
Learning opportunities in teacher education
and proficiency levels in general pedagogical
knowledge: new insights into the accountability
of teacher education programs

Stefan Klemenz1 & Johannes König2
& Niclas Schaper3

Received: 25 July 2018 /Accepted: 15 April 2019 /Published online: 9 May 2019
# Springer Nature B.V. 2019

Abstract
This paper examines the effects of learning opportunities on the attainment of different
proficiency levels in general pedagogical knowledge among student teachers to provide
insights into their learning processes and the effectiveness of teacher preparation. The
authors used a subsample of the EMW study with two time points, comprising the data
of 1451 student teachers from 18 universities and teacher training colleges in Germany
and Austria. Findings from logistic regression analyses show that measures of learning
opportunities significantly affect the development of general pedagogical knowledge.
Whereas instructional quality in seminars and lectures on pedagogy shows effects on
achieving the lower levels representing theoretical knowledge components, teaching
practice measures related to in-school learning opportunities additionally affects the
attainment of the highest proficiency level representing practical knowledge compo-
nents. Implications for the effectiveness of teacher preparation are discussed.
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1 Introduction

The current discourse on the quality of teacher education focuses on how future
teachers acquire professional competence and which role higher education plays in
this context (e.g., Cochran-Smith et al. 2012; Blömeke et al. 2014; Hascher 2014;
Guerriero 2017). General pedagogical knowledge (GPK) is considered an essential
cognitive component of teachers’ professional competence (Shulman 1987; Bromme
1992; Baumert and Kunter 2006) and constitutes a highly relevant outcome of initial
teacher education programs (Darling-Hammond 2006; König et al. 2017a; Sonmark
et al. 2017). A fundamental objective of teacher preparation is therefore supporting pre-
service teachers’ acquisition of GPK (Blömeke 2011). For the purposes of assessing
GPK and examining the effectiveness of teacher education, a precise statement is
essential whether pre-service teachers achieve absolute criteria or standards. In this
respect, the frequently applied norm-referenced test interpretation of performance based
on continuous score scales is regarded inappropriate, since it does not allow to verify
the attainment of certain criteria (DeMars et al. 2002; Rost 2004; Hartig et al. 2012).

Proficiency level models address this issue by linking numerical test values to
concrete competencies related to the test content which enables criterion-referenced
interpretations of performance (Pant et al. 2009; Harsch and Hartig 2011). As a result,
persons attaining a certain level can be assumed to have specific competencies available
and accordingly whether they reached a criterion or not. Although extensive research
has been carried out on teacher professional knowledge, only a few studies (e.g.,
Mathematics teaching in the twenty-first century; Blömeke et al. 2010; König 2009)
modelled proficiency levels. Responding to this, Klemenz and König (2019) generated
a proficiency level model for GPK, which is put into focus for the present analyses. It is
based on the following two theoretical approaches: cognitive complexity and use of
instruction-related terminology. On the one hand, the proficiency model enables sub-
stantial statements of what pre-service teachers know and can do, concerning GPK on a
given scale level. On the other hand, it offers the opportunity to examine which kinds of
learning are significant to achieve certain levels (Sheehan 1997).

The opportunities to learn (OTL) concept is a research approach to investigate
specific kinds of learning. By describing and analyzing curricula, it informs about
content and process quality of the presented learning opportunities and the effectiveness
of teacher education programs (McDonnell 1995; Floden 2015; König et al. 2017b).
Findings from different studies provide evidence that OTL—regarded as experiences
with an intended learning outcome (Tatto et al. 2008)—are significant factors in the
acquisition of knowledge (Schmidt et al. 2011a; Blömeke et al. 2014; König and
Klemenz 2015, König et al. 2017a). However, current teacher education research still
lacks an accurate and extensive measurement of OTL (Blömeke and Kaiser 2012; König
et al. 2017a, 2017b). To counteract this, the EMW study collected extensive and low-
inference data on OTL used by student teachers (König et al. 2014a, 2017a). OTL of the
two sites of professional learning, namely universities and schools (Flores 2016) are
incorporated. The study focuses on instructional quality aspects of higher education
courses on general pedagogy as well as pedagogical teaching practice experiences. Both
components are highly relevant factors for the acquisition of knowledge (Good and
Brophy 2007; Muijs and Reynolds 2011; Baumert and Kunter 2013; Lipowsky et al.
2009; Seidel and Shavelson 2007).
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The OTL were linked to student teachers’ GPK, which was tested using the TEDS-
M instrument (König and Blömeke 2009) and modeled as proficiency levels. Thanks to
its longitudinal design, the EMW study allows the examination of proficiency level
changes over time. The study draws on a sample of 1451 student teachers from
Germany and Austria, who were assessed at two time points. The originality of this
study lies in the incorporation of the proficiency level model in our analyses. It makes a
major contribution to current research by enabling new insights into which OTL affect
the achievement of different levels in GPK and therefore provides valuable information
for education policy and teacher education institutions.

1.1 Teacher professional knowledge as an outcome of higher education

Following the expertise research paradigm that takes a cognitive perspective on the teaching
profession, an extensive knowledge base is considered crucial for mastering a variety of job-
specific tasks and becoming a professional teacher (Bromme 1992; Berliner 2001; Blömeke
and Kaiser 2012). Thus, institutions involved in the preparation of teachers are accountable
for ensuring the development of pre-service teachers’ professional knowledge.

The study’s framework draws on a shared conceptualization of professional compe-
tence that distinguishes between cognitive and affective-motivational components
relevant for successful teaching (Shulman 1987; Weinert 2001; Baumert and Kunter
2006; Shavelson 2010). According to current research, teachers’ cognitive competence
component can be divided into three different facets of professional knowledge
(Shulman 1987; Bromme 1992; Baumert and Kunter 2006): content knowledge
(CK), pedagogical content knowledge (PCK), and general pedagogical knowledge
(GPK). This multidimensional structure of professional knowledge has been validated
for different types of teachers from various countries (König et al. 2011). While CK and
PCK are subject-related, GPK is a generic facet that focuses on cross-subject teaching
tasks such as classroom management. On a conceptual level, CK and GPK can be
distinguished rather clearly (König et al. 2018b). PCK, on the other hand, represents a
“special amalgam of content and pedagogy that is uniquely the province of teachers,
their own special form of professional understanding” (Shulman 1987, p. 8). Contain-
ing aspects of pedagogical and content knowledge, PCK has proven less distinguish-
able both conceptually and empirically (König et al. 2018b).

Teacher’s GPK comprises “those broad principles and strategies of classroom
management and organization that appear to transcend subject matter” (Shulman
1987, p. 8) as well as “knowledge about learners and learning, assessment, and
educational contexts and purposes” (König 2013, p. 1001). Building on this definition,
a review of current empirical studies that assess GPK directly shows agreement that
instruction constitutes the core activity of teachers (König 2014). Planning, organiza-
tion, and reflection of teaching and learning processes as well as their assessment and
systemic evaluation are regarded as teachers’ core tasks (KMK 2004, p. 3) and
therefore as the main focus of GPK. In line with the concept of competence (Weinert
2001; Bromme 2001), the following study considers competencies as latent cognitive
dispositions that relate functionally to the mastering of professional tasks (Klieme and
Leutner 2006).

Regarding the measurement of competencies, one can distinguish between compe-
tence structure and proficiency level models (Hartig and Klieme 2006). Structure
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models focus on content dimensions and differentiate the type and number of sub-facets
of competence. Proficiency level models, on the other hand, qualitatively characterize
individuals’ abilities on a given level (Hartig and Klieme 2006; Schaper 2009).

