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1Modeling and Measuring Competencies  
in Higher Education

The KoKoHs Program

Zlatkin-Troitschanskaia, O., Pant, H. A., Toepper, M., and  
Lautenbach, C.

Over the past decade, tertiary education has increasingly been gaining importance 
in society . Developments such as the continuously growing number of students 
in higher education and increasing student mobility have raised questions of ef-
ficiency and effectiveness in tertiary education, calling for valid assessments of 
competencies and student learning outcomes . Assessments of the output of higher 
education can yield important evidence regarding the effectiveness of this highly 
important educational sector and thus provide a basis for improvement measures at 
the individual and institutional levels (Coates and Zlatkin-Troitschanskaia 2019) .

Modern higher education focuses on the acquisition of domain-specific knowl-
edge and on the development and promotion of generic (interdisciplinary) skills 
(e .g . critical thinking), which, according to current surveys amongst employers, 
are increasingly gaining significance in the 21st century (Association of German 
Chambers of Industry and Commerce (DIHK) 2015) . Such a competence portfo-
lio, acquired over the course of academic studies, is crucial for all professionals 
and globally engaged citizens and allows for lifelong learning, which is necessary 
in today’s continuously changing age of information .

Despite this sociopolitical consensus and the growing competence orientation 
(in the context of the Bologna reform), there have been only few evidence-based in-

© Springer Fachmedien Wiesbaden GmbH, part of Springer Nature 2020
O. Zlatkin-Troitschanskaia et al. (Hrsg.), Student Learning in German 
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sights into this field up until the last decade, particularly regarding the competen-
cies of higher education students . Therefore, the German Federal Ministry of Ed-
ucation and Research established the Germany-wide research initiative “Modeling 
and Measuring Competencies in Higher Education (KoKoHs)”1 in 2011 and – after 
a positive external evaluation in 2015 – decided to continue to fund this research 
in the context of the German program “Modeling and Measuring Competencies in 
Higher Education (KoKoHs) – Validation and Methodological Innovations” until 
2020 .

In the first research program, KoKoHs (2011–2015), more than 220 researchers 
from various fields such as subject-specific didactics, learning psychology, and psy-
chometrics developed first modeling approaches and the corresponding measuring 
instruments for the valid assessment of student competencies in the context of 24 
collaborative research projects at over 70 universities and research institutes, fo-
cused on central study domains such as business and economics, engineering, and 
teacher education (for a detailed description of the first KoKoHs research program 
(2011–2015) and the individual projects and results, see Zlatkin-Troitschanskaia 
et al . 2017) . These models and tools developed in KoKoHs were one of the key 
results of this first working phase, which ran until 2015. Another equally important 
outcome of this research phase were the findings on students’ competence levels in 
different study phases, which revealed many deficits. At the same time, the gener-
alizability of these results was questionable, as some of the newly developed Ko-
KoHs instruments had not yet been comprehensively validated in accordance with 
a number of validation criteria as recommended in the Standards for Psychological 
and Educational Testing by AERA et al . (2014) . Another shortcoming had been the 
fact that most of the newly developed test instruments were paper-pencil-based and 
altogether only few innovative assessments had been developed in the first phase. 
Based on the results and recommendations from an international audit at the end of 
the first phase, the second phase of the KoKoHs program was launched nationwide 
in 2015 with a focus on validation and methodological evaluations .

In this follow-up research program, KoKoHs (2016–2020), more than 100 re-
searchers comprehensively validated KoKoHs assessments and developed new in-
novative modeling approaches and the corresponding measuring instruments for 
the valid assessment of student competencies in the context of 16 collaborative re-
search projects at over 40 universities and research institutes, again focused on cen-
tral study domains such as business and economics as well as teacher education . In 
this program, one new study domain was included: medicine . Moreover, some of 

1 For further information on KoKoHs, see https://www .blogs .uni-mainz .de/fb03-ko-
kohs-eng/

https://www.blogs.uni-mainz.de/fb03-kokohs-eng
https://www.blogs.uni-mainz.de/fb03-kokohs-eng
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the projects focused on transferring and adapting modeling approaches and assess-
ments from one domain to another (e .g . from mathematics to economics) . Overall, 
this program consists of three large clusters: four projects focusing on domain-spe-
cific competencies in economics and medicine, five projects with a focus on do-
main-independent competencies such as scientific reasoning and self-regulation 
skills (for domain-specific and generic competencies, see Zlatkin-Troitschanskaia, 
Pant, and Greiff 2019), and the largest cluster with seven projects and a focus on 
teacher education in different domains such as mathematics, physics, or economics 
(for teachers’ competencies, see Cortina, Pant, and Zlatkin-Troitschanskaia 2019) .

A common focus of all projects was the in-depth validation of KoKoHs as-
sessments following the validation criteria of AERA et al. (2014). Most projects 
were also characterized by their focus on the development and validation of com-
plex technology-based assessments, which are mostly performance-oriented (for 
performance assessment, see Zlatkin-Troitschanskaia and Shavelson 2019) . Inno-
vative technology-based test formats such as computer-based learning diaries or 
mobile apps were also developed and implemented . In this research phase, some of 
the projects have had a longitudinal design, which has allowed for valid statements 
about the development of competencies over the course of academic studies . In 
addition, several instruments developed and validated in KoKoHs have now also 
been tested and used in many other countries such as Japan, the US, and China, 
and comparative analyses have already been carried out (for cross-national studies, 
see Zlatkin-Troitschanskaia et al . 2018) .

Overall, in the 40 collaborative KoKoHs projects (which, in turn, comprised 
about 100 individual projects), theoretical-conceptual competence models and 
corresponding measurement instruments were developed and successfully vali-
dated for selected large study domains (e .g . economics, teacher education, STEM) . 
These models differentiate, reliably describe, and assess the competences of stu-
dents in different phases of higher education – entry, undergraduate and postgrad-
uate studies . Over 100 newly developed innovative video-, computer-, and sim-
ulation-based test instruments were validated across Germany at more than 350 
universities with over 75,000 undergraduate and master’s students . The assess-
ments focused on both discipline-specific competencies and generic skills, which 
students and graduates should acquire over the course of their studies and which 
employers and other stakeholders expect according to the professional and social 
requirements of the 21st century .

Building on best practices from the first funding phase of the KoKoHs program 
(2011–2015), the subsequent funding phase ran from 2015 to 2020 and brought to-
gether experts from various fields and with different methodological backgrounds 
in cross-university project alliances within a joint international and interdiscipli-
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nary research network . Based on the models and instruments for the reliable and 
valid assessment of competencies acquired in various study domains in higher 
education that were developed and empirically tested in the first funding phase, 
this follow-up research phase of KoKoHs aimed to increase the explanatory power 
and broaden the scope of use of the KoKoHs test instruments through in-depth 
validation and to drive methodological innovation in higher education competency 
assessment .

KoKoHs is the only existing nationwide program in which students’ learn-
ing outcomes in higher education are systematically, validly, and objectively 
assessed and analyzed. The KoKoHs program provides unique findings on the 
acquisition and development of students’ competencies in German higher educa-
tion, which form a significant basis for the optimization of learning and teaching 
practice .

This book is based on the research and development work conducted in  
KoKoHs over the past decade and offers a comprehensive overview of current 
innovative tools and approaches to assessing domain-specific and generic student 
learning processes and learning outcomes in higher education . It presents the work 
of all KoKoHs projects, thus offering an insight into the most significant research 
program focused on student learning outcomes in higher education to date . In 
this volume, innovative modeling and measuring approaches as well as the newly 
developed objective, valid, and reliable assessment tools for student learning in 
higher education are presented and critically discussed, with a particular focus on 
using the developed models and assessments in both further research and higher 
education practice .

In addition to presenting key conceptual and methodological findings from 
work within the KoKoHs program, the 88 authors in this book also present key 
research results and lessons learned from their research to provide new insights 
into how student learning in higher education can be assessed in various contexts 
and to show what we can learn from the assessment results . Most contributions 
also provide an outlook on possible approaches to implementing the instruments 
into teaching and learning practice and transfer studies . The authors also give a 
few examples of how higher education practitioners in particular can effectively 
support teaching and learning at their universities by using the KoKoHs assess-
ments and tools .

With its very broad spectrum of contributions focused on both innovative re-
search and the practical application of assessments in higher education, this vol-
ume offers valuable insights for scientists in higher education research as well as 
related disciplines such as psychology, educational sciences, lecturers in univer-
sity practice, university evaluation, accreditation agencies, higher education pol-
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icy-makers, students, companies and all other stakeholders interested in higher 
education student learning outcomes .

We would like to thank everyone who contributed to this book . This includes, 
of course, the 88 authors from the KoKoHs projects and all of the researchers and 
student assistants who contributed to the work conducted in the KoKoHs program 
and documented in this volume . We would like to thank all national and inter-
national critical advisors of this program, especially Daniel Koretz, Fritz Oser, 
James Pellegrino, and Richard Shavelson, who have significantly supported the 
work conducted in this program over the past decade . Our sincere thanks also go 
to all of our colleagues who provided external reviews of the contributions and 
thus contributed significantly to the quality of the articles in this volume. Special 
thanks go to the sponsor of the KoKoHs program, the German Federal Ministry 
for Education and Research, which, thanks to its long-term support, has enabled 
us to carry out sustainable research and development in this field for almost a 
decade now, thus also contributing to the emergence of a new field of research and 
to establishing empirical research in higher education in a sustainable manner . In 
this context, we would like to thank Martina Diegelmann in particular, who has 
critically supervised the program over the past decade and has decisively contrib-
uted to its structural and conceptual development . We would also like to thank 
the DLR project management agency for providing administrative support to all 
KoKoHs projects.

Many others were involved in the preparation of this book, including our stu-
dent assistants in KoKoHs and Mirco Kunz in particular, who was responsible for 
the technical preparation of the manuscript, as well as our staff members from the 
field of translation studies, Katja Kirmizakis and Annika Weibell, who proofread 
the contributions in this volume as well as this article .
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2.1  
Putting Educational Knowledge of  
Prospective Teachers to the Test

Further Development and Validation of  
the BilWiss Test

Kunter, M., Kunina-Habenicht, O.1, Holzberger, D., Leutner, D., 
Maurer, C., Seidel, T., and Wolf, K.

Abstract

Teachers’ generic educational knowledge theoretically constitutes an aspect of 
their professional competence . However, empirical evidence for its importance 
for teachers’ daily practice is scarce. In this chapter, we describe findings from 
the BilWiss research program, which aimed to investigate the development and 
relevance of the type of generic educational knowledge typically addressed in 
university teacher education . We developed a standardized test that assesses 
generic knowledge in the following six domains: learning and development, 
instruction, assessment, educational theory (and history), school system and 
educational policy, and the teaching profession. We present findings from a 
series of studies that (a) provide evidence for the validity of the test score inter-
pretations and (b) prove the predictive value of this test for diverse professional 
activities . These results are discussed regarding their theoretical and practical 
implications for teacher education .

1 Mareike Kunter and Olga Kunina-Habenicht are both first authors of this contribution .
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Keywords

Educational knowledge; pedagogical knowledge, assessment, knowledge test; 
validity, teacher education, test development

1 Teachers’ Educational Knowledge as an Aspect of 
Their Professional Competence

In research on teachers’ professional competence there is a consensus that teach-
ers’ success in providing high-quality instruction is connected to their profes-
sion-specific declarative and procedural knowledge (Baumert et al. 2010; Kennedy 
et al . 2008; Schleicher 2016; Shulman 1986) . Thus, the foundations of professional 
competence are partly laid in the theoretical part of teacher education at university, 
which aims particularly at providing subject-specific and generic knowledge in 
formal learning settings . While the importance of a professional knowledge base 
per se is uncontested, it is less clear what content such a knowledge base should 
include (Zeichner 2005) .

In his seminal work, Shulman (1986) distinguishes between content knowl-
edge, pedagogical content knowledge, and pedagogical knowledge. The first two 
describe subject-specific knowledge, which has received much research attention 
in recent years. There is ample evidence that knowledge about the subject matter 
itself, subject-specific forms of instruction, and typical student thinking in a do-
main are important prerequisites for high-quality instruction and, thus, student 
learning (Abell 2008; Baumert et al . 2010; Depaepe et al . 2013; Hill et al . 2005) . 
The part of teacher knowledge that transcends subject matter has received much 
less attention in current research. Shulman (1986) defines pedagogical knowledge 
as “knowledge of generic principles of classroom organization and management” 
and notes that “proper professional board examination would include other equally 
important sections as <…> knowledge of general pedagogy, knowledge of learn-
ers and their backgrounds, principles of school organization, finance and manage-
ment, and the historical, social, and cultural foundations of education” (p . 14) . In 
line with Shulman’s argumentation we use the term “educational knowledge” that 
extends the narrow conception of pedagogical knowledge and define it as “teach-
ers’ subject-unspecific professional knowledge that comprises both classroom-re-
lated topics (instruction, learning and development, and assessment) as well as 
context-related topics (e .g ., knowledge on the educational system, school develop-
ment, or educational theory and history)” (Linninger et al . 2015, p . 73) .
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Voss et al . (2015) provided a comprehensive overview of recent developments 
and assessments measuring pedagogical teacher knowledge . This review revealed 
that previous research mainly focused on pedagogical topics that are closely relat-
ed to instruction (e .g ., classroom management, learning support) and largely ig-
nored topics addressing matters outside the classroom such as principles of school 
organization, historical foundations of education, or knowledge about the teach-
er profession. Previous research revealed small significant correlations between 
pedagogical knowledge (in a narrow sense) and the instructional quality rated by 
school students (König and Pfanzl 2016; Voss et al . 2014) . Nevertheless, it is not 
clear which benefit the broader generic educational knowledge might have both for 
teaching situations and for situations outside of classroom .

To close this gap, the BilWiss2 research program aimed to investigate both the 
empirical structure of educational knowledge and its determinants and conse-
quences . In this chapter, we summarize the theoretical background and the main 
results of the BilWiss project.

2 Background:  
Educational Foundation Courses in Teacher Education

The structure of teacher education varies across and within countries . Universi-
ty teacher training usually involves courses covering general educational topics 
and the study of one or more specific subjects. In general, two different models 
of teacher education are common: the concurrent model where subject courses, 
educational courses, and practical experiences are combined within one course of 
study and the consecutive model where a disciplinary degree (i.e., subject-specific) 
is followed by a degree in education (EURYDICE, 2002) . The relative importance 
of subject-specific and generic parts (expressed in allocated credit points) differs 
both between and within different countries and institutions (Schmidt et al . 2011; 
2008) . However, in all systems, teacher students have to attend courses that aim at 
providing the generic educational knowledge seen as particular to the profession 
of teachers, the so-called “educational foundation courses” .

2 BilWiss stands for „Bildungswissenschaftliches Wissen“, which is the German 
translation of “educational knowledge” . The full name of the research program is 
“Bildungswissenschaftliches Wissen als Teil professioneller Kompetenz in der Lehr-
amtsausbildung [Educational Knowledge as a Part of Professional Competence in Tea-
cher Education]” . For more information see: https://bilwiss .paedpsych .de/

https://bilwiss.paedpsych.de
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Educational foundation courses have a long tradition as a relevant part of teach-
er education (for a historical review, see Tozer and McAninch 1986) and are as-
sumed to provide important learning opportunities for the acquisition and con-
struction of an educational knowledge base. Educational foundations are defined 
as a “broadly-conceived field of educational study that derives its <…> methods 
from a number of academic disciplines <…> including: history, philosophy, so-
ciology, <…> psychology, <…>, educational studies <…>” (Council for Social 
Foundations of Education (CSFE) 1996, p . 3) . In the last decades, there has been 
a vivid discussion about the nature of knowledge that should be taught within 
educational foundation courses in university teacher education programs (Hollins 
2011; Patrick et al . 2011) . Wilson and colleagues have reviewed studies on the 
impact of “pedagogical knowledge” on teacher effectiveness (Wilson et al . 2001; 
2002) and conclude that “the impact of pedagogical knowledge or preparation was 
spotty and inconclusive“ (2003, p . 16) . Furthermore, the number of courses offered 
varies across institutions within single countries in terms of course sequencing 
and course content (Wilson et al . 2001, p . 12) . Given the miscellany of topics from 
various disciplines (e .g ., psychology, educational studies, sociology), it might be 
difficult for students to develop educational pedagogical knowledge in a sense of a 
coherent theoretical construct . The perceived fragmentation of educational cours-
es occurs partly due to the high degree of freedom in the choice of educational 
courses (Terhart et al . 2010) .

Furthermore, both teacher students and in-service teachers have often criticized 
university education and particularly, the educational foundation part, for provid-
ing insufficient practical preparation (Cochran-Smith and Zeichner 2005; Dar-
ling-Hammond et al . 2002; Veenman 1984; Zeichner 2006) and for the “absence 
of a set of organizing themes, shared standards, and clear goals”(Hollins 2011, p . 
395) . In contrast to this argumentation, we argue that – given the high complexity 
of teachers’ actions in rapidly changing situations with high demands on reflection 
ability (Leinhardt and Greeno 1986) – a thorough conceptual understanding of the 
domain and of educational topics is a key to improving teachers’ professional mas-
tery of their job (Hollins 2011; Rittle-Johnson et al. 2001). To test this hypothesis, 
we refer to a theoretical framework which can serve as a foundation for the devel-
opment of a research instrument that allows for objective and reliable assessment 
of educational knowledge . In line with this argumentation, there is empirical evi-
dence that, despite the general criticism toward educational foundations, students 
and beginning teachers perceive these parts of university education as relevant for 
practical work (Alles et al . 2018; Dawson et al . 1984; Grossman and Richert 1988; 
Rösler et al . 2013) .

Kunter, M., Kunina-Habenicht, O., Holzberger, D., Leutner, D., et al.
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In sum, although educational knowledge is deemed an important aspect of 
teachers’ professional competence there is little consensus about how this knowl-
edge could best be fostered during teacher education . One reason for this is in-
sufficient empirical evidence on the structure of educational knowledge and its 
development during teacher education which is mainly due to the fact that to date, 
most studies have been based on self-report measures only (Choy et al . 2013; Wong 
et al . 2008) . Very few researchers have attempted to measure generic educational 
knowledge directly via standardized assessments (Guerriero 2017; Sonmark et al . 
2017; see also contributions in this volume) .

The BilWiss research project started in 2009 to investigate the empirical struc-
ture, development, and impact of beginning teachers’ educational knowledge . It 
was one of the first studies to develop a standardized knowledge test covering 
relevant content of educational foundation courses in academic teacher education . 
In the next section, we give an overview of the BilWiss research program including 
important findings.

3 The BilWiss Research Program

The BilWiss research program started in 2009 as a cooperation project between 
the Max Planck Institute for Human Development (Principal investigator: Jürgen 
Baumert), the Goethe University Frankfurt (Mareike Kunter), the University of 
Duisburg-Essen (Detlev Leutner), and the University of Münster (Ewald Terhart), 
joined in 2012 by the Technical University of Munich (Tina Seidel). The program, 
consisting of three consecutive funding periods, was supported by the German 
Federal Ministry of Education and Research (BMBF) over the course of ten years 
ending in spring 2019. The project team united of researchers who were all in-
volved3 with teacher education and combined expertise in educational sciences 
and psychology, the main disciplines in educational foundation courses . In 2012, 
the project was complemented by an additional study funded by the Ministry of 
Education in the German state of North-Rhine Westphalia where the study took 
place . The aim of this study was the evaluation of a newly implemented induction 
program in this state .

3 Post doc and pre doc researchers involved in the BilWiss project: Andreas Dick, The-
resa Dicke, Nora Hein, Olga Kunina-Habenicht, Hendrik Lohse-Bossenz, Christina 
Maurer, Nadine Schlomske-Bodenstein, Maria Schmidt, Franziska Schulze-Stocker, 
Kathleen Stürmer, Ziwen Teuber, Katharina Willis, Kristin Wolf .
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The BilWiss research program addressed several research questions concern-
ing the nature and meaning of teachers’ educational knowledge . Empirically, these 
research questions were addressed with diverse methodological approaches as out-
lined below .

1) Conceptualization of educational knowledge: What is the central subject-un-
specific content that prospective teachers should know at the end of their university 
studies? What are the central topics that educational foundational courses should 
address? What are important areas of knowledge and how can this knowledge be 
theoretically structured?

The empirical base for answering these research questions was literature work, 
curriculum analyses, and an expert Delphi study (Section 4 .1) .

2) Assessment of educational knowledge: Can educational knowledge be meas-
ured with a standardized knowledge test and can this test be used to describe 
knowledge differences between prospective teachers?

As outlined in Section 4 .2, we constructed a comprehensive knowledge test 
that tapped all the topics identified as important by our expert study. After a series 
of pilot studies this test was administered to a representative sample of German 
teacher candidates after university completion and was later used in two longitudi-
nal studies . In addition, various smaller validation studies were carried out .

3) Relevance of educational knowledge: To what degree does teachers’ educa-
tional knowledge influence their later practice? What is the relationship between 
educational knowledge and teachers’ instructional quality, their professional vi-
sion, other aspects of professional behavior, and teachers’ professional well-being?

To investigate the practical relevance and long-term effect of teachers’ edu-
cational knowledge on the successful mastery of their job, our research program 
included a longitudinal study that followed a sample of teacher candidates from 
completion of their university studies to their entrance into teaching practice and 
up to seven years beyond . To assess teachers’ professional behavior, we used and 
developed various instruments such as video-based professional vision assess-
ment, student ratings of instruction, vignette tests, and behavioral checklists (for 
results, see Section 4) .

4) Fostering educational knowledge: How does educational knowledge develop 
during teacher education and beyond? How effective are educational foundation 
courses in fostering educational knowledge in students? Can tailored interventions 
support the growth of educational knowledge?

In addition to our first longitudinal study that investigated prospective teachers’ 
development after university completion, our second longitudinal study targeted 
teacher students at university and investigated how their educational knowledge de-
veloped during the course of their university studies (covering a period of two years) .

Kunter, M., Kunina-Habenicht, O., Holzberger, D., Leutner, D., et al.
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The next section provides a short overview of our core findings. Following the 
topics of the present volume, we then summarize the findings of the third and final 
research phase which focused on revision and validation of the BilWiss test .

4 Summary of Important Results from the BilWiss  
Research Program

4.1 Conceptualization of Educational Knowledge

Before the BilWiss project, the educational foundation courses in German teacher 
education where a matter of great debate . To tackle the much-debated heterogene-
ity of content and lack of consistence especially in this part of teacher education, 
the Standing Conference of the Ministers of Education and Cultural Affairs of the 
Länder in the Federal Republic of Germany (KMK) had passed their “Standards 
for Teacher Training in the Educational Sciences” . These standards specify the 
abilities and skills prospective teachers should acquire in the course of teacher 
education, specifically in the educational foundation courses (Ständige Konferenz 
der Kultusminister der Länder in der Bundesrepublik Deutschland (KMK) 2014) . 
However, curriculum analyses carried out in BilWiss (Schulze-Stocker 2016; 2017) 
and by others (Bauer et al . 2012; Hohenstein et al . 2014) showed that even several 
years later there was still much heterogeneity in terms of the content addressed 
in educational foundation courses . Further, as seen in these studies, many topics 
outlined in the Standards were not covered at all, and that universities varied sub-
stantially in the courses offered .

In a quest to identify an “ideal curriculum” that would include all the edu-
cational topics deemed important for prospective teachers, we carried out an 
expert survey using a Delphi-technique (Linstone and Turoff 1975) . Forty-nine 
teacher education experts from heterogeneous fields (psychology, educational sci-
ence, sociology, educators in teacher professional development) participated in a 
paper-pencil Delphi study in which they rated the importance of 213 potentially 
relevant educational topics (identified through curriculum analyses and from lit-
erature) in three consecutive rounds . These topics covered nine theoretically pre- 
defined content areas: instruction, educational theory, educational system, teacher 
profession, developmental processes, socialization processes, learning processes, 
dealing with diversity, and assessment . In spite of the heterogeneity found in ed-
ucational foundation courses offered at university, experts substantially agreed 
which topics would be the most important for future teachers, leading to a list of 
104 topics that were chosen by the majority of experts (for more detailed informa-
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tion on specific instructions and consensus development within the Delphi Study, 
see Kunina-Habenicht et al . 2012; Lohse-Bossenz et al . 2013) .

4.2 Assessment of Educational Knowledge:  
The Development of the BilWiss Test

The Delphi study provided us with a theoretical systematization of the generic ed-
ucational knowledge that experts agreed should be imparted by university studies . 
This systematization was the foundation for our test construction . For each of the 
core Delphi topics we constructed at least one item . The constructed items capture 
either declarative or conceptual knowledge, with declarative items requiring the 
mere recall of certain facts or theories, and conceptual items requiring students 
to connect several theories or to apply certain theories to case examples . Experts 
from the disciplines of educational science and psychology were involved into the 
item construction process .

We conducted three pilot studies during the process of test development be-
tween June 2010 and November 2010 . We optimized or excluded several items 
based on the examination of item difficulties, item discriminations, and frequen-
cies of incorrect answer alternatives . The pilot studies showed that six dimensions 
of educational knowledge could be reliably distinguished: classroom teaching, 
learning and development (subsuming developmental, learning, and socialisation 
processes), creating school environments, theoretical educational foundations, 
assessment and evaluation, and teaching as a profession. The final test version 
consisted of 289 items and was administered in spring 2011 to 3298 persons in 
one federal German state (North-Rhine Westphalia), representing 87 per cent of 
the full cohort of recently-graduated teacher candidates at the beginning of their 
induction phase . To cover the whole breadth of educational knowledge within a 
reasonable test time, we used a multiple-matric booklet design with anchoring 
items and estimated person scores for the six dimensions using unidimensional 
2-PL partial-credit IRT models . The reliabilities for all six scales were moderate or 
satisfactory, and the measurement models were replicated in a second independent 
sample (for further details, see Linninger et al . 2015) .

In addition to the comprehensive long test version that distinguishes between 
six dimensions of educational knowledge, we created a short test version, which 
includes 57 items and provides a general score for educational knowledge (for an 
overview of the two test versions with item contents, reliabilities, and examples, 
see Linninger et al . 2015) .

Kunter, M., Kunina-Habenicht, O., Holzberger, D., Leutner, D., et al.
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4.3 Relevance of Educational Knowledge:  
Does It Matter to Teacher Practice?

One of the main guidelines of the BilWiss project was the assumption that a good 
theoretical knowledge base is a necessary prerequisite for the professional behav-
ior of teachers . The most important arena for teachers is undoubtedly their class-
room and the classroom instruction . There is already some evidence that the qual-
ity of instruction and students’ learning success may be influenced by teachers’ 
pedagogical knowledge which we expected to confirm in our studies. However, 
following the broad conception of educational knowledge, we were also interested 
in teachers’ professional activities apart from teaching, such as assessment, coun-
selling, and engagement in school development .

Overall, our findings highlight the relevance of educational knowledge to teach-
ers’ practice, although our findings were not as clear-cut as expected. Regarding 
our assumption that educational knowledge works as a theoretical frame that al-
lows for a functional analysis of professional situations, we found that teachers 
who scored high in our BilWiss test showed significantly more productive reflec-
tion when watching teaching scenes by other teachers than those who scored lower 
(Linninger et al . 2016) . However, with regard to professional vision as assessed 
with the Observer Research Tool (Stürmer and Seidel 2015), no systematic rela-
tionships between the overall BilWiss test score and professional vision skills were 
found. This finding might be attributed to the fact that the Observer Research Tool 
is quite a focused tool, measuring professional vision skills in the context of three 
generic teaching and learning principles: clarity of learning goals, teacher support, 
and learning climate (Seidel et al . 2017) . This strong focus might have led to a 
situation in which the two measurements are not validly linked to find systematic 
relationships .

