participants rated the interviewed student’s understanding
in nine subareas of decimal fractions, which were analyzed to measure diagnostic
accuracy. Participants were asked to rate the interviewed student in terms of (1) the
place value principle, (2) the bundling principle, (3) the comparison of decimals,
(4) the basic concept of addition and subtraction, (5) arithmetic abilities in addition
and subtraction, (6) flexible use of strategies regarding addition and subtraction,
(7) the basic concept of multiplication and division, (8) arithmetic abilities in multi-
plication and division, and (9) flexible use of strategies regarding multiplication and
division, all in the context of decimal fractions. There were three response options:
“student mastered”, “student did not master”, and “diagnosis not possible”. Correct
responses were coded as 1 and incorrect with 0. Abstaining answers (“diagnosis not
possible”) were coded with 0.5 as a partial credit, since we considered abstaining
more helpful than a wrong diagnosis. For example, participants were asked to rate
the student’s understanding of the place value principle. One of the four designed
student case profiles showed no reliable understanding of the place value principle
but compared some pairs of decimals correctly using superficial strategies. In this
case, the correct evaluation would have been “student did not master” as the student
did not show a basic understanding of the place value principle. As the designed
student case profiles differ in their composition of understanding and misconcep-
tions in the field of decimal fractions, the correct rating of the nine subareas of
knowledge differed among the student case profiles. Student case profiles 1 and 3
were capable in two of the nine subareas and student case profiles 2 and 4 in five,
while those subareas differed between the two profiles. An accuracy score was built
by averaging the participants’ performance on the nine items.

Diagnostic accuracy values around 0.5 may either reflect a similar number of
correct and false evaluations or abstaining answers (or a mixture of both). Guessing

2 For correlations of knowledge components and interest facets please see Table 1.2 in the Supplementary
Materials.
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or systematically selecting abstaining answers would lead to a score of approxi-
mately 0.5. In this vein, an accuracy score of 0.66 may for example reflect six
abstentions and three correct assessments, or three wrong and six correct assess-
ments.

2.1.2 Sample

The simulation was embedded in regular courses in pre-service mathematics sec-
ondary school teacher education in a large university in Germany. N= 63 participants
participated in the simulation.3 Participation in the study, including the provision of
data for analysis, was voluntary and remunerated, and informed consent was ob-
tained. Participation in the simulation had no influence on course grades. The local
ethics committee and data protection officer approved the study.4

On average, the participants were 23.7 years old .SD D 5.3/ and mostly fe-
male (37 female, 25 male, 1 diverse). Most participants were in their fifth or lower
semester .M D 4.8; SD D 2.2/ and almost all had finished at least four university
courses (amounting to 12 European credit transfer system credits out 12 to 21, de-
pending on the program) focusing on mathematics education in previous semesters
.M D 3.9; SD D 1.2/ : Based on these degree program curricula, each participant
should have completed one course focusing on the topic of decimal fractions be-
fore participating in the study. Two-thirds of the participants explicitly reported that
they had taken at least one course, specifically covering PCK in decimal fractions.
Regular mathematics education courses do not include diagnostic interviews. Most
participants had at least some teaching experience from their practical studies; on
average, they had conducted 9.3 school lessons on their own .SD D 6.5/ and re-
ported 2.1 years of experience in private tutoring (SD D 1.6; for details see Table 10
in Supplementary Materials).

2.1.3 Dataset and Analysis Strategy

The dataset contains knowledge scores for cognitive (person-parameters of CK,
PCK, and PK) and motivational (interest in diagnosis, interest in mathematics ed-
ucation) characteristics. For each interview, the dependent performance measures
were the number of all selected tasks, number of selected high-potential tasks, ratio
of high-potential tasks among all selected tasks, and diagnostic accuracy score. As
every participant worked on two simulations, the data for single interviews (first or

3 The sample of this study initially consisted of 65 participants. Due to extremely low PCK scores, two
of the 65 participants were excluded from the analysis. Evaluation of all test booklets indicated that these
participants did not work seriously on the test.
4 Some data from the current study have already been reported by the Kron et al. (2021). In this contribu-
tion, the focus was on a fine-grained analysis of the selection of tasks during the interview. The previous
article focused on the construct of sensitivity to and adaptive use of diagnostic task potential, and the role
of professional knowledge in task selection. The current contribution goes beyond this prior analysis in
considering the moderating role of interest and focusing on diagnostic performance more broadly, also
incorporating diagnostic accuracy. Thus, the main effect of knowledge components for task selection is
reported in both manuscripts, but in the present study, it merely has the role of a preliminary analysis.
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second interview, student case profile, task selection data, and accuracy) were nested
within the participants. Except for professional knowledge, all data were collected
in log files using a web-based interview system.