1.1.1 Content dimensions of pre-service teachers’ general pedagogical knowledge

The present study uses the GPK test instrument developed in the TEDS-M study
(König et al. 2011). Drawing on instructional models of effective teaching (Good and
Brophy 2007; Helmke 2003; Slavin 1994) and didactics (Good and Brophy 2007;
Klafki 1985), four generic dimensions of teaching quality were identified: to prepare,
structure, and evaluate lessons (“structure”); to motivate and support student learning as
well as to manage the classroom (“motivation/classroom management”); to deal with
heterogeneous learning groups in the classroom (“adaptivity”); and to assess students
achievement (“assessment”). These content dimensions correspond to the requirements
formulated as core tasks in the German national educational standards for teacher
education (KMK 2004). In the TEDS-M study, the four dimensions served as a
heuristic to develop GPK test items. The test instrument has been subject to multiple
validity tests, which provide evidence for construct and curricular validity (see König
and Blömeke 2009, König and Seifert 2012, König and Klemenz 2015; Blömeke et al.
2010).

1.1.2 Proficiency levels of pre-service teachers’ general pedagogical knowledge

Psychometric models in educational contexts consider test persons’ proficiencies
usually as continuous latent dimensions (Hartig et al. 2012). Accordingly, the tradi-
tional outcome of a test is a continuous score (Sheehan 1997). The key issue is that
such scores do not provide information about how proficient a test person is in an
absolute sense respective if certain criteria or standards are achieved (Rost 2004;
DeMars et al. 2002). Such information, however, is indispensable for decision-
making in educational contexts, as “decisions, by definition, create categories”
(Cizek 2001, p. 21). At its simplest, whether someone has passed a test or not.

The problem can be solved by proficiency level models which connect test scores to
specific cognitive demands. This enables a criterion-referenced interpretation of per-
formance relative to meaningful criteria which are supposed to be essential to achieve
(DeMars, Sundre and Wise, 2002). Therefore, proficiency level models account for the
requirement to measure adequately teaching-related competences and hence meet
emerging licensure needs (ETS 2018). They play an important role in the empirical
investigation of student matching of educational standards and for assessing the
effectiveness of programs in teacher education (Rost 2004; Harsch and Hartig 2011;
Klemenz and König 2019). Furthermore, proficiency models facilitate the communi-
cation with different stakeholders about students' achievement (Pant et al. 2009) and
enable to investigate cognitive abilities underlying test persons’ item responses. “Such
additional information may help to better understand the meaning of the kinds of
learning which might help to improve those scores” (Sheehan 1997, p. 333).

Nevertheless, modeling proficiency levels are associated with considerable issues.
While the division of a continuous measure into categories enables a criterion-
referenced description of test scores, it entails a loss of information since the scale is
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no longer metric. Analyses are hence always less detailed. Proficiency level models
play therefore a complementary role in research on professional knowledge and not that
of replacing models based on continuous score scales. Furthermore, in particular, the
empirical validation of proficiency levels is a central issue (Cizek et al. 2004; Pant et al.
2009). “Critically, standard-setting methods are consensual, normative procedures and
there are therefore no innately valid standards or cut scores which could be found or
applied” (Tiffin-Richards et al. 2013, p. 15). The result is that although a variety of
approaches to model proficiency levels exist (see, e.g., Cizek and Bunch 2007), there is
no method that has prevailed “to attain the most valid and defensible interpretations of
test-scores” (Tiffin-Richards et al. 2013, p. 15).

In the present study, a repeatedly proved method to model proficiency levels is
applied which focuses on the cognitive decomposition of item difficulties (see, e.g.,
Gorin and Embretson 2006; Hartig 2007; Hartig et al. 2012). Based on theoretical
approaches, difficulty-increasing item characteristics are derived and applied to set cut
scores by means of statistical procedures (see “Section 2.2.1”). The approach has the
advantage of enabling the investigation of construct representation as part of construct
validity (Embretson 1983) and is considered an established strategy (Jenßen et al.
2015). “Construct representation concerns the processes, strategies, and knowledge
structures that are involved in item solving […]” (Gorin and Embretson 2006, p. 395).
If the systematic prediction of item difficulties based on theoretical cognitive ap-
proaches succeeds, this underlines the assumptions about the constructs’ cognitive
facets (Winther 2010; Hartig and Frey 2012). Thus, reliable information about the
validity of test value interpretations is provided (Hartig 2007). How well the cognitive
model fits the item difficulties can be quantified with the coefficient of determination
(R2) (Sinharay et al. 2011). In addition, the investigation of construct validity in the
context of the nomothetic span by examining relationships of the test score with other
relevant variables (Embretson 1983; Messick 1995) can also be performed (see “Sec-
tion 2.2.1”). Moreover, the approach has the advantage to set cut scores independently
from the distribution of test persons’ abilities (Hartig and Frey 2012). Other ap-
proaches—e.g., scale anchoring sensu Beaton and Allen (1992) that is for example
applied in the PISA studies—divide the score scale at first based on arbitrary criteria
(e.g., equal distances on the test value scale) and describe the thresholds post hoc on the
basis of appropriate test items near the cut score (Harsch and Hartig 2011).

By modeling proficiency levels, the authors move the focus from the structure of
GPK (see “Section 1.1.1”) to cognitive abilities that are essential to solve job-specific
tasks. As part of this, the proficiency level model (Klemenz and König 2019) incor-
porates two characteristics that are highly relevant for meeting teachers’ task require-
ments: cognitive complexity and the use of instruction-related terminology. Both
features refer to core tasks of teaching defined in the German educational standards
such as reflecting, evaluating, and organizing teaching and learning processes (KMK
2004; Klemenz and König 2019). Moreover, the characteristics have already proven
themselves in a previous study to predict item difficulties (König 2009).

The concept of cognitive complexity refers to approaches proposed by Bieri et al.
(1966), Scott (1962), and Peterson and Scott (1983). It focuses on the number of
cognitive elements that an individual uses when structuring and assessing certain issues
(von Eye 1999). According to this, persons differ regarding the complexity of their
cognitive structures in the number of knowledge dimensions they use to solve a task.
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With regard to GPK, the authors assume that a high level of cognitive complexity
enables multi-perspective views on issues and the creation of differentiated options for
action (Klemenz and König 2019). Such abilities support teachers when generating
useful performance strategies such as lesson planning and structuring the lesson
process, preventing and counteracting classroom disturbances, motivating single stu-
dents, or the whole group, which are regarded as components of practical knowledge
(König 2013). Furthermore, the consideration and weighing of different strategies play
a particularly important role in teachers’ reflection, which in turn is essential for the
development from novice to expert teachers (Berliner 2001).

In addition, the concept of the use of instruction-related terminology is included in
the proficiency level model. It can be reasonably assumed that teachers need specific
language to access the entire scope of pedagogical knowledge. Taking into account the
discussion on teacher knowledge and teacher language (Terhart 1991), three increas-
ingly difficult levels of teachers’ instruction-related language were defined: practical,
professional, and scientific (König 2009). A profound use of instruction-related termi-
nology at a high language level is expected to indicate a high level of specialized,
predominantly theoretical GPK. In such a case, pre-service teachers have in-depth
knowledge of key terms and theoretical concepts in the domain of pedagogy and can
retrieve them in certain situations, which in turn makes an application in teaching
processes more likely (Bromme 2001). Furthermore, it demonstrates the ability to
explicate pedagogical knowledge. In particular, reflection on action (Schön 1983)
requires knowledge that is explicit to be analyzable and re-organizable (Altrichter
and Posch 2007).