Regarding our assumption that educational knowledge should also directly 
impact on teachers’ behavior, we did find that teachers with greater educational 
knowledge reported greater improvement in teaching quality during their induc-
tion phase (Lohse-Bossenz et al . 2015); however, a direct link between teacher 
knowledge and instructional quality as perceived by students of their classes could 
not be established .

Going beyond classroom instruction, we also investigated the relevance of ed-
ucational knowledge for other fields of teachers’ work. An important finding was 
that educational knowledge, as measured by the BilWiss test (especially knowl-
edge about classroom management or learning and development) works as a buffer 
against stress during the induction phase (Dicke et al . 2015a, b) . Moreover, we 
found that teachers who scored higher in our subscale on knowledge about the 



18

school system and educational policy at the end of the induction phase were more 
engaged in school development activities two years later than their less knowledge-
able peers (Linninger et al . 2015) . A pilot study has also shown that theoretical 
knowledge about counseling as measured within our BilWiss subscale “Teaching 
as a profession” was positively related to teachers’ projected counseling behavior 
in a situational judgement test (Maurer et al. 2018), a finding which we seek to 
replicate in ongoing analyses of our longitudinal sample .

4.4 Fostering Educational Knowledge

We found strong evidence that the educational knowledge we assessed in our Bil-
Wiss test represents professional academic knowledge actually acquired during 
teacher education and can be empirically distinguished from everyday notions on 
education that laypersons may hold . A qualitative study where we conducted cog-
nitive interviews with persons during test taking revealed that teacher education 
graduates and advanced teacher students were often familiar with item topics from 
their studies and that they solved items mostly by retrieving academic knowledge 
gained in teacher education (Linninger et al . 2015) . A comparison of the test scores 
of teacher education graduates with scores of first-semester teacher students or per-
sons without teacher education showed substantial advantages for those who had 
completed teacher education (Kunina-Habenicht et al . 2013; Linninger et al . 2015) . 
Moreover, we found higher test scores in different dimensions for teacher educa-
tion graduates who had taken more courses in the respective domain (Schulze- 
Stocker et al . 2016) .

5 Further Development and Validation:  
The BilWiss 2.0 Test

The first two phases of the BilWiss research program (2009–2016) showed that it 
is possible to measure prospective teachers’ educational knowledge via a stand-
ardized test, that this knowledge is actually a product of university teacher edu-
cation, that beginning teachers differ substantially in their knowledge, and that 
these knowledge differences manifest in different qualities of behaviors . However, 
a number of issues remained open. First, although there was evidence of sufficient 
reliability and validity of the BilWiss test overall, the reliability of some scales 
was not satisfactory . In addition, item formats and the number of answer options in 
multiple-choice questions varied across the subscales of the test, which limited the 
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comparability of items and the scales, so that a further refinement and unification 
seemed warranted .

A second issue of concern was the lack of predictive validity of the subscale 
“instruction”, which did not show any associations with teaching-related outcome 
measures . A closer content inspection revealed that some of items in this scale – 
which all were selected mainly based on empirical grounds – did not show optimal 
match with the ranking of topics from the Delphi study, so that it seemed necessary 
to revise the instruction scale substantially .

A third issue was the limited economy of the test . On the one hand, the breadth 
of educational topics typically addressed in educational foundation courses re-
quired a large number of items to adequately cover the heterogeneity of the con-
struct . On the other hand, we were aware of the limited applicability for a test 
with almost three hundred items and sought to optimize our short test which at 
that stage did not adequately cover the topics judged most important in our Delphi 
study .

A fourth critical issue concerned the generalizability of our test and results: As 
our prior work had been carried out just in one federal state in Germany, it was not 
clear to what degree our instrument and findings were applicable to other teacher 
education contexts . Finally, apart from measurement issues, we wanted to learn 
more about the changes in educational knowledge during the teacher education 
studies at the university .

The third phase of the BilWiss research program was thus dedicated to further 
development and validation of the BilWiss test .

5.1 Revision of the Original Test

In the first step, we identified dodgy items using prior data in terms of psychomet-
ric indicators and conducted cognitive labs using very similar procedures as de-
scribed by Linninger and colleagues (2015) to identify items with high task-unspe-
cific variance (e.g., items that could be solved by guessing or ambiguous wording). 
We rephrased the identified items and created some new tasks. In particular, we 
substantially modified the instruction scale, which includes many completely new 
items in the revised version. Moreover, we unified the number of answer options 
in multiple-choice questions to four in the entire test and ensured that the highly 
rated topics from the Delphi study were covered by at least one item in the short 
test form. The modified and new items were tested in an iterative process in several 
field tests (Kunina-Habenicht et al. 2020).
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The short version of the revised BilWiss-2 .0 test includes 65 items, the long 
version contains 119 items, all from the following six knowledge domains: learn-
ing and development, instruction, assessment, educational theory (and history), 
school system and educational policy, and teacher profession . 2-PL partial-credit 
IRT models were applied to a data set collected from 788 teacher students from 
four different German universities in four different states (for details, see Kuni-
na-Habenicht et al . 2020) .

5.2 Content Validity

All items of the test were examined in a qualitative study where 40 teacher stu-
dents worked through the test (on average five teacher students per item) and ver-
balized their solution approaches, difficulties, and sources of knowledge. These 
cognitive labs showed that the majority of items were congruent with the topics 
addressed in educational foundation courses at university and that they could be 
answered by drawing on the content learned during university teacher education . 
The interviews also gave hints to construct-irrelevant variance inherent in some 
items that were considered during the item revision described above .

In two additional validation studies, we investigated whether the test content 
corresponded to the intended academic teacher education curriculum at the federal 
level in Germany (Kunina-Habenicht et al. 2019). In the first study delegates from 
the Ministries of Education of most German federal states (besides North-Rhine 
Westfalia) rated the relevance of the Delphi topics for their specific state. In the 
second study the test content (i .e . individual test items) was matched to the federal 
standards on the generic, educational part of academic teacher education (KMK, 
2014) . Results from both studies indicated that the BilWiss-2 .0-test can be used 
across German federal states (Kunina-Habenicht et al . 2019) .

5.3 Internal Structure

With regard to the empirical structure of the BilWiss 2–0 test, structural equation 
models indicated a good fit for the model with six correlated latent factors (for de-
tails, see Kunina-Habenicht et al . 2020) . Moreover, we could show that educational 
knowledge can be invariantly measured across three subject groups, i.e., science, 
languages/humanities, and a combination of these subjects (Lohse-Bossenz et al. 
2018) .
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5.4 Relation with Other Variables

Small significant correlations between the BilWiss 2.0 test score and the number 
of relevant university courses attended and grades in university studies support 
the convergent and prognostic validity of the test score interpretations . Moreover, 
teacher students who had to re-sit at least one exam in their educational foundation 
courses showed significantly lower test performance than students who passed on 
the first try (Kunina-Habenicht et al. 2020). Moreover, we found that university 
students with a range of individual risk factors such as lower cognitive abilities, 
lower SES, immigration background or unfavorable personality traits (e .g ., high 
neuroticism scores) showed significantly lower test scores in later semesters than 
students without these risk factors (Wolf 2019) .

6 Theoretical and Practical Implications

The BilWiss research program aimed to investigate the emergence and relevance of 
theoretical educational knowledge as an important facet of (prospective) teachers’ 
professional competence . Over the period of almost ten years, we have succeeded 
to constructing and validating a psychometrically solid standardized test to assess 
generic educational knowledge in a generic, broad sense . A distinctive feature of 
the BilWiss test is that it not only includes those teaching-related knowledge areas 
that are typically targeted in existing concepts of pedagogical knowledge such as 
instruction, assessment, learning and development (Voss et al . 2015) . The BilWiss 
test also covers topics that go beyond classroom teaching and touches other fields 
of teacher activity, such as school development, counseling, and an understanding 
of teaching as a professional occupation .

We found that teacher students and graduates of teacher education differ sub-
stantially in this form of knowledge which is at least partially due to a differing up-
take of learning opportunities during teacher education, and that these differences 
in knowledge are associated with differences in professional success .
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6.1 Implications for Future Research

After the comprehensive revision and validation of the first BilWiss test, the re-
vised BilWiss 2 .0 test will now be made available for other researchers4 . It consists 
of a long version with 14–24 items per scale, providing a comprehensive assess-
ment of most topics teacher education experts consider essential for prospective 
teachers, and a short version with 65 items that can be used as a condensed in-
dicator for teachers’ generic educational knowledge . We recommend the use of 
the long version in situations where one is interested to what degree an intended 
teacher education curriculum is realized or where one wants to assess selected di-
mensions of educational knowledge in more depth . Typically, this would be studies 
within the context of educational monitoring or evaluations of specific courses 
or treatments within the context of teacher education . We recommend the use of 
the short version in situations where one needs just a general individual score of 
educational knowledge as a measure of an important aspect of teachers’ individual 
professional competence, figuring as a predictor, outcome or control variable.

The BilWiss 2 .0 test can be applied for further research on the effectiveness and 
long-term impact of educational foundations courses . It is our conviction that this 
part of teacher education is better than its reputation and we expect other studies 
to confirm the high relevance of a sound theoretical base for successful mastery of 
the teaching job (Hollins 2011; Patrick et al. 2011).

We also hope that our test is a useful tool for studies investigating the develop-
ment of educational knowledge through teacher education or specifically tailored 
interventions . Although there is ample research on effects of certain formats in 
teacher education, many of these studies suffer from a shortage of convincing ob-
jective measures (Cochran-Smith and Zeichner 2005). Moreover, the mechanisms 
underlying the development of teachers’ professional knowledge are not well un-
derstood yet . For instance, it is not clear whether consecutive approaches in teacher 
education are more effective than concurrent approaches or vice versa (Harr et 
al . 2015) . Another important open issue refers to the question of how theoretical 
knowledge can transfer into better practice . While it is unlikely that theoretical 
knowledge itself directly transfers into better teaching (or other professional) be-
haviors, it can be assumed that it plays an important role in the interpretation of 
teaching (or other professional) situations (Blömeke et al . 2015; König et al . 2014) . 

4 The BilWiss 2 .0 test (in German language) will be made available at the Research 
Data Centre Education (FDZ Bildung) at the Leibniz Institute for Research and Infor-
mation on Education (DIPF), the BilWiss data is available at the Research Data Centre 
(FDZ) at the Institute for Educational Quality Improvement (IQB) .
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Thus, the effects are not necessarily direct, but more complex and can only be 
recovered using moderation and/or mediation analysis (e .g ., Dicke et al . 2015) .

6.2 Implications for Practice

The general message from BilWiss research program is that the theoretical generic 
educational knowledge is one important condition for successful mastery of prac-
tice. Our findings show that gap between theory and practice may not be as wide 
as often purported: Not only do academic and practice experts agree which theo-
retical issues should be covered in initial teacher education. Moreover, our findings 
give first evidence that a good theoretical foundation can ease beginning teachers’ 
entry into practice . Which forms of teacher education may be best suited to gain 
this type of knowledge remains an open question . With the BilWiss test, there is 
now a tool available with which new developments in teacher education may be 
empirically validated . The test is available for studies aiming at monitoring and 
evaluation of specific teacher programs. One essential issue for school policy and 
school administration is, for example, whether there is a difference between teach-
ers who finished regularly certified teacher education programs, and lateral entry 
employees, who enter school after attending only reduced or even none teacher 
preparation programs and possess only limited knowledge about theoretical foun-
dations . Although the BilWiss test was developed in German, we are convinced 
that its content can be at least partly adapted to other languages and countries .
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2.2  
Analyses and Validation of Central  
Assessment Instruments of the Research 
Program TEDS-M

Kaiser, G., and König, J.

Abstract

The TEDS-Validate project has been carried out within the research program 
derived from Teacher Education and Development Study: Learning to Teach 
Mathematics (TEDS-M) . In this chapter, we describe the aim of the study, 
which is related to the question of whether research findings brought forward 
by measurement instruments to test professional competence of mathematics 
teachers have predictive validity for the quality of their classroom instruction 
and the learning gains of their students . Based on this, we question whether 
situation-specific skills (measured via video-based assessments) contribute to 
explain instructional quality and learning gains of students – in addition to the 
effects of professional knowledge of teachers . To answer the research ques-
tions, data was collected in Thuringia, Saxony and Hesse from 2016 to 2019 
with a survey of 113 in-service teachers . They were tested using web-based 
instruments to capture their mathematics, mathematics pedagogical and gener-
al pedagogical knowledge as well as their noticing competencies . TEDS-Vali-
date points out the broad applicability of the instruments for the comprehensive 
measurement of mathematics teachers competencies . To evaluate the effects of 
prospective teachers’ practical activities during their school practicum within 
the master study of initial teacher education, these instruments will be applied 
in a follow-up transfer project.
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1 Introduction

TEDS-Validate has been carried out within the research program, which has been 
derived from the international comparative study on teacher education, the Teach-
er Education and Development Study: Learning to Teach Mathematics (TEDS-M) 
(2008–2010) (Blömeke et al . 2010a, b) . The design, conceptualisation and instru-
ments of TEDS-Validate refer to the TEDS-M research program and has evolved 
in the last ten years .

1.1 Aims of the TEDS-Validate Project

The TEDS-Validate project aims to answer the question of whether research find-
ings brought forward by TEDS-M measurement instruments to test professional 
competence of mathematics teachers have predictive validity for the quality of 
their classroom instruction and the learning gains of their students . The used in-
struments have been developed within the study TEDS-M and measure the pro-
fessional competencies of prospective mathematics teachers . It is assumed that if 
predictive validity of the instruments of teachers’ competencies on quality-orient-
ed teaching and students’ learning gains can be confirmed, then these assessment 
instrument can be considered objective, reliable, and valid and enable examination 
of teacher effectiveness in future research . The measurement instruments devel-
oped within TEDS-M, which consisted of teachers’ knowledge instruments and 
capture the central cognitive elements of mathematics teachers’ professional com-
petence (Shulman 1987, Baumert and Kunter 2006), were already validated: math-
ematical content knowledge (MCK), mathematical pedagogical content knowledge 
(MPCK), and general pedagogical knowledge (GPK) . However, it is still an open 
question whether these instruments fulfil predictive validity concerning the mas-
tering of professional tasks relevant during teaching as the core task of teachers .

Another objective of the TEDS-Validate project was to analyze which kinds 
of teacher knowledge – declarative (“knowing that…”) or procedural (“knowing 
how…”) – are acquired during initial teacher education and teachers’ profession-
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al practice . The original TEDS-M measurement instruments (e .g ., Buchholtz et 
al . 2016; König and Blömeke 2010) were mainly focused on declarative cognitive 
knowledge, which is acquired during initial teacher education and are an essential 
part of teacher’s knowledge for teaching . Procedural knowledge relies strongly on 
practical experience, being more related to teaching situations and performance 
in class . This part of the overall teachers’ competencies was evaluated by specif-
ic further development of the original TEDS-M-instruments, namely video-based 
assessment from the project TEDS-Follow-up (TEDS-FU) (e.g., Blömeke et al. 
2014; König et al . 2014) . These innovative assessment instruments were evaluated 
by expert reviews and have been proven to be reliable and valid as well as be-
ing suitable for capturing situation-specific skills. The additional question within 
TEDS-Validate was whether these instruments also have predictive validity, which 
would allow to gain deeper insight for the design of initial teacher education .

The international discourse on professional competence developed during in-
itial teacher education or professional development has strong gaps . Although a 
chain of effects such as teacher preparation – teacher competence – instructional 
quality – students’ learning gains is generally assumed (e .g . Baumert et al . 2010, 
Hill et al . 2005), there is only little empirical evidence whether competencies 
teacher acquire during initial teacher education have an influence on the quality of 
their instruction and the learning gains of their students . Especially the relation-
ship of teacher sub-facets of their competencies such as CK, PCK, and GPK on in-
structional quality and student learning has not yet been modelled simultaneously, 
neither have situation-specific cognitive skills been accounted for.

1.2 Research Questions

In the TEDS-Validate project, two major research questions were guiding the em-
pirical study:

1 . How far can we provide empirical evidence that the measurement instruments 
developed within the TEDS-M and TEDS-FU projects have predictive validity 
for teaching mathematics at high quality?

We expect that MCK, MPCK, and GPK as well as video-based measures signifi-
cantly impact instructional quality and correlate with the learning gain of students .

2 . Do situation-specific skills (measured via video-based assessments) contribute 
to explain instructional quality and learning gains of students – in addition to 



32 Kaiser, G., and König, J.

the effects of professional knowledge of teachers (as measured via paper-pencil 
tests), i .e ., do they have added value?

We expect that video-based skills of perception, interpretation, and decision-mak-
ing correlate higher with instructional quality and student learning gains than 
knowledge-based tests (MCK, MPCK, GPK) . Moreover, we expect that the rela-
tionship between video-based measures and students’ learning gains will be me-
diated by instructional quality .

2 Literature Review

2.1 Teacher Competence and Its Measurement

The concept of competence in educational research has been developed within 
different research traditions. The broad definition developed by Weinert (2001), 
which incorporates (i) cognitive abilities, (ii) the motivation, volition, social will-
ingness, and ability to solve problems, and (iii) the motivation, volition, and so-
cial readiness to implement solutions, has shaped the discussion of competence in 
large-scale studies on teacher education (Kunter et al . 2011; Blömeke et al . 2010a, 
b). Klieme and Leutner (2006), who define competencies as situation-specific, cog-
nitive performance dispositions, which are functionally responsive to situations 
and demands in specific domains, have further developed this work. Within the 
discussion of professionalization of teachers, generic models of professional com-
petence are currently proposed encompassing cognitive and affective-motivational 
aspects (Baumert and Kunter 2006; Blömeke 2017) . The differentiation of teach-
ers’ dispositions into various knowledge facets by the seminal work of Shulman 
(1987) has shaped the scientific discourse until today (Guerriero 2017). In the last 
decade, this approach has been widened going beyond the description of teacher 
competencies as personal traits (i .e ., individual dispositions relatively stable across 
different contexts) including situational facets (Kaiser et al . 2017) .

Similar developments can be identified in subject-related discussions on teacher 
education . For example, in mathematics education, Krainer and Llinares (2010) 
described various trends in the literature about prospective teachers, practicing 
teachers, and teacher educators, amongst others reflecting a shift from the individ-
ual perspective on teachers toward emphasizing the social dimension in teacher 
education based on sociological and sociocultural theories . In connection with this 
shift towards the social dimension different paradigms on teachers’ professional 
competencies have been identified by Rowland and Ruthven (2011), which can 
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be characterized either as cognitive or as situated approaches to the professional 
competencies of teachers (for an extensive overview on these paradigmatic distinc-
tions, see Kaiser et al . 2017) .

This development towards the social dimension on the professional activities of 
teachers exhibits the transfer from a cognitive perspective focusing on the knowl-
edge facets of teachers within teacher professionalism to situated approaches . The 
cognitive perspective has been dominant in recent decades and is characterized by 
its focus onto a limited number of components related to personal traits . Prominent 
examples of large-scale studies mainly come from mathematics education, such as 
the Teacher Education and Development Study in Mathematics (TEDS-M) or the 
Professional Competence of Teachers, Cognitively Activating Instruction and the 
Development of Students’ Mathematical Literacy (COACTIV) . Follow-up studies 
of these and other studies consider the multidimensionality of teacher competen-
cies and include context-specific and situated aspects of teaching and learning. 
Especially the concept of teacher noticing plays an important role . In the newly de-
veloped framework of teacher competencies Blömeke et al . (2015) show that older 
conceptual dichotomies ignore either the stable dispositional or the more variable 
situational competence facets . According to this model, competencies can be de-
scribed along a continuum from personal dispositions, namely teacher professional 
knowledge and beliefs, which are complemented by situation-specific cognitive 
skills such as perception, interpretation, and decision-making, which finally lead 
to teacher performance in the classroom .

The research model used in the project TEDS-Validate (Section 3.2.1), refers 
to this theoretical approach describing professional teacher competencies as blend 
of cognitive and affective-motivational dispositions as well as situational-specific 
skills (Blömeke et al . 2015, Kaiser et al . 2017) . The different paradigms on the 
conceptualization of teacher competencies have consequences regarding compe-
tence measurement . On the one hand, classical paper-and-pencil tests capturing 
the different facets of teacher knowledge have been developed, primarily in mathe-
matics education but also within other domains (Großschedl et al . 2015 for biology 
education, König et al . 2016 for education of English as a foreign language, Krauss 
et al . 2017 for mathematics, German, English, Latin, physics, music, religious ed-
ucation; see also contributions in this volume) . On the other hand a number of 
research groups referring to teacher noticing or professional vision has developed 
video-based assessment instruments (e .g ., Kersting et al . 2012; Seidel and Stürmer 
2014, Kaiser et al . 2015; for an overview of the construct of noticing, see Sherin 
et al . 2011, more recent Schack et al . 2017, a systematic literature review on the 
measurement of noticing is provided by Stahnke et al . 2016) .
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2.2 Research Desiderata Addressed by TEDS-Validate

Studies that analyze teachers’ certificates and qualifications in terms of their im-
pact on student learning (e .g ., Darling-Hammond et al . 2001; Cochran-Smith and 
Zeichner 2005; Palardy and Rumberger 2008) have certain limitations . They have 
been criticized for the fact that the teacher quality indicators used do not suffi-
ciently explain variations in the quality of their teaching or the learning progress 
of their students . Therefore, researchers have started to design studies that directly 
assess teacher knowledge, and the indicators for professional competence of teach-
ers are examined, for instance, regarding its relationship to instructional quality 
and student learning (Hill et al . 2005; Baumert et al . 2010; Kersting et al . 2012) .

Measurement instruments for cognitive facets of teacher professional compe-
tence have been developed over the past decade with particular focus on math-
ematics . In Germany, the research study COACTIV (Kunter et al . 2011) is well 
known, however, its findings are based on data collected 15 years ago. PISA 2003 
was extended by a second time point one year later with another student assess-
ment in mathematics, allowing the analysis of student progress in year 9 and 10 . 
Their teachers were assessed using paper-pencil tests measuring CK and PCK and 
measures were applied to capture the quality of mathematics instruction (Baumert 
et al . 2010) . The COACTIV study proliferated evidence that teachers’ CK and 
PCK effect instructional quality (such as cognitive activation) and influence stu-
dent learning in mathematics . More recently, data on teachers’ noticing skills were 
related to their knowledge base (Bruckmaier et al. 2016). These findings relate 
to the international state of art on CK and PCK as brought forward by Hill et 
al . (2005) in the US context . In the COACTIV-R study in Germany, empirical 
evidence was provided for the effect of pedagogical-psychological knowledge of 
pre-service teachers during induction on the instructional quality of classroom 
management as perceived by students (Voss et al . 2014) . In a study conducted in 
Austria, König and Pflanzl (2016) provided evidence for the effect of TEDS-M 
test measuring GPK on student perceptions among about 250 in-service teachers . 
If teachers performed well on the GPK test, students reported higher instructional 
quality regarding effective classroom management, teacher clarity, and positive 
teacher-student relationships, even when controlled for teacher personality (Big-
Five), teaching experience, and teacher certification grades.

Although these findings are promising towards teacher competence and its rele-
vance for teaching and student learning, there is still a lack of research:

• First, nearly all studies basically assume a chain of effectiveness related to 
‘teacher education – teacher competence – instructional quality – student learn-
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ing’ . Although numerous studies have shown pre-service teachers may acquire 
competencies (e .g ., teacher knowledge) during initial teacher education (for a 
recent overview, see Kaiser and König 2019), hardly any evidence exists as to 
what extent these teacher competencies acquired during initial teacher educa-
tion at higher education institutions have an impact in the long run . That means 
it is still unclear whether teacher competencies that represent an outcome of 
higher education actually are significant predictors for instructional quality 
teachers provide during in-service teaching and the progress of their students .

• Second, none of the studies has analyzed the triad of CK, PCK, and GPK in an 
overall model . So hardly any insight can be given into the multidimensionality 
of teacher competence and its specific impact on instructional quality and stu-
dent learning when modelling the triad simultaneously .

• Third, due to recent developments in competence modelling, not only teacher 
knowledge as a cognitive disposition, but also situation-specific teacher skills 
have to be considered (Blömeke et al . 2015, Kaiser et al . 2015, 2017) . Only very 
few studies have started to reflect on such a distinction in the complex field 
of teacher competence measurement (e .g ., Blömeke et al . 2016, Kersting et al . 
2012, König et al. 2014). These studies again focus on either subject-specific 
or generic facets of teacher competence, so they have the limitation that they 
cannot include all facets in an overall statistical model .

TEDS-Validate specifically focuses on these research desiderata. The whole set 
of measurement instruments developed in the TEDS-M research program, includ-
ing TEDS-M, TEDS-FU, TEDS-Instruct, have been applied. Therefore, its find-
ings should have relevant implications for teacher education, as teacher education 
programs usually consist of the typical components related to the subject, sub-
ject-specific pedagogy, and general pedagogy (Flores 2016). The differentiation 
into teacher knowledge and situation-specific skills as cognitive elements of the 
professional competence of teachers (Figure 1) reflects the ongoing discussion on 
theory-practice in teacher education, which is of great relevance in the current 
German Quality Initiative of Teacher Education ([Qualitätsoffensive Lehrerbil-
dung], BMBF 2014) .
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3 Design of the Study

3.1 Overview of the TEDS-M Research Program

The Teacher Education and Development Study in Mathematics (TEDS-M) car-
ried out under the auspices of the International Association for the Evaluation of 
Educational Achievement (IEA) was a comparative study of teacher education and 
the first IEA study on tertiary education, as well as the first international large-
scale assessment of future teachers that based on representative samples (Tatto and 
Senk 2012) . The TEDS-M target population consisted of mathematics teachers for 
elementary and secondary schools in their final year of teacher education. Data 
were collected in 2008 . A central component of TEDS-M was the measurement 
of the professional knowledge of prospective teachers . The common international 
questionnaire only measured prospective teachers’ mathematics content knowl-
edge (MCK) and mathematics pedagogical content knowledge (MPCK) . Three 
participating countries – the United States, Germany, and Taiwan – therefore car-
ried a national version measuring prospective teachers’ GPK . Besides pre-service 
teacher knowledge, also, their beliefs were investigated and a broad range of insti-
tutional characteristics of teacher education programs such as learning opportu-
nities as well as socio-demographic variables were part of the prospective teacher 
surveys (for details, see Blömeke et al . 2010a, b, 2014) .

TEDS-M had a particular impact on starting empirical research on teacher 
education in Germany . As a consequence, several studies were conducted that 
systematically built on the TEDS-M research: TEDS-Follow Up (TEDS-FU), 
TEDS-Learning to Teach (TEDS-LT), and TEDS-Instruct (TEDS-U) building the 
comprehensive TEDS-M research program (Table 1) .