Data were analyzed using linear mixed models (Bates et al. 2014), taking the
nested structure of the data into account. The interview position (first vs. second) and
the student case profile (1, 2, 3, or 4) were included as fixed factors in all models. For
each research question, the effects on the ratio of high-potential tasks as a measure
of the diagnostic process and effects on the diagnostic accuracy as a characteristic
of the diagnostic outcome were investigated. Analyses of the number of all selected
tasks and the number of selected high-potential tasks were conducted to exclude the
possibility that results would be more pronounced for these two measures than for
their quotient, the ratio of high-potential tasks.

To investigate the effects of professional knowledge (RQ 1), the person-param-
eters of CK, PCK, and PK were included as sole predictors. For RQ 2, both in-
terest facets were included as well. As every participant conducted two interviews
with different student case profiles, the interaction effects between interview posi-
tion, respectively student case profile and the individual characteristic (knowledge
respectively interest) were analyzed, as well. The interaction of professional knowl-
edge components and interest facets was investigated using chi-square omnibus tests
(RQ 3a) and further explored with separate models, each including one interaction
term between one knowledge component and one interest facet (RQ 3b). Before
presenting the results from each model, we explain why this model with certain
fixed effects and interactions was selected.5

In the case of interactions between knowledge components and interest facets,
we illustrate the overall relationship between knowledge and performance measures
with scatterplots visualizing the regression lines predicted by the respective model
for different levels of the interest measure.

3 Results

3.1 Preliminary Analyses

3.1.1 Diagnostic Process

Focusing first on participants’ task selection, the results reveal that significantly
more tasks were selected in the second interview (M= 16.57; see Table 3) than in
the first (M= 13.75, F .1; 59.19/ D 24.53; p < 0.001). Significantly more high-
potential tasks were selected in the second interview (M= 7.86) than in the first
(M= 6.35, F .1; 59.25/ D 15.00; p < 0.001). There was no significant difference
in the ratio of high-potential tasks between the first .M D 0.47/ and the second

5 For an overview of the syntax of the separate linear mixed models please see Table 11 in the Supplemen-
tary Materials. Additional information about the instruments, the dataset, and the analysis of the data are
available from the authors on request.
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Table 3 Descriptive statistics for diagnostic process: Mean values (M) and standard deviation (SD) of
number of selected tasks, number of selected high-potential tasks, and ratio of high-potential tasks for
each interview position

First interview Second interview

Measures of diagnostic process M.SD/ M.SD/

Number of selected tasks 13.75 (5.60) 16.57 (6.97)

Number of selected high-potential tasks 6.35 (3.07) 7.86 (3.45)

Ratio of high-potential tasks 0.47 (0.13) 0.48 (0.11)

Total number of tasks 45, total number of high-potential tasks 20

interview (M D 0.48; F .1; 59.74/ D 0.43; p D 0.516). This is consistent with the
findings reported by Kron et al. (2021).

No significant differences in the number of selected tasks .F .3; 68.75/ D
1.47; p D 0.231/, the number of selected high potential tasks .F .3; 76.33/ D
0.46; p D 0.708/ and the ratio of high-potential tasks .F .3; 86.06/ D 1.07; p D
0.367/ by student case profiles were observed.

3.1.2 Diagnostic Accuracy

The participants reached an average diagnostic accuracy of 0.67 (SD D 0.15;min D
0.22;max D 1.00/. Regarding the position of the interview, no significant differences
occurred .F .1; 59.62/ D 2.51; p D 0.118/. Contrasting the student case profiles,
results revealed that student case profile 4 was significantly more difficult to di-
agnose than student case profile 2 and 3 .p < 0.0001/. Whereas the accuracy
on student case profiles 1, 2, and 3 were significantly higher than 0.5 (profile 1:
M D 0.66; 95%CI�0.61,0.70Œ; profile 2: M D 0.72; 95% CI ]0.68,0.77[; profile 3:

Table 4 Descriptive statistics of single accuracy items: total number of correct, incorrect, and abstaining
answers, mean values (M), and standard deviation (SD)

Answers

Subarea M.SD/ Correct Incorrect Abstention

Place-value system

Place value principle 0.83 (0.37) 102 20 4

Bundling principle 0.69 (0.39) 71 24 31

Comparison of decimals 0.90 (0.29) 114 12 0

Addition & subtraction

Basic concept 0.59 (0.47) 70 47 9

Arithmetic abilities 0.54 (0.49) 66 56 4

Flexible use of strategies 0.61 (0.45) 66 39 21

Multiplication & division

Basic concept 0.62 (0.47) 74 44 8

Arithmetic abilities 0.60 (0.47) 71 45 10

Flexible use of strategies 0.62 (0.43) 65 35 26

Total number of observations: N= 126
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M D 0.74; 95% CI ]0.69,0.78[), the solution rate of student case profile 4 exceeds
this threshold only descriptively (M D 0.55; 95%CI ]0.50,0.60[).6

Overall, only a small number of abstaining answers occurred, mainly in the area of
the bundling principle and the flexible use of strategies (see Table 4). A comparison
of the mean values of the nine accuracy items indicates that the diagnoses regarding
the place value number representation system are descriptively more accurate than
those regarding arithmetic operations.