1.2 Opportunities to learn in teacher education

According to model-based descriptions of teacher education programs, a fundamental
objective of teacher preparation is supporting pre-service teachers’ acquisition of pro-
fessional competence (Blömeke 2011). In order to comply with the requirements (Tatto
et al. 2008; Blömeke et al. 2014), institutions and policymakers involved in teacher
education create and orchestrate different OTL as “a set of experiences and content
exposures” (Schmidt et al. 2008, p. 736). OTL serve as indicators of curricular variation
(Tatto et al. 2008) and allow to examine whether differences in learning opportunities are
related to differences in professional knowledge (McDonnell 1995). The concepts’
starting point is the curriculum, which is considered the most fundamental underlying
structure of educational processes (Houang and Schmidt 2008). OTL relate to the
distinction between three curriculum representations: intended, implemented, and
attained curriculum (McDonnell 1995; van den Akker 2003). The intended curriculum
includes the vision of the curriculum as well as the resulting specifications in formal
documents (written curriculum), i.e., study and examination regulations (McKenney
et al. 2006; Vanderlinde et al. 2009; König et al. 2017a, Tachtsoglou and König 2017).
The implemented curriculum refers to different learning activities aiming at the achieve-
ment of the intended learning goals. It comprises the “operational curriculum, i.e., the
actual process of teaching and learning” (Vanderlinde et al. 2009, p. 574). The attained
curriculum results from the intended and implemented the curriculum.

Despite a large variation in the precise design of programs in teacher education,
there is consensus that essential components exist: subject knowledge, subject didactic
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knowledge, general education studies, and practicum (e.g., Flores 2016; Kansanen
2014; Schmidt et al. 2011a). Considering these key components, the “two sites of
professional learning (schools and universities)” (Flores 2016, p. 205) during initial
teacher education become apparent. On the one hand, universities provide content-
related OTL to achieve professional, primarily theoretical knowledge of CK, PCK, and
GPK. On the other hand, pre-service teachers are offered in-school OTL to gain
experience in teaching practice.

Although empirical studies investigating pre-service teachers OTL increased particularly
in the past years, the focus was predominantly on the content students were exposed to
during their studies. Various findings provide evidence that content-related OTL conveyed
in higher education courses affect cognitive outcomes (e.g., Blömeke et al. 2012; Schmidt
et al. 2011b; König et al. 2017a). However, when discussing educational opportunities in
teacher education, instructional facets such as teaching quality or teaching methods are
highly valuable to take into account (Houang and Schmidt 2008). From school research, it is
known that quality aspects of instruction are relevant for effective teaching (e.g., Seidel and
Shavelson 2007; Baumert and Kunter 2013). In the context of the TIMSS video study, three
basic dimensions of instructional qualitywere identified: student-oriented climate, classroom
management/structuring, and cognitive activation (Klieme et al. 2001). Whereas the first
dimension affects primarily students’motivational outcomes, the other two basis dimensions
show effects on cognitive achievement (Klieme et al. 2001). These findings are supported by
results from the Pythagoras studywhich determined the impact from both cognitive-oriented
OTL on students’ mathematics competencies (Rakoczy et al. 2007). Meta-studies report
significant effects from cognitive activation and structured teaching on cognitive student
outcomes as well, but effect sizes are relatively low (structured teaching: 0.04 <Cohen’s d<
0.22; cognitive activation: 0.02 < Cohen’s d < 0.06) (see Seidel and Shavelson 2007;
Scheerens and Bosker 1997). However, this does not mean that they are not essential. “This
is especially the case in the study of teaching and learning, given the large number of factors
affecting students’ performance in school systems. Moreover, even a small effect has
consequences for thousands of students” (Seidel and Shavelson 2007, p. 471). Although
the findings regarding instructional quality related to OTL are obtained in the field of school
research, they are expected to be relevant for the acquisition of knowledge in higher
education aswell. Against this background, the present study focuses on cognitive activation
(Baumert and Kunter 2013; Lipowsky et al. 2009; Seidel and Shavelson 2007) and on the
structuring of learning processes (Good and Brophy 2007; Muijs and Reynolds 2011) in
higher education courses. With regard to the type of knowledge, it is assumed that higher
education courses in particularly support the acquisition of theoretical-formal knowledge
(Fenstermacher 1994) such as objective facts, theoretical approaches, and central concepts
(König 2013, Tachtsoglou and König 2017).

Besides learning opportunities in higher education courses, in-school OTL which
primarily aim at giving students opportunities to teach are another relevant component
(Tachtsoglou and König 2017). Recent empirical studies found evidence that teaching
practice affects teachers’ acquisition of professional knowledge (König and Klemenz
2015, König et al. 2017a; Blömeke 2011; Blömeke et al. 2012; Schmidt et al. 2011a).
Regarding the development and organization of professional knowledge, teaching
practice activities are assumed not only to affect the amount of knowledge positively
but also to foster the structuring and proceduralization of knowledge (Voss et al. 2015).
Therefore, teaching-related in-school OTL are considered to support the acquisition of
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teachers’ practical knowledge (Kolbe and Combe 2004; König 2013). Not surprisingly,
experts in the teacher education community stated that future teachers needed more
effective OTL to teach (Lampert and Ball 1999; Cochran-Smith and Villegas 2016).
Building on previous studies (e.g., König et al. 2014, 2017a; Tatto et al. 2012), the
measures implemented in the EMW study covered four areas of teaching practice: lesson
planning, teaching, linking theories to situations, and reflecting on practice. Previous
analyses using these teaching content scales indicate that they can substantially explain
cognitive outcomes (0.06 <β < 0.18) (König and Klemenz 2015, König et al. 2017a).

In summary, both components of professional learning—in universities and in
schools—contribute to the acquisition of knowledge. Although theoretical knowledge
is presumably at least partly acquired in practical OTL and practical knowledge at least
partly in content-related OTL, it can be assumed that certain learning opportunities are
more appropriate to support certain types of knowledge. Following Berliner (2004),
theoretical and practical knowledge are highly relevant types of knowledge and play an
essential role in the progress from the stage of novices to advanced beginners. Whereas
central terms and concepts as well as context-independent rules of teaching are the
subject matter of novices’ learning (König 2010) and form a solid knowledge base, the
advanced beginner starts with the acquisition of practical knowledge which is contex-
tually developed and considered as knowledge based on experiences made during
teaching practice. Against this background, a central aim of teacher education systems
is to support future teachers in their task to acquire and connect theoretical as well as
practical issues of teaching (Clift and Brady 2005) as both types of knowledge contrib-
ute to the expert teachers’ performance in the classroom (Bromme 2001). The signifi-
cance to provide certain OTL by teacher education institutes in order to develop
professional knowledge components can be outlined using the example of acquiring
classroom management expertise, which is considered as one of the most essential
domains in the teaching profession and part of teacher GPK (e.g., Hattie 2009; Kunter
et al. 2011; Seidel and Shavelson 2007). On the one hand, theoretical knowledge about
classroommanagement (e.g., strategies to prevent and counteract interferences, effective
use of allocated time, and routines) is essential and can be well conveyed in seminars
and lectures. On the other hand, this theoretical knowledge needs to be proceduralized
(Anderson 1982), embedded in contexts, and integrated with practical knowledge in the
field (Clift and Brady 2005), which can be supported through teaching-related in-school
OTL. It is considered substantial that both components of OTL are provided and linked
to ensure sufficient congruence between “what is taught at the university and what
students experience during their field experiences” (Jones 2006, p. 895).

Regarding the measurement of learning opportunities, critical voices have pointed out
that quantitative studies use primarily distal and aggregated indicators such as degrees, type
of license, or the number of courses taken to defineOTL (Blömeke et al. 2014; Schmidt et al.
2011b). To meet the demand of less aggregated measures of OTL, pre-service teachers had
been exposed to in their teacher preparation programs, a large number of items and scales
were generated to allow for a detailed analysis of OTL (see “Section 2” for more details).