While the TEDS-M study intended to evaluate the efficiency of teacher educa-
tion at an international level by assessing prospective mathematics teachers’ con-
tent-related knowledge at the end of teacher education, including the study courses 
and opportunities to learn, the other TEDS-M-studies had different objectives, 
respectively. They all were conducted in Germany or in specific federal states of 
Germany and they focused on different target groups .
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Table 1 Studies of the TEDS research program

TEDS-M TEDS-LT TEDS-FU TEDS-U TEDS-V
(Learning to 
Teach)

(Follow-Up) (Instruct) (Validate)

2006–2010 2008–2012 2010–2013 2015–2018 2016–2019
Geographi-
cal focus

international Bavaria, 
Baden-Wuert-
temberg, Ber-
lin, Hamburg, 
Hesse, North 
Rhine-West-
phalia

Germany Hamburg Hesse, Saxo-
ny, Thuringia

Target 
group

Pre-service 
teachers 
in their 
final year 
of teacher 
education

Future 
teachers at 
universities

Early career 
teachers

In-service teachers

Subject Mathematics German, 
English as 
a Foreign 
Language, 
Mathematics

Mathematics

Teaching 
Type

Primary and 
Secondary

Secondary Primary and 
Secondary

Secondary

• TEDS-LT aimed at transferring the conceptualizations and assessment ap-
proaches of TEDS-M to other domains such as German and English as a For-
eign Language. TEDS-LT was continued in two more projects on language 
teacher education: PKE (König et al . 2016) and PlanvoLL-D (see the chapter by 
König et al . in this volume) .

• TEDS-FU as a follow-up study of TEDS-M was more directly linked to 
TEDS-M, since it re-examined teacher professional competence of those par-
ticipants who had actually entered the teaching profession four years later . 
TEDS-FU enriched the knowledge oriented TEDS-M-study by context-specific 
and situated aspects of teaching and learning including the concept of teacher 
noticing . TEDS-FU examined the assumption of the multidimensionality of 
teacher competencies of referring not only to subject-based cognitive aspects 
but also to pedagogical reflections on the teaching-and-learning situation as 
a whole . Overall, the context in which teaching and learning are enacted was 
therefore been brought to the foreground by TEDS-FU .
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• TEDS-Instruct (TEDS-Unterricht, TEDS-U) was conducted as a pilot study 
exploring conceptualizations, instruments, and analyses approaches to be val-
idated in TEDS-Validate . Mathematics teachers recruited for TEDS-Instruct 
(convenience sample due to data collection constraints) either taught at the aca-
demic track (Gymnasium) or at the non-academic track (Stadtteilschule) in the 
federal state of Hamburg . Classroom observations with a newly developed in-
strument were carried out with a subsample of the studied teachers to evaluate 
the instructional quality of their teaching . For each school class of the partic-
ipating teachers, student assessment data were made available by the Institute 
for Educational Monitoring and Quality Development in Hamburg .

3.2 Description of TEDS-Validate:  
Research Model, Sample, and Instruments

TEDS-Validate builds on previous work done in the TEDS-M research program, 
in particular, it uses measurement instruments developed in the context of these 
previous research studies . These were analysed and the validity of these instru-
ments were examined .

To investigate the two major research questions (Section 1.2), a specific research 
model was developed (Figure 1) . It is grounded in relevant paradigms prominent 
in current empirical educational research such as effective teaching (e .g ., Hattie 
2009; Helmke 2012) and teacher expertise (Berliner 2004; Stigler and Miller 
2018) . Referring to current research on instructional quality such as the concept 
of generic dimensions being relevant for student learning, we included cognitive 
activation, constructive support, and effective classroom management and extend-
ed this framework by subject-specific dimensions on mathematics instructional 
quality . One basic assumption is that these dimensions of instructional quality sig-
nificantly contribute to students’ learning gains, mediated by learning processes 
triggered by the teachers . To describe teachers and their role in the teaching-learn-
ing-interaction, a particular focus of TEDS-Validate was on a complex model of 
cognitive elements of professional competence of teachers . Following current ide-
as in competence modeling by Blömeke et al . (2015), we differentiated into teacher 
knowledge as being distal cognitive elements and video-based measures of situa-
tion-specific skills as being more proximal cognitive elements for teaching. These 
core elements – teachers, teaching, and students – were framed by background and 
demographics of both teachers and students as well as context variables such as 
class composition characteristics or school type .
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Figure 1 TEDS-Validate research model

TEDS-Validate has been conducted in Thuringia, Saxony and Hesse from 2016 to 
2019, 113 in-service teachers participated in the study, 70 (62 %) in Thuringia, 13 
(11 %) in Saxony and 30 (27 %) in Hesse . 64 participants (57 %) were female, their 
average grade in the first state examination was 2.1. (out of a scale ranging from 1 
to 4 with 1 indicating highest level and 4 indicating just having passed) with one 
being the best grade and 1 .9 in the second state examination . Their average age 
was 43 years with a range from 26–64, accordingly their professional experience 
averaged to 16 years with a range from 0 .5–40 years . The evaluation of cognitive 
and situation-specific tests took 2.5 hours testing time and was carried out online 
at home by the teachers (using the survey software package and provider ‘Unipa-
rk’), usually with a break between the two test parts . The teachers in Thuringia 
received financial incentives in addition to courses for professional development, 
in Hesse and Saxony only professional development courses as incentives were 
permitted .

Moreover, instructional quality was evaluated with a sub-group of teachers 
(n = 39), 20 (51 %) in Thuringia, 5 (13 %) in Saxony and 14 (36 %) in Hesse . 23 
participants (59 %) were female, their average grade in the first and second state 
examination was nearly identical to the whole sample (2 .0 and 1 .9) . Their average 
age and range was very similar to the whole sample (44 years and 26–64), the 
same held for their professional experience (average 17 years and a range from 
1–40 years) . The teachers were observed within their teaching two times by two 
raters using the newly developed rating instrument (Jentsch et al . under review; 
Schlesinger et al . 2018) . The University of Jena provided the data on students’ 
learning gains through the project ‘kompetenztest.de’. Students’ learning gains 
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have been measured via central assessments that regularly take place during grade 
6 and 8 in Thuringia and Saxony and which are aligned with the national edu-
cational standards for mathematics (https://www .kompetenztest .de/) . These data 
could not be collected in Hesse as no second testing takes place in this federal 
state .

As TEDS-Validate aimed at proliferating innovative approaches of measuring 
teacher competence the following instruments developed within the TEDS-M-re-
search program have been used in the study:

• Online measurement instruments for MCK, MPCK, and GPK as the rele-
vant categories of teacher professional knowledge originally stemming from 
TEDS-M and transferred from paper-pencil-format into online-format (Blöme-
ke et al . 2010a, b, 2014);

• Online instrument on Perception, Interpretation and Decision-Making (PID) in 
the mathematics classroom using three video-vignettes related to mathematics 
pedagogy, general pedagogy (Kaiser et al . 2015), and an additional video-based 
instrument on effective classroom management expertise of teachers (CME, 
König 2015; König and Kramer 2016);

• Online test on the ability to quickly identify student errors (Pankow et al . 2016); 
• In-vivo evaluation of instructional quality using a novel observational instru-

ment (Schlesinger et al . 2018); in addition 15 of the teachers of TEDS-Instruct 
were video graphed within their original classes to compare the effect of in-vi-
vo-coding and video-based coding (Benecke 2018) .

4 Results1

In the framework of the TEDS-M research program TEDS-Validate focused on the 
validation of the conceptualizations and instruments developed within TEDS-M, 
especially on the predictive validity for teaching mathematics at high quality and 
the impact of situation-specific sub-competencies of teachers on instructional 
quality and students’ learning gains . Overall, the breadth of the TEDS instru-
ments inventory allowed a complete operationalization of novel understanding of 
teacher competence as being a continuum comprising cognitive dispositions, sit-
uation-specific skills, and performance (Blömeke et al. 2015; Kaiser et al. 2017).

1 In the following core results of TEDS-Validate are presented, although the publication 
process is still in strong progress .

https://www.kompetenztest.de
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4.1 Construct Validation of Pedagogical Knowledge

Pedagogical knowledge of teachers is a relevant category of the professional teach-
er’s knowledge base (Shulman 1987; König 2019) . The test instrument developed 
in TEDS-M turned out to be valid for comparative assessment in the US, Germany, 
and Taiwan (König et al . 2011) . The test focuses on pedagogical tasks teachers 
have to master such as classroom management, dealing with student heterogeneity, 
or assessment, whereby the knowledge focused on in the test is conceptualised as 
link to a specific subject. The TEDS-M test has proven to be reliable for measuring 
the knowledge of pre-service and in-service teachers, based on several studies, and 
broad evidence of its validity across professional education phases and contexts 
has been provided (for an overview, see König 2014) .

In TEDS-Validate, the examination of the test’s construct representation (Em-
bretson 1983) was studied more carefully . The analyses focused on the question 
whether the test also requires and represents construct-relevant cognitive pro-
cesses of professionally experienced mathematics teachers . Based on the data of 
TEDS-Validate, it was examined whether task difficulty could be attributed to 
cognitive processes as suggested in a proficiency model proposed by König (2009; 
in addition Klemenz and König 2019). The findings point out that the measurement 
is reliable among the TEDS-Validate target group of in-service teachers (EAP/
PV-reliability  .74) . Moreover, the complexity level of task solutions explained a 
significant proportion of the variance in item difficulty (adj. R² = .48). Overall, first 
evidence could be provided for pedagogical knowledge construct representation . 
Furthermore, teachers’ situation-specific skills could be predicted by the com-
plexity level . This result can be interpreted as further proof of validation of the 
TEDS-M instrument measuring pedagogical knowledge (for details, see Nehls et 
al . under review) .

4.2 Profiles of Teachers

Profiles of teachers were examined in two analyses based on data of TEDS-Val-
idate, which aimed to study the relation between various competence facets of 
teachers .

In the first study pedagogical knowledge was focused on in a specific analysis 
to investigate profiles of teachers. Starting from the assumption that qualitatively 
different profiles of teacher pedagogical knowledge exist, a Mixed-Rasch model 
was applied to identify such profile groups of teachers. For these analyses, a larg-
er data base including several TEDS-M-studies was created: TEDS-Validate data 
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was merged with data from TEDS-FU and CME, which is another study on in-ser-
vice teachers in Germany that applied the GPK test from TEDS-M (König 2015) . 
Therefore, a total sample of 462 in-service teachers, mathematics and non-mathe-
matics teachers was used, who had completed the GPK test . 35 teachers (8 %) had 
undergone training for teaching mathematics at primary school level, 343 (74 %) 
for mathematics at secondary school level, while 81 (18 %) had been trained for 
other subjects at secondary school level. The participants had an average teaching 
experience of about 11 years ranging from 0 .5 to 41 .0 years . Two kind of analyses 
were carried out, mixed Rasch models with increasing number of classes and a 
study of the resulting GPK profiles at item-level.

The profile analysis released two different groups: The two profiles differed 
in their overall test performance (quantitative differences in test scores), and they 
also showed differences related to the quality of responding to single items, which 
resulted in a variant ranking of difficulty in some items. These items were mainly 
related to the pedagogical task of dealing adaptively with student heterogenei-
ty in the classroom. Teachers with qualification in mathematics outperformed 
non-mathematics teachers with regard to these items specifically.

Further validation analysis was carried out towards teacher beliefs (epistemo-
logical beliefs and beliefs of teaching and learning) and instructional quality those 
teacher groups provided to their students, confirming the higher competence level 
of the teacher profile group who was more successful in the GPK test (for details, 
see Nehls et al . 2020) .

The second study focuses the relation between instructional quality implement-
ed by mathematics teachers’ and those competences . Although there exists quite a 
significant number of studies already, most studies have up to now been restricted 
to a limited set of constructs and variable-oriented approaches that assume sam-
ple homogeneity . As in TEDS-Validate teacher competence is conceptualised as a 
comprehensive multi-dimensional construct including subject-specific and generic 
facets regarding knowledge, skills and beliefs, these analyses followed a different 
approach . In contrast, the used person-oriented approach examined whether sub-
groups of teachers exist when teachers are assessed on a large set of competence 
facets. The analyses assessed mathematics teachers’ subject-specific and generic 
knowledge, skills and beliefs applying latent profile analysis to this broad range 
of teacher measures. These profiles were then related to instructional quality im-
plemented in terms of mathematics teaching . Based on data from TEDS-Instruct 
and TEDS-Validate four groups of mathematics teachers could be distinguished, 
who differed quantitatively and qualitatively. The first group of teachers with pro-
nounced levels of knowledge and skills succeeded with respect to student support, 
cognitive activation and mathematics-related quality while they implemented a 
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medium level of classroom management . The second group of teachers with high 
levels of cognitive skills in professional noticing under a mathematics educational 
perspective (M_PID) and classroom management succeeded with respect to cog-
nitive activation and mathematics-related quality despite only medium levels of 
knowledge . Classroom management was a strength of a third group of teachers 
characterized by medium levels of all competence facets . These teachers struggled 
with mathematics-related quality, cognitive activation and student support though . 
The fourth small group of teachers with rather low levels of knowledge and skills 
struggled with all facets on instructional quality (for details, see Blömeke et al . 
accepted) .

4.3 Results Concerning Instructional Quality: Validation of 
the Instrument and Relations to Teachers’ Competencies

A new instrument for the evaluation of instructional quality was developed with-
in the framework of the TEDS-M research program based on live ratings of the 
instructional quality classroom teaching . Based on data of TEDS-Validate and 
TEDS-Instruct the three basic dimensions of instructional quality (classroom 
management, student support and cognitive activation) and a content-specific di-
mension referring to mathematics-educational aspects (e .g . use of representations, 
explanations and examples) were measured (Jentsch et al . under review) . Moderate 
correlations between teachers’ professional noticing and domain-specific dimen-
sions of instructional quality could be identified, but only weak correlations be-
tween PCK and subject-related quality of instruction were observed (Schlesinger 
et al . 2018) . Overall analyses on the impact of teacher competencies on instruc-
tional quality and students’ learning gains are currently in progress (König et al . 
under review) .

To validate the instrument on teaching quality used for class observation, a 
supplementary project to TEDS-Validate, the TEDS-Video study, was carried out 
in which 15 teachers of the TEDS-Instruct study from Hamburg were subjected to 
renewed class observation and these lessons were simultaneously videographed . 
The sample consisted of 8 (53 %) females, grades in first and second teacher ex-
amination were 1 .8 and 2 .0, and the average age was 36 years ranging from 28 to 
71 . The professional experience averaged to 6 years ranging from 0 .5 to 30 years . 
A comparison of the methods between live rating directly in the classroom and 
video rating from the videographed lesson was made possible by a subsequent 
rating of these videos after live rating had taken place by different raters . The re-
sults available so far indicate that mode effects only occur in some dimensions of 
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teaching quality due to the two types of rating . Video rating yielded slightly higher 
rank orders in classroom management than live rating (z = -2 .67, p <  .01, two-sided 
Wilcoxon test) . We also found that student support was rated more reliable through 
video analyses (rho =  .20 vs . rho =  .65), whereas cognitive activation received bet-
ter psychometric results during live rating (rho =  .73 vs . rho =  .51) (Cronbach et al . 
1972). There was no meaningful difference between modes for the content-specific 
dimensions . Since the videographies also offer the possibility to analyse the les-
sons qualitatively, analyses on interaction patterns in the lessons are planned, es-
pecially on how teachers deal with student errors in their lessons (Benecke 2018) .

4.4 Instructional Quality Measured via Task Quality

In the COACTIV study, instructional quality was measured via the quality of the 
mathematical tasks used by the teachers . Additional analyses refer to this approach 
and further develop the classification system of task quality based on a rational 
task analysis (Jordan et al. 2006). This classification system is currently applied 
to analyse the quality of the tasks used by 31 teachers from TEDS-Validate, who 
took part in the classroom observation study on instructional quality . Altogether 
2600 mathematical tasks, i .e . between 25 and 197 tasks per teacher (two lessons 
of 90 minutes) form the data base and are analysed according to content-related 
and procedural competencies, cognitive and linguistic complexity and special task 
characteristics . The analyses aim to examine the central assumption that there is a 
strong correlation between instructional quality measured via classroom observa-
tions and task quality (for the first results, see Ross and Kaiser 2018).

4.5 Comparative Study between East and West

In a complementary study – the study TEDS-East-West – the question was ex-
amined how far theoretical frameworks, conceptualisations and instruments on 
teacher competencies developed in a Western context can be transferred to an East 
Asian context using China and Germany as paradigmatic examples of East and 
West. Analyses pointed out major similarities of the two contexts within in the 
conceptualization of teacher competence as a multidimensional construct com-
prising knowledge, situation-specific sub-competencies, and beliefs concerning 
the teaching and learning of mathematics. Distinct differences could be identified 
with the Chinese frameworks putting more teaching-related competencies in the 
foreground .
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Extensive adaptation and validation studies were carried out using data from 
TEDS-Instruct (118 teachers) and newly sampled data in China (203 teachers) . 
A comparative analysis of teacher competence frameworks developed in Eastern 
(Chinese) and Western (German) contexts pointed out major similarities of the 
two contexts, for example the conceptualization of teacher competence as a multi-
dimensional construct comprising knowledge, teaching-related skills, and beliefs . 
Distinct differences could be identified as well, with the Chinese frameworks em-
phasizing more teaching-related competencies than the Western (German) frame-
works Based on a qualitative approach on examining validity of the framework 
and the instruments used, namely elemental validity and a quantitative approach, 
namely construct validity to validate the framework, the results of both approaches 
suggest satisfactory validity for the adaptation . Overall, the results pointed out that 
the examined teacher competence framework and its instruments can be used for 
comparative analyses in both countries (Yang et al . 2018) .

Further comparative analyses on teachers professional noticing, i .e . percep-
tion, interpretation, and decision-making competencies, which was evaluated vid-
eo-based, pointed out that German teachers showed significantly better achieve-
ments than Chinese teachers on noticing aspects related to general pedagogy . 
Chinese teachers performed more strongly than their German counterparts on 
noticing aspects connected to mathematics instruction . Further analysis found that 
German mathematics teachers showed particular strengths in the sub-facet percep-
tion of noticing, whereas Chinese teachers tended to be strong in the sub-facet ‘ana-
lysing and decision making’ of central classroom incidents . These results pointed 
out that societal and cultural factors, such as different philosophical paradigms, tra-
ditions of teacher education, and teaching and mathematics curriculum traditions 
are influencing strongly teachers’ professional noticing (Yang et al. 2019).

4.6 Summary

Coming back to our first research question, how far can we provide empirical ev-
idence that the measurement instruments developed within the TEDS-M research 
program have predictive validity for teaching mathematics at high quality, we 
could show that especially the content-related knowledge parts of teachers com-
petence together with noticing as situation-specific competence facets influence 
the instructional quality of their lessons. Especially the identification of different 
teacher profiles explained the relation between the knowledge part of teacher com-
petence and the situation-specific skills with instructional quality under a con-
tent-related and a pedagogical perspective (e .g . related with adaptivity) .
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Concerning the second research question of the added value of the video-based 
measured situation-specific competence facets our study reveals lower correlations 
between teachers’ professional noticing and domain-specific dimensions of in-
structional quality as expected . Especially the comparative study between Chinese 
and German in-service teachers showed culture-specific strengths and weaknesses 
of both teacher groups .

5 Outlook

Central lessons learned from the TEDS-M research program and specifically 
TEDS-Validate are as follow: We consider to highlight the empirical validation 
of the multidimensionality of teacher competence and, therefore, derive the need 
for evaluating teacher competences with different assessment methods focusing 
on different sub-facets of teacher competence . Especially professional noticing 
consisting of the situated competence facets play an important role for providing 
instructional quality from a general pedagogical perspective as well as from a 
content-related perspective . Thereby, these situated competence facets have the 
potential to integrate subject-based professional knowledge with general pedagog-
ical professional knowledge via teaching incidents and classroom activities . The 
central lesson learned leads to the following research focus in the coming transfer 
phase of TEDS-Validate .

Initial teacher education requires elaborated and carefully designed school-
based practical opportunities to learn – often related to as various types of school-
based practicum . These learning opportunities intend to enable pre-service teachers 
to relate their professional knowledge gained during the academic part of teacher 
education with practical teaching situations and the associated situation-specific 
requirements . The application of theoretical knowledge in practical situations, for 
example the implementation of teaching plans and the handling of students’ reac-
tions in specific learning situations, are general objectives of practical phases of 
teacher education . However, the extent to which professional teaching skills can be 
promoted in such practical phases during university studies is still a largely open 
question . In their survey of the state of research in the German-speaking discus-
sion, König et al . (2018) noted a clear lack of empirical studies that could prove the 
effects of extended practice in initial teacher education . An international review 
also concluded that the state of research on the effectiveness of extended practicum 
phases in teacher education can be described as very narrow (Lawson et al . 2015) .

To address this research gap the planned and already approved transfer study 
of TEDS-Validate will transfer the conceptualizations and evaluation instruments 
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from TEDS-Validate into the practicum phase within the master studies of ini-
tial teacher education . The video-based tests for professional noticing including 
perception, interpretation and decision-making developed for in-service mathe-
matics teachers and validated in the current project will be used with samples of 
pre-service teachers in the master phase of six German universities from several 
federal states. As the project partners will benefit through their involvement and 
support of data collection and developing a shared understanding of findings, these 
planned transfer activities can therefore be expected to provide a clear added value 
in terms of dissemination of the instruments developed and the use of the findings 
gained with the help of these instruments for the future design of practical learn-
ing opportunities in the field of initial teacher education. Moreover, the transfer of 
major insights into teacher competence as provided by TEDS-Validate into higher 
education will clearly contribute to important discussions on reforming teacher ed-
ucation such as the ongoing debate about an adequate ratio of theory and practice 
or about making concrete what kind of competencies pre-service teachers should 
elaborate on during their professionalization process and career development .

To sum up, the TEDS-M research program provides a broad overview on the 
evaluation of initial teacher education and professional development of teachers, 
its efficiency and necessity for further developments.
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Abstract

The research project PlanvoLL-D carried out from 2016 to 2019 aimed at provid-
ing new insights into the modelling and measurement of teacher planning compe-
tence by analyzing pre-service teachers’ written plans of demonstration lessons in 
a standardized way . In this chapter, we outline the theoretical framework of the 
PlanvoLL-D project and its study design. We provide insights into the conceptu-
alization and measurement of per-service language teacher planning competence 
and give a summary of the project’s major findings. Finally, we discuss implica-
tions for teacher education and give an outlook for further research .
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1 Introduction

Planning lessons is part of the core tasks for the professional teacher . Teacher 
education programs in Germany and in many other countries worldwide intend 
to train pre-service teachers planning a single lesson or a unit of lessons, so that 
they can master the daily work of lesson planning when entering teaching (e .g ., 
European Commission 2013; König et al . 2017a) . Initial teacher education pro-
vides pedagogical, subject-specific and practical learning opportunities that also 
relate to the area of lesson planning . Numerous books exist offering theories or 
practical guidelines of lesson planning to pre-service teachers (e .g ., John 2006; 
Scholl 2018) and teacher-certification procedures such as the state examination in 
the German induction phase (“Vorbereitungsdienst” or “Referendariat”) usually 
require planning demonstration lessons (e .g ., König and Blömeke 2010; Kärner 
et al . 2019; Pecheone and Chung 2007; Strietholt and Terhart 2009) . However, 
empirical research on lesson planning as a skill for pre-service teachers and the 
development of such skills during initial teacher education is scarce (König et al . 
2015; Cochran-Smith and Villegas 2016) .

Against this background, between 2016 and 2019, the research project Plan-
voLL-D was carried out. The PlanvoLL-D project is entitled “The Role of Pro-
fessional Knowledge of Pre-Service German Teachers in their Lesson Planning” 
[“Die Bedeutung des professionellen Wissens angehender Deutschlehrkräfte für 
ihre Planung von Unterricht“] . PlanvoLL-D aimed at providing new insights into 
the modelling and measurement of teacher planning competence by analyzing 
pre-service teachers’ written plans of demonstration lessons in a standardized way . 
In this chapter, we outline the theoretical framework of the PlanvoLL-D project 
and its study design . We provide insights into the conceptualization and meas-
urement of per-service teacher planning competence and give a summary of the 
project’s major findings. Finally, we discuss implications for teacher education and 
give an outlook for further research .

2 Theoretical Framework

2.1 Investigation into the Field of Lesson Planning

Although planning lessons belongs to the daily work of teachers (Hardwig and 
Mußmann 2018), empirical research in this area is scarce . Hardly any approaches 
exist that measure planning skills in a standardized way (König 2019) . Early stud-
ies in lesson planning investigated specific aspects, for example, which planning 
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component a teacher pays attention to and the order in which a teacher works on 
such planning components (e .g . Clark and Peterson 1986; Zahorik 1975; Taylor 
1970; Hill et al . 1983) . For example, an in-service teacher survey conducted by 
Taylor (1970) provided evidence that during lesson planning teachers gave prior-
ity to student needs, learning content, goals, and methods. Teachers first started 
with thinking of the teaching context (comprising materials, resources), then with 
involving the specific student needs and learning dispositions, and finally think-
ing of curricular alignment . Hill, Yinger, and Robbins (1983) showed in a similar 
way that after selecting appropriate materials, teachers gave priority to planning 
decisions of how they can arrange these materials in the classroom so that their 
students use them as activities . Lesson planning procedures of this kind can be 
described as a problem-solving process (e .g ., Yinger 1977; Bromme 1981), high-
lighting the decisions teachers make on the basis of available information during 
pre-active teaching (Shavelson and Borko 1979) and as part of their reflection on 
action (Parsons et al . 2018) . Relevant skills can be considered as part of teacher 
competence and therefore should be an object of empirical investigation (König 
et al . 2015) .

The research on the measurement of teacher competence has significantly 
increased over the last decade (Baumert 2016; Kaiser and König 2019; see also 
chapters by Kuhn et al .; Vogelsang et al .; Lemmrich et al . in this volume) . Various 
research groups have developed standardized test instruments assessing teacher 
knowledge following the well-known classification by Shulman (1987): content 
knowledge (CK), pedagogical content knowledge (PCK), and general pedagogical 
knowledge (GPK) . Moreover, recent research has started to assess teachers’ situa-
tion-specific skills in the area of professional vision (Kaiser et al. 2015; Kaiser and 
König in this volume). However, to the best of our knowledge, situation-specific 
skills in the area of lesson planning has not been an object of investigation in the 
modelling and measuring of teacher competence .

As a consequence, assumptions about processes of lesson planning seem hardly 
be supported by empirical evidence . For example, it remains an open question, 
whether teachers presumably make use of their specific knowledge in the subject 
area, subject-specific pedagogy, and general pedagogy and relate it to the specific 
planning situation that is predominantly determined by factors such as character-
istics of the learning group, specific curricular goals, and the classroom context. 
At least some evidence exists that didactical models – being predominantly pre-
scriptive rather than evidence-based – are not necessarily applied by in-service 
teachers, although they may be given high priority in initial teacher education 
programs (John 2006; Scholl 2018) .
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Against this background of investigations into the field of lesson planning, the 
PlanvoLL-D project aimed at a valid measurement of pre-service teachers’ skills 
in the area of lesson planning . However, due to the complexity of lesson planning 
as an object of investigation, only a particular, but highly relevant aspect was ex-
amined: Our focus is on the construct of pedagogical adaptivity, that is, the ways 
in which the assignments of the lesson matches the cognitive level of the learning 
group (König et al . 2015; for a more detailed description, see König et al . 2019) .