3.2 RQ1: Effects of Professional Knowledge

To investigate the effects of professional knowledge, person-parameters for CK,
PCK and PK were added as fixed factors to the models from the preliminary anal-
yses (see Sect. 6.5. in Supplementary Materials). None of the two-way interactions
between a knowledge component and interview position or student case profile was
significant, neither for accuracy nor for measures of the diagnostic process. Thus,
these interaction terms were removed from the subsequent models regarding this
research question.

3.2.1 Diagnostic Process

Analyses indicated no significant relationships between any knowledge component
and the number of selected tasks and the number of selected high-potential tasks
(p > 0.148; see Table 5).

For the ratio of high-potential tasks, a significant effect of CK occurred .B D
0.030; F .1; 59.46/ D 5.13; p D 0.027/, indicating that higher CK scores went
along with a higher ratio of high-potential tasks.

3.2.2 Diagnostic Accuracy

A significant effect of CK also occurred regarding the diagnostic accuracy (B D
0.031; F .1; 59.10/ D 5.30; p D 0.025; see Table 6), indicating that participants
with higher CK scores also had higher accuracy scores. The main effects of PCK
and PK were not significant (p > 0.278; see Table 6).

3.3 RQ2: Effects of Interest

To investigate the effects of interest, scores for interest in diagnosis and interest
in mathematics education were added as fixed factors in the models of preliminary
analyses. None of the two-way interactions of interest facets with student case profile
were significant for the accuracy or measures of the diagnostic process. Thus, these
interaction terms were removed from the subsequent models regarding this question.

6 For a description of the constructed student case profiles see Kron et al. (2021).
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Table 6 Effects of different knowledge components on accuracy measures

Accuracy

Knowledge component B denomdf F p

CK 0.031 59.10 5.30 0.025

PCK 0.010 59.79 0.34 0.564

PK 0.018 60.45 1.20 0.278

R2

Marginal 0.31

Conditional 0.38

Significant effects (p < 0.05) were highlighted in bold; num df of F-test equal 1. In our case, marginal Rš
accounts for the variance explained by knowledge measures, interview position, and profile. Conditional
Rš accounts for this variance plus the systematic variance between individuals over both interviews. Fixed
effects: position of interview, student case profile, person-parameters of CK/PCK/PK; random effects:
participant

3.3.1 Diagnostic Process

Analyses indicated no significant relationships between interest measures and the
number of selected tasks, number of high-potential tasks, and ratio of high-potential
tasks (p > 0.104; see Table 7).

3.3.2 Diagnostic Accuracy

No main effect of one of the two facets of interest on the accuracy could be identi-
fied. A significant interaction effect between interest in diagnosis and interview po-
sition indicated that the relationship between interest in diagnosis and accuracy was
stronger in the second interview than in the first interview (B1st= –0.038, B2nd= 0.049,
F .1; 60.43/ D 5.79; p D 0.019). However, for both interview positions the influ-
ence of interest in diagnosis was not significantly different from zero (first interview:
95% CI ]–0.09,0.02[; second interview: 95% CI ]–0.01,0.10[).

3.4 RQ3a: Omnibus Tests of Interactions Between Professional Knowledge and
Interest

First, we analyzed whether the interaction of interest facets with knowledge com-
ponents would significantly improve the prediction of the different performance
measures. To this end, we compared a baseline model, containing the main effects
of interview position, profile, knowledge components, and interest facets without
any interactions, to two increasingly more complex models. The omnibus model,
which additionally contains all two-way interactions of knowledge components and
interest facets, allowed us to test the hypothesis if there are any interactions between
knowledge components and interest facets. The extended model, containing all two-
and three-way interactions between knowledge components, interest facets, and in-
terview position, allowed us to investigate whether such interaction effects might
differ by interview position (as some effects seemed to vary by interview position
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Table 8 Comparison of regression models to investigate omnibus tests of interactions between knowledge
components and interest facets (omnibus vs. baseline models) and additional explanatory value of three-
way interactions with interview position (extended models). We expected the omnibus models to fit better
than the baseline and extended models

Performance measure,
model

#Parameters Deviance ��2 df p

Process: number of selected tasks

Baseline 12 763.31 – – –

Omnibus 18 754.83 8.48 6 0.205

Extended 29 739.47 15.37 11 0.166

Process: number of selected high-potential tasks

Baseline 12 626.44 – – –

Omnibus 18 618.21 8.23 6 0.222

Extended 29 602.56 15.65 11 0.155

Process: ratio of selected high-potential tasks

Baseline 12 –205.43 – – –

Omnibus 18 –218.29 12.86 6 0.045

Extended 29 –229.13 10.84 11 0.456

Outcome: accuracy

Baseline 12 –167.11 – – –

Omnibus 18 –182.71 15.60 6 0.016

Extended 29 –207.80 25.09 11 0.009

Significant effects (p < 0.05) were highlighted in bold

in previous analyses). Table 8 summarizes the fit indices and chi-square difference
tests between these models for performance measures.