1.3 Teacher education in Germany and Austria

Our analysis is based on data from the two German-speaking countries Germany and
Austria which have a similar linguistic and cultural background (see König and
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Klemenz 2015). Furthermore, students from both countries participate in teacher
preparation programs in universities or teacher training colleges which provide courses
on general pedagogy as well as in-school OTL supporting teaching practice. However,
there are also some, particularly structural differences regarding the concrete design and
provision of learning opportunities. Such variations in OTL and potential learning
outcomes serve as good reasons for the examination. Moreover, features of the focused
programs are similar to features of teacher preparation programs more broadly (König
et al. 2017a). This leads to results that can be generalized and contribute to our
understanding of learning processes in teacher education.

The national educational standards for teachers in Germany (KMK 2004) provide an
orientation framework for the design of curricula at German universities. The curricula
in Austria are also based on German educational standards and hence show similarities
to those in Germany. Both countries emphasize the study of general pedagogy which
aims at supporting the development of different knowledge facets and evidence-based
reflection about teaching and learning. The component of general pedagogy comprises
various facets such as didactics, educational psychology, theories of schooling,
methods of educational research, assessment, and teaching methods (Tatto et al.
2008). Concerning teaching practice, the bachelor program in Germany is designed
with only a few weeks of practical elements. This resulted from the split into a first
phase at the university with a strong emphasis on theory and a subsequent second
practical phase (induction phase) in which future teachers teach regularly at school. By
contrast, most teachers in Austria receive teaching practice right from the start when
they enter initial teacher education and to a much greater extent. In particular, teacher
training colleges which do not differentiate between two phases due to the compara-
tively short initial training of teachers (3 years at the time point of data collection)1 offer
teacher training courses in which theoretical learning is closely linked to teaching
practice in schools. This is also reflected in findings from an analysis comparing
teacher education programs from both countries showing that the number of practical
units is significantly higher in Austria than in Germany (Arnold 2014).

1.4 Research questions

The present study aims to address the following research questions and assumptions:

1. Do learning opportunity measures of instructional quality of lectures and seminars
as well as facets of teaching practice serve as predictors for the achievement of
higher proficiency levels in GPK among student teachers?

H1: Taking into account that the individual use of OTL by student teachers has a
positive influence on the acquisition of knowledge (see “Section 1.2”), the authors
assume that the attainment of more advanced proficiency levels in GPK should be
substantially predicted by indicators measuring instructional quality and the amount of
teaching practice activities. The effects should be significant even when controlled for

1 Teacher education in Austria has undergone a far-reaching reform in 2016/2017 that provides for an
expansion of academic components during teacher preparation for students of all types of teaching careers.
For example, primary school teachers have to study a 4-year bachelor today.
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student teachers’ background variables, entry characteristics, and learning opportunities
related to pedagogical content.

2. Do facets of instructional quality of higher education courses have a substantial
effect particularly on attaining lower proficiency levels among student teachers?

H2: Lectures and seminars in higher education are suitable for conveying student teachers’
to central terms and concepts, which are fundamental at the beginner stage of teacher
professional development (see “Section 1.2”). Thus, it can be assumed that this kind of
OTL primarily supports the acquisition of theoretical-formal pedagogical knowledge. As the
lower proficiency levels are characterized by language levels and the associated theoretical
knowledge (see “Section 2.2.1”), we assume, therefore, that quality aspects of instruction in
higher education courses on general pedagogy should have a particularly significant impact
on achieving the lower levels of the model.

3. Do facets of teaching practice have a substantial effect on attaining the highest
proficiency level among student teachers?

H3: Student teachers who attain the highest proficiency level are capable of solving
tasks, which demand complex cognitive processes (see “Section 2.2.1”). They are able
to take multiple perspectives and to create a variety of options and strategies for teacher
action (Klemenz and König 2019). In line with findings that teaching practice activities
support the acquisition of practical knowledge (see “Section 1.2”), we assume that
especially these activities support the ability to master complex cognitive, instruction-
related tasks. Therefore, we hypothesize that teaching practice significantly affects the
achievement of the highest level of competence.

2 Method

2.1 Participants and procedures

This study uses data from the EMW study ([Entwicklung von berufsspezifischer
Motivation und pädagogischem Wissen in der Lehrerausbildung] Change of Teaching
Motivations and Acquisition of Pedagogical Knowledge during Initial Teacher Educa-
tion), funded by the Rhine-Energy-Foundation Cologne, Project number W-13- 2-003
and W-15-2-003), an empirical study on teacher preparation at higher education
institutions in the three German-speaking countries Germany, Austria, and Switzerland.
The longitudinal design of the EMW study enables the capturing of student teachers’
GPK development over time. Supported by a network of about 40 research partners
from Germany, Austria, and Switzerland in autumn 2011, 6601 student teachers from
31 universities and teacher training colleges were sampled in their first semester,
representing a population of nearly 50,000 student teachers at the beginning of their
bachelor studies (see König et al. 2017a). The survey was primarily conducted in large
lectures where students’ attendance was compulsory in order to limit individual self-
selection bias. Since the recruitment of the respondents at the second time point proved
to be not feasible at some institutions, few had to be excluded. A response rate at the
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second measurement point of 56% in Germany and 73% in Austria was achieved. To
answer the research questions presented, a sub-dataset of the EMW study is used,
which includes teacher training students from Germany and Austria, who could be
followed up to participate at both time points in autumn 2011 (1st semester) and
autumn 2013 (5th semester). The subset consists of 1451 bachelor student teachers
from 18 universities and teacher training colleges (see Table 1). At the first occasion of
measurement, the participants had recently started their bachelor studies. At the second
time point, they were in the last year of their bachelor studies. Student teachers from
four different types of teaching careers participated (primary school teaching, lower
secondary school teaching (Haupt-/Real-/Gesamtschule), lower and upper secondary
school teaching (Gymnasium/Gesamtschule), and special needs education). Thus, the
subset covers a broad range of program types.

Due to the aforementioned sample failure, drop-out analyses were carried out separately
for the German and Austrian sample to investigate whether a selection bias exists. Based on
the sample of the first occasion the participation in the second occasion was predicted using
binary regression analyses. Included were the background variables age and gender, the
performance variables grade and score in GPK, and eleven scales from the FIT-Choice
instrument measuring motivations for selecting teaching as a career (see Watt and
Richardson 2007). Regarding the German sample, four motivational scales are significant
(job security, time for family, work with children/adolescents, and social influences), but
effect sizes are very small (0.005 < average marginal effects < 0.012). Regarding the Aus-
trian sample, three motivational scales (fallback career, work with children/adolescents, and
social influences) and the GPK test score are significant. Effect sizes are very small as well
(0.005 < average marginal effects < 0.011). The results of the drop-out analysis therefore do
not point to a strong selection bias. Nevertheless, as small effects exist, the results should be
interpreted with some caution.

2.2 Assessment of general pedagogical knowledge

Student teachers’ GPK was assessed via a standardized paper-and-pencil test developed
in the TEDS-M study (König and Blömeke 2009) capturing the four generic teaching
dimensions presented above (adaptivity, structure, classroom management/motivation,

Table 1 Pre-service teacher and institution samples by country and type of teacher training

Germany Austria Total

Type of teacher training Pre-service
teachers

Institutions Pre-service
teachers

Institutions Pre-service
teachers

Institutions

Primary school 208 5 386 6 594 11

Lower secondary
school

239 5 194 5 433 10

Lower and upper
secondary school

136 5 46 1 182 6

Special needs education 207 4 35 2 242 6

Total 790 10 661 8 1451 18
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assessment). For each dimension of GPK, a subset of items was designed (for an item
example, see Table 2). The test instrument includes open-response as well as multiple-
choice items, which are equally distributed across the four teacher tasks. The coding of
the open-response answers was carried out by trained raters using the comprehensive
coding manual from the TEDS-M study. The interrater agreement showed good results
(Cohen’s Kappa M = 0.80).