2.2 Learning Dispositions of Students

The research on teacher expertise has proliferated important insights into the les-
son planning of expert and novice teachers (Stigler and Miller 2018) . Expert teach-
ers plan their lessons in a process-driven way and are capable to consider several 
planning elements simultaneously . They rigorously relate the learning dispositions 
(e.g., domain-specific knowledge) of their students and the learning tasks chosen 
for the lesson to each other (Berliner 2004; Borko and Livingston 1989; Housner 
and Griffey 1985; Smith and Strahan 2001; Westermann 1991) . Expert teachers 
are clearly aware of their students and are committed to involve student needs 
into their planning process . They perceive student learning dispositions as a key 
element of their teaching and know how to integrate diagnostic information from 
their students specifically into their lesson planning (Putnam 1987). When making 
decisions during the planning process they manage to integrate their conceptual 
and situation-specific knowledge (De Jong and Ferguson-Hessler 1996). Impor-
tant aspects of the planning situation are identified and are progressively merged 
with teaching and learning activities (Ericsson 1996; Leinhardt and Greeno 1986; 
Schoenfeld 1998) .

2.3 Planning Learning Tasks

When planning a lesson, teachers select and create learning tasks as part of student 
activities in the classroom . Here, teachers are also able to integrate a range of fur-
ther decisions, for example regarding the selection of content and the specification 
of objectives that are part of the lesson (Bromme 1981; Kang 2017; Shavelson and 
Stern 1981; Yinger 1977; Zahorik 1975). Learning tasks usually reflect the objec-
tives of a lesson, since they refer to what students should learn, what knowledge 
students should acquire, or which competencies students should elaborate . Classi-
fication systems or taxonomies support the analysis of learning tasks in relation to 
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specific cognitive and motivational requirements (Anderson and Krathwohl 2001; 
Commons et al . 1998; De Jong and Ferguson-Hessler 1996; Johnson 2003) . At 
the same time, complex learning tasks can cover a range of difficulty levels in 
different dimensions, allowing an alignment to existing student dispositions and 
needs in a differentiated way . They therefore serve to implement teaching strate-
gies of differentiated instruction and support teachers when they account for the 
existing knowledge of learners and guide learners into their “zone of proximal 
development” (Vygotsky 1978, p . 84) . Learning tasks can therefore be regarded as 
an important instrument of adaptive teaching (Corno 2008; Parsons et al . 2018) . 
The way a teacher deals with learning tasks during lesson planning might provide 
insight into his or her pedagogical adaptivity .

In the PlanvoLL-D project, we specifically look at those learning tasks students 
are required to work on during the lesson’s main activity phase . These tasks repre-
sent the work that the teacher instructs his or her students to engage in . The work 
is expected to trigger in students cognitive activation and information processing 
(Neubrand et al . 2013) . Students usually work on such tasks individually, in pairs, 
or sometimes in groups. Usually these tasks can be clearly identified in written 
lesson plans (König et al . 2015), as they emerge from the relevant lesson material 
(e .g ., a worksheet or a number of differentiated worksheets) that guides student 
work .

2.4 Lesson Planning as Part of Teacher Competence

Due to little investigation into this field, empirical evidence on how teachers plan 
their lessons is fairly limited (Bromme 1981; Jacobs et al . 2008) . Although some 
surveys or qualitative studies exist that provide relevant descriptive scientific 
knowledge, to generate explanatory knowledge, approaches that directly assess 
teacher skills in the area of lesson planning are necessary . An exception is the 
Performance Assessment for California Teachers (PACT): It requires pre-service 
teachers to complete several components related to planning lessons, teaching, as-
sessing students, and reflecting on teaching, where they are asked to submit an 
outline for three to five lessons they are going to teach. The performance ratings 
are based on coding schemes with a 4-point continuum . For the task “planning”, 
five guiding questions are used by the raters who have to score the quality of the 
instructional design (Pecheone and Chung 2007, p . 27) . These are related to how 
the instructional design provides students to have access to the curriculum, how 
the curriculum is addressed in a coherent and balanced way, how the students’ 
interest and needs are reflected and addressed, and how well learning goals, in-
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struction, and assessments are aligned . PACT provides important insights into a 
teacher performance assessment that is very close to typical tasks teachers have to 
master . In a more recent analysis on predictive validity, Darling-Hammond et al . 
(2013) showed that the PACT overall scale, as well as subscales such as planning, 
can significantly predict student achievement. However, since information on the 
scaling procedure is limited (Pecheone and Chung 2007), we conclude that re-
search on measuring and modelling lesson planning as part of teacher professional 
competence can still be regarded as a research desideratum .

2.5 Modelling of Planning Competence in PlanvoLL-D

Planning a lesson is dependent on the context in general (John 2006; Mutton et 
al . 2011) . Therefore, it is important to account for the situation of planning that is 
determined by characteristics of the learning group, curricular goals, or the institu-
tional setting . Following the model of “competence as a continuum” as suggested 
by Blömeke et al . (2015), we make the following assumptions that underlie our 
investigation of pedagogical adaptivity. First, in the project PlanvoLL-D, we define 
pedagogical adaptivity as a situation-specific teacher skill. Teacher professional 
knowledge as investigated as “cognitive disposition” (Blömeke et al . 2015) by pre-
vious studies should be a relevant antecedent of such a situation-specific skill. 
We consider situation-specific lesson planning skills as being more proximal to 
actual performance in class than teacher knowledge . Figure 1 illustrates this idea . 
It serves as a heuristic to locate the constructs of professional competence in the 
PlanvoLL-D project in an overall model.

In PlanvoLL-D, pre-service teacher professional knowledge needed for les-
son planning was investigated using standardized tests measuring their content 
knowledge (CK), pedagogical content knowledge (PCK), and general pedagogical 
knowledge (GPK) . By contrast, pedagogical adaptivity as a skill was investigated 
using the data of authentic lesson plans that de facto were enacted as demonstra-
tion lessons during the second phase of initial teacher education, i .e ., the induc-
tion phase in Germany (“Vorbereitungsdienst” or “Referendariat”) . The nature of 
pedagogical adaptivity as a situation-specific skill therefore is different from CK, 
PCK, or GPK as measured using the paper-pencil approach . Instructional prac-
tice as an indicator of classroom performance was captured using self-reports of 
pre-service teachers they were asked to provide for the specific lesson after per-
forming that lesson (for further information on the instruments, see Section 3 .4) .
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Figure 1  Heuristic of modelling lesson planning as part of teacher competence in Plan-
voLL-D (following Blömeke et al . 2015, p . 7)

2.6 Lesson Planning as Part of Teacher Education

Teacher education programs intend future teachers to learn how to plan lessons . 
Corresponding opportunities to learn are provided by teacher education institu-
tions in many countries . While courses in the academic setting often primarily 
aim at the acquisition of theoretical knowledge, in-school opportunities to learn 
give future teachers the chance to connect their knowledge to practical situations 
in the classroom (König et al . 2017a) . Lesson planning might be a particularly 
complex challenge for novice teachers, as they are required to link their profes-
sional knowledge to the concrete learning group they are going to teach (John 
2006) . An analysis of how pre-service teachers, during induction, relate their les-
son planning to previously acquired theoretical knowledge might, therefore, be a 
valuable contribution to the teacher education theory-practice discourse .

2.7 Context of the PlanvoLL-D Project

The German teacher education system has a consecutive structure with two sep-
arate phases, a theoretical at university and a practical at small teacher training 
institutions operated by state governments (König and Blömeke 2013) . Pre-service 
teachers finish their first phase at university with a master of education nowadays, 
requiring coursework that emphasizes the acquisition of theoretical knowledge in 
the teaching subjects, both subject-specific as well as general pedagogical knowl-
edge (König et al . 2017a) . By contrast, most practical learning opportunities are 
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then provided in the 1 .5-year second phase . This phase serves as induction for 
the pre-service teachers who then work part-time at schools and attend cours-
es in general pedagogy and subject-related pedagogy. They are assessed by their 
teacher educators and mentored by one or two teachers at school . Lesson perfor-
mance is usually based on a written lesson plan comprising detailed information 
about a large number of planning aspects such as objectives, teaching methods, the 
learning group, activities, time schedule, and embedding the lesson into the larger 
teaching unit . For this, pre-service teachers are required to have observed or even 
taught the learning group in advance, so that they are familiar with the students 
and had the opportunity to learn about the students’ prior knowledge and motiva-
tion . Pre-service teachers are required to give demonstration lessons and to submit 
the relevant written plan at regular intervals over the duration of the second phase . 
This phase ends with a state examination consisting of a practical part including at 
least two lessons performed in two different subjects.

3 Study Design

3.1 Research Questions

The PlanvoLL-D project aimed at the investigation of the planning competence 
of pre-service teachers for German during induction (“Vorbereitungsdienst” or 
“Referendariat”). We focused on two major research questions:

1 . Is it possible to differentiate the planning competence of pre-service language 
teachers into generic and subject-specific lesson-planning skills?

2 . What are potential factors influencing the pre-service teachers’ planning com-
petence, such as specific aspects of their learning opportunities during the 
second phase of initial teacher education (i .e ., the induction phase) or the pro-
fessional knowledge they had acquired during the first phase of initial teacher 
education at university?

3.2 Research Model

To examine our research questions, we decided to carry out the PlanvoLL-D pro-
ject in the second phase of initial teacher education that serves as induction for 
pre-service teachers . In our research model (Figure 2), professional knowledge of 
pre-service teachers is defined as an outcome of the first phase of teacher prepa-
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ration at university . That knowledge was tested at the beginning of the second 
phase, using the tests measuring CK in linguistics and literature, PCK, and GPK 
(Bremerich-Vos et al . 2019; König et al . 2011; König and Bremerich-Vos 2019) . 
Moreover, pre-service teachers’ planning competence was measured at two time 
points: We asked pre-service teachers to submit the written plans of the lessons 
they demonstrated at the very start and the very end of their practical training . In 
the latter case, the demonstration lesson was part of the certification procedure 
(state examination) . This approach enables us to examine planning competence 
at two time points, and also to analyze potential influencing factors such as pro-
fessional knowledge and learning opportunities . Pre-service teachers were asked 
to report on the learning opportunities they had been exposed to, using different 
scale inventories that relate to the first phase at university and the induction phase 
(Glutsch et al . 2019; König et al . 2017) . Table 1 provides an overview of the instru-
ments used in the PlanvoLL-D project.

Abbreviations: CK – German Content Knowldge, PCK – Pedagogical Content Knowledge, 
GPK – General Pedagogical Knowledge; T1 – Time Point 1, T2 – Time Point 2

Figure 2 Research model of the PlanvoLL-D project
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Table 1 Overview of the instruments used in the PlanvoLL-D project

Name of instrument Type of instrument Reference for further reading
CK – German Content 
Knowledge

Paper-Pencil Test Bremerich-Vos, König, &  
Fladung 2019;
König & Bremerich-Vos 2019

PCK – Pedgogical Content 
Knowledge

Paper-Pencil Test Bremerich-Vos, König, &  
Fladung 2019; König &  
Bremerich-Vos 2019

GPK – General Pedgogical 
Knowledge

Paper-Pencil Test König & Bremerich-Vos 2019

Planning Competence Sample Work Analysis König, J ., Bremerich-Vos, A ., 
Buchholtz, C ., Fladung, I ., & 
Glutsch, G . 2019

Opportunities to Learn Questionnaire Glutsch, N ., Bremerich-Vos, 
A ., Buchholtz, C ., König, J ., 
Fladung, I ., Lammerding, S ., 
Strauß, S ., & Schleiffer, C . 
2019; König et al . 2017a

3.3 Sample

Data was collected in two federal states, North Rhine-Westphalia and Berlin . Our 
target group was defined as pre-service secondary teachers for German who had 
entered the second phase of teacher education in spring 2016 . Two teaching types 
were included in North Rhine-Westphalia: Pre-service teachers attending a teach-
er education program that would qualify them as lower secondary teachers only 
(Haupt-/Real-/Gesamtschule) or as lower and upper secondary teachers (Gym-
nasium/Gesamtschule) . In Berlin, the corresponding teacher education program 
focused on was a comprehensive teacher education program that would qualify 
pre-service teachers as lower and upper secondary teachers (Integrierte Sekund-
arschule/Gymnasium) . A random sample of training units was drawn for the low-
er and upper secondary teacher education program in North Rhine-Westphalia, 
whereas, due to smaller populations, a census was applied for the other two pro-
grams . Participation rate on the level of training units was good (92 % in North 
Rhine-Westphalia) or at least acceptable (70 % in Berlin) . Within these training 
units, all pre-service teachers were included in the survey . Participation rate on 
the individual level was good (91 % in Berlin) or at least acceptable (68 % in North 
Rhine-Westphalia). The sample of this first time point (T1) consists of 378 pre-ser-
vice teachers (Figure 3) .
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Research assistants of the project team administered a paper-pencil question-
naire that the pre-service teachers completed under observation . This question-
naire included the standardized test to assess pre-service teachers’ PCK and GPK 
as well as other instruments (e .g ., on learning opportunities at university; for more 
details, see Glutsch et al . 2019; König et al . 2017a) . Data collection was continued 
online, also comprising a third test to assess pre-service teachers’ CK (Figure 2) . 
After the survey, pre-service teachers were asked to submit a copy of the written 
plan of their first demonstration lesson and to complete a short questionnaire re-
lated to the execution of that lesson (Figure 3) . With 172 plans and questionnaires 
submitted that finally could be linked with the previous survey data of 378 pre-ser-
vice teachers, participation rate was moderate (46 %); however, a drop out analysis 
did not show sample bias .

About 1 .5 years later, pre-service teachers were re-examined, resulting in a sec-
ond time point (T2) with 138 pre-service teachers who submitted a copy of the 
written plan from their last demonstration lesson (state examination) and again 
completed a short questionnaire (Figure 3). They were asked finally to participate 
in another online survey in which they had to report on their second phase learning 
opportunities. 130 pre-service teachers participated in this final survey (Glutsch et 
al. 2019). Lesson plans from first and second time point allow us to analyze a panel 
of 116 pre-service teachers .

Additional data collection was carried out in North Rhine-Westphalia only 
between the two time points (Figure 3): Pre-Service teachers were another time 
asked to submit a copy of an intermediate written plan of a demonstration les-
son, but this was also linked to the requirement to apply a short questionnaire on 
instructional quality as rated by their students . 27 pre-service teachers and 564 
school students participated in this additional data collection component (for the 
first findings, see König and Bremerich-Vos 2019).
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Figure 3 Data collection components of the PlanvoLL-D project

3.4 Instrument: Pedagogical Adaptivity in Written Plans of 
Demonstration Lessons

PlanvoLL-D builds on a previous study on planning competence: „Planungskom-
petenz von Lehrerinnen und Lehrern“ (PlanvoLL) (König et al . 2015; Buchholtz 
and König 2015). In the PlanvoLL project, we provided a first approach on meas-
uring and modelling lesson planning competence, by analyzing written plans of 
demonstration lessons (“Lehrproben”) in a standardized way . Applying this meth-
odological approach to the planning process implies that the pre-service teachers 
are required to relate their knowledge to a concrete, real learning group . It thus 
differs from standardized knowledge tests that require pre-service teachers to re-
spond to test items capturing aspects of lesson planning in a de-contextualized 
way. However, with the innovative approach developed in the PlanvoLL project, 
pedagogical adaptivity was captured irrespective of the subject only. Since the 
purpose of lesson planning is always related to a specific subject, the domain-spe-
cific modelling and measuring of planning competence remains a research gap.

To investigate pedagogical adaptivity of pre-service teachers in their written 
lesson plans as a situation-specific skill, the written plans of demonstration lessons 
were analyzed and indicators created on the basis of the existing coding system 
developed in PlanvoLL . The coding system differentiates indicators into four com-
ponents (Figure 4): On a descriptive level, written plans are analyzed whether the 
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learning group is described (component 1) and whether descriptive information 
is given for the learning task that primarily governs students’ activities during 
the lesson (component 2) . On an analytical level, plans are analyzed whether the 
descriptions given by a pre-service teacher for his or her specific learning group 
and the learning task or tasks planned are logically and pedagogically consistent 
(component 3). This application of the given descriptions to the specific situation 
comprises the examination whether the learning task is adapted to the cognitive 
level of students following the “zone of proximal development” (Vygotsky 1978, 
p . 84) . Therefore, it is necessary that the lesson plan contains an outline that shows 
how the task (or even a differentiated set of tasks) given to the students connects 
with what the students (or groups of students) have learned so far, for instance, in 
a preceding lesson of the unit that contextualizes the plan of the demonstration 
lesson . The connection between tasks and prior knowledge of students needs to be 
addressed by the pre-service teacher and he or she should relate this connection 
to the situation of the particular lesson . Finally, plans are analyzed to determine 
whether such adaptive teaching is linked to other important elements of planning 
such as the connection to learning goals (component 4) . As an innovative element 
of the PlanvoLL-D project, analogous to the generic indicators, subject-specific in-
dicators were created to measure pre-service teachers’ elaboration on content-spe-
cific planning (Figure 4). For example, a statement like “The learning group (…) 
consists of 29 students, twelve girls and 17 boys .” appears as a quite short descrip-
tion of the learning group in one lesson plan without a content-specific planning. 
In another lesson plan, by contrast, a pre-service teacher shows his ability to de-
tail the subject-specific characteristics of his learning group: „(…) The students 
are familiar with writing poems of different types according to criteria from the 
previous grade . Using a sample poem for writing has already been trained in the 
course of the unit and is also familiar from the previous grade .” (for more coding 
examples, see König et al . 2019) .

Altogether, the coding scheme in Figure 4 consists of 23 indicators (13 generic 
and 10 subject-specific). Since frequency distribution showed that a subject-specif-
ic indicator was fulfilled less frequently than the corresponding generic indicator, 
we constructed partial-credit items (Masters 2016) with scoring category 1 (ge-
neric indicator fulfilled) and 2 (subject-specific indicator fulfilled). Therefore, our 
scaling analysis comprises 13 items (10 partial-credit, three dichotomous) mak-
ing up a reliable scale (EAP reliability  .79, comparable with Cronbach’s alpha) . 
Missing values (code 9) were made explicit in the scaling model and adequately 
accounted for in the IRT scaling analysis (for more details on the IRT scaling pro-
cedure, see König et al . 2019) .
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Component Sample generic  
indicator

Number of 
generic indicators 
(items)

Number of 
subject-specific 
indicators (items)

(1) Description of  
situation-specific 
factors

The teacher describes 
inter-individual  
differences in cognitive 
preconditions of the 
learning group .

4 4

(2) Description of the 
learning task

The learning task ex-
plicitly comprises dif-
ferent cognitive levels 
(explicit instruction of 
student differentiation) . 

4 3

(3) Applying  
descriptions to the 
specific situation

The teacher describes 
the specific cognitive 
levels of students 
(student differentiation) 
towards the learning 
tasks following the 
„zone of proximal 
development“ .

2 2

(4) Connecting  
elements of planning

Learning task(s) and 
lesson objective(s) is/
are connected .

3 1

Figure 4  Coding scheme for analyzing pedagogical adaptivity in written plans of demons-
tration lessons using generic and subject-specific indicators

4 Summary of Project Findings

4.1 Generic and Subject-Specific Lesson Planning

Figure 5 shows the distribution of item threshold parameter from one-dimensional 
IRT scaling, indicated by a circle for each item . To facilitate reading, the distribu-
tion of items is split up into generic item thresholds (left side) and into subject-spe-
cific item thresholds (right side). Each specific median is indicated by a rectangle. 
Subject-specific code thresholds are generally in the upper range of item difficul-
ty . The median of their threshold values is about one logit higher (Mdn = 1 .03) 
than the median of the threshold values of generic codes (Mdn = – .13) . Using the 
Mann-Whitney U test as a non-parametric test, mean difference is significant (as-
ymptotic p[two-tailed] =  .042) .
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Figure 5  Item threshold parameter (circles) and median (rectangle) from one-dimension-
al IRT-scaling, split into generic indicators (left side) and subject-specific indi-
cators (right side)

4.2 Learning Progress during Induction

We used ability estimates from one-dimensional IRT scaling to indicate gener-
ic and subject-specific planning skills demonstrated in the written plans to time 
point one (first plan) and time point two (last plan). We used the item threshold 
parameter medians to cut the ability continuum into three section: High ability 
estimates reflect both generic and subject-specific lesson planning skills (Level II), 
moderate ability estimates reflect generic skills only (Level I), and low estimates 
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do not sufficiently fulfill the requirements defined by our coding scheme (Figure 
4) . As Figure 6 illustrates, at the beginning of induction, less than 10 % of lesson 
plans fulfill subject-specific requirements and about two third of all plans do not 
even reach the generic requirements sufficiently. At the end of induction, about 
40 % of lesson plans reach the level of subject-specific lesson planning demands 
and there is hardly any plan not sufficiently fulfilling generic requirements (less 
than 5 % below Level I) .

This gain in planning skills over a time span of about 1 .5 years can be con-
firmed using continuous scores (for more details, see König et al. 2019). Scores 
for the last written plan are almost two standard deviation higher than for the first 
plan . Using the panel sample of pre-service teachers who not only had submit-
ted their lesson plans from two time points, but who could be matched (n = 116), 
mean differences are significant (t[1,115] = 13 .31, p <  .001) and practically relevant 
(d = 1.6). These statistical findings altogether show a substantial learning progress 
in lesson planning skills among pre-service language teachers during the second 
phase of initial teacher education (induction phase) .

Figure 6 Distribution on planning competence level at each time point

4.3 Factors Influencing the Planning Skills

To analyze potential factors influencing planning skills, two linear regression anal-
yses were conducted, one for each time point (for details, see König et al . 2019) . 
At time point 1, 41 % variance of planning competence as the dependent variable 
could be explained . At time point 2, 19 % variance of planning competence could 
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be explained . Regarding learning opportunities during induction, a scale measur-
ing planning-aspects requirements turned out to influence planning skills signif-
icantly at both time point 1 (β =  .37, p <  .001) and time point 2 (β =  .18, p <  .05) . 
The scale refers to aspects that the pre-service teachers’ teacher educators required 
them to cover in their written plans. It comprises five items (e.g., “accounting for 
learning dispositions for students” and “providing instruction allowing inner dif-
ferentiation of students”), each with four categories of agreement (using a Likert 
scale) . The more concrete the requirements are – according to which, a pre-service 
teacher had to write his or her lesson plan – the better the skills he or she provides 
in the written plan. The plan length also significantly predicts planning skills when 
looking at the first demonstration lesson plan (β =  .23, p < .01). We could not find 
other important variables such as teaching experience or teaching type (for more 
details on teaching types in our sample, see Section 3.3) as being significant pre-
dictors for planning skills . On the level of professional knowledge, the pre-service 
teachers’ pedagogical knowledge significantly predicts planning skills at the first 
time point (β =  .19, p <  .01) .

5 Discussion and Outlook

Lesson planning of teachers as a research field has received little attention so far in 
terms of modelling and measuring relevant competences . However, as lesson plan-
ning constitutes a substantial part of a teacher’s daily work and teacher education 
provides relevant learning opportunities for future teachers to develop correspond-
ent planning skills, teacher competence research in this area is clearly needed . In 
the PlanvoLL-D project, we developed and applied a standardized method for ana-
lyzing written lesson plans, which highlights the demand for pedagogical adaptivi-
ty – both on a generic and on a subject-specific level. We investigated a competence 
model and the measurement of this planning competence skill using a database of 
more than 300 written plans of pre-service teachers’ demonstration lessons from 
two time points during induction . Out of this material, we reconstructed planning 
decisions and created indicators that served to quantify teacher candidates’ skill 
of adaptive lesson planning . Findings show that pre-service language teachers are 
more highly challenged with subject-specific lesson planning than with generic 
lesson planning . During induction, pre-service teachers’ skill of adaptive lesson 
planning increases significantly and to a large extent (large effect). Certain factors 
influencing pre-service planning skill such as pedagogical knowledge acquired 
during university or learning opportunities during induction could be identified. 
These findings may enrich the discussion on learning adaptive teaching (König et 
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al . 2019), and they also inform about the validity of the measurement instrument 
capturing situation-specific lesson planning skills.

One major limitation of our approach might be that the written plans are part of 
the examination and certification process during the German induction phase. To 
some extend it still remains an open question how pre-service teachers’ planning 
decisions are influenced by institutional requirements or teacher educators’ prefer-
ences regarding demonstration lessons . Moreover, planning is not only restricted 
to a single lesson . Even pre-service teachers during induction in Germany are re-
quired to plan units of lessons . Our measurement approach does not fully account 
for such a long-term scope of planning .

The research agenda of the PlanvoLL-D project started with a particular focus 
on pedagogical adaptivity, i .e ., the ways in which the assignments of the respective 
lesson fit with the cognitive level of the learning group (König et al. 2015; 2017b; 
König 2019) . Taking this as a central demand that teachers have to master, our 
competence model comprises both generic and subject-specific aspects. Adaptiv-
ity is, however, only one aspect of lesson planning . We therefore increased the 
scope and extent of our lesson planning competence framework by adding another 
demand: structuring of the lesson, i .e ., how a teacher plans the lesson sequencing 
to fulfill didactic functions and effective time management. We have started ana-
lyzing written lesson plans and created indicators to quantify teachers’ planning 
decisions in this new area (e .g ., Krepf and König 2019) .

As part of the transfer activities of the PlanvoLL-D project, demands of ped-
agogical adaptivity and structuring the lesson have further been reflected in the 
development of a test design framework that can be used for a standardized test 
measuring lesson planning . Currently, such a test development has started as part 
of the Cologne project funded by the BMBF program for increasing the quality of 
teacher education (Qualitätsoffensive Lehrerbildung, Project ZuS – Zukunftstrate-
gie Lehrer*innenbildung Köln) . The test comprises several vignettes, each provid-
ing a planning situation as a complex stimulus followed by several test items meas-
uring perception, interpretation, and decision-making in such simulated planning 
situations. First findings will be available in the near future, therefore continuing 
the research agenda put forward by the PlanvoLL-D project.
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2.4  
Relationships between Domain- 
Specific Knowledge, Generic Attributes,  
and Instructional Skills

Results from a Comparative Study with Pre- and 
In-Service Teachers of Mathematics and Economics

Kuhn, C., Zlatkin-Troitschanskaia, O., Lindmeier, A., Jeschke, C., 
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Abstract

We introduce a theoretical framework on teachers’ instructional skills to de-
scribe how they can be modeled across different domains . This framework 
conceptualizes teachers’ instructional skills as action-related skills (during 
instruction) and reflective skills (before and after instruction), which are con-
sidered crucial for coping with the practical demands of everyday teaching in 
a specific subject. The theoretical framework assumes that both skill facets 
are influenced by the teacher’s professional knowledge, generic attributes such 
as general cognitive abilities or ambiguity tolerance as well as affective and 
motivational factors . To investigate the relationships between teachers’ instruc-
tional skills, domain-specific knowledge and generic attributes across different 
domains, the analytical model focuses on two subjects, mathematics and eco-
nomics . Based on our study with pre- and in-service teachers of mathematics 
and economics (N = 564), which for the first time considers two subjects, we 
present results on these relationships. The findings are discussed with regard to 
their transferability to other domains .
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1 Introduction

The daily routine of teaching requires teachers to meet a large variety of demands . 
The requirements in- and outside of the classroom are characterized by a high 
degree of situativity, contextuality, multidimensionality, simultaneity and imme-
diacy, which make them particularly complex (Baxter and Lederman 1999; Oser 
et al . 2009; Borko and Shavelson 1990; Jackson 1990) . Given the complexity of 
demands, the necessary knowledge and skills among the students of teacher edu-
cation should be promoted as early as during their university studies to build up 
the necessary foundations for their profession at an early stage (Darling-Hammond 
and Lieberman 2012) .