As expected, the corresponding interaction (omnibus) models showed a signif-
icantly better fit to the data for the ratio of high-potential tasks and for accuracy.
However, the interactions between knowledge and interest for diagnostic accuracy
as the dependent variable seem to differ between the first and second interviews
(significantly improved fit for the extended model).

3.5 RQ3b: Exploring Interactions Between Professional Knowledge and
Interest

Based on these results, we explored the two cases with significant omnibus tests in
greater detail. Due to limitations in power, and to arrive at interpretable regression
slope values, we only included one facet of interest, one knowledge component, and
the corresponding interaction per model.

Significant interactions occurred between CK and interest in diagnosis, PCK and
interest in mathematics education, whereas PK significantly interacted with both
interest facets (see Table 9). Each significant interaction effect is reported in detail
in the following sections.

In post-hoc analyses of the identified interactions, the relationships between
knowledge components and performance measures were calculated for five lev-
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Table 9 Overview of significant interaction effects of interest facets and knowledge components on per-
formance measures

Knowledge component

Interest facet CK PCK PK

Interest in diagnosis Accuracy (Not significant) Accuracy

Interest in mathematics
education

(Not signifi-
cant)

Ratio of high-potential tasks;
accuracy

Ratio of high-poten-
tial tasks

els of interest around the sample mean (M ˙ 0SD; M ˙ 0.75SD; M ˙ 1.5SD)
based on the estimated model.

3.5.1 Interaction of CK and Interest in Diagnosis

CK showed a significant three-way interaction with interest in diagnosis and inter-
view position .F .1; 58.00/ D 6.12; p D 0.016/ on diagnostic accuracy. Follow-
up analyses indicated that higher CK significantly went along with higher diagnos-
tic accuracy for participants with average and above-average interest in diagnosis
in the first interview (B1st;M˙0SD D 0.051; 95%CI�0.02,0.08ŒI B1st;MC0.75SD D
0.074; 95%CI �0.03,0.11ŒI B1st;MC1.5SD D 0.097; 95%CI�0.04,0.15Œ; see left side
of Fig. 2). For the second interview, however, a different effect pattern oc-
curred, as higher CK significantly went along with higher diagnostic accuracy
for participants with below-average interest in diagnosis (B2nd;M�0.75SD D
0.042; 95%CI�0.00,0.08ŒI B2nd;M�1.5SD D 0.056; 95%CI�0.00,0.11Œ).

Fig. 2 Interaction effect of CK and interest in diagnosis on diagnostic accuracy
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Fig. 3 Interaction effect of PCK and interest in mathematics education on ratio of high-potential tasks

3.5.2 Interaction of PCK and Interest in Mathematics Education

For the ratio of high-potential tasks, a significant two-way interaction of PCK and
interest in mathematics education occurred .F .1; 59.40/ D 5.34; p D 0.024/. Fol-
low-up analyses indicated that higher PCK significantly went along with a higher
ratio of high-potential tasks for participants with high interest in mathematics edu-
cation (BMC1.5SD D 0.057; 95%CI�0.00,0.11Œ; see Fig. 3). This interaction was not
qualified by a significant three-way interaction with the interview position.

Moreover, PCK and interest in mathematics education showed a significant three-
way interaction with the interview position for diagnostic accuracy .F .1; 56.80/ D
6.12; p D 0.016/. Follow-up analyses revealed that higher PCK significantly went
along with higher accuracy for participants with above-average interest in mathe-
matics education in the first interview (B1st;MC0.75SD D 0.055; 95%CI�0.00,0.11Œ;
B1st;MC1.5SD D 0.089; 95%CI�0.02,0.16Œ; see left side of Fig. 4). In the second
interview, no significant relationship between PCK and diagnostic accuracy for the
different levels of interest could be identified. However, the relationship between
accuracy and PCK appeared to be slightly stronger for participants with lower in-
terest.

3.5.3 Interaction of PK and Interest

A significant two-way interaction of PK with interest in mathematics education
.F .1; 59.46/ D 4.60; p D 0.036/ occurred for the ratio of high-potential tasks.
Follow-up analyses indicated that higher PK significantly went along with higher
ratios of high-potential tasks for participants with an above-average interest in math-
ematics education (BM+0.75 SD = 0.042, 95% CI]0.00,0.08[; BM+ 1.5 SD = 0.067, 95% CI
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Fig. 4 Interaction effect of PCK and interest in mathematics education on diagnostic accuracy

Fig. 5 Interaction effect of PK and interest in mathematics education on ratio of high-potential tasks

]0.01,0.12[; see Fig. 5). This interaction was not qualified by a significant three-way
interaction with the interview position.