Using the software ConQuest (Wu et al. 1997), GPK test data were IRT scaled
following a procedure that has proven powerful in previous studies (König and Seifert
2012, König and Klemenz 2015). Initially, the authors analyzed the test data in the one-
dimensional Rasch model from each of the two occasions of measurement separately to
examine the invariance of the two item parameter sets deriving from each scaling
analysis.

P X is ¼ 1jθ;βið Þ ¼ e θs−βið Þ

1þ e θs−βið Þ

The reliability of both scaling procedures was acceptable (first occasion: EAP/PV
reliability 0.73, WLE reliability 0.68; second occasion: EAP/PV reliability 0.70, WLE
reliability: 0.69; both comparable to Cronbach’s alpha). In the next step, item difficulties
from both occasions of measurement were correlated. The high correlation (r = .79)
indicates sufficient independence of the samples so that a concurrent scaling can be
considered permissible (see Bond and Fox 2007). Subsequently, the authors treated all
observations as independent and carried out one-dimensional Rasch scaling with all
observations from both measurement occasions (concurrent scaling) to increase the
analytical power of our final scaling analysis (Bond and Fox 2007; Rost 2004). The
concurrent calibration was conducted with complete equality of all item parameters for
both groups and without fixed parameters (see Von Davier and von Davier 2007). The
reliability of the concurrent scaling was good (EAP/PV reliability 0.80, WLE reliability
0.77). Item difficulty values spread over a range of around five logits (− 2.78 to 2.20);
the item discrimination values have an average of .35 (min 0.10, max 0.65). The
weighted mean squares fall within an acceptable range of 0.80 to 1.20. Only one item
has a value of 1.21. For theoretical reasons, the itemwas not excluded from the analysis.

Table 2 Item example from the TEDS-M GPK test, dimension structuring

Imagine you are helping a future teacher to evaluate her lesson because she has never done this 

before. To help her adequately analyze her lesson, what question would you ask?

Formulate ten essential questions and write them down.

1)

2)

3)

…

10)
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2.2.1 Modeling proficiency levels

To model proficiency levels, an established procedure predicting item difficulties by
item attributes was applied (see, e.g., Gorin and Embretson 2006; Hartig 2007; Hartig
et al. 2012). The approach can be divided up into three stages.

First, item attributes are derived from the theoretical approaches (see “Section 1.1.2”)
and each test item is assigned to a specific level of the item attributes (Gorin and
Embretson 2006; Hartig 2007; Hartig et al. 2012). Based on the concept of cognitive
complexity, the item attribute complexity of cognitive processes was derived (Klemenz
and König 2019). It is assumed that test items of higher complexity call for broader
cognitive activity and impose respectively higher demands on the test person (Klemenz
and König 2019; Kauertz et al. 2010). Tasks that require only one knowledge element
were assigned to a low level of cognitive complexity, tasks requiring several, connected
knowledge elements to a high level. The amount of required knowledge elements is
defined by the tasks’ coding scheme as determined in the comprehensive coding
manual (see König et al. 2011). For example, the item in Table 2 was classified as
complex because several linked knowledge elements respective items are required for
the solution. If a test person solves such a complex task, this is assumed as an indicator
for higher cognitive complexity as outlined above (see “Section 1.1.2”). Tasks that
require only one item and therefore do not call for complex cognitive processes were
classified to a low level. As a result of this approach, 14 items were classified to the
high level and 34 to the low level of complexity of cognitive processes (see Table 3).

Building on the concept of domain-specific use of terminology, i.e., terminology
relevant for teaching in general, the item attribute terminological requirements were
derived. Initially, the test item stems were analyzed rather than the tasks responses to
determine which instruction-related terms they contained. Thus, 86 terms were identi-
fied, which were then assigned to the three language levels (see “Section 1.2”) by eight
teachers, educationalists, and psychologists, all working in teacher education (König
2009). The eight independent ratings show very good reliability (ICCunjusted (2, 8) =
0.95). Based on the averages of all eight ratings, 18 items were assigned to the practical
(e.g., “group work,” “pace of instruction”), 24 items to the professional (e.g., “differ-
entiated learning,” “cognitive learning goal”), and 6 items to the scientific (e.g.,
“reliability,” “operant conditioning”) language level. The test item in Table 2 was
assigned by the eight raters to the practical language level. The test instrument item
pool does not contain items that combine complex cognitive processes with a scientific
language level so that the model cannot represent a level with the most sophisticated
combination of features. Table 3 shows the distribution of test items by a combination
of item attributes.

In a second step, item difficulties obtained from IRT-scaling are predicted by item
attributes using multiple regression analysis. The coefficient of determination (R2)
provides “an idea of how well the item statistics can be predicted by the item
attributes” (Sinharay et al. 2011, p. 65) and hence if scale anchoring provides useful
information. With 43%, a large part of the variance between item difficulties can be
explained by the underlying cognitive model (Radjusted = .43) (Klemenz and König
2019). The amount of explained variance is comparable to other studies applying the
same approach (Hartig et al. 2012) and supports the validity of test interpretations with
regard to construct representation.
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Third, based on the results of the regression analysis cutoff points of the proficiency
levels can be determined using an additive approach. The cut scores result from the
addition of the constant with the unstandardized regression coefficient of each item
attribute (Hartig 2007; Klemenz and König 2019). Four proficiency levels in GPK were
generated (see Table 4).

Due to the cognitive understanding of competence in this study, an analysis appears
necessary whether intelligence plays a role in the measurement and thus whether the
construct could be at least partially confounded (Messick 1995). Since the construction
of proficiency levels is not based on general cognitive skills, but rather on cognitive
abilities in GPK, the differences in school grades—as an indicator of general cognitive
skills—between test persons on higher and lower levels are assumed to be small.
Although the mean differences of the grades are significant across the four levels, the
effect sizes are very small (Germany: F(3, 1491) = 5.247, p < 0.01, η2 = 0.01; Austria:
F(3, 1218) = 7.899, p < 0.01, η2 = 0.02). The results can be interpreted as an indication
of discriminatory validity (König and Seifert 2012).

2.3 Surveying opportunities to learn

In order to comply with the aspiration to measure OTL in a low-inference way, the
authors developed a large range of items covering key components of instructional
quality of lectures and seminars and in-school opportunities for teaching practice. The
instruments were designed and implemented within the framework of the EMW study

Table 3 Distribution of test items by a combination of item attributes

Complexity Language level Number of items

Simple Practical 9

Simple Professional 19

Simple Scientific 6

Complex Practical 9

Complex Professional 5

48

Table 4 Proficiency levels with short description and thresholds (logits) (Klemenz and König 2019)

Proficiency
level

Logit Short description

Below I < − 0.942 Test persons cannot solve simple cognitive processes on a practical language level
with sufficient probability.

I − 0.942 Test persons can solve simple cognitive processes on a practical language level with
sufficient probability.

II − 0.374 Test persons can solve simple cognitive processes on a professional/scientific
language level with sufficient probability.

III 0.989 Test persons can solve complex cognitive processes on a practical/professional
language level with sufficient probability.
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(see König et al. 2014, 2017a). The instrument for measuring the instructional quality
of courses comprises 29 items, which are classified into four scales: structured teaching
(lectures/seminars) and cognitive activation (lectures/seminars). Table 5 provides item
examples for each sub-area and scale reliabilities. The distinction between seminars and
lectures allows a detailed analysis of teaching formats. Student teachers’ responses
were prompted by the request: “In the lectures/seminars I have attended so far on
pedagogical topics and contents…” The response categories ranged from “does not
apply at all” to “fully applies” (4-point Likert scale). The scales therefore covered the
quality of the four aforementioned components valued by student teachers. Our
conceptualization of teaching practice distinguishes between four relevant dimensions:
lesson planning, teaching, linking theories to situations, and reflecting on practice
(König et al. 2014, 2017a). The instrument consists of 65 items (see Table 5). All
items have a dichotomous response format (0 = no/1 = yes) and were introduced in the
questionnaire with the following question: “During your teaching practice up to now
have you carried out the following activities?” The student teachers indicated whether
they had conducted the activities or not.