The prerequisites for teachers to meet these requirements have been intensively 
discussed in research . The early discourse of expertise research demonstrates that 
the knowledge base of a teacher consists of more than propositional knowledge . 
Rather, further forms of knowledge representations are necessary when describing 
and explaining a teacher’s performance (Carter 1990; Darling-Hammond et al . 
2013; Fenstermacher 1994; Schön 1983) . Shulman (1986b) assumes that in addition 
to propositional knowledge, case and strategic knowledge are necessary to flexibly 
meet the demands of teaching practice . In competence research and according to 
the established definition of competences by Weinert (2001), the approaches to ex-
plaining teacher prerequisites are expanded to include general personal attributes, 
motivation and self-efficacy (e.g., Baumert and Kunter 2006). Based on a revision 
of the previous approaches, recent research emphasizes the importance of specific 
skills to explain the connection between teachers’ dispositions and their real ac-
tions in instructional practice (Blömeke et al . 2015a; Kersting et al . 2012; Seidel 
and Stürmer 2014; Zlatkin-Troitschanskaia et al . 2019a) .
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Based on the various theoretical approaches and models to describe the neces-
sary teacher prerequisites, analyses have been carried out over the years to empiri-
cally map parts of their relationships (Section 3) . An empirical examination shows 
how challenging it is to map an overall picture in which the interdependent corre-
lations of the individual components are considered comprehensively (Sadler 2013; 
Shulman 1986a) . Increasingly complex theoretical models place high demands on 
the measurement methodology (Zlatkin-Troitschanskaia and Pant 2016) . It is not 
surprising that there is still no uniform, empirically tested overall picture of the 
relationship of teachers’ prerequisites in teacher research .

This also results in the still unanswered question of the domain-specificity of 
teachers’ competences . Although the distinction of knowledge according to Shul-
man (1986b) in general pedagogical knowledge (GPK), content knowledge (CK), 
and pedagogical content knowledge (PCK) is widespread in research and has also 
been empirically confirmed for various subjects (Depaepe et al. 2013; Kuhn et al. 
2014; Riese and Reinhold 2012), their relationship to skills that are more closely 
related to action has so far only been rudimentarily researched (Blömeke et al . 
2016; Kersting et al . 2012) . With regard to the skills themselves, there are different 
assumptions as to whether they can be regarded as domain-specific (e.g., “usable 
knowledge” in mathematics, Kersting et al . 2012) or generic (“professional vision”, 
Seidel and Stürmer 2014; “perception, interpretation, decision-making”, Blömeke 
et al . 2015a; Santagata and Yeh 2016) . Furthermore, the question remains to what 
extent generic, non-subject-specific attributes of teachers (e.g., general cognitive 
abilities) account for correlations between subject-specific teacher skills. The pat-
terns of influence might vary between subjects, as the nature of the subjects and 
their disciplinary structure differs (e .g ., Gess-Newsome 1999; Shulman 1986a) . 
The majority of studies to date still focus on just one subject respectively; studies 
involving several subjects have been the exception so far (for teachers from Ger-
many, Niermann 2017). To examine the relationships across subjects, a compara-
tive approach involving various subjects under control of generic factors is needed.

In Germany, teacher education has three stages: The first, theoretical stage 
takes place at university and comprises three years of bachelor studies and two 
years of master studies . The second stage consists of one and a half to two years of 
supervised practical training at schools . The third stage involves professional, ful-
ly autonomous teaching at schools . In general, teachers’ instructional skills should 
increase during all three stages, university education, practical training, and pro-
fessional practice (Berliner 1995, see also Buschang et al . 2012) . However, discus-
sion on the conditions of ‘deliberate practice’ suggests that simply ‘doing a job’ 
does not necessarily lead to a higher level of expertise (Ericsson 2000; Ericsson et 
al . 1993) . Instead, the level of expertise increases particularly with opportunities 
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for structured learning, for example through guided self-reflection and feedback 
(e .g ., Bronkhorst et al . 2014) . Teachers encounter such opportunities especially 
during the first and second stage of teacher education (for empirical results, e.g., 
Kleickmann et al . 2013; Hill et al . 2005; Nilsson and Loughran 2012), since these 
two stages include both a practical aspect and university courses specifically on 
subject-related didactics. In the third stage (autonomous teaching), such structured 
learning opportunities can only be found in the form of subject-related didactic 
advanced vocational training, which is rather rare .

In our paper, we examine the relationships between instructional skills, do-
main-specific knowledge and generic attributes of teachers of mathematics and 
economics . In addition, we focus on the level of teachers’ instructional skills at all 
three stages of teacher education (teacher students, trainee teachers and in-service 
teachers) for both subjects.

Based on the state of research, we introduce a framework on teachers’ instruc-
tional skills to theoretically depict the connection between dispositions, skills and 
performance . The theoretical framework conceptualizes teachers’ instructional 
skills as action-related skills (AS) and reflective skills (RS), which are considered 
crucial during instruction (AS) as well as before and after instruction (RS) in a 
specific subject. The framework assumes that both skill facets are influenced by 
the teacher’s professional knowledge, generic attributes such as general cognitive 
abilities, ambiguity tolerance as well as affective and motivational factors, along 
with socio-biographical characteristics . Since our framework is based on previ-
ous findings from teacher research, we present selected empirical findings on the 
relationships between the facets of instructional skills to develop our research hy-
potheses .

To investigate the relationships and the levels of instructional skills across 
domains, our comparative study includes pre- and in-service teachers of two sub-
jects, mathematics and economics (N = 564). Both subjects can be considered 
well-structured teaching domains (Short 1995) . Mathematics and economics are 
two different but related subjects as mathematics is applied to solve certain prob-
lems in economics (CEE 2010) . Studies also show that individuals’ performance 
in mathematics tests and their performance in economics tests correlate (e .g ., Bal-
lard and Johnson 2004; Shavelson et al . 2019a) . This is not surprising, as mathe-
matics can be conceptualized as one facet of economic knowledge and skills, and 
therefore the two domains can be considered related disciplines (Shavelson et al . 
2019b) .

For the first time, this study compares two subjects and enables first evi-
dence-based insights into the relationships between generic and domain-specific 
facets of teachers’ instructional skills . By considering three status groups (stu-
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dents, trainee teachers, experienced teachers), we can infer first conclusions about 
differences in the groups’ respective level of instructional skills . On the basis of 
these findings, important insights can be gained for fostering these skills in teacher 
education and training programs . The results will also be discussed with regard to 
their transferability to other domains .

2 Theoretical Framework on Teachers’ Instructional Skills

The existing modeling approaches for the description of teacher prerequisites can 
be divided into analytical and holistic approaches . Analytical approaches focus on 
single facets required for professional performance, i .e . professional competences 
are influenced by different interrelated cognitive and non-cognitive abilities and 
traits that can be measured separately and are necessary for competent behavior 
in professional contexts (Shulman 1986b; Schön 1983) . The holistic modeling ap-
proach considers all cognitive and non-cognitive resources and their interaction, 
and competences are understood as a complex superordinate aptitude that enables 
a teacher to master specific professional demands (Corno and Snow 1986, Shavel-
son et al . 2019b; Zlatkin-Troitschanskaia et al . 2019b) .

Analytical modeling approaches deal with several challenges such as evermore 
complex models which can hardly be operationalized empirically at this level of 
detail . As a consequence, analytical modeling approaches often focus on particular 
cognitive characteristics of teachers, for instance, on de-contextualized declara-
tive knowledge (e .g ., Kunter et al . 2011) . Only parts of single facets of teachers’ 
knowledge have been empirically assessed so far; this typically includes CK and 
PCK using traditional test methods (e .g ., multiple-choice tests, text vignettes, or 
teacher reflections) (e.g., Holtsch et al. 2018). Yet, even these facets are only to a 
limited extent suitable for describing situated professional action of teachers in the 
instructional situation . To counterbalance the shortcomings of existing approach-
es, the current next generation of performance-oriented assessments based on a 
holistic view might be used to complement analytical approaches (Darling-Ham-
mond et al . 2013; Jeschke et al . 2019b; Kuhn et al . 2018; Shavelson et al . 2019b; 
Zlatkin-Troitschanskaia et al . 2019b) .

One holistic approach stems from the American tradition of performance as-
sessment in education (Shavelson et al . 2019b), which emerged in research on 
“adaptive action” (Corno and Snow 1986) . Since skills in real life are not neat-
ly divided into single components, they can be analyzed through the stages that 
the individual goes through while handling a challenge (Shavelson et al . 2019b; 
Zlatkin-Troitschanskaia et al . 2019b) . Current holistic approaches for compe-
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tence modeling focus on competences close to professional actions, and encom-
pass all abilities, skills and attitudes that are important for mastering profession-
al demands (Weinert 2001) . Performance assessments are based on a criterion 
sampling measurement approach that focuses on sampling real-life events and 
consolidating them into frameworks (Shavelson et al . 2019b; Zlatkin-Troitschan-
skaia et al . 2019b) . One implication for assessment is that competence modeling 
must be based on a detailed analysis of real professional teaching requirements 
considering the complexity and contextual nature of real classroom instruction 
(Darling-Hammond and Baratz-Snowden, 2005; Oser et al . 2009) . Blömeke et 
al . (2015a) differentiate several dispositions (i .e ., professional knowledge, affect/
motivation and generic attributes) as the basis for situation-specific skills (i.e., 
perception, interpretation, decision-making) and teaching performance (Zlat-
kin-Troitschanskaia et al . 2019a) .

Based on these conceptual considerations and focussing on the holistic mode-
ling approach, we developed our theoretical framework on teachers’ instructional 
skills (Figure 1; Lindmeier 2011; Zlatkin-Troitschanskaia et al . 2019a) . We assume 
that teachers’ situation-specific skills (described as perception, interpretation and 
decision-making by Blömeke et al . 2015a), can differ depending on two essential 
facets of teaching practice, which exist in all subjects: action-related skills (AS) for 
in-classroom teaching practice, and reflective skills (RS) for pre- and post-class-
room demands (Lindmeier 2011; Zlatkin-Troitschanskaia et al . 2019a):

• AS are considered a domain-specific cognitive resource that enables teachers 
to handle specific subject-related situations during instruction in the classroom, 
for example, when reacting immediately to students in a fast and adaptive fash-
ion (e.g., a teacher should be able to recognize students’ difficulties and to react 
flexibly in a didactically appropriate manner).

• RS are considered a domain-specific cognitive resource that enables teachers 
to prepare and evaluate specific situations in pre- and post-instructional phases 
(e .g ., a teacher should already consider how to effectively prevent misconcep-
tions among students while planning the lesson) .

In accordance with our assumptions, we divide the dispositions into professional 
knowledge, various generic attributes as well as affective and motivational fac-
tors . The professional knowledge base as well as the affective and motivational 
factors can be further viewed as both domain-specific constructs (e.g., CK, PCK, 
motivation to teach a certain subject) and as cross-domain constructs (e.g., general 
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motivation to teach) .1 Among the generic attributes, we focused on the following 
dispositions, which can be expected to have a significant relationship with situ-
ation-specific skills (for the current state of research, see Section 3): ambiguity 
tolerance, Big Five personality traits, general cognitive abilities, and teacher-spe-
cific self-efficacy. In the following, we present selected empirical findings on the 
relationships between the various components. The findings serve as a basis for the 
derivation of our research hypotheses .

Figure 1  Theoretical framework on teachers’ instructional skills (according to Lindmeier 
2011; Zlatkin-Troitschanskaia et al . 2019a, p . 154)

3 State of Research

3.1 Professional Knowledge and Situation-Specific  
Instructional Skills

Research on teachers’ knowledge and skills is gaining importance across disci-
plines and internationally (e .g ., Richmond et al . 2019; Gitomer and Bell 2016) . 
As early research shows, the subject-specific knowledge of teachers predicts both 
instructional quality and student learning (Shulman 1986a; e .g ., for the mathe-

1 Based on the state of research, in our theoretical framework we also differentiate mo-
tivational aspects as an important component of teachers’ dispositions (Figure 1) . Due 
to the limited test time, however, we were only able to focus on selected aspects in 
our study, which means these facets were only assessed with a few questions in the 
socio-demographic part, and we will therefore not go into them in more detail in this 
article .
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matical knowledge of mathematics teachers, Hill et al . 2005; Lindmeier et al . un-
der review). Recent studies have indicated that knowledge alone is not sufficient 
to explain teachers’ performance and to describe the situational prerequisites of 
teachers to cope with typical teaching demands (Kersting et al . 2012; Santagata 
and Sandholtz 2018). Studies in the domain of mathematics confirmed that teach-
ers’ instructional skills are empirically separable from knowledge (Blömeke et 
al . 2014; Knievel et al . 2015; Hepberger et al . 2019) and even more predictive for 
instructional quality and student learning than teacher knowledge (Kersting et al . 
2010; Kersting et al . 2012) . Blömeke et al . (2014) also showed that mathematics 
teachers’ CK, acquired during teacher education, was a crucial predictor for per-
formance characteristics such as their perception of classroom situations or how 
quickly they recognize student difficulties. As König et al. (2014) demonstrate in 
their study, general pedagogical knowledge and skills can be empirically distin-
guished as well .

3.2 Generic Attributes and Situation-Specific  
Instructional Skills

Studies are concerned with identifying generic teachers’ attributes that favor or 
inhibit professional teaching skills (Bromme and Haag 2008; Keller-Schneider 
2009; Lin et al . 2005; Lohmann et al . 1966) . In the following, we focus on teach-
ers’ ambiguity tolerance, the Big Five inventory, general cognitive abilities and 
teachers’ self-efficacy.

Ambiguity tolerance. One focal point of many studies is the role of ambiguity 
tolerance as a personal trait that determines differences in dealing with uncer-
tainty (e .g ., Sorrentino et al . 1984) . Ambiguity-tolerant persons tolerate uncertain 
situations and even have a real need for them, as they interpret such situations as 
challenges (König 2003) . Many of the demanding situations of everyday teaching 
practice can be characterized as particularly uncertain and complex, for instance, 
student learning processes or the challenge of engaging with a new class (Dalbert 
and Radant 2010) . Due to this openness of teaching routine, teachers generally 
(inter)act in uncertain situations . The low predictability of teaching is seen by 
ambiguity-tolerant individuals as an opportunity to give students space for inde-
pendent constructions of the subject matter: The more pronounced a teacher’s tol-
erance for ambiguity is, the more open he or she in turn designs his or her teaching 
practice (König and Dalbert 2007) . A study with teachers at vocational schools 
confirmed that a more positive perception of one’s own performance as well as 
more frequent use of cooperative learning methods are common characteristics of 
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ambiguity-tolerant teachers, and the general ability to adequately fulfil pedagog-
ical requirements increases with higher ambiguity tolerance (König 2003) . Mayr 
(2011) also identified ambiguity tolerance as a “special” personal characteristic 
that is positively related to pedagogical skills .

Big Five personality traits. The most influential model on the construct of 
personality traits is the Big Five personality model, which differentiates between 
five traits to describe differences in behavior, thoughts, motivations, and emotions: 
openness, conscientiousness, extraversion, agreeableness, and neuroticism (John 
et al . 2008) . Studies on personality traits have so far lacked a consistent picture of 
teacher personality (Eulenberger 2015) . The use of the Big Five inventory (Ben-
et-Martínez and John 1998) has led to heterogeneous findings of the relationship 
between a teacher’s personality and teaching behavior (Bastian et al . 2017; Cutchin 
1998; Job 2004; Rockoff et al . 2011) . Klassen and Tze (2014) reviewed a meta-anal-
ysis (43 studies; n = 9,216 teachers) in which all Big Five personality traits, except 
for agreeableness, were shown to significantly correlate with teacher effectiveness. 
In contrast, Corcoran and O’Flaherty (2018), who used performance rankings re-
sulting from classroom observations of 400 pre-service teachers to asses teaching 
performance, found no significant relationship between Big Five personality traits 
and teaching performance, whereas previous teaching performance in combina-
tion with academic achievement scores emerged as significant predictors of teach-
ing performance. Aydin et al. (2013) reported not only significant positive effects 
on teaching competences for conscientiousness, extraversion, and agreeableness, 
but also significant negative effects for neuroticism for 206 pre-service teachers. 
Mayr (2016) revealed extraversion and openness as being particularly relevant to 
teachers .

General cognitive abilities. Empirical research has revealed that a person’s 
general cognitive abilities are decisive for academic and professional success and 
facilitate the acquisition of professional knowledge and skills (Kuncel et al . 2004; 
Colquitt et al . 2000) . General cognitive skills are also decisive for the professional 
success of teachers, in particular when beginning a career (Kennedy et al . 2008) . 
Some studies report positive correlations between students’ performance (Aloe 
and Becker 2009; Zumwalt and Craig 2005) and teachers’ diagnostic skills (Kaiser 
et al . 2012) . In two studies with different settings, Kaiser et al . (2012) investigated 
the relationship between prospective teachers’ cognitive abilities and their accura-
cy of judgement in the grading of student performance. The Advanced Progressive 
Matrices Test (APM) by Raven (1962) was used to measure the teachers’ cogni-
tive abilities. In both studies, expectations were confirmed, and cognitive abilities 
correlated positively with accuracy in student performance evaluation (Kaiser et 
al . 2012) . Furthermore, Mathesius et al . (2019) showed that the three sub-facets of 
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the IST-2000-R intelligence test (verbal, numerical and figural intelligence) and 
the sum of the three sub-facets correlate significantly positively with the scientific 
reasoning of teacher education students in biology .

Teacher’ self-efficacy. Self-efficacy is described as a subjective certainty of 
being able to cope with unknown or difficult situations (Schwarzer and Jerusalem 
2002). The self-efficacy of teachers is considered an individual conviction in terms 
of the extent to which the teacher is able to promote and support the students’ 
learning and behavior, even under difficult conditions (Tschannen-Moran and Hoy 
2001). A high expectation of self-efficacy is essentially regarded as positive, since 
it correlates with a more productive confrontation with challenges, more time for 
planning lessons, higher motivation, higher stamina, higher use of student feed-
back for further development of lessons, higher flexibility, more demanding goals, 
and a high level of achievement (Schwarzer and Warner 2014) . Klassen et al . (2011) 
as well as Tschannen-Moran et al . (1998) provided extensive reviews of teach-
er efficacy research, showing consistently that teachers’ self-efficacy correlates 
positively with their teaching behavior (Klassen and Tze 2014; see also Ghaith 
and Yaghi 1997; Guskey 1988; Koşar 2015; Holzberger et al. 2013; Morris-Roth-
schild and Brassard 2006; Ross 1998; Wolters and Daugherty 2007; Woolfolk et al . 
1990). Holzberger et al. (2014) showed a significant correlation between teachers’ 
self-efficacy and three dimensions of instructional behavior (cognitive activation, 
teacher–student relationship, and classroom management) .

3.3 Teachers’ Knowledge and Skills in Mathematics  
and Economics

Most teacher education degrees and programs are mainly designed for a specific 
subject respectively (e.g., programs for mathematics teachers), although they usual-
ly also comprise fundamental general pedagogical topics (e .g ., Kunina-Habenicht 
et al . 2019) . Accordingly, most studies of teacher knowledge and skills are limited 
to one subject, and studies involving several subjects have been the exception so far 
(for German teachers, Niermann 2017; Praetorius et al . 2015) . This is astonishing, 
as in some educational systems, including Germany, secondary school teachers 
receive equal training in two subjects, for example, mathematics and physics or 
mathematics and economics .

Blömeke and colleagues (2016) attempted to empirically separate teacher skills 
of one domain (mathematics) from general pedagogical skills that are not related 
to a domain but are operationalized in a similar way (for the context of classroom 
management) . Their results indicated that, in a sample of practicing mathemat-
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ics teachers, skills for applying mathematical knowledge are more closely related 
to skills for applying pedagogical knowledge than to mathematics CK and PCK, 
giving first evidence that teachers’ skills for applying CK and PCK may not be 
specific to the domain of mathematics. Like most currently available studies, this 
too focused on teacher skills in only one domain, neglecting to compare teachers’ 
intra-individual ability to apply knowledge in more than one domain even though 
teachers usually teach two different subjects.

3.4 Development of Teachers´ Instructional Skills  
in Mathematics and Economics

According to teaching expertise research, practical teaching experience is relat-
ed to a higher development of instructional skills (Baer et al . 2007; Beck et al . 
2008) . For economics, in particular, Kuhn (2014) shows the expected increase of 
PCK along the subgroups of bachelor students, master students, trainee teachers, 
and in-service teachers. The differences in PCK levels are significant, with the 
exception of the difference between trainee teachers and in-service teachers (for 
development of E-CK and E-PCK, Seifried and Wuttke 2015) . For mathematics, 
Schönfeld and Kilpatrick (2008) show that M-PCK is increasing upon professional 
entry due to practical experience, and that the repertoire of teaching strategies 
is expanding, but M-CK is only being expanded in parts (Llinares and Krainer 
2006) . The quasi longitudinal comparisons by Kleickmann et al . (2013) show cor-
responding differences in M-CK and M-PCK between prospective teachers at the 
end of their training and experienced teachers . Since experienced teachers have 
an average of 21 years’ work experience, it is not possible to make any statements 
about the changes that may occur during professional practice . 

4 Research Framework

4.1 Hypotheses

On the basis of the current state of research and with a focus on the relationships 
between teachers’ instructional skills, domain-specific knowledge and generic at-
tributes as well as on the levels of teachers’ instructional skills, we address the 
following hypotheses in our study for two subjects, economics and mathematics:
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• H1: The four constructs (CK, PCK, AS, RS) from the theoretical framework 
(Figure 1) are related, but empirically separable in each subject.

• H2: Generic attributes (general cognitive abilities, self-efficacy, ambiguity tol-
erance, neuroticism) show less influence on AS and RS than domain-specific 
knowledge (CK and PCK) and the patterns of relation are comparable across 
the two subjects.

• H3: With an increasing degree of domain-specific expertise, a teacher’s CK, 
PCK, AS, and RS become more pronounced .

4.2 Design and Sample

We conducted a comparative, quasi-experimental study with pre- and in-service 
teachers of two domains, mathematics and economics, including participants 
who teach both . The combination of the two domains is particularly attractive for 
teachers at upper-secondary schools with a vocational focus (“Berufsschule”) . To 
achieve quasi-experimental variation and to examine interdependencies between 
the two domains, the overall sample (N = 564) comprises three status groups which 
differ in their degree of expertise and also in their training in mathematics or eco-
nomics as well as in both subjects (Table 1). The recruitment of our sample took 
place at universities, teacher training (“Referendariat”) colleges, and schools from 
52 cities in 10 German federal states . The prerequisite for teacher trainees to par-
ticipate was that they had to be in the second half of their training program so that 
they can be considered advanced trainees . Participation was voluntary, and a mon-
etary incentive was offered as compensation . The participants also received auto-
mated feedback on their results using a feedback tool . Participants’ ages ranged 
from 18 to 64 years (M = 30 .1, SD = 8 .41), and gender distribution was 46 .2 % 
female and 53 .8 % male participants (Table 1) .

Table 1 Description of sample

Expertise/ 
Domain

Mathematics Both Economics Overall

Students 55 54 180 289

Trainee teachers 90 18 49 157

Experienced 
teachers

24 27 67 118

Overall 169 99 296 564
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4.3 Instruments

AS and RS in mathematics and economics were measured using video-based per-
formance assessments (Jeschke et al . 2019b; Kuhn et al . 2018) . The performance 
assessment for mathematics AS (AS-M) comprises 9 items in which participants 
have to react directly to the students seen in the videos and help them to solve spe-
cific mathematical problems. Similarly, the 7 items used to assess AS in economics 
(AS-E) focus on the teaching of central curricular content in economics . Partici-
pants had to respond verbally and under time pressure . Responses were recorded 
via microphone . Within the 9 items for mathematics RS (RS-M) and the 7 items 
for economics RS (RS-E) the participants had to reflect on classroom situations 
seen in the video and provide possible reasons for students’ difficulties or alterna-
tive actions . Participants provided written responses . A scoring scheme that was 
developed for each item describes specific criteria for adequate teacher responses 
based on a theoretical framework and findings from the pre-test studies (Jeschke et 
al . 2019b; Kuhn et al . 2018; Zlatkin-Troitschanskaia et al . 2019a) .

To adequately assess the knowledge components CK and PCK, we used previ-
ously tested and validated instruments with closed and open-ended paper-pencil 
items for mathematics CK (CK-M, 11 items, Dreher et al . 2018) and PCK (PCK-M, 
13 items, Loch et al . 2015) as well as for economics CK (CK-E, 14 items, Zlat-
kin-Troitschanskaia et al . 2014) and PCK (PCK-E, 11 items, Kuhn et al . 2016) .

To assess generic attributes, we used the scale of perceived self-efficacy of 
teachers (Schmitz and Schwarzer 2000) and the scale of figural intelligence for 
general cognitive abilities (Liepmann et al . 2007); personality traits were assessed 
using a Big Five inventory (Benet-Martínez and John 1998; Gerlitz and Schupp 
2005) as well as an inventory for measuring ambiguity tolerance developed by 
Reis (1996) .

The open-ended (constructed) responses were transcribed and coded by two 
trained independent raters with interrater agreements of Cohen’s κ between ac-
ceptable and very good, based on at least 20 % of the open responses (randomly 
selected) for each item (for mathematics: AS-M: κ =  .77– .90 (M = .84); RS-M: κ = 
 .80–1 .00, (M = .92); CK-M and PCK-M: κ = .70–1.00 (M =  .89), for economics: 
AS-E: κ = .60–.89 (M = .76); RS-E: κ = .5–.78 (M = .66); PCK-E: κ = .60–.89 
(M =  .78)) .

The internal consistency of all test instruments used was acceptable to good 
(Cronbach’s α =  .60– .84, see Table 2) . The relatively lower reliabilities of the do-
main-specific constructs can still be considered marginally sufficient in view of 
the scale lengths and the conceptual heterogeneity of the constructs (e .g ., Blömeke 
et al . 2015b; Hill et al . 2004) .
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Table 2 Description of the test instruments

Instruments Number 
of items

Assessment 
format

Response 
format

Cronbach’s 
α (N)

Authors

CK-M 11 Paper-pencil MCa/CRb  .62 (247) Dreher et al . 2018

PCK-M 13 Paper-pencil MC/CR  .60 (393) Loch et al . 2015

AS-M 9 Video-based CR/orally  .60 (244) Jeschke et al . 2019b

RS-M 9 Video-based CR  .61 (387) Lindmeier 2011

CK-E 14 Paper-pencil MC  .60 (393) Zlatkin- 
Troitschanskaia et 
al . 2014

PCK-E 11 Paper-pencil MC/CR  .61 (387) Kuhn 2014; Kuhn et 
al . 2016

AS-E 7 Video-based CR/orally  .64 (390) Kuhn et al . 2018

RS-E 7 Video-based CR  .61 (384) Kuhn et al . 2018

Teacher 
Self-efficacy

10 Question-
naire

Rating scale  .66 (513) Schmitz and 
Schwarzer 2000

Figural  
intelligence

20 Paper-pencil MC  .78 (563) Liepmann et al . 
2007

Ambiguity 
tolerance

16 Question-
naire

Rating scale  .77 (527) Reis 1996

BFI-25 25 Question-
naire

Rating scale Benet-Martínez and 
John 1998; Gerlitz 
and Schupp 2005

Extraversion  .84 (539)

Agreeable-
ness

 .66 (518)

Conscien-
tiousness

 .77 (542)

Neuroticism  .73 (541)

Openness  .82 (539)

Notes. aMultiple-Choice; bConstructed Response
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5 Results

H1: The four constructs (CK, PCK, AS, RS) are related, but empirically sep-
arable in each domain.