Interest in diagnosis and PK showed a significant two-way interaction with diag-
nostic accuracy .F .1; 58.76/ D 6.10; p D 0.016/, but the three-way interaction did
not reach significance .F .1; 57.07/ D 2.4; p D 0.127/. Follow-up analyses indi-
cated that a higher PK significantly went along with higher accuracy for participants
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Fig. 6 Interaction effect of PK and interest in diagnosis on diagnostic accuracy

with a below-average interest in diagnosis (BM�0.75SD D 0.065; 95%CI�0.02,0.11Œ;
BM�1.5SD D 0.100; 95%CI�0.04,0.16Œ; see Fig. 6).

4 Discussion

The main goal of this study was to obtain first insights into the role of interest in pre-
service teachers’ knowledge activation in a simulation-based learning environment
for diagnosing students’ understanding of decimal fractions. To this end, the ratio
of high-potential tasks and diagnostic accuracy were considered as performance
measures, following calls for a wider conceptualization of diagnostic competences
(Herppich et al. 2018; Südkamp and Praetorius 2017). Overall, the results only
partially reflect our assumptions regarding the main effects of interest and knowledge
on diagnostic performance and provide first empirical evidence about the specific
interactions of different interest facets and knowledge components.

4.1 Explaining Diagnostic Performance by Individual Knowledge and by
Interest, Separately

Among the measures of the diagnostic process, only the ratio of selected high-
potential tasks went along with the participants’ prerequisites, in particular their
CK. That judging the diagnostic potential of tasks requires a close analysis of
the task’s content, might explain the effects. As reported in a prior publication
focusing on pre-service teachers’ sensitivity to and adaptive use of diagnostic task
potential (Kron et al. 2021), higher CK could allow pre-service teachers to identify
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and eliminate low-potential tasks, primarily relying on a mathematical analysis of
possible strategies to solve that task.

A connection between performance and participants’ PCK would have been ex-
pected, as knowledge about the diagnostic potential of tasks is considered as a central
part of PCK (Baumert and Kunter 2013). However, it must be acknowledged that the
activation of decimal-related CK is most clearly triggered by the simulation setting,
given that tasks on decimal fractions are the central topic. Furthermore, the time for
the evaluation of the tasks was limited, which might have led to a superficial analysis
of the tasks considering only CK, without a deeper evaluation on the basis of PCK.
Later analyses were used to investigate whether this applies equally to all partici-
pants, or whether an effect of PCK can be observed for participants with a higher
interest in mathematics education that may have delved into a deeper analysis. In
particular, the effects of knowledge would only become visible if participants were
sufficiently interested in engaging in the diagnostic situation. In our study, partic-
ipants’ interest was above the scale mean on average, but substantial variation in
interest was observable.

Interest alone, without including interactions with knowledge components, did
not predict accuracy. While this might be unexpected at first sight, an effect of
interest would only be plausible if a sufficient number of interested participants had
sufficient knowledge to approach the task successfully. One explanation for the lack
of a significant main effect of interest might be that, even among the highly interested
participants, a substantial number did not have sufficient knowledge that they could
have activated during the simulation (according to our professional knowledge test),
even if they would have been sufficiently engaged by their interest to try it. Moderate
to low correlations between interest measures and knowledge components (r< 0.24
for all combinations, see Table 1.2 in the Supplementary Materials) support the
assumption that at least some participants with high interest had low professional
knowledge.

In summary, our results indicate that interest and professional knowledge alone
explain only few differences in individual performance during the simulation. This
must be seen in the context of the study: most of our participants had acquired
initial mathematics education knowledge but had not completed their study program
and had restricted practical experience. Exactly this situation of less experienced
pre-service teachers, however, is of high interest when developing AoPs as learning
environments for university-based teacher education programs.

4.2 Interest as a “Door-Opener” for Knowledge Activation?

Based on predictions from interest theories (Ainley et al. 2002; Hidi and Renninger
2006; Krapp 2002; Lee et al. 2014; Schiefele et al. 1992), we expected that indi-
vidual interest would trigger the activation of the relevant knowledge components
in the simulation. Indeed, the results of omnibus tests indicate that including the
moderation effects of interest facets on the relationship between knowledge and
performance significantly improves the explanation of individual differences in per-
formance measures. Without more detailed exploratory analysis, this indicates that,
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at least under certain conditions, the interaction of motivational variables and knowl-
edge is relevant for learning in AoPs.

In the context of our analysis, it must be considered that corresponding mod-
eration effects can only be expected if (a) participating pre-service teachers vary
in the amount of relevant professional knowledge they have acquired and (b) not
all but a substantial number of the participants are sufficiently interested to acti-
vate the respective knowledge components in the AoP. The results of the omnibus
tests indicate that this situation arises during the initial teacher education. The main
idea of AoPs is knowledge application. Our findings indicate that two prerequisites
are necessary to achieve this: participants must have acquired sufficient and rele-
vant professional knowledge to engage with the task, and they must activate this
knowledge, for example because they are specifically interested in the task or in ap-
plying this knowledge. This leaves at least two options: (1) implementing measures
to raise pre-service teachers’ interest before engaging them in AoPs (e.g., value
interventions, such as emphasizing the importance of accurate diagnosis; Priniski
et al. 2019) or (2) finding other measures to trigger knowledge activation during
AoPs (e.g., prompts, such as information about typical misconceptions of students;
Chernikova et al. 2019). Both options are commonly used as scaffolds in the context
of AoPs and in similar environments to enhance learning effects.