Table 5 Item examples from the learning opportunities instructional quality of courses, teaching practice, and
pedagogical content, number of items, and reliability

Area Scale Number of
items

Item example α

Instructional quality
of courses

Structured teaching
(lectures)

3 …the knowledge was conveyed in a
well-structured manner.

0.761

Cognitive activation
(lectures)

5 …the students dealt with pedagogical
questions in an intellectually
demanding way.

0.823

Structured teaching
(seminars)

3 …the contents were clearly presented. 0.819

Cognitive activation
(seminars)

7 …the students took an active part in
plenary discussions.

0.857

Teaching practice Lesson planning 12 I have formulated learning goals aligned
with the curriculum.

0.822

Teaching 31 I have checked attendance. 0.897

Linking theories to
situations

11 I have observed teaching methods that I
have learned at my university/teacher
training college course.

0.826

Reflecting on practice 11 I have drawn conclusions for future
teaching.

0.776

Content Pedagogical content 37 Differentiated instruction Analyzing
own teaching Whole-class motiva-
tion.

0.889

Note: α—Cronbach’s Alpha

(a) Introductory question (Response format): In the lectures/seminars I have attended so far on pedagogical
topics and contents…? (“does not apply at all” to “fully applies,” 4-point Likert scale)

(b) Introductory question (Response Format): During your teaching practice up to now have you carried out
the following activities? (yes/no)

(c) Introductory question (Response Format): Have you ever studied the relevant topic aspect? (yes/no)
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In addition, pedagogical content topics pre-service-teachers had studied were measured
by a total of 37 items comprising four sub-areas (adaptivity, structure, classroom man-
agement/motivation, and assessment) corresponding to the design of the GPK test (see
Table 5). The items require to indicate whether or not they have ever studied the relevant
topic aspect, and they have to answer with “yes” (coded as 1) or “no” (coded as 0). As the
focus of this study is on quality facets of courses and teaching practice, we incorporated
merely a total score of the content dimensions into the analyses as control variable.

From Table 5, it is apparent that Cronbach’s alpha as a measure of internal
consistency indicates good scale reliabilities for all of the OTL scales (0.761 <
Cronbach’s alpha < 0.897). The intercorrelations between the scales of each OTL facet
are low to moderate (quality scales 0.196 < Pearson’s r < 0.565; teaching practice scales
0.542 < Pearson’s r < 0.675; all p < 0.001) (see Tables 6 and 7). For ease of interpreta-
tion, we chose to consider each scale separately in the analyses.

2.4 Missing values

The sub-dataset of 1451 respondents contained 95.49% complete data. Prior to our
regression analyses, the authors cautiously handled the missing data via multiple
imputation method and determined that the missing data was missing at random
(MAR). For missing data, the authors used multivariate imputation by chained equa-
tions in R (Package “mice,” version 2.46.0) with predictive mean matching (PMM) and
10 iterations to complete the dataset (Manly and Wells 2015; van Buuren and
Groothuis-Oudshoorn 2011). The imputation model used all the variables that the
authors considered potential predictors. In total, 1244 (4.51%) of the required 27,569
values were imputed.

2.5 Background and entry characteristics

To account for individual characteristics of student teachers, the authors controlled for
demographics (age, gender), and the social status by including the highest socio-
economic index of both parent in our analyses (HISEI, following the concept of
International Socio-Economic Index of Occupational Status by Ganzeboom et al.
1992). Moreover, it was accounted for academic performance by including the sec-
ondary school grade point average and adjusted for the GPK scores from the first time
point. Furthermore, the authors accounted for the country (Germany vs. Austria).

Table 6 Matrix of the bivariate manifest correlations of quality of instructions scales

Scale 1 2 3 4

1. Structured teaching (lectures) 1

2. Cognitive activation (lectures) 0.364** 1

3. Structured teaching (seminars) 0.565** 0.196** 1

4. Cognitive activation (seminars) 0.261** 0.373** 0.540** 1

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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3 Results

3.1 Descriptive statistics

Figure 1 shows the frequency distribution of student teachers over the proficiency levels at
each occasion ofmeasurement. The results agreewell with the assumption that knowledge is
acquired during higher education studies: in the advanced stage of their studies (2nd time
point, 5th semester bachelor’s program), student teachers achieve higher proficiency levels
significantly more often than at the beginning of their studies (1st time point, 1st semester
bachelor’s program) (χ2 = 763.33, df = 3, p < 0.01).

Comparing the means on the OTL scales (see Table 8), student teachers report instruc-
tional quality values slightly above or even slightly below (“cognitive activation (lectures)”)
each of the scale mid-points. The mean differences between German and Austrian pre-
service teachers are significant except for the scale “cognitive activation (seminars)”.
However, effect sizes are small (0.001 < η2 < 0.035). The ICCs of the quality scales
demonstrate that only the scale “cognitive activation (lectures)” shows considerable
variation between different programs (n= 37) defined as the teacher preparation program
within the single university or training college. Regarding the teaching practice that student
teachersmade use of, results present a different picture as all mean differences are significant
and effect sizes range from middle to large (0.091 < η2 < 0.259). Furthermore, the ICCs
demonstrate that large variance exists between the institutions aswell (0.261 < ICC< 0.392).
The results concerning the content scale however indicate that there is relevant variance
between institutions (ICC= 0.332) but not between countries (η2 = 0.001).

3.2 Findings from ordinal regression analysis

To answer the first research question (H1), it was analyzed if each of the OTL facets has a
significant effect on achieving higher proficiency levels. Eight ordinal logistic regression
models (one OTL scale each; proportional odds models (POM)) were carried out to predict
the dependent, ordinal variable GPK (four proficiency levels) at the second measurement
point using the software R (package “ordinal,” version 2015.6-28 by Christensen 2015) (see
Tables 9 and 10). POM assume equal slopes (proportional odds) across all levels (Agresti
2010). The equal slope assumption is in none of the following models violated. Before we

0 Nonetheless, to confirm our findings, multi-level logistic regressions (ordinal and binary, see “Section 3.3”)
were conducted. Overall, however, as based on the low ICCs expected the results obtained do not lead to
different interpretations. Findings from multi-level regressions are nearly identical.

Table 7 Matrix of the bivariate manifest correlations of teaching practice scales

Scale 1 2 3 4

1. Lesson planning 1

2. Teaching 0.660** 1

3. Linking theories to situations 0.616** 0.542** 1

4. Reflecting on practice 0.675** 0.581** 0.653** 1

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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analyzed the models with all predictors included, an empty model was fitted first, in order to
assess the dependencies at the program level. To assess the dependencies due to the students
being nested within the same programs, intra-class correlations (ICCs) were computed. As
the ICC of the empty model was low (ICC= 0.058) and therefore the application of multi-
level models is not crucial, single regression models are carried out in the following
analyses.2 This decision was moreover based on the relatively small group size on the
highest level which led to unstable parameter estimations, in particular concerning the binary
regression analyses on the highest proficiency level (see “Section 3.3”).