To examine H1, a correlation analysis using SPSS 23 is conducted . The non- 
standardized sum scores from the tests are used to depict the domain-specific con-
structs CK, PCK, AS and RS in mathematics and economics . In Tables 3 and 4, the 
bivariate Pearson correlations between the respective constructs are illustrated .2

Table 3  Pearson correlations between knowledge and skills constructs in the domain of 
mathematics

CK-M PCK-M AS-M
PCK-M  .39*** – –
AS-M  .37***  .32*** –
RS-M  .45***  .42***  .49***

Notes. ***p <  .001

Table 4  Pearson correlations between knowledge and skills constructs in the domain of 
economics

CK-E PCK-E AS-E
PCK-E  .33*** – –
AS-E  .30***  .29*** –
RS-E  .21***  .37***  .33***

Notes. ***p <  .001

The manifest correlations mostly refer to moderate correlations, therefore, the as-
sumption of empirical separability of the constructs in pair-wise correlations (H1) 
can be regarded as confirmed. High correlations, which point to a greater proximi-
ty of the two constructs, can be seen in the domain of mathematics between CK-M 
and RS-M and between RS-M and AS-M .

The bivariate correlations between the respective constructs are consistently 
higher in mathematics ( .32 < r <  .49) than in economics ( .21 < r <  .37) . This result 
confirms previous findings on the relationship between CK and PCK, where the 

2 We refer to additional analysis using multivariate linear regression models to examine 
the relationships controlling common variance between CK and PCK (Jeschke et al . 
2019a) .
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correlations are stronger in the domain of mathematics than in other domains, 
including economics (Section 2) . The explanations discussed include the more 
“substance/content”-focused orientation of mathematics education and a more 
specialized expertise, which requires a greater synergy between the constructs in 
the domain of mathematics .

Differences between the two domains can also be seen in the relationships be-
tween CK and AS, as well as between CK and RS . While the correlation between 
CK and AS is weaker ( .37) than the correlation between CK and RS ( .45) for 
the domain of mathematics, the opposite is evident for the domain of economics, 
where the correlation between CK and AS of r =  .30 is stronger than the correla-
tion between CK and RS ( .21) in this sample .

H2:	Generic	attributes	(general	cognitive	abilities,	self-efficacy,	ambiguity	tol-
erance,	neuroticism)	show	less	influence	on	the	AS	and	RS	than	domain-spe-
cific	knowledge	(CK	and	PCK)	and	the	patterns	of	relation	are	comparable	
across the two subjects.3

As expected, in both subjects, correlations between domain-specific knowledge 
and AS are higher compared to the weak or non-existent correlations between ge-
neric attributes and AS (Table 5). For both subjects, significant weak correlations 
were found between AS and general cognitive abilities as well as AS and neuroti-
cism (expected negative correlation), while no significant correlations were found 
between AS and self-efficacy. For AS in economics, in contrast to mathematics, an 
additional significant, although rather weak, correlation with ambiguity tolerance 
was identified.

Table 5  Pearson correlations between generic attributes and AS in mathematics and eco-
nomics

AS-M AS-E
Cognitive abilities  .16*  .12*
Teacher self-efficacy - .03  .03
Ambiguity tolerance  .06  .17**
Neuroticism - .16* - .15**

Notes. *p <  .05; **p <  .01

Due to the stronger domain-specific correlation, we used a multiple linear regres-
sion model, which initially only included CK and PCK as predictors of AS . In a 

3 In the following, only the results for AS are described, due to limited space .
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second step, we also included the generic attributes as additional predictors to 
analyze whether they have a further influence on AS (Tables 6 and 7).

As expected, for both subjects, domain-specific knowledge (PCK, CK) has a 
highly significant influence on the dependent variable AS, which remains even 
after the inclusion of generic attributes (p <  .01) . The addition of generic attributes 
increases the explanatory power of the models, however, in both domains only one 
significant relationship between the generic attributes and AS was found. In this 
respect, the patterns between both subjects can be interpreted similarly. For math-
ematics, there is a significant negative effect on AS for neuroticism (β =  .15, p < 
.05), whilst for economics there is a significant positive effect of general cognitive 
skills on AS (β =  .10, p <  .05) .

Table 6 Multiple linear regressions on the score in AS-M

Model 1 Model 2
Variable Coefficient B SE (B) Beta 

(β)
Coefficient B SE (B) Beta 

(β)
Constant 3 .01*** 0 .71 7 .97** 2 .87
PCK 0 .21** 0 .07  .20** 0 .19** 0 .07  .19**
CK 0 .26*** 0 .06  .29*** 0 .25*** 0 .06  .29***
Self-efficacy -1 .08 0 .749 - .09
Ambiguity tolerance -0 .02 0 .42 - .00
General cognitive 
abilities

0 .05 0 .06  .06

Neuroticism -0 .49* 0 .22 - .15*
R²  .17***  .20***
Corrected R²  .17***  .18***

Notes. N = 226 (model 1)/211 (model 2); *p <  .05, **p <  .01, ***p <  .001
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Table 7 Multiple linear regressions on the score in AS-E

Model 1 Model 2
Variable Coefficient B SE (B) Beta 

(β)
Coefficient B SE (B) Beta 

(β)
Constant 2 .51*** 0 .43 1 .23 1 .68
PCK 0 .19*** 0 .05  .21*** 0 .19*** 0 .05  .21***
CK 0 .26*** 0 .05  .24*** 0 .26*** 0 .06  .24***
Self-efficacy -0 .03 0 .44 - .00
Ambiguity tolerance 0 .36 0 .25  .08
General cognitive 
abilities

0 .07* 0 .04  .10*

Neuroticism -0 .21 0 .12 - .09
R²  .14***  .18***
Corrected R²  .13***  .17***

Notes. N = 377 (model 1)/358 (model 2); *p <  .05, **p <  .01, ***p <  .001

H3:	With	an	increasing	degree	of	domain-specific	expertise,	a	teacher’s	CK,	
PCK, AS, and RS become more pronounced.

For a comparative analysis of teachers’ domain-specific knowledge and skills 
levels, CK, PCK, AS and RS in the three status groups (students, trainee teachers, 
and experienced teachers) were considered separately . The basic assumption was 
that the test results of those constructs increase with a higher level of training and 
increased professional expertise . To investigate this assumption, the mean score 
values of the different status groups were compared (Figures 2 and 3) . The general 
effects of group affiliation were described through ANOVA and post-hoc analyses. 

The explained variance in knowledge and skill levels through group affilia-
tion was fairly high in economics, especially for the constructs PCK-E (partial 
η² =  .207) and RS-E (partial η² =  .161), and with moderate effects for the two other 
constructs (CK-E: partial η² =  .021; AS-E: partial η² =  .055) . In mathematics, a 
moderate effect was found for AS-M (partial η² = .026), no effects were identified 
for the three other constructs (CK-M: partial η² =  .004, PCK-M: partial η² =  .004, 
RS-M: partial η² =  .002) .

The results of the post-hoc tests (Games-Howell adjusted) confirm that a per-
son’s PCK-E and RS-E are significantly higher with increasing expertise, and in-
dicated significant differences in mean scores between students and trainee teach-
ers (PCK-E: 1 .63**; RS-E: 1 .35***), students and experienced teachers (PCK-E: 
3 .34**; RS-E: 2 .63***), and trainee teachers and experienced teachers (PCK-E: 
1.72**; RS-E: 1.28**). For AS-E, significant differences were found between stu-
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dents and trainee teachers ( .98*), and students and experienced teachers (1 .47***) . 
For CK-E and AS-M, significant differences were identified between students and 
experienced teachers only (CK-E:  .94*; AS-M: 1 .60*) .

Figure 2  Relative mean scores (CK-M, PCK-M, AS-M, RS-M) by groups in mathematics 
Error bars represent standard error .
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Figure 3  Relative mean scores (CK-E, PCK-E, AS-E, RS-E) by groups in economics  
Error bars represent standard error .

6 Discussion and Conclusion

This comparative study investigates how relationships between different facets of 
instructional skills behave in the domains of mathematics and economics . The 
results show largely moderate (to strong) correlations between the four constructs 
(CK, PCK, AS, RS), so that the separability in pairwise correlations (H1) can 
be confirmed for both domains. In particular, there is a tendency for bivariate 
correlations to be consistently stronger in mathematics than in economics . The 
correlations indicate that AS and RS align differently with the conceptual under-
standing of the subject (for economics, e.g., Mankiw 2012) in mathematics and 
economics . For economics, spontaneous responses to students’ statements in the 
form of appropriate impulses and explanations (AS) essentially depend on whether 
the student’s mistake was correctly identified by the (prospective) teacher (Zlat-
kin-Troitschanskaia et al. 2019a), which might be mirrored in these findings. Deal-
ing with students’ mistakes reflectively (RS), for instance, when planning future 
lessons, requires subject-specific understanding as well, but additionally also re-
quires more specific didactical instructions and their application. This may also 
explain the comparatively strong correlation between PCK-E and RS-E for the 
domain of economics. For mathematics, the result that subject-specific knowledge 
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(CK, PCK) tendentially correlates more strongly with RS than with AS supports 
the assumption that mathematics teachers are able to apply their knowledge more 
effectively when dealing with reflective tasks such as lesson planning and evalua-
tion (RS) than with instructional tasks under time pressure (AS) .

While we identified weak correlations between generic attributes and AS in 
both domains, it becomes evident that the correlation between domain-specific 
knowledge (CK, PCK) and AS is not only much stronger, but also partially ex-
plains the relationships to generic attributes . In both domains, generic attributes 
(general cognitive abilities, self-efficacy, ambiguity tolerance, neuroticism) show 
weaker correlations to AS than the two domain-specific knowledge constructs CK 
and PCK. Overall, H2 can be regarded as confirmed.

As we assumed in H3, knowledge and skills develop during teacher training, 
resulting in a higher level of expertise. This hypothesis cannot be confirmed for 
both domains in our study . Only in economics did participants with a higher level 
of expertise also achieve higher test scores, thus indicating that the four constructs 
(CK, PCK, AS, RS) are becoming increasingly more pronounced with the test sub-
jects’ level of expertise. In contrast, in mathematics, only an increase in the level 
of AS could be determined in the given sample .

Since H3 was only tested by cross-sectional (not longitudinal) comparison and 
not experimental, these findings do not allow any statements about possible causal 
relationships between the examined constructs . In addition, the instruments still 
require improvement in terms of reliability, a lack of which may hamper the detec-
tion of expertise effects . Despite these limitations, these results provide an impor-
tant basis for further studies on possible explanatory factors .

With regard to our subsample of pre- and in-service teachers trained in both 
subjects, mathematics and economics (n = 99), we found preliminary evidence 
suggesting that some of the knowledge and skills used in mathematics are relat-
ed to the knowledge and skills necessary for teaching economics (Jeschke et al . 
2019a, b). This result is in line with previous findings (Ballard and Johnson 2004; 
Shavelson et al. 2019a, b) and supports the assumption that mathematics-specific 
aspects could contribute to knowledge and skills for teaching economics . There-
fore, teacher knowledge and skills particularly in mathematics may foster the 
acquisition of teacher knowledge and skills in economics (in all three stages of 
teacher education) .

In this study, not all relationships between all central constructs of our theoret-
ical framework (Figure 1) could be empirically tested. Nonetheless, our findings 
significantly contribute to a more elaborate understanding of the relationships be-
tween domain-specific knowledge, generic attributes and instructional skills. In 
our domain-comparative study, we gain first empirical insights into relationship 
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patterns in two different domains. These findings can be considered first indi-
cations regarding the domain-specificity of teachers’ instructional skills. The as-
sessments developed and validated in our study can be used in future empirical 
research and expanded to further constructs and subjects.
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Abstract

In academic teacher education programs prospective physics teachers are sup-
posed to acquire professional knowledge and skills that enable them to carry 
out effective instruction . However, it is unclear which knowledge has an impact 
on teaching quality and how knowledge and teaching skills develop throughout 
studies . In particular, this is the case for practical parts of teacher education 
programs like school internships or other forms of field experiences. There-
fore, we examine the development of pre-service physics teachers‘professional 
knowledge over a one-semester internship in schools . Furthermore, we analyze 
the development of their skills in (a) planning physics lessons, (b) reflecting 
physics lessons, and (c) explaining physics over that internship using an inno-
vative approach of standardized performance assessments . So far, our longitu-
dinal analyses of a cohort of prospective physics teachers from four German 
universities hardly show any development of their professional knowledge and 
skills during the internship . Further analyses are needed to gain more insight 
into this low efficacy of the internship.

© Springer Fachmedien Wiesbaden GmbH, part of Springer Nature 2020
O. Zlatkin-Troitschanskaia et al. (Hrsg.), Student Learning in German 
Higher Education https://doi.org/10.1007/978-3-658-27886-1_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-658-27886-1_6&domain=pdf


106 Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.

Keywords

Science education, pre-service teacher education, professional knowledge, 
teachers’ professional development, performance assessment, pre-post-meas-
urement, field experience

1 Introduction

The primary goal of teacher education is to support future teachers in develop-
ing professional knowledge and skills to meet the challenges of their profession . 
Common models treat professional knowledge as a key component of professional 
competence, whereas competence can be described as ‘the latent cognitive and 
affective-motivational underpinning of domain-specific performance in varying 
situations’ (Blömeke et al . 2015, p . 3) . Therefore, a great amount of teacher edu-
cation programs focus on the development of such knowledge, especially in the 
German teacher education system . In Germany, teacher education consists of three 
consecutive phases necessary to become a teacher (Cortina and Thames 2013) . 
In the first phase, future teachers enrol in a teacher education study program at a 
university, including a three-year bachelor’s degree followed by a two-year mas-
ter’s degree . The second phase consists of a 12 to 24 months in-school induc-
tion program. While the first phase focuses on the acquisition and development 
of theoretical knowledge, the second phase emphasizes practical teacher training . 
The third phase aims at the further professional development of in-service teach-
ers . The underlying model of these phases can be described as a functional chain 
(Diez 2010) . During their university studies, future teachers are meant to acquire 
knowledge, which they have to apply in their teacher training course afterwards . 
In this perspective, it is assumed that teachers use their professional knowledge 
as a resource to perform their daily tasks . This model poses some challenges for 
teacher educators creating teacher education programs . They have to ensure that 
prospective teachers acquire knowledge, which is relevant for teaching . It has to 
be part of the knowledge base for teaching (van Driel et al . 2001), which allows 
teachers to develop skills to carry out high-quality instruction . To meet this chal-
lenge, most federal states in Germany implemented a one-semester internship at a 
school as part of their master’s degree programs for teachers (practical semester) . 
It is meant to enable the use of theoretical knowledge and to gather first teaching 
experiences already before the second phase . During their one-semester intern-
ship, in addition to teacher training by expert teachers at school, all participating 
students also attend supporting courses at the university (usually one day of the 
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week) . However, it remains an open question to which extent academic teacher 
education programs contribute to the development of professional knowledge and 
skills and which types of knowledge have an impact on the quality of performance 
in teaching situations. This is especially the case for field experiences in teacher 
education like long-term internships at schools .

In our research project Profile-P+ (Professional Knowledge in Academic Phys-
ics Teacher Education), these questions are addressed . We focus on prospective 
physics teachers for secondary schools in Germany . We examine the development 
of their professional knowledge by longitudinal studies over the first two years of 
their bachelor’s degree program and evaluate their development of professional 
knowledge and skills to cope with three typical requirements for physics teachers 
(planning physics lessons, reflecting on physics teaching, explaining physics) in 
a longitudinal section during a practical semester . Moreover, we analyze the re-
lationship between professional knowledge and skills . In this chapter, we present 
preliminary results regarding professional development during the one-semester 
internship .

2 Theoretical Background

2.1 Physics Teachers‘ Professional Knowledge

Blömeke, Gustafson and Shavelson (2015) describe competence as a continuum 
that regards cognitive and affective-motivational dispositions as the basis for 
situation-specific skills, which in turn enable performance in complex real-life 
situations . Professional knowledge is seen as one key-part of these dispositions 
of the professional competence for teaching . Following recent work based on the 
influential considerations of Shulman (1986), we focus on three dimensions of 
professional knowledge: content knowledge, pedagogical content knowledge and 
general pedagogical knowledge. Content knowledge (CK), also known as subject 
matter knowledge, comprises knowledge of the contents and methods of the sub-
ject taught as well as epistemological aspects. For the domain of physics, there are 
different models of content knowledge (Woitkowski and Borowski 2017), which 
usually differentiate the “depth” of knowledge according to curricular levels 
(school knowledge, university knowledge). We extend this structure by a specific 
form of CK assumed to be a specific basis for teaching: deeper school knowledge. 
In our approach, deeper school knowledge refers to a meta-perspective on school 
knowledge, for instance, identifying suitable problem solving strategies for spe-
cific physics problems or the discussing structural relationships between physics 
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concepts . Pedagogical content knowledge (PCK) refers to knowledge that teachers 
need to prepare and structure content in a way that is appropriate for their students . 
For the domain of science (especially physics), a large number of models have 
been proposed, which have recently been brought together in the Refined Consen-
sus model of PCK (Carlson et al . 2019) . For example, PCK for physics teaching 
contains knowledge about students’ alternative ideas of physics concepts, about in-
structional strategies and about implementing experiments in physics instruction . 
Finally, pedagogical knowledge (PK) contains knowledge about learning princi-
ples and pedagogical concepts like knowledge about classroom management or 
motivation (e .g . König et al . 2011) . Surely, CK, PCK, and PK do not cover the full 
complexity of teachers‘ professional knowledge; however, these three dimensions 
are mirrored in the typical structure of academic physics teachers education in 
Germany . During their studies, student physics teachers take courses focusing on 
content knowledge (CK), general pedagogy (PK) and also on concepts of physics 
education (PCK) .

2.2 The Influence of Physics Teachers‘ Professional  
Knowledge on Their Teaching Skills

The professional skills of physics teachers have been assessed by the quality of 
their instruction (Diez 2010) . However, little correlation has been observed be-
tween physics-related professional knowledge and the quality of physics teaching 
or student learning in physics lessons. Cauet et al. (2015) could not find any corre-
lation between physics teachers‘ professional knowledge (CK and PCK measured 
by written tests containing multiple choice and open questions), students learning 
(measured by written tests containing multiple choice and open questions) and 
the level of cognitive activation of the observed physics lessons (measured by vid-
eo-analysis) in German secondary schools . Similar results are reported by Ohle, 
Boone & Fischer (2014) . They analyzed the impact of K4-elementary teachers‘ 
CK of a specific physics topic on their students’ achievement (both measured by 
multiple choice tests) . „Results showed that neither teachers’ interest nor content 
knowledge impacted students’ outcomes directly .“ (Ohle et al . 2014, p . 14) .

These results are independent of how quality of teaching was measured, for 
instance, by high inference ratings of instruction (e .g . Korneck et al . 2017) or by 
analyzing the content structure of observed lessons (Liepertz and Borowski 2018) . 
In the sense of the Refined Consensus Model, hardly any connections between en-
acted PCK and personal or collective PCK could be observed (Carlson et al . 2019) . 
This might indicate a lack of relevance of the assessed knowledge for teaching . 

Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.
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However, in all of these studies, the assessment instruments used show good cur-
ricular validity often based on expert ratings of teacher educators or experienced 
physics teachers .

Another reason for the missing link between teaching quality and students’ 
achievement might result from the complexity of real teaching situations . Teaching 
in real classrooms is affected by many heterogeneous context factors that might 
suppress existing relations between teachers‘ knowledge and their actual teaching 
performance (Kulgemeyer and Riese 2018) . To obtain a clearer picture, the qual-
ity of teaching should, therefore, be researched in a more standardized way . This 
can be achieved according to concepts from medicine education (Miller 1990) . 
So-called ‘Objective Structured Clinical Examinations (OSCE)’ simulate typical 
standard situations for health professionals, often with the help of trained actors . 
These scenarios are designed as authentic as possible to mirror real situations oc-
curring in everyday professional life . At the same time, they are standardised in 
such a way that a high degree of comparability is guaranteed . Scoring sheets can 
be used to achieve high test standards (Walters et al . 2005) . Kulgemeyer and Riese 
(2018) developed such a performance assessment for explaining physics in the 
form of a role-playing situation . They examined the correlation between prospec-
tive physics teachers‘ professional knowledge (CK and PCK, measured by written 
tests containing multiple choice and open questions) and their skills in explaining 
physics (measured by performance assessment). The results showed significant 
correlations between explaining skills and professional knowledge (for details, see 
Kulgemeyer and Riese 2018, p . 18) .

2.3 Development of Professional Knowledge and Skills  
during Field Experiences

School internships or field experiences are an integral component of typical teach-
er education programs . Internships have multiple aims, for example, to provide 
opportunities for prospective teachers to make first teaching experiences on their 
own, to acquire basic skills for teaching (like planning a lesson or reflect on one’s 
teaching) and to cope with the gap between academic learning and the demands 
of professional practice in the field (Cohen et al. 2013). However, it is unclear, 
whether internships contribute to those aims . Most research on the effectiveness 
of internships or field experiences, especially in the context of German teacher 
education, relies on student teachers‘ self-reports like self-rated skills or self-rated 
instructional quality (Besa and Büdcher 2014) . Self-reports are often suspected of 
bias, like the tendency of participants to rate themselves in a favourably way . How-
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ever, studies hardly used more proximal assessments to evaluate the development 
of skills during internships . Holtz and Gnambs (2017) examined the change of 
instructional quality of student teachers throughout a 15-week school internship, 
measured by ratings of two observed lessons by different groups, expert teach-
ers, students, and self-ratings . The results showed an improvement of instruction-
al quality, but they are related to many different school subjects not specifically 
to physics . Volmer et . al (2019) investigated the skills of prospective elementary 
teachers during a one-semester internship using open written reflections on a given 
videotaped lesson. They report a significant increase in reflection quality between 
before and after the internship .

3 Research Questions

Prior studies showed few and inconclusive results regarding the development of 
prospective physics teachers’ professional knowledge during academic teacher 
education and the relation between knowledge and skills . To contribute to these 
research gaps, we address the following overarching research questions (RQ) in 
the project Profile-P+:

1 . How does the professional knowledge (CK, PCK, PK) of prospective physics 
teachers develop over a one-semester internship (pre, post)?

2 . How do the skills of planning physics lessons, explaining physics and reflecting 
on physics lessons develop over a one-semester internship (pre, post)?

In our study, we collect data of additional personal characteristics adjusted for 
mathematical skills, attitudes to explanation, learning opportunities, and demo-
graphic data .

Since there are hardly any opportunities for systematically learning more the-
oretical knowledge over a one-semester internship, we expect little to no increase 
in professional knowledge (RQ1) . However, we expect substantial increases in all 
three analyzed skills (RQ2) as the internship should provide many opportunities 
for lesson planning and reflecting and explaining physics in classroom instruction 
in an authentic school setting .

Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.
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4 Design and Sample

We used a longitudinal approach to follow cohorts of prospective physics teachers 
in master’s degree programs at four german universities in three different federal 
states .

Although the internships vary in some details between the four participating 
universities, the overall structure is similar . During the internships – lasting about 
five months – the prospective physics teachers receive guidance in their teaching 
from experienced teacher mentors at a school four days a week . This part of the 
internship is supposed to provide practical insights into German teachers’ daily 
routines and to enable first self-sufficient teaching experiences. The mentors are 
supposed to provide feedback on the instruction carried out by the teacher stu-
dents and to help them reflect on their teaching. One day a week, the prospective 
physics teachers visit university courses (one for each of the two teaching subjects, 
one for general pedagogics). Part of these courses is a reflection on experiences 
made at the internship schools taking based on theoretical concepts of PCK and 
PK . Also, in these courses prospective physics teachers are supported in planning 
their lessons . This structure (in-school-training combined with university courses) 
is typical for one-semester internships in teacher education programs of the most 
federal states in Germany .

Figure 1  Study design: longitudinal section during the practical semester in the master’s 
program

For our study, the professional knowledge (CK, PCK, PK), as well as the skills to 
plan physics lessons, to explain physics, and to reflect on physics teaching, were 
assessed before and after completing the one-semester internship (Figure 1) . The 
extensive data collection required five test dates before and after the internship 
each, which were realised within the accompanying university courses taken by 
the students . Tests were scheduled on different days for each measurement point . 
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The total test time per person and measurement point was 330 minutes . The com-
plete sample consists of N = 80 prospective physics teachers . On average, they were 
in the ninth semester of their study programmes (semester: M = 9 .03; SD = 3 .03) 
during the internship and 25 years old (age: M = 25 .41; SD = 5 .09) . 61 % of the 
students are male, 39 % female .

The data of all participating universities has been pooled for analyses . Cohort 
effects have been checked . Due to the high testing time and the facts that the par-
ticipation was voluntary not all teacher students took part in all the assessments . 
Therefore, we used different subsamples for analyses depending on the construct 
we focused on . To control for possible effects of decreasing test motivation we 
used a short test-motivation scale after every performance assessments (for details, 
see Vogelsang et al . 2019) . Dependent t-tests were carried out to analyse changes of 
professional knowledge and performance during the internship (pre, post) .

5 Instruments

For data collection, we used two widely tested and comprehensively validated in-
struments from our previous project Profile-P (written test for PCK, performance 
assessment for the skills of explaining physics) (Riese et al . 2015) . The instrument 
for the assessment of CK was adopted from Profile-P and further developed with 
greater emphasis on deeper school knowledge . The performance assessments for 
the skills of planning physics lessons and reflecting on physics lessons have been 
newly developed for this study . All the instruments refer to the physical content of 
mechanics to establish the necessary content comparability .

5.1 Content Knowledge

CK is seen as a major component of teachers’ professional knowledge. In line 
with previous research we assume, that physics teacher need specific forms of CK, 
which is of special importance to plan high-quality physics lesson or to reflect on 
their teaching properly . Following already developed models (Kirschner 2013), 
we distinguish between three dimensions of CK: school-, university- and deeper 
school knowledge (SK, UK, DSK). School knowledge is described by the official 
school curricula and university knowledge can be operationalized by the univer-
sity curriculum. Based on the approach of Riese et. al. (2015), we defined deeper 
school knowledge as (1) identifying relations between physics concepts, (2) han-
dling model limitations, and (3) identifying suitable problem-solving approaches . 

Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.
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As described by Riese and Reinhold (2012), this knowledge is assumed to be of 
special importance for teachers .

Based on this model, we developed a written test consisting of 48 single-choice-
items focusing on different aspects of mechanics (velocity and acceleration, New-
tons Laws, Conservation of Energy) . The total test time is 50 minutes . Curricular 
validity was ensured by analyses of typical school and university textbooks, by 
analyses of school curricula and analyses of the physics curricula of the participat-
ing universities . Stimulated recall interviews with N = 8 physics teacher students 
after taking the test indicate, that the items are perceived as appropriate tasks in 
academic teacher education . For construct validity, we investigated whether the 
structure of our model corresponds to the structure of the empirical data . We com-
pared Rasch models with different dimensions based on data of N = 861 physics 
teacher students in a bachelor or master program at twelve German universities 
combined with students studying the research-oriented physics bachelor program . 
The results show that a three-dimensional model is to be preferred over two- or 
one-dimensional models . For all the sub-scales, satisfactory reliability was found 
(EAP-reliability ranging from 0 .76 to 0 .84; for details, see Vogelsang et al . 2019, 
p . 484) .