4.3 Differences Between the First and the Second Interview

Unexpectedly, some effect patterns differed between the first and second interviews
conducted by each participant. This effect was less pronounced for the main effects
of knowledge. Only the influence of interest in diagnosis on accuracy was stronger in
the second interview than in the first. However, some of the interactions of knowledge
and interest measures with accuracy showed interactions with the interview position.
This was unexpected, and without further investigation, the reasons for this can
only be hypothesized after the present study. One explanation may be that the
experiences made during the first interview affected participants’ approach to the
second interview (which was conducted directly after the first interview). Similarly,
participants’ initially reported (situational) interest could have been affected by the
first interview, leading to a reduced validity of the interest measure for the second
interview. A related explanation may be that pre-service teachers with little interest
needed a certain amount of time to gather experience in the simulation setting before
they started focusing and activating their knowledge in the second interview. The
effects of repeated encounters with AoPs (with or without longer time spans in
between) have received little attention in research so far. These unexpected findings
raise the question of whether some pre-service teachers might need time to become
acquainted with such authentic settings, but also whether subsequent encounters
might overstrain them and impede their knowledge activation. If this pattern of
results is sustained in further studies, the risk of overstraining learners must be
considered. This holds, in particular, when engaging pre-service teachers in more
than one longer and complex simulation without a longer break, as in this study.
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4.4 Which Interest Facet Triggers the Activation of Which Knowledge
Component?

Based on the promising findings from the omnibus tests, the interactions between
interest facets and knowledge components were explored in more detail. The clearest
pattern of findings, in our perception, arose for PCK, as its relationship to the selec-
tion of high-potential tasks and diagnostic accuracy was moderated by participants’
interest in mathematics education. For task selection and accuracy (first interview),
above-average interest in mathematics education went along with a positive relation
of PCK to both performance measures. This is in line with assumptions derived
from interest theories (Ainley et al. 2002; Hidi and Renninger 2006; Krapp 2002;
Lee et al. 2014; Schiefele et al. 1992). That interest in mathematics education sig-
nificantly moderated the effect of PCK, but not interest in diagnosis, is also in line
with the assumption based on the congruence hypothesis (Kosiol et al. 2019), that
an overlap between the object of interest and the content of the relevant knowledge
would be relevant for successful learning.

Regarding CK, we found that the already established relationship with the se-
lection of high-potential tasks was not moderated by interest facets. In contrast, the
relationship with accuracy was moderated by interest. It was interest in diagnosis,
not interest in mathematics education, which was involved in this moderation, which
is also in line with the congruence hypothesis (Kosiol et al. 2019). However, we
found a significant relationship between CK and accuracy for both, participants with
high and low interest. Whereas this relationship was significantly positive for par-
ticipants with average and above-average interest in diagnosis in the first interview,
it was significantly positive for participants with below-average interest in diagnosis
in the second interview.

In summary, the positive relationships of CK with accuracy and the selection
of high-potential tasks parallels the results of prior studies that CK seems to play
an important role in diagnostic practice (e.g., van den Kieboom et al. 2014). The
relationship between CK and task selection was not significantly related to interest,
indicating that the activation of CK for task selection might be more obviously trig-
gered by the simulation itself, whereas the activation for diagnosing is dependent
on interest in diagnosis. The pattern of effects is in line with expectations from
motivational theories (Hidi and Renninger 2006) in the first interview, but alterna-
tive explanations will be required for the reverse pattern in the second interview.
Participants’ situational interest might be considered when studying if participants
with low individual interest require time and experience in the simulation setting
before developing sufficient situational interest to trigger knowledge activation.

The pattern of relations was most diverse for PK: while participants with above-
average interest in mathematics education showed a significant positive relationship
between PK and a tendency to select high-potential tasks, participants with below-
average interest in diagnosis showed a significantly positive relationship between PK
and accuracy. The positive relationship for above-average interest in mathematics
education is in line with our assumptions on the role of interest in knowledge acti-
vation in general, indicating that PK can also be productively used for focused task
selection. However, a similar effect was observed for PCK. From a theoretical per-
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spective, the relationship between PCK and task selection would be more plausible
because PCK explicitly includes knowledge about the diagnostic potential of tasks,
whereas PK comprises general knowledge about diagnosis (Baumert and Kunter
2013). A congruence hypothesis would rather let us assume, but without certainty,
that PCK activation is influenced more by interest in mathematics education than
PK activation (Kosiol et al. 2019). The real reasons behind these findings cannot be
conclusively identified here, since the limited power of our study does not allow the
disentanglement of the two similar effects in a joint analysis, which underlines the
need for further research.