In addition to each scale, the authors entered the control variables country (Germa-
ny = 0, Austria = 1), age, gender, school grade, the highest ISEI (HISEI), the proficien-
cy level achieved at the first measurement point (as dummy variables), and the OTL
content scale into the regression equation. Moreover, the authors z-standardized
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Fig. 1 Frequency distribution of the pre-service teachers on proficiency levels at 1st and 2nd time point
(Klemenz and König 2019)

Table 8 Descriptive statistics of OTL scales (mean, standard deviation (SD), standard error (SE), η2, ICC,
minimum (Min), and maximum (Max))

Scale Germany Austria p
value

η 2

(countries)
I C C

(programs)
Min/
Max

Mean SD/SE Mean SD/SE

Structured teaching
(lectures)

2.719 0.534/0.020 2.632 0.516/0.021 0.002 0.007 0.059 1/4

Cognitive activation
(lectures)

2.164 0.537/0.020 2.380 0.593/0.024 0.001 0.035 0.137 1/4

Structured teaching
(seminars)

2.835 0.516/0.019 2.751 0.575/0.023 0.005 0.006 0.044 0/4

Cognitive activation
(seminars)

2.718 0.506/0.019 2.689 0.537/0.021 0.309 0.001 0.031 0/4

Lesson planning 5.241 2.962/0.110 8.453 2.375/0.095 0.001 0.259 0.392 0/12

Teaching 17.716 6.470/0.240 21.952 6.897/0.277 0.001 0.091 0.363 0/31

Linking theories to
situations

5.213 2.976/0.113 8.033 2.292/0.096 0.001 0.215 0.304 0/11

Reflecting on
practice

4.469 2.712/0.101 6.940 2.451/0.100 0.001 0.184 0.261 0/11

Pedagogical content 23.391 7.525/0.275 23.285 7.601/0.303 0.522 0.001 0.332 0/37
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continuous entry characteristics, background variables, and instruments (age, grade,
HISEI, and OTL scales) before incorporating them into the regression equation. With
regard to the facets of instructional quality of lectures and seminars (Table 9), only the

Table 9 Ordinal regression analysis: GPK at the second occasion containing the quality scales with parameter
estimates (regression coefficient B)

Predictor M1
B

M2
B

M3
B

M4
B

Countrya − 0.508*** − 0.512*** − 0.489*** − 0.496***
Age 0.029 0.031 0.034 0.024

Gender − 0.002 − 0.018 0.002 0.022

Grade − 0.346*** − 0.34*** − 0.343*** − 0.34***
HISEI 0.022 0.021 0.026 0.021

GPK 1, level I 0.526*** 0.522*** 0.525*** 0.52***

GPK 1, level II 1.031*** 1.021*** 1.027*** 1.024***

OTL Content 0.267*** 0.291*** 0.251*** 0.253***

OTL structured teaching (lectures) 0.037

OTL cognitive activation (lectures) − 0.068

OTL structured teaching (seminars) 0.122*

OTL cognitive activation (seminars) 0.158**

Nagelkerke R2 0.092 0.093 0.096 0.098

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
a Germany = 1, Austria = 2

Table 10 Ordinal regression analysis: GPK at the second occasion containing the teaching practice scales
with parameter estimates (regression coefficient B)

Predictor M5
B

M6
B

M7
B

M8
B

Countrya − 0.588*** − 0.585*** − 0.624*** − 0.578***
Age 0.028 0.023 0.029 0.028

Gender − 0.012 0.014 − .013 − 0.011
Grade − 0.348*** − 0.352*** − .357*** − 0.35***
HISEI 0.02 0.021 0.031 0.023

GPK 1, level I 0.519*** 0.532*** 0.532*** 0.516***

GPK 1, level II 1.02*** 1.011*** 1.049*** 1.022***

OTL content 0.251*** .218*** 0.2** 0.244***

OTL planning 0.083

OTL teaching 0.178**

OTL linking 0.173**

OTL reflecting 0.092

Nagelkerke R2 0.093 0.099 0.097 0.093

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
a Germany = 1, Austria = 2
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scales “structured teaching (seminars)” and “cognitive activation (seminars)” show
significant effects across all levels. Regarding in-school OTL, only the “teaching”
and “linking” scales exhibit significant effects (Table 10). Student teachers who made
use of more of these OTL are more likely to attain higher levels of proficiencies. The
content scale is significant in all POM models.

3.3 Findings from binary logistic regression analysis

To answer the second and third research questions, binary logistic regression models
were conducted. The effects of OTL scales were assessed separately for each of the
three thresholds of the proficiency level model. The same control variables as in the
case of ordinal regression analyses and z-standardized continuous variables were
accounted for. In order to enable a comparison of the regression coefficients both
within a model and between the models, average marginal effects (AMEs) were
calculated. AMEs are in case of binary logistic model comparisons clearly preferable
to unstandardized coefficients or odds ratios (Best and Wolf 2012). They indicate an
average effect and can be interpreted as follows: if x increases by one unit, the
likelihood of y = 1 increases on average by AME points (see Best and Wolf 2012).
Thus, they can be interpreted as effect sizes in contrast to unstandardized coefficients or
odds ratios. The p values of AMEs are Bonferroni-Holm corrected to counteract the
issue of multiple comparisons. In order to provide a condensed presentation of the
findings of the binary logistic regression analyses, the control variables in the presented
visualization form are excluded (see Tables 8 and 9; for details of binary regression
analyses, please see Table B1-B6 of the Electronic Supplementary Material). Therefore,
the tables represent only the AMEs of the certain OTL scales and include only models
with significant effects on at least one of the proficiency levels. As the ICCs of the
empty binary models were low (0.051 < ICC < 0.099), multilevel models were dis-
pensed as well.

Table 11 shows the results of the analyses for the scales “structured teaching
(seminars)” and “cognitive activation (seminars).” As expected, both scales have a
significant impact only on the attainment of the first and second proficiency levels. For

Table 11 Findings from binary logistic regression analyses on each proficiency level in general pedagogical
knowledge at second occasion (GPK2) and quality of courses in higher education scales (AMEs, with
Bonferroni-Holm corrected p values)

Level I. GPK2 Level II. GPK2 Level III. GPK2

S imp l e c o g n i t i v e
processes, practical
language level

Simple cognitive processes,
professional/scientific lan-
guage level

Complex cognitive processes,
practical/professional language
level

OTL structured
teaching
(seminar)

0.025* 0.042** − 0.003

OTL cognitive
activation
(seminar)

0.037** 0.040** 0.003

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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example, if the “structured teaching” scale increases by one standard deviation, the
probability of achieving the second proficiency level increases by 4.2%. Regarding the
achievement of the highest level, the effect sizes of the scales are very small (0.3% and
− 0.3%) and statistically not significant. From the data in Table 12, it is apparent that
only one teaching practice OTL scale (“teaching”) is significant for attaining the first
level and three scales (“teaching,” “reflecting,” and “linking”) for attaining the second
proficiency level. Concerning the highest level, only the scales with direct instructional
relations “planning” and “teaching” are statistically significant. Although their effect
sizes are comparatively low at 1.6% and 1.8%, these two scales are the only quality and
teaching practice OTL integrated in our analyses with an impact on attaining the most
advanced level. The content scale exhibits significant effects in all models for attaining
the first and second level (see Tables B1-B6 of the Electronic Supplementary Material)
Thus, pedagogical content aspects play an essential role. However, whereas the scales
“teaching” and “planning” affects the achievement of the highest level, the content
scale does not.

While the scales “planning” and “reflecting” indicate no significant effects in ordinal
regression analyses, in binary regression analyses, significant effects were found. This
seems to be a contradiction only at first sight. Due to the stringent assumptions of the
POM, differentiated analysis for each level may produce slightly different results.
While the binary models perform different slopes for each level, the POM provides
only one slope across all levels. Smaller effects might be therefore undetected. Ac-
cordingly, Bender and Grouven (1998) conclude that “for model checking and model
building separate binary regression models are required in any case” (Bender and
Grouven 1998, p. 814). This underlines the need to estimate not only POM but also
separate binary models in order to obtain more detailed results.