5.2 Pedagogical Content Knowledge

For the assessment of PCK, another key component of physics teachers’ profes-
sional knowledge, we used a written instrument already developed in our previ-
ous project Profile-P (Riese et al. 2015). The underlying comprehensive model of 
physics teachers‘ PCK was developed using different conceptualizations of PCK 
in science subjects (e.g. Lee & Luft 2008; Magnusson, Krajcik et al. 1999) and 
also considering curricula analyses . The test instrument focuses on four aspects of 
PCK: experiments, instructional strategies, students‘ misconceptions and how to 
deal with them and physics education concepts like conceptual change . It includes 
open situational judgment items as well as complex multiple-choice items (multi-
ple select, 43 items) . The total test time is 65 minutes . To ensure validity, several 
steps of validation were taken in our previous project Profile-P (Riese et al. 2015). 
We investigated content validity by analyzing curricula and expert ratings from 
educators at four universities . Also, a think-aloud study with N = 15 prospective 
physics teachers was carried out to check, if items could be solved using only CK 
rather then PCK (Gramzow et al . 2013) . For construct validity, one-dimensional 
and four-dimensional Rasch models were compared, indicating a better matching 
of the data by a four-dimensional model (for details, see Kulgemeyer and Riese 



114

2018) . For all the sub-scales, satisfactory moderate reliability was found in dif-
ferent studies (e . g . Kulgemeyer and Riese 2018; Riese et al . 2015) . For the rather 
small sample of this study we used manifest scores and found a rather low but 
sufficient reliability for the total score (Cronbach’s α = 0 .66) .

5.3 Pedagogical Knowledge

For the assessment of pedagogical knowledge, we used an adapted short-ver-
sion (Riese and Reinhold 2012) of a written instrument from Seifert and Schaper 
(2012) . The full version was used in several studies in Germany (Mertens and 
Gräsel 2018), also the short-version (Riese and Reinhold 2012) . The short-version 
addresses two aspects of PK: general instructional strategies and classroom man-
agement. The total test time is 15 minutes. Since we focus on the subject-specific 
components of professional knowledge in Profile-P+, no further validations were 
carried out by ourselves . We rely on the results from previous research where suf-
ficient arguments for construct validity and content validity regarding teacher ed-
ucation in Germany has been reported (for details, see Seifert and Schaper 2012) .

5.4 Skills of Planning Physics Lessons

The process of teachers‘lesson planning can be described as a recursive process . 
To plan a lesson, teachers have to analyze preconditions, plan certain classroom 
actions and reflect on their planning decisions (Shavelson and Stern 1981). Expe-
rienced teachers mostly do not elaborate on their lesson plans, as they have scripts 
and routines to fall back on (Stender 2014) . However, beginning or student teachers 
need to develop such scripts . Therefore, they need to plan actual lessons . In doing 
so, it is assumed, that student teachers heavily rely on their – more theoretical – 
professional knowledge . To analyze this assumption, we developed a performance 
assessment for prospective physics teachers‘skills to plan physics lessons . We fol-
lowed Miller’s (1990) approach and developed an instrument to assess planning 
skills in a standardized performance situation, in which student teachers need to 
plan a whole lesson instead of reproducing knowledge about lesson planning . The 
paper-pencil instrument puts students in a situation where they have to plan a les-
son about Newton’s third law . Therefore, a short description of the class and their 
learning prerequisites is provided and specific learning objectives are set. The les-
son plan has to be documented on a prestructured planning paper, which suggests 
some mandatory parts of physics lessons to allow higher comparability .

Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.
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To evaluate the quality of lesson plans, we developed a theoretical model, which 
contains different aspects of physics lesson planning (e .g . implementation of ex-
periments, exercises, contexts, learning objectives and preconditions). The model 
was developed by using subject-specific literature about lesson planning and it 
was combined with an inductive approach, resulting in a codebook with currently 
N = 59 coding items . By using the codebook, we have so far coded N = 141 out of 
160 individual lesson plans, resulting in 66 sets of pre and post data . For interrater 
agreement, N = 52 of the lesson plans were double coded . The agreement amounts 
to 89 %, Gwet’s AC 1 is  .849, which indicates good agreement . We carried out 
multiple steps of validation . Interviews with three teacher trainers were conducted 
and their judgements regarding the quality of three selected lesson plans were 
compared to corresponding results provided by the codebook . The results indicate 
an agreement among the teacher trainers about the perceived order of quality of 
those lesson plans as well as an agreement of their mean grades’ order to the order 
of the planning score provided by the codebook . The standardized lesson plans 
were also compared to real lesson plans, created during the internship by the same 
students . We found an indication of similar planning behaviour comparing the as-
sessment and the real lesson plans . Based on all 59 coding-items a sum score was 
built . For the sample of this study, the scale-reliability of the total planning score 
is sufficient (Cronbach’s α = 0 .79) .

5.5 Skills of Explaining Physics

To assess the skills to explain physics, we used a performance assessment already 
developed in our previous project Profile-P (Riese et al. 2015). Explaining is core 
part of physics instruction and therefore, a central skill of physics teachers (Geelan 
2012) . Explanations in the context of instruction can be described as a dialogic 
process, in which the teacher tries to communicate a scientific concept to one or 
more students . In this process, the teacher has to consider two aspects . First, the 
explanation has to represent the scientific concept in an adequate way, for example, 
its structure, highlighting the major aspects (subject-adequate). Second, the teacher 
has to consider the students’ needs, for example, considering their supposed prior 
knowledge or any misconceptions (addressee-oriented) . During the process, the 
teacher also hat to evaluate his explanation, for instance, by asking questions to 
the student . We developed a dialogic explaining performance assessment simulat-
ing an authentic face-to-face explaining situation . After a short preparation time 
using standardized materials, participants had to explain a topic of mechanics to 
a student . The explaining attempts were videotaped . The student has been trained 
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to behave in a standardized way during the explaining situation (e .g . giving spe-
cific prompts as feedback). All videotaped explanations were analyzed using the 
model of explaining physics by Kulgemeyer and Tomczyszyn (2015) . This model 
distinguishes between the two aspects of explanation quality (subject-orientation, 
addressee-orientation) represented by 12 categories for appropriate resp . inappro-
priate explaining, for instance, explaining physics concepts in everyday language . 
Based on the codings of the videotaped explanations, an explaining performance 
Index (PI) was build . For this assessment, also several steps of validation have 
been conducted (Kulgemeyer and Riese 2018) . The PI predicted expert decisions 
on for the better explaining quality when a pair of videos was compared to a mod-
erate to great extent . In addition, expert interviews have been carried out to ensure 
content validity . Interrater-reliability of two independent raters reached accord-
ance of 91 % . In previous studies, also suitable reliability of the PI has been report-
ed (for details, see Kulgemeyer & Riese, 2018) . For the sample of this study, the 
scale-reliability of the PI is sufficient (Cornbach’s α = 0.77).

5.6 Skills of Reflecting on Physics Lessons

Reflection can be described as a spontaneous, common, real thinking process 
that gives coherence to an initially incoherent and unclear situation (Clarà 2015) . 
Plöger, Scholl and Seifert (2015) developed a multi-stage model for reflection on 
lessons, which was adapted for reflecting physics lessons by modifying specif-
ic challenges in the fields of CK and PCK (Figure 3). The model distinguishes 
three dimensions of reflection. The elements of reflection includes four steps of 
reflection: (1) description of the framework conditions of a lesson (e.g. students’ 
pre-knowledge, teaching goals) and the teaching situation, (2) evaluation of the 
described teaching situation, (3) providing alternatives for the observed behaviour 
and (4) drawing of consequences for (a) the following lesson, (b) the development 
of the reflective individual, or (c), in case of reflecting others’ actions, the develop-
ment of the teacher observed (Nowak et al . 2019) . The reasoning dimension rep-
resents another aspect of reflection quality. Reflection quality is higher, if evalua-
tions, alternatives and consequences are reasoned rather than given as spontaneous 
subjective judgements. The last dimension indicates which knowledge base (CK, 
PCK, PK) is subject in the point of reflection addressed. For example, reflecting on 
how to deal with students’ misconceptions would be based on PCK .

Vogelsang, C., Borowski, A., Kugelmeyer, C., Riese, J., et al.
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Figure 2 Model of reflections on physics lessons

Following Miller’s (1990) approach, we developed a performance assessment for 
the skills of prospective physics teachers to reflect on physics lessons. We con-
duct an interactive online test simulating a situation, in which the student teachers 
have to reflect on the video-taped physics lesson of a fictive fellow intern. The 
fictive intern (Robert) asks the test person in a simulated dialogue for advice. The 
videotaped physics lesson focuses on Newton’s third law and the conservation of 
momentum . It was created based on a script by persons acting as school students . 
The fictive lesson includes standard parts of physics instruction (e.g. an experi-
ment) and typical problems of teaching physics (e .g . misconceptions) that provide 
reflection causes (RC). These RCs were assigned to the knowledge bases of the 
reflection model by an expert rating. During the test, the student teachers receive 
information about the context and they give Robert feedback on particular parts 
of the lessons . The verbal answers are recorded and categorised using qualitative 
content analysis by Mayring (2015) . 

The coding categories are used to evaluate the quality of reflection, for example, 
whether or not they give a reasoned evaluation or present alternatives for one RC . 
The sum of coded categories is assumed to be a measure for the skills to reflect on 
physics teaching. We formed a score for general reflection skills (RS). N = 32 com-
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plete data-sets (pre and post) have already been analyzed . Interrater agreement has 
been determined by triple-coding of 17 % of the performance assessments reach-
ing an average of  .882 for Gwet’s AC1 . That indicates a very good agreement . 
For the small (sub)sample of this study the scale reliability of the reflection score 
is rather low (Cronbach’s α = 0 .46) before resp . after (Cronbach’s α = 0 .52) the 
internship so far .

6 Results

Data of between 20 and 80 physics teacher students has been analyzed so far, de-
pending on the particular construct . In this chapter, we present preliminary results .

Tables 1 and 2 describe the results regarding the development of profession-
al knowledge differentiated into subscales for each test . CK was scaled using a 
three-dimensional Rasch model (for the scoring, see Section 5 .1) . Therefore, latent 
EAP-scores are reported . For PCK and PK manifest sum-scores are reported . All 
analyses result from dependent t-tests for particular knowledge scores .

Table 1 Development of CK (latent scores)

N t1 t2

CK 80 M SD M SD p d
school knowledge (SK) 0 .99 0 .86 1 .21 0 .72 0 .000 0 .64
university level (UK) 0 .80 0 .47 0 .92 0 .54 0 .000 0 .84
deeper school  
knowledge (DSK)

0 .69 0 .47 0 .96 0 .31 0 .000 0 .99

Table 2 Development of PCK and PK (sum-scores, in %)

N t1 t2

PCK 63 M SD M SD p d
experiments 0 .50 0 .20 0 .55 0 .23 0 .106 0 .21
physics education 
concepts

0 .54 0 .18 0 .63 0 .14 0 .000 0 .59

instructional strategies 0 .38 0 .19 0 .39 0 .16 0 .740 0 .04
students’ misconceptions 0 .48 0 .18 0 .53 0 .20 0 .043 0 .26
PK 58 M SD M SD p d

0 .35 0 .13 0 .44 0 .11 0 .000 0 .82
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1192.5 Development of Prospective Physics Teachers’ Professional …

Regarding CK, a significant increase in all subdimensions can be found (medium 
to large effect, Cohens’s d ranging from 0 .64 to 0 .99, Table 1) . Regarding PCK, sig-
nificant increases can be seen in the sub-scales “student’s misconceptions” (small 
effect, Cohen’s d = 0 .26, Table 2) and “physics education concepts” (medium ef-
fect, Cohen’s d = 0.59, Table 2). Furthermore, a significant increase with a large 
effect occurred regarding PK (Cohen’s d = 0 .82, Table 2) .

Table 3 contains the results of the performance assessments . All scores repre-
sent manifest scores (Sections 5 .4 to 5 .6) . As Table 3 shows, only for one out of the 
three performance assessments a significant increase with a small effect can be 
observed so far (planning physics lessons, Cohens’s d = 0 .32) .

Table 3  Development of skills regarding three standard teaching situations (sum-scores, 
in %)

t1 t2

N M SD M SD p d
planning physics lessons 66 0 .49 0 .11 0 .53 0 .13 0 .01 0 .32
reflecting on physics 
teaching

37 0 .11 0 .03 0 .12 0 .04 0 .404 0 .16

explaining physics 20 0 .30 0 .15 0 .33 0 .12 0 .420 0 .24

7 Discussion

The newly developed performance assessments enable valid interpretations (Vo-
gelsang et al. 2019) of the data reflecting three important skills of prospective 
physics teachers: planning and reflecting on physics lessons, and explaining phys-
ics. Regarding the one-semester internship, significant increases in all sub-dimen-
sions of CK, in two sub-dimensions of PCK, and for PK could be observed . Due to 
fewer (formal) learning opportunities during the whole internship program (teach-
er training at schools and accompanying courses at a university) we expected little 
increase in more theoretical professional knowledge . However, we found medium 
to large effects in terms of professional knowledge . In addition, contrary to our 
expectations, no increases of the skills to reflect on physics teaching and to explain 
physics could be identified so far. That leads to the question of whether typical 
long-term school internships programs really contribute to acquiring profession-
al skills, especially regarding the expected application of theoretical knowledge 
for high-quality performance in teaching situations (which is often expected, cf . 
Cohen et al. 2013). The non-significant development of skills for reflecting and 
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explaining measured by standardized assessments may indicate a lack of effective-
ness of the internship regarding central goals .

It should be noted that the results presented are preliminary and based on small 
sample sizes – the statistical power seems to be limited . The collected data have 
not been coded completely up til now and some of the coding categories of the 
performance assessments for planning and reflecting will be finetuned for further 
analyses . Although the sample is small–due to the small number of physics teacher 
students in Germany in general–it should be noted that we were able to carry out 
almost complete surveys at the participating four universities .

Other limitations lie in the low reliabilities of some sub-scales of the knowledge 
assessments and in the score regarding the skills to reflect on physics teaching. 
Besides, further improvements of the codings for the performance assessments 
have to be done, which might lead to an increase of the reliability and might help 
to identify smaller effects . For all instruments, core arguments for the construct 
validity will also be checked based on an extensive nomological network . Fur-
thermore, the use of performance assessments following approaches from medical 
education is quite uncommon in teacher education at least in Germany (see also 
Kuhn et al . in this volume) . One possible reason, why no effects could be observed, 
might lie in this uncommon testing situations for the participating students . An-
other reason might be a decrease in the test motivation over the internship due to 
the long-lasting data collection. However, such a decrease could only be identified 
between the measurement points of the assessment for reflection skills (based on 
the results of a short test-motivation scale, Vogelsang et al . 2019) .

Further analyses are needed to shed more light on the effectiveness of long-
term internships in teacher education . We tried to research changes in professional 
knowledge and skills before and after the intership using pre-post-measurements . 
Future studies should take a closer look at the learning processes of the student 
teachers during the internship . Although we have information regarding the con-
tent of the accompanying courses at the universities and, additionally, self-reports 
of the prospective teachers on their experiences with their mentors during the in-
tership, there is a lack of information on learning processes in detail . Future stud-
ies focussing on changes in shorter time periods linked to training situations could 
be a useful additional approach .
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2.6  
Linguistically Responsive Teaching  
in Multilingual Classrooms

Development of a Performance-Oriented Test  
to Assess Teachers’ Competence

Lemmrich, S., Hecker, S.-L., Klein, S., Ehmke, T., Koch-Priewe, B., 
Köker, A., and Ohm, U.

Abstract

The DaZKom-Video project aims at performance-oriented measurement of 
German-as-a second-language (GSL)-competence of pre- and in-service teach-
ers using video-based stimuli and oral responses . The present study is part of 
this project and focuses on the psychometric quality of the DaZKom-Video test 
instrument and evaluates the dimensionality of the construct GSL competence 
(Deutsch-als-Zweitsprache-Kompetenz) . Additionally, we explore correlations 
between GSL competence and sociodemographic data as well as learning op-
portunities . The sample consists of pre- and in-service teachers from different 
school forms and universities across Germany . The items and scale analyses 
reveal good psychometric quality: The item-fit to the Rasch-model as well as the 
discrimination is satisfactory. The dimensional analyses show best model fit for 
the one-dimensional and three-dimensional models . Test persons with GSL ex-
perience such as in-service teachers (in contrast to pre-service teachers), test per-
sons with teaching experience, those with an additional qualification in the field 
of GSL and test persons with many learning opportunities are statistically more 
likely to respond to items correctly . These results indicate a reliable and valid 
test instrument for performance-oriented measurement of GSL competence .
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1 Introduction

Language is crucial in teaching and learning: Every subject-specific classroom 
uses language to represent content. Language has specific characteristics in con-
tent classrooms and every subject adds its own subject-specific register (e.g. writ-
ten language or specific operators, Schmölzer-Eibinger 2013). For some pupils, 
especially but not only for those with German as a second language (GSL), it there-
fore can be challenging to apprehend content successfully. Teachers of all subjects 
must be aware that specific registers come with their own demands and may pose 
challenges for their pupils . Accordingly, teachers need competencies to support 
their pupils in gaining access to the content by teaching linguistically responsive 
(Thürmann and Vollmer 2013, Cummins 2001) . Kimanen et al . (2019) implicate 
that teachers’ competence in linguistically and culturally responsive teaching 
could increase teachers’ self-esteem and therefore have an impact on teachers’ 
motivation and commitment to teaching . How teachers must be trained concerning 
teaching multilingual learners is still unclear, however, and performance standards 
of teachers’ competencies in this field are missing. Furthermore, understanding 
which learning opportunities may contribute to the development of teachers’ com-
petencies in teaching in linguistically diverse classrooms is still a desideratum 
(Baumann 2017) .

The DaZKom-Video1 project aims at evaluating and improving learning op-
portunities for pre- and in-service teachers in teaching multilingual learners and 
developed a performance-oriented test instrument . The theoretical and assessment 
framework includes the GSL competence model and the paper-pencil-test of the 
previous project (DaZKom2) . To measure teachers‘ professional competencies and 
not solely capture teachers’ knowledge, but operate as closely to performance as 
possible, it is necessary to use performance-oriented test formats (Aufschnaiter 

1 The project DaZKom-Video: Performanznahe Messung von Deutsch-als-Zweit-
sprache-Kompetenz bei (angehenden) Lehrkräften (2017–2020) .

2 The previous project DaZKom (2012–2015) was funded by the German Federal Minis-
try for Education and Research (BMBF) (01PK11010A, 01PK11010B) .
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and Blömeke 2010) . Consequently, the test instrument uses video vignettes of 
teaching situations and asks for orally given responses that are then recorded .

This article examines the extent to which the developed performance-orient-
ed test instrument is suitable for capturing the construct of GSL competence . It 
evaluates different scaling models concerning the dimensionality of the GSL con-
struct . As indicators for convergent and discriminant validity, the correlations of 
the measured GSL competence and socio-demographic characteristics as well as 
GSL-related learning opportunities of test persons are examined in this study .

Concerning the terminology, this paper uses ‘teaching pupils with German as 
a second language (GSL)’ synonymously to ‘teaching multilingual learners’ and 
‘teaching in linguistically diverse classrooms’ . GSL competence therefore refers to 
the competency to teach multilingual learners/in linguistically diverse classrooms .

2 Theoretical Background

2.1 Structure of GSL Competence

A structural model of teachers´ GSL-competence served as the theoretical frame-
work and basis for the performance-oriented test development . This model was 
devised in a previous project on the basis of document analysis, followed by an 
expert rating (Ehmke and Hammer 2018; Köker et al . 2015) . Due to the premise 
that GSL competency is relevant for teaching all subjects in the mainstream class-
room, the model consists of different partial competencies which are important 
for subject content integrated language facilitation and dealing adequately with 
multilingualism. The model illustrates the question of how subject content can be 
taught in such a way that the linguistic needs of all pupils, especially those with 
German as their second language, are taken into account (Carlson et al . 2018) . In 
addition, the model depicts what teachers need to know to be able to act linguis-
tically responsive . This knowledge refers to linguistic aspects, for instance, with 
regard to the specificity of specialized texts, aspects of second language acquisi-
tion and multilingualism as well as the didactic aspects of lesson planning and 
implementation . Since GSL competence is considered a generic competence in all 
subjects, it always refers to subject content.

The structural model discerns three dimensions: subject-specific register, mul-
tilingualism, and didactics (Ohm 2018) . All dimensions are differentiated into 
subdimensions and further characterized by content-related facets .

The first dimension, subject-specific register, concerns language as a medi-
um for classroom interaction and understanding technical concepts as well as a 
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learning object. It is assumed that all subjects have their specific registers that are 
essential for the students’ knowledge construction and must therefore be taught 
explicitly in connection with subject contents (Schleppegrell 2004).

The second dimension, Multilingualism, includes the two subdimensions Sec-
ond Language Acquisition and Migration and focuses on the learning process 
(Ohm 2018) . To support the (GSL) students according to their individual language 
learning levels, teachers require knowledge about the development of students’ 
linguistic competence, for instance, regarding milestones of second language ac-
quisition . Second language learning resp . the increasingly differentiated use of 
linguistic registers occur in the context of multilingualism . At the same time, mul-
tilingualism refers not only to external but also to internal multilingualism, such 
as the use of dialects . Therefore, the second dimension considers both linguistic 
diversity in school and dealing with heterogeneity .

The third dimension, Didactics, includes the subdimensions formative assess-
ment in classrooms and language facilitation (Ohm 2018) and complements the 
first two dimensions. Based on knowledge about subject-specific registers and the 
specific characteristics of second language development, teachers plan and conduct 
their lessons . Consequently, the teaching process is at the focus of this dimension .

2.2 Indicators of Performance:  
Perception and Decision-Making

The situation-specific skills, perception and decision-making (Blömeke et al . 
2015), serve as indicators of performance in GSL-relevant teaching situations . In 
research on teacher professionalization, perception often is defined by referring to 
the concept of professional vision by Goodwin (1994) . He explains experts per-
ceiving meaningful situations in their domain of expertise more selectively than 
novices do, as experts´ perception has been trained to that effect in years of prac-
tice. Van Es and Sherin (2002) define two components of teachers´ professional 
vision: noticing and knowledge-based reasoning. While the first term describes 
the filtered selective perception, the second refers to the ability to draw conclusions 
based on the situations perceived (Es and Sherin 2002) . Therefore, experts are able 
to resort to their professional knowledge to classify the perceived into concepts 
and theories and react more precisely . In contrast, novices often deliver only a 
mere description of what they observed (Seidel et al . 2010) .

Professional competence consists of professional knowledge and individual 
abilities, as well as motivational, volitional and social aspects and is dependent 
on domain-specific requests of action (Weinert 2001; Baumert and Kunter 2006). 
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Lindmeier (2013) captures the ability of decision making as action-oriented com-
petency and thereby refers to the ability of teachers to use their professional knowl-
edge spontaneously and immediately in situations (ibid .; see also Kuhn et al . in 
this volume) .

The DaZKom-Video test instrument uses test items which pick up this theo-
retical structure. Video-stimuli present authentic teaching situations with specific 
perception and decision-making tasks to measure the German-as-a-Second-Lan-
guage competence of the (pre-service) teachers as closely to performance as pos-
sible . The video-vignettes were carefully chosen after reviewing many teaching 
situations (video and audio recordings) and were validated for their authenticity by 
experts of universities and teacher experts in schools .

3 Research Questions

Based on the theoretical framework, three research questions will be answered in 
this paper:

1 . How satisfactory is the DaZKom-Video test instrument ś psychometrical qual-
ity?

Based on the evaluation of data of a first pilot study (Lemmrich et al. 2019), it can 
be assumed that the data will have a good item fit to the Rasch-model. Additional-
ly, the discrimination in the first pilot study was satisfactory, even though the items 
were too difficult for the respective sample then.

2 . Which dimensional structure can be determined for the test instrument?

Considering the results of the paper-pencil test of the previous project (DaZKom) it 
can be assumed that the construct GSL competence is structured multidimension-
ally (Hammer et al . 2015), also in a performance-oriented test . However, taking 
the results of the first pilot study into account (Lemmrich et al. 2019), it is possi-
ble that the theoretically determined dimensions do not appear clearly separated . 
As the two-dimensional analysis (perception (1) and decision-making (2)) showed 
strong correlations between these two dimensions in the first pilot study (ibid.) we 
expect a similar result in the second pilot study . Referring to GSL competence, 
three dimensions can be determined based on the theoretical assumptions (sub-
ject-specific register (1), multilingualism (2), didactics (3), see DaZKom-Model in 
Köker et al . 2015, Ohm 2018; Section 2), which either appear as one-dimensional 
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or can be determined separately. In the first pilot study, results showed a medium 
correlation between dimension 1 and 3 and a low correlation between both of these 
and dimension 2 . As the present pilot study was carried out with a revised test 
instrument and a different sample including more in-service teachers than the first 
pilot study, the results are expected to clarify the dimensionality of the construct .

3 . Which correlations can be identified between the GSL competence of the test 
persons, the sociodemographic characteristics and learning opportunities?

The correlations examined give insight into the convergent and discriminant valid-
ity . We assume that test persons who had GSL-relevant learning opportunities are 
more likely to respond correctly . Additionally, experienced teachers are expected 
to pass the performance-oriented test more successfully than unexperienced teach-
ers or pre-service teachers .

4 Methods

4.1 Test Instrument

The project team collected data in a standardized way at four universities and 
six schools in four German federal states (Berlin, Lower Saxony, North-Rhine 
Westphalia, Hamburg). The conductors first introduced the test closely following 
a manual, covering both the test procedure as well as the test ś background . In 
their introductions, the conductors invariably pointed out the items´ GSL focus . 
Afterwards, the test persons took two of four sub tests . Each subtest contained 
four video stimuli . Headsets and tablets were provided to enable the participants to 
take the performance-oriented test independently . After watching an example item 
including a sample solution, eight  video-vignettes were shown, each followed by 
two items on the situation-specific skills perception and decision-making . The vid-
eo-vignettes used as prompts take 30 seconds to three minutes, each dealing with 
authentic, GSL-relevant teaching situations that were taken from different subject 
lessons at secondary school classes. Subjects are Mathematics, German, Ethics 
and Science . All situations were matched both to the dimensions and subdimen-
sions of the DaZKom-Model (Köker et al . 2015) . Their adequacy, GSL relevance 
and typicality for the chosen dimension were assessed and approved in expert 
ratings with N = 3 university experts in the field.

To best simulate the immediacy and spontaneity of teacher behavior in real 
situations and thereby achieve a higher ecological validity, only open-response 
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items on the test persons´ perception (What do you perceive?) and on their simu-
lated (re-)action (a . You are the teacher in this situation, how do you react word 
for word?, or b . How would you act in this situation if you were the teacher?) were 
used, each asking for an oral response using the headsets´ built-in microphones . 
To enable these kinds of open responses, the video vignettes usually closed with 
a student ś statement the test persons could react to . At last, the test persons took 
an additional questionnaire both on their learning opportunities and sociodemo-
graphic data (Section 4 .3) .