Finally, the positive relationship between PK and accuracy for participants with
below-average interest in diagnosis contradicts our assumptions based on motiva-
tional theories. In addition, only first hypothesis can be put forward to explain this
finding and gain ideas for further analyses of this relationship. One possible expla-
nation may be that low interest in diagnosis could lead to superficial task processing
(Hidi and Renninger 2006), which, in turn, could favor the activation of generic
knowledge components, such as PK, since it is not tied to a specific domain or
subject. Even though such an argument could explain the observed finding, it must
be seen as a speculative post-hoc explanation at this point. Explicit or implicit mea-
sures of deep task processing could be used to investigate whether low-interest pre-
service teachers are indeed at danger of superficial task processing and whether this
affects the activation of specific knowledge components.

4.5 Summary

As argued above, we draw the following conclusions. For some of them, evidence
was specifically generated in the described study, while others have the status of
hypotheses, since they are based on the more exploratory part of our analyses:

1. Our study provides evidence for the assumption that, at certain early stages of the
acquisition of diagnostic competences, knowledge measures (alone) and interest
measures (alone) have some, but limited, explanatory power for their performance
in AoPs, such as the simulation studied in this contribution.

2. Instead, knowledge activation during such AoPs depends on the interaction of
motivational characteristics, such as interest and available knowledge. Including
interaction terms leads to a significantly better fit of the regression models, as the
omnibus tests indicated.

3. Moreover, the exploratory results support the assumption that interest in mathe-
matics education plays a central role in PCK activation in the investigated simula-
tions.

4. The exploratory findings lead to the question, of whether repeated participation in
AoPs, such as this simulation, with or without temporal spacing, leads to specific
effects in terms of knowledge activation. For repetitions without temporal spac-
ing, some results might be explained by overstraining participants. On the other
hand, other results would be in line with the assumption that low-interest pre-ser-
vice teachers might require some time and experience with the simulation setting
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before they engage deeply and activate relevant knowledge components. Here, our
results merely cast a first light into a less-researched area.

5. Finally, some results might be explained by the assumption that low interest might
accompany the activation of more generic knowledge components such as PK in
subject-related AoPs. This is theoretically plausible, but the evidence from our
study is weak. Therefore, this relationship requires further investigation in future
research.

4.6 Limitations

Some limitations of this study must be considered when drawing final conclusions.
Most centrally, the exploratory nature of parts of our study implies that some con-
clusions should not be taken as established facts, but as working hypotheses guiding
further research. This is particularly relevant for possible explanations of the detailed
results of the observed interactions.

Different performance criteria were used to measure the diagnostic competences
of pre-service secondary school mathematics teachers. In particular, the selection of
tasks to investigate the participants’ sensitivity to diagnostic task potential, and diag-
nostic accuracy. These criteria reflect only selected aspects of pre-service teachers’
diagnostic competences. Additionally, the accuracy measure during the final rating
may be prone to guessing. However, even though there was the option to abstain
(“diagnosis not possible”), the accuracy was significantly above 50% for almost
all student case profiles, speaking against a systematic guessing strategy. However,
a more detailed analysis for example, of participants’ questioning during the inter-
views or their written diagnostic reports may provide additional insights about their
diagnostic competences in the longer run.

Moreover, the professional knowledge tests used to measure CK, PCK, and PK
had somewhat low reliability scores. When collecting data for this study (winter
term 2019/2020), we did not know of an existing, validated test for measuring CK
and PCK in the area of decimal fractions. Therefore, we designed this test from
scratch and further research is required to increase its internal consistency without
reducing its validity. In addition, the test was designed to measure the specific knowl-
edge needed to complete the diagnostic interviews. Comparing item- and person-
parameters raises the question of whether the CK and PCK tests differentiate well
between persons with high CK and PCK person-parameters. The PK test also had
low reliability scores. Finally, the number of participants may have also influenced
the fit of the underlying Rasch model and contributed to the low reliabilities.

Regarding the applied simulation as an AoP, allocating 30min to diagnose a stu-
dent’s understanding may not be a part of teachers’ everyday practice. However,
in our context, this setting provides a controlled assessment situation representing
professional diagnostic demands (e.g., selection of tasks, observation of student re-
sponses, asking probing questions, and evaluation of student responses to diagnose
its understanding) authentically without increasing complexity by digging into ped-
agogical decisions (cf. Kaiser et al. 2017). As students were simulated by trained
research assistants, it was quite obvious that students were not “real”. However,
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in contrast to using videotaped “real” students, this allowed us to implement live
interviews in which participants were able to ask their own questions. Neverthe-
less, future research should consider how many long and complex simulations can
be applied in a row without overstraining pre-service teachers when using such
simulations as learning opportunities.