4 Conclusion and discussion

Our analyses aimed to examine the differentiated effects of program characteristics
(OTL) on the achievement of program outcomes (GPK). Currently, research in both

Table 12 Findings from binary logistic regression analyses on each proficiency level in general pedagogical
knowledge at second occasion (GPK2) and teaching practice scales (AMEs, with Bonferroni-Holm corrected
p values)

Level I. GPK2 Level II. GPK2 Level III. GPK2

Simple cognitive
processes, practical language
level

Simple cognitive
processes, professional/
scientific
language level

Complex cognitive
processes, practical/
professional
language level

OTL planning 0.006 0.02 0.016*

OTL teaching 0.025* 0.041* 0.018**

OTL linking 0.031 0.04* 0.003

OTL reflecting − 0.007 0.039* 0.002

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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fields OTL of pre-service teachers and proficiency levels in GPK is relatively rare.
Therefore, the authors set a proficiency level model into focus and, additionally, put
particular emphasis on the measurement of OTL. Furthermore, as longitudinal data are
scarce, the authors used a sample of 1451 bachelor student teachers from Germany and
Austria surveyed at two time points to enable examinations of changes over time.

Regarding our first research question, the results indicate that OTL contribute to the
acquisition of competences and thus confirm previous findings (König and Klemenz
2015, König et al. 2017a, 2017b). However, one unanticipated finding was that only
four of eight OTL scales show significant impacts across all levels (POM).

Concerning our second question, the impact of instructional quality was examined in
more detail. We aimed to find out whether different learning opportunities led to
differential effects on the achievement of certain proficiency levels. As the authors
had hypothesized, both facets of instructional quality in seminars “structured teaching”
and “cognitive activation” have an effect on the first two levels only, but not on the
highest level. In line with theoretical assumptions (see “Section 1.2”), courses in higher
education appear to contribute particularly to a theoretical-formal knowledge repre-
sented by the lower proficiency levels characterized by theoretical concepts and terms.
The highest proficiency level, however, consists of tasks demanding complex cognitive
processes. It requires taking multiple perspectives to solve problems and creating
different options for action (Klemenz and König 2019). One can cautiously assume
that higher education courses imparting theoretical knowledge do not necessarily
appear to be the most appropriate OTL for achieving this level. Rather, it seems that
in addition to courses in the academic setting also learning opportunities aiming at
teaching practice and reflection are relevant to develop practical knowledge as part of
professional knowledge (e.g., Berliner 2004; Schön 1983). This is also underlined,
theoretically, by the example of the acquisition of classroom management expertise (see
“Section 1.2”) and, empirically, by our findings regarding our third hypothesis.

The third question focused on the assumption that in-school OTL in particular have
an impact on achieving the highest proficiency level. The findings meet our assump-
tions partially. They indicate, interestingly enough, that the instruction-related OTL
“planning” and “teaching” are the only of the teaching practice and quality facets
assessed in our analysis with significant impacts on the most advanced level. However,
their effect sizes are relatively low. The findings regarding the highest proficiency
levels therefore need to be interpreted with caution. Nonetheless, given that practical
knowledge is considered as action-oriented knowledge (Berliner 2004), our findings
can be interpreted as follows: to achieve a proficiency level characterized by complex
cognitive processes that demand at least proportionately practical knowledge, gaining
experience directly related to classroom situations appears to be necessary. This is
underlined by content-related OTL which play an important role in achieving lower
levels, but not for the highest level. Our interpretation is in line with findings that
emphasize the role of teaching practice during teacher education for the development of
professional knowledge (König and Blömeke 2012; Blömeke et al. 2012; Schmidt et al.
2011b). Helsper (2001) assumes that practical knowledge cannot be achieved through
theoretical knowledge or theoretical reflection, but only through an introduction to the
teacher’s actions themselves, through experience in practice and thus the acquisition of
a practical habitus. However, one should also point out that more teaching practice does
not automatically support the progress of professionalization. König and Rothland
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(2018) highlight that practice should not be taken over without reflection. The reflec-
tion of teaching practice on the basis of theoretical knowledge is absolutely fundamen-
tal to ensure the teachers’ behavior on a scientific basis. Therefore, the prerequisite for
well-founded practical action in the teaching profession is, beyond subjective experi-
ence, first an understanding of the practice, its conditions, and the reasons why aspects
can be appropriate or not in professional situations (Rothland 2016). This is reflected in
the proficiency model.

Furthermore, even if the validation of the proficiency model was not the main focus,
the results can be considered positive regarding criterion validity: as theoretically
assumed, the participation in teaching practice and the positive rating of higher
education courses correlate positively with the achievement of higher levels.

5 Limitations and implications

Although the findings seem to be promising, limitations have to be discussed as well.
The item attributes have been carefully derived from theoretical approaches. However,
in order to achieve a more differentiated description of the levels, it may be useful to
develop further features and to relate them to further items. In addition, although the
regression model applied explains a large part of the variance, there is still a large part
unexplained. Not least also due to a lack of specific research, the applied method had to
be referred to ex post and not a priori (Hartig 2007), i.e., the item attributes were
generated after test construction. An a priori approach, which could be applied in future
research building on the present study, is assumed to explain more variance (Sinharay
et al. 2011) and is regarded to have more power to validate the interpretation of test
scores (Hartig 2007). Moreover, further steps to validate the proficiency model, e.g., by
examining relationships with additional external criteria, would be appropriate.

In addition, although in the present study, much effort has been invested in the
development of items and scales to enable measurement in a low-inference way, this
is still a field in which further progress is needed. In particular, the instructional quality
scales could be revised to allow a more detailed assessment or analysis. Moreover, the
authors assumed that the student teachers would be able to recollect accurately the
quality facets of lectures and seminars as well as the different actions of teaching practice
they carried out. However, since we used self-reports, it is possible that the students’
statements are biased. Since this limitation applies tomany studies, further efforts should
be made to use other sources of data on OTL (e.g., observational data). Furthermore,
only a small number of students (n = 44) achieved the highest level of competence in the
fifth bachelor semester, which might be related to the limited scope of our analysis. We
assume that advanced students in their master degree will attain the highest proficiency
level more often. Findings from another study (König et al. 2018a) which applied the
present proficiency level model on a sample of master students from three German
universities emphasize this with about 35% of the student teachers reaching the most
advanced level. Subsequent analyses could also draw even more attention to the
differences on the program level. Overall, these limits should be an impetus for further
research in the field of criterion-referenced testing and OTL.

However, despite the limitations, it should be mentioned that the authors are not
aware of any study that has carried out such differentiated analyses at different
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knowledge levels. Thus, this project is the first comprehensive investigation of student
teachers’ OTL on certain GPK levels, which, beyond that, used longitudinal data.
Therefore, further research should be undertaken to investigate the effects of program
characteristics on detailed and direct measured outcomes in higher education such as
proficiency levels in GPK.

What implications can be derived from the results for student teacher preparation
programs? We may summarize that both the acquisition of theoretical-formal knowl-
edge, which is apparently acquired particularly through courses at higher education
institutes and practical knowledge, which is apparently acquired particularly in teaching
practice, are fundamental components in the preparation of highly qualified teachers.
However, teacher education institutions should be aware of the different effects of OTL
on the achievement of professional knowledge and involve the findings in further
decisions for curriculum planning. Particularly, against the background of differences in
qualities of knowledge between novices and experts (Berliner 2004), precise adapta-
tions of OTL to the respective level of expertise seem to be advisable. It obviously
matters which OTL pre-service teachers make use of and during what phase of training
or level of development of knowledge they do so. In addition, it could be shown that
proficiency level models allow a detailed description of competence levels and the
assessment which persons attain certain levels. These features make them attractive for
licensing procedures and the evaluation of educational standards.
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