Finally, the sample of 126 interviews performed by 63 pre-service teachers lim-
ited the statistical power of our study. As mentioned above, the main effects of
professional knowledge or interest may only be expected if all participants were
sufficiently interested, respectively had acquired the relevant knowledge for the di-
agnostic situation beforehand. Thus, similar investigations with a larger sample size,
including more advanced participants or in-service teachers, could provide more
nuanced interactions. With higher statistical power, motivational state variables or
cognitive demand (Codreanu et al. 2020) could be included in the analyses, helping
explain the moderation effects in more detail. In this regard, the heterogeneity of our
sample is vital to identifying the interaction effects between knowledge and interest
variables. However, it must be kept in mind that not all variables that constitute
the sample’s heterogeneity could be considered. For example, we did not include
more distal measures of performance, such as prior tutoring experience, because
we assumed that their effects would be at least partially mediated by the included
variables. Finally, transferability to other AoPs, varying in their design or area of
content, is of special interest. Different simulations developed in the COSIMA re-
search unit (Fischer and Opitz 2022) are currently being studied from a similar
perspective.

4.7 Conclusion and Implications

The current study addresses the question of under what conditions pre-service teach-
ers, who have acquired initial professional knowledge, activate different components
of this knowledge when participating in authentic AoPs such as simulated diagnostic
interviews. This seems particularly important for transforming personal knowledge
into applicable or enacted knowledge in teacher education (Carlson et al. 2019;
Grossman and McDonald 2008). To this end, we studied a complex, authentic AoP
in the valid field setting of a university-based teacher education program, to provide
insights into pre-service teachers’ knowledge activation in such authentic situations.
This seems of particular interest, when using AoPs as learning environments effi-
ciently. As a first result, we found evidence that at least some pre-service teachers
activate and apply components of their personal knowledge in simulated situations.
This suggests that AoPs, especially when including appropriate scaffolds to increase
learning effects, can play a role in the transformation of personal knowledge to
applicable or enacted knowledge and that further research in this area is warranted.

Second, in our less-experienced sample of pre-service teachers, not all knowledge
components seem to be activated systematically. Paralleling the results of prior
studies (van den Kieboom et al. 2014), a main effect on task selection indicates
that pre-service teachers might systematically activate their CK during simulated
diagnostic interviews. Given the obvious need to evaluate students’ responses, it
seems plausible at first sight that interest might play a minor role in CK activation.
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Follow-up analyses, however, indicated that interest in diagnosis moderated its effect
on accuracy differently in the first and second interviews. As argued above, the
robust effect of CK over different studies indicates that beginning teachers might
approach diagnostic interviews from a very content-related perspective, without
much consideration of pedagogical content knowledge, since this kind of knowledge
is mostly newer to them. This underlines the importance of performing theory-based
moderator analyses to investigate whether the observed correlations are valid for all
participants, or only for a subset of them.

Third, we find evidence that individual interest can function as a “door-opener”
toward the activation of relevant knowledge components. The corresponding effect
patterns were particularly pronounced for interest in mathematics education and
the activation of personal PCK, pointing to a potential effect of interest congruence
(Holland 1973; Kosiol et al. 2019). It is, of course, problematic that some pre-service
teachers do not activate and deepen certain knowledge components during AoPs due
to lower interest. Apart from supporting interest development (e.g., by allowing for
fulfillment of basic needs, Schukajlow et al. 2017; value interventions, Priniski
et al. 2019), university students’ expectations have been found to influence learning
(Rach et al. 2014), therefore it might be helpful to sensitize university students to
what is expected from them in a certain learning situation and which knowledge is
considered relevant. Moreover, university students who still have limited professional
knowledge will most likely benefit from support that allows them to acquire this
missing knowledge.

Finally, unexpected results from our study trigger a set of open questions because
the reasons for these findings could only be hypothesized. One such hypothesis is that
low interest may lead to a superficial approach towards subject-specific AoPs, instead
of using deep learning strategies involving the intended knowledge components
(Hidi and Renninger 2006). Investigating deep and surface learning strategies, which
have been discussed in connection to interest for secondary mathematics pre-service
teachers in the past (Murayama et al. 2013), could be one step towards this issue.
A second area for further study is the role of repeated participation in similar AoPs.

This study’s findings indicate that the activation and application of knowledge
in authentic situations depends not only on the availability of relevant knowledge.
Rather, other factors may influence whether individuals activate this knowledge,
including their interest in the topic, which reflects personal significance. Based on
our results, which relate to an approximation without specific learning support, we
assume that the effectiveness of AoPs, in particular regarding the activation and
application of knowledge, requires careful attention when designing such authen-
tic situations, especially when using it as a learning environment by embedding
scaffolds. Here, it might be helpful to arouse participants’ interest supporting the
activation of specific knowledge components or to support less-interested learners
in their activation of knowledge.

Supplementary Information The online version of this article (https://doi.org/10.1007/s13138-022-
00200-2) contains supplementary material, which is available to authorized users.
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