4.2 Coding Manual

The coding manual, required to measure difference in quality in the test persons´ 
responses reliably, was developed in a complex multi-step process . It included 
expert ratings (N = 6) with n = 3 researchers from the field (PhD and above) 
and n = 3 experienced teachers (different subjects, 30+ years of experience in 
schools while also working as instructors offering further training in GSL) . The 
experts were taken through the same procedure as the regular test persons: they 
first watched the video vignettes before giving oral responses to the items on 
their situation-specific skills, independently and without a project member being 
present . Their responses were audio-taped and afterwards used for a qualitative 
content analysis employed to identify codes (Nimz, Hecker & Köker 2018) . These 
codes were then ascribed to the scores 0, 1 and 2 in the project team. Based on 
this allocation, the actual item specific coding manuals were designed. Sever-
al rounds of optimization followed . The manuals were tested using data from 
the first pilot study conducted in Germany (N = 137; n = 40 in-service teachers, 
n = 83 pre-service teachers, n = 11 scientists) . All responses were double coded 
by two independent raters. During the rating, doubtful cases were identified and 
discussed in the project team, more anchors added and necessary adjustments to 
the manuals made . Finally, the team achieved a satisfactory interrater agreement 
(Cohen ś Kappa κ = .76). The final manuals include closed descriptions of the 
values in addition to many anchors . In the process of scoring the responses, only 
the best aspects in every response count, the rest is not taken into account . A 
maximum of two points can be reached in each item . For the analysis performed 
in this study, code 2 and code 1 were merged into code 1 .
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4.3 Additional Questionnaires:  
Sociodemographic Data and Learning Opportunities

After giving their oral responses, the test persons filled in additional question-
naires on sociodemographic characteristics and learning opportunities. The first 
questionnaire presented questions on gender, subjects of studies, teaching experi-
ence, etc . (6 items) . The learning opportunities questionnaire contains two scales: 
One scale of 16 items on GSL-relevant topics that the test persons might have 
discussed in their studies/teacher training (α = 0 .91; Ehmke and Lemmrich 2018) . 
Furthermore, it contains a scale of eight items (α = 0 .83, ibd .) on GSL-relevant 
actions the test persons might have taken before in their learning contexts (e .g . 
studies, further teacher training, etc.). Both scales use a five-point Likert scale ((1) 
never (2) in one session, (3) in in several sessions, (4) in a module, (5) in several 
modules . Additionally, there were three single items that aimed for answers on 
GSL-specific teaching experience, additional qualifications and experience in re-
search in the field of teaching multilingual learners.

4.4 Sample

The sample size of this study was N = 184 test persons, 79 % female and 21 % 
male; 51 .2 % were pre-service teachers (teacher students) from German univer-
sities and 39 .6 % were in-service teachers from different areas of Germany and 
different types of schools; 8 .2 % were “other”, such as scientists, teacher educators 
and students of other disciplines . The test persons studied/taught different kinds 
of subjects (Math, German, English, Physics, Biology, Chemistry, Geography, So-
cial Studies/Science, History, Music, Arts, Religion, Politics, Sports); 25 .6 % had 
additional qualifications in the field of GSL/teaching multilingual learners (e.g. 
GSL-certificate); 88.6 % had German as their first language, while 11.4 % of the 
test persons had a different first language, which mostly were Turkish (3.8 %) and 
Russian (1 .6 %) .

4.5 Statistical Procedure

The collected data (coding of the DaZKom-Video test, sociodemographic data 
and learning opportunities) were analyzed with SPSS 25 (IBM 2018), including 
frequencies and information on the sample . The psychometric analysis of items 
and scales was carried out in ConQuest (Adams et al . 2015) on the basis of the 
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Rasch-model (Rost 2004) . The GSL competence of the test persons was deter-
mined with the Weighted Likelihood Estimates (WLEs) . WLEs take two factors 
into account: Firstly, the correct reply to an item depending on the respondents’ 
abilities (in this case GSL competence); secondly, the item difficulty (Wilson 
2005) . Hence, the WLE does not map the actual responses of the test persons, but 
the probability of a correct answer based on the test persons´ skills and the item 
difficulty (ibid.). To examine the dimensionality of the construct GSL-competence, 
a one, a two and a three-dimensional model were estimated with ConQuest.

5 Results

5.1 Psychometric Quality

Table 1 shows the results of the IRT-Scaling. The first criterion for psychometric 
quality is the item fit based on the Rasch-model, which is very good (1.0 < MNSQ3 
< 1.25; OECD 2005). A few items show a lower item fit (Min = 0 .88; Max = 1 .10), 
but at least the maximum item fit is located within the satisfactory range. The sec-
ond criterion is discrimination, which indicates how reliable the instrument distin-
guishes between test persons with high and low ability estimates . Three items that 
showed a discrimination of under 0 .3 were excluded from all analysis . Thereafter, 
the average discrimination of all items was satisfactory (M = 0 .43; SD = 0 .09) . 
The overlap of the average item difficulty (M = 0 .88; SD = 0 .78) and the respond-
ents’ abilities (M = 0 .00; SD = 1 .08) is not fully satisfactory yet . Therefore, the 
items either are too difficult or the respondents’ abilities not sufficient enough. The 
EAP-reliability of the one-dimensional scaling amounts α = 0 .62 .

3 Weighted Meansquare Fit Statistics (MNSQ): indicates if the expected and the obser-
ved likelihood to respond correctly relate .
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Table 1 Item and scale indices

M SD Min Max
Weighted fit MNSQ 1 .00 0 .05 0 .88 1 .10
Discrimination 0 .43 0 .09 0 .30 0 .58
Item difficulty 0 .88 0 .78 -0 .53 2 .79
WLE 0 .00 1 .08 -2 .87 3 .28

5.2 Verification of Dimensions

The dimensionality of the test instrument was tested with one-, two- and three- 
dimensional IRT models. Table 2 shows the fit-indices of the comparison of the 
three models: the deviance, the AIC, BIC and the CAIC . All four of them are cri-
teria that give information about the goodness of fit of the estimated model. They 
take into account the empirical data as well as the model (Moosbrugger and Kela-
va 2007, p . 390) . All these criteria should be as low as possible (ibid .) . The BIC and 
the CAIC are at the lowest level for the one-dimensional model . The deviance and 
the AIC are at lowest for the three-dimensional model . The construct GSL com-
petence therefore is likely to be a one-dimensional or three-dimensional construct 
rather than a two-dimensional construct . The reliability of the three-dimensional 
model was not satisfactory due to a very low number of items per dimension . The 
following analyses therefore are operated with data of the one-dimensional model .

Table 2 Comparison of dimensions

N Parameter Deviance AIC BIC CAIC
1-dimensional 176 30 2606 2666 2761 2791
2-dimensional 176 32 2607 2671 2773 2805
3-dimensional 176 35 2585 2655 2766 2801

Looking at the two-dimensionally modeled construct, the two assumed dimensions 
perception and decision-making (Section 2 .2) highly correlate (r = 0 .97, Figure 1) . 
It therefore can be assumed that the construct GSL competence is not separable 
into these two dimensions . The three-dimensional modeled construct (Section 2 .1) 
shows moderate correlations: dimension 1 (subject specific register) and dimen-
sion 2 (multilingualism) correlate by r = 0 .46, dimension 2 and 3 (didactics) by 
r = 0 .51 and dimension 1 and 3 by r = 0 .55 . This result indicates that these three 
theoretical dimensions could be separated within the construct GSL competence .

Lemmrich, S., Hecker, S.-L., Klein, S., Ehmke, T., Koch-Priewe, B., et al.



1352.6 Linguistically Responsive Teaching in Multilingual Classrooms  

Figure 1 Comparison of models

5.3 Correlations between GSL Competence, Personal  
Characteristics and Learning Opportunities

Table 3 shows correlations between sociodemographic characteristics and GSL- 
relevant learning opportunities with the weighted likelihood estimates (WLE) . 
There is no statistically significant difference between the female and male test 
persons probability to response correctly . The results show a tendency that test 
persons with German as their first language are more likely to respond correct-
ly, even though the effect is statistically non-significant. Teachers’ responses are 
more often correct than those of students’ (pre-service teachers) . This effect is con-
firmed by the statistically significant correlation of teaching experience with the 
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WLE. Also, test persons who have a GSL-certificate, which is a specific qualifica-
tion for teaching multilingual learners, are more likely to respond correctly than 
those without . Lastly, learning opportunities (sum score of both scales) correlate 
with the WLE: The more GSL-relevant learning opportunities test persons had, 
the more likely they were to respond correctly .

Table 3  Correlations between the results of the DaZKom-Video-test and sociodemo-
graphic data

WLE
Gender (male = 0; female = 1) 0 .14
Status (teacher student = 0; teacher = 1) 0 .04
GSL – certificate1) (no = 0, yes = 1) 0 .20**
Teaching experience GSL2) (no = 0; yes = 1) 0 .16*
Research GSL3) (no = 0; yes = 1) 0 .09
Scale GSL-learning opportunities4) 0 .18*

* The correlations are statistically significant at a level of .05 (two-sided).
** The correlations are statistically significant at a level of .01 (two-sided).
1)  additional certificate that proves the attendance of a specific course on teaching students 

with German as a second language
2)  experience in teaching students with German as a second language
3)  research experience in the field of German a s a second language/teaching multilingual 

learners
4)  learning opportunities in the field of German a s a second language/teaching multilingual 

learners

6 Discussion and Outlook

This study has been carried out to evaluate the psychometric quality and the di-
mensionality of the performance-oriented test instrument . Additionally, correla-
tions of GSL competence with sociodemographic data and learning opportunities 
were examined . The main results were the following:

1 . The test instrument shows a good fit to the Rasch-model. Three items were ex-
cluded from the test due to a low discrimination value (< 0 .3) . The discrimina-
tion was satisfactory. At the same time, the test did not fit perfectly to the ability 
of the test persons, which indicates that the items were too difficult.

2 . The dimensional analyses showed the best model fits for the one-dimensional 
and the three-dimensional models . The three-dimensional structure represents 
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the theoretical structure of the GSL assessment framework . The two dimen-
sions of perception and decision making could not be separated statistically 
from each other .

3 . The correlations between the WLE of the test persons concerning GSL compe-
tence and the sociodemographic data/learning opportunities indicate a higher 
likelihood of responding correctly for test persons who are experienced teach-
ers . Teaching experience as well as more learning opportunities correlated sta-
tistically significant with the WLE.

The psychometric analysis showed that some items were still too difficult for the 
test persons. However, compared to the first pilot study (Lemmrich et al. 2019), the 
item fit increased. After the first evaluation, the test instrument was revised: Stim-
uli that did not work were excluded and more context information was added to in-
crease the specificity of the situations. Additionally, the current sample consists of 
half students (pre-service teachers) and half teachers, whereas the first pilot study 
was carried out with a majority of students, who are less experienced than teachers 
and therefore not as likely to perform successfully in a performance-oriented test 
instrument (Section 2) .

Concerning the dimensionality of the construct, there is no evidence for a 
two-dimensional construct . Perception and decision-making cannot be deter-
mined separately for the construct. This result is in line with results of a first pilot 
study (Lemmrich et al . 2019) and is compliant with theories of cognition psy-
chology as well as other studies on professional vision and performance (Niesen 
2018; Hommel et al . 2019) . Another possible explanation for the results is the fact 
that the items corresponding to either perception or decision-making both demand 
answers that are based on one and the same video vignette . The results indicate a 
one-dimensional construct in a performance-oriented environment. However, in 
the three-dimensional modeling (three dimensions of GSL competence: subject 
specific register, multilingualism and didactics; Section 2), the three dimensions 
show only medium correlations, which indicates that a differentiated analysis 
might be reasonable . Further analysis and evaluation will examine the dimension-
ality in detail with the final test instrument and a larger sample with a higher 
number of teachers . The standardization study will examine a sample of N = 300 
(Nteachers = 150) with a revised test instrument (12 final video vignettes in one test 
version) .

Looking at the correlations of GSL-competence with sociodemographic data 
and learning opportunities, the results comply with the theoretical background . 
Experience and learning opportunities correlate with the WLEs of the test per-
sons: test persons with teaching experience as well as with additional qualifica-
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tions in the field of GSL or learning opportunities are more likely to respond cor-
rectly to the items .

The instrument contains 16 vignettes that show very short teaching examples . It 
therefore offers only a selection of possible contexts and cannot portray the broad 
variety and complexity of everyday teaching situations . This study aimed at eval-
uating the psychometric quality and dimensionality of the test instrument and did 
not analyze descriptive values . Future studies (with an equally high psychometric 
quality) will take this into account and identify GSL-relevant learning opportuni-
ties to then comprehensively train teachers in this field and prepare them optimally 
to teach in linguistically diverse classrooms .
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2.7 
Effects of Early Childhood Teachers‘ 
Mathematics Anxiety on the Development 
of Childrens‘ Mathematical Competencies

Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and  
Blömeke, S.

Abstract

Children develop their mathematical competencies already during their early 
years . Therefore, effective learning environments provided by early childhood 
teachers are required . Early childhood teachers’ professional competence in 
mathematics is assumed to consist of different facets such as mathematical con-
tent knowledge and affective-motivational dispositions . Mathematics anxiety 
appears to be a common phenomenon amongst early childhood teachers and 
it is assumed that children educated by high math anxious teachers develop 
less mathematical competencies . To test this assumption, n = 48 early child-
hood teachers were tested regarding their mathematics anxiety and mathemat-
ical content knowledge and n = 362 corresponding children were tested twice 
within eight months regarding their mathematical competencies . Results indi-
cate that children gain mathematical competencies over the eight-month peri-
od and that early childhood teachers’ knowledge and anxiety in mathematics 
are negatively related . However, no effects of teachers’ knowledge or anxiety 
on children’s mathematical development were found . The discussion considers 
methodological implications and emphasizes limitations with respect to differ-
ences between the preschool context and primary or secondary school contexts .
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1 Introduction

The importance of early education in mathematics for children’s competence de-
velopment cannot be neglected and is of growing interest in research (Linder and 
Simpson 2017) . Developing children’s mathematical competence requires struc-
tured and systematic learning environments (Benz et al . 2016) . Early Childhood 
Education and Care (ECEC) institutions intend to provide such mathematical 
learning environments; however, to succeed in this respect pedagogical profes-
sionals need mathematics-related knowledge regarding teaching mathematics, for 
example knowledge about designing effective learning environments, as well as 
regarding mathematical content domains (Tsamir et al . 2014; Bents et al . 2016;
Dunekacke et al . 2016) .

Studies revealed positive effects of ECEC institutions on the cognitive devel-
opment of children in mathematics (Ulferts and Anders 2016) . However, the role 
of ECEC teachers’ emotions and to what extent they may promote or hinder chil-
dren’s competence development has not yet been examined . Emotions have an im-
pact on learning mathematics in various ways (Schukajlow et al. 2017): Emotions 
directly and indirectly affect (mathematical) learning (Pekrun 2006), they mediate 
the transmission of mathematics knowledge to everyday life situations (Jansen et 
al. 2016), and they influence teachers’ instructional strategies (Frenzel et al. 2017). 
Affective-motivational dispositions are conceptualized as inherent parts of early 
childhood teachers’ professional competence (e .g ., Tsamir et al . 2014) . However, 
early childhood teachers’ emotions related to mathematics and their effects on 
children’s learning of mathematics have yet to be examined . This is the purpose of 
the present longitudinal study carried out in the Pro-KomMa project.1

1 Pro-KomMa (Professionalization of Early Childhood Teacher Education) is a is a col-
laborative research project of Humboldt-Universität zu Berlin, Freie Universität Berlin 
and Alice Salomon University of Applied Sciences within the German research pro-
gram Modeling and Measuring Competencies in Higher Education – Validation and 
Methodological Innovations (KoKoHs), funded by the Federal Ministry of Education 
and Research (BMBF) .
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2 Children’s Mathematical Development in ECEC

Children start to acquire mathematical competence long before entering primary 
school (Benz et al . 2016) . This mathematical development is assumed to happen 
constantly and children differ substantially at the end of preschool in their mathe-
matical competence (Gervasoni and Perry 2015) . Early mathematical competencies 
in the content domain “numbers and quantity” strongly predict later achievement 
in mathematics (Krajewski and Schneider 2009; Nguyen et al. 2016). Although a 
variety of mathematical content domains can be regarded as relevant for ECEC 
(Clements and Sarama 2011), theories and research have therefore strongly focused 
on the domain “numbers and quantity” (Dunekacke et al . 2018) .

These competencies are characterized through “logical operations”, such as 
one-to-one assignments, invariance or part-whole relationships (Piaget and Sze-
minska 1975), a developing concept of numbers, for instance, reading and writing 
numbers (Clements and Sarama 2011) or, for example, through specific counting 
principles such as the cardinal principle (Gelman and Gallistel 1978) . In particular, 
the link between numbers and quantities through a developing mathematical set is 
assumed to be a crucial factor (e .g ., Resnick 1989) . Consequently, current models, 
like the model by Krajewski regarding the development of the number concept, 
highlight the cognitive connection between quantities and numbers for children’s 
mathematical development (Krajewski and Schneider 2009). With respect to this 
model, children show firstly basic mathematical competencies like seeing differ-
ences in size or knowing numerals . In the next stage, children link numerals with 
quantities (representation of sets) and relate quantities (e .g ., part-whole relations) 
and, finally, they are able to compose and decompose numbers or form differences 
of specific numbers. The Pro-KomMa assessment of children’s development in 
mathematics follows this model (Section 3 .5) .

Studies about learning mathematics through ECEC emphasize the importance 
of interactions between early childhood teacher and child (Doctoroff et al . 2016; 
Trawick-Smith et al . 2015) . In particular, early childhood teachers’ professional 
competence is expected to be highly important for children’s acquisition of math-
ematics (Tirosh et al . 2011) .

3 Early Childhood Teachers’ Professional Competence

Professional competence can be conceptualized as a conglomerate of different di-
mensions: cognitive dispositions (knowledge), affective-motivational dispositions 
(e.g. beliefs and emotions), situation-specific skills (e.g. perception, interpretation, 
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decision-making), and observable performance (Blömeke et al . 2015a) . Specif-
ic models concerning early childhood teachers also claim these different facets . 
Tsamir et al . (2014) highlight affective-motivational orientations (math-related 
self-efficacy) besides cognitive dispositions as the core of early childhood teach-
ers’ professional competence . Gasteiger and Benz (2018) propose a complex mod-
el, which can be considered an application and advancement of the competence 
conceptualization of Blömeke et al . (2015a) . Besides different kinds of knowledge 
facets, the authors describe a cluster of attitudes, beliefs, and motivational orien-
tations; a concrete description and opertionalization, however, lacks . Other frame-
works highlight performance-orientated competencies of early childhood teachers 
besides knowledge (e .g . Ginsburg et al . 2008; Clements and Sarama 2011) .

The Pro-KomMa framework that underlies the present study can be situated 
alongside the models by Blömeke et al . (2015a) and Gasteiger and Benz (2018) . 
One of its major assumptions is a significant relation between early childhood 
teachers’ affective-motivational dispositions (e .g . math-related emotions, such as 
anxiety) and their mathematics-related knowledge. Another major assumption is 
that these in turn affect the development of children’s mathematical competence 
(Jenßen et al . 2016) .

3.1 Mathematics Anxiety

Mathematics anxiety can be described as a negative emotional response to math-re-
lated requirements in a variety of situations, such as in daily life or in academic sit-
uations (Cooke et al . 2011), which in turn leads to low achievement in mathematics 
(Ma 1999) . Thus, it can be understood as an achievement emotion (Pekrun 2006) . 
Mathematics anxiety is assumed to consist of different facets: The affective facets 
consist of feelings of fear of mathematics (primary emotional response) and feel-
ings of helplessness, anger, and shame (secondary emotional response) (Buxton 
1982; Cherkas 1992) . The cognitive facet can be described as beliefs about one’s 
own failure in mathematics and about mental blocks when working on math-relat-
ed tasks (Hunt et al . 2014) .

People who suffer from mathematics anxiety often report of physiological 
symptoms such as inner tension, transpiration, and higher muscle tonicity (Hem-
bree 1990) . In sum, mathematics anxiety seems to be a negative state that one 
wants to avoid . Consequently, the typical behavioral tendency coinciding with 
mathematics anxiety is the avoidance of math-related situations (Chang and 
Beilock 2016) . People who report higher levels of mathematics anxiety also tend 
to avoid math-related tasks (Chipman et al . 1992) . Although there is a lack of re-
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search directly examining such consequences of math anxiety in ECEC teacher, 
studies reveal that early childhood teachers show lower self-confidence in creating 
mathematics learning environments and avoid math-related situations in the daily- 
preschool context (Bates et al . 2013) .

Biological (e .g . genetics), psychological (e .g . introverted personality), social (e .g . 
negative parenting style), and pedagogical factors (e .g . lack of adequate mathemat-
ics education or right-or-wrong conceptions of mathematics at school) determine 
the development of mathematics anxiety (Ramirez et al . 2018) . In accordance with 
Pekrun’s Control-Value theory (Pekrun 2006), it can be assumed, that mathematics 
anxiety develops in light of two main appraisals: The value appraisal describes 
the importance of a domain, in this case mathematics, while the control appraisal 
describes the resources in a domain needed to meet a challenge (mainly cognitive 
resources, e .g . knowledge to solve mathematical tasks) .

According to Benz (2012) and Thiel (2010), the majority of early childhood 
teachers in Germany reports positive beliefs regarding the importance of math-
ematics for everyday life and early education . However, positive beliefs about its 
importance do not necessarily result in positive emotions regarding mathematics . 
Positive beliefs about the importance of mathematics (value appraisal in terms of 
Control-Value theory) while believing in one’s own low mathematical competence 
(control appraisal in terms of Control-Value theory) can in contrast result in math-
ematics anxiety .

It is important to consider that the majority of early childhood teachers are 
female, and mathematics anxiety is generally more prevalent in females than in 
males (Stoet et al . 2016) . Mathematics anxiety is a common phenomenon in ear-
ly childhood teachers (Bates et al . 2013; Gresham 2008; Gresham and Burleigh 
2018) . Besides primary school teachers, early childhood teachers describe them-
selves more often as anxious about mathematics than other pedagogical profes-
sionals do (Ginet et al . 2018) . Younger pre-service early childhood teachers es-
pecially report more often to be anxious about mathematics (Thiel and Jenßen 
2018) . However, mathematics anxiety seems to not differ between pre-service and 
in-service early childhood teachers during their career entry (Gresham 2018) . In 
contrary, some studies reveal that in-service early childhood teachers report even 
higher levels of mathematics anxiety (Aslan 2013) . With respect to potential con-
sequences, pre-service early childhood teachers with higher levels of mathematics 
anxiety show lower content knowledge in all mathematical domains (Jenßen et al . 
2015a; Thiel and Jenßen 2018) .
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3.2 Early Childhood Teachers’ Mathematics  
Content Knowledge

According to Shulman (1986), the cognitive disposition of teachers’ professional 
competence can be differentiated into mathematics content knowledge (MCK), 
mathematics pedagogical content knowledge (MPCK), and general pedagogical 
knowledge (GPK). Usually, research on ECEC in the field of mathematics focuses 
on MPCK . However, an increasing number of studies revealed that MCK is im-
portant for perceiving situations from a mathematical point of view, for planning 
math-related activities (Dunekacke et al . 2015), and for performing adequately in 
math-related situations (Ginsburg and Ertle 2008; Klibanoff et al . 2006; see also 
Kaiser and König; and Kuhn et al . in this volume) .

In theories and research concerning early education in mathematics, there is 
a long-standing debate about the nature of MCK needed for fostering children’s 
mathematical competence (Ginsburg and Ertle 2008; Gasteiger and Benz 2018) . 
Descriptions of MCK reach from rather school-orientated definitions (e.g. Tsamir 
et al . 2014) to conceptualizations of early childhood teachers’ implicit MCK (e .g . 
Gasteiger and Benz 2018) . However, all frameworks emphasize the importance of 
MCK for children’s mathematical development .

Bäckman and Attorps (2012) postulate the awareness of content in mathemat-
ics . Early childhood teachers like other pedagogical professionals in mathematics 
have to know mathematics in depth and breadth . Depth of MCK describes the 
cumulative nature of mathematics, while breadth of MCK describes knowledge 
about the different mathematical domains . From the perspective of breadth, MCK 
can be described along the four mathematical domains “numbers, sets, and oper-
ations”, “shape, space, and change”, “quantity, measurement, and relations”, and 
“data, combinatorics, and chance” . This conceptualization that also underlies the 
Pro-KomMa project seems to be internationally valid, when comparing curricula 
from Germany and the U .S ., for example (Jenßen et al . 2013) .

However, regarding depth MCK seems to have a low value during early child-
hood teachers’ training in Germany (Blömeke et al . 2017) . As mathematics anxiety 
and MCK interact, reciprocal effects can be assumed (Carey et al . 2016): lower 
MCK may result in higher anxiety towards mathematics (and vice versa) . Due to 
the hypothesized interaction of MCK and math anxiety, it is necessary to control 
for their MCK to analyze effects of early childhood teachers’ mathematics anxiety .
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3.3 Effects of Early Childhood Teachers’ Math Anxiety  
and MCK on Children’s Development

Research on mathematics anxiety highlights the transmission of adults’ (e .g . par-
ents or teachers) math anxiety to children (Herts et al . 2019) . Consequences of 
teachers’ mathematics anxiety for students are broadly discussed . High levels of 
mathematics anxiety are assumed to lead to high levels of mathematics anxie-
ty and lower levels of mathematics knowledge in their students (Bekdemir 2010; 
Chang and Beilock 2016; O’Leary et al . 2017) . In particular, transmissive models 
concerning emotions of teachers via their corresponding instructional behavior 
to their students, such as less process-orientated teaching strategies, might be 
an explanatory factor as well as children’s perception of teachers’ negative be-
liefs regarding the nature of mathematics (Hadley and Dorward 2011; Ramirez 
et al . 2018; Herts et al . 2019; 2003Frenzel et al . 2017) . The transmissive power of 
math-specific beliefs or gender stereotypes in adult-child-interactions may be also 
explanatory factors (Herts et al . 2019) .

So far, the assumed link between teachers’ high level of mathematics anxiety 
and students’ low level of mathematics achievement could only be validated em-
pirically for primary and secondary school teachers (Beilock et al . 2010; Hadley 
and Dorward 2011; Ramirez et al . 2018)their math anxiety carries negative con-
sequences for the math achievement of their female students . Early elementary 
school teachers in the United States are almost exclusively female (>90 % . Within 
the context of ECEC, many factors regarding early childhood teachers due to 
higher math anxiety could be theoretically assumed as explanations for children’s 
potentially lower achievement in mathematics: Negation of the importance of 
mathematics in ECEC, underestimation of mathematics activities in preschool, 
resulting in lower mathematics content knowledge, avoidance of math-related 
situations and/or transmission of negative thoughts and feelings in interactions . 
The opportunity for avoidance of math-related situations might be particularly 
prevalent within the informal learning context of ECEC . With respect to early 
childhood teachers, with the exception of one study that is characterized by meth-
odological problems (Aslan et al . 2013), no empirical validation of a transmission 
assumption regarding math anxiety exists. Our longitudinal study is the first of 
its kind .

While effects of teachers’ MCK on children’s achievement can be found for pri-
mary school (e .g . Hill et al . 2005), empirical studies for early childhood teachers 
are lacking, with the exception of a few qualitative studies (Tirosh et al . 2011) . Al-
though limited generalization these studies indicate that it might be an advantage 
for children’s mathematical development if their ECEC teachers dispose of rich 
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MCK . Although MCK mainly serves as a control variable in our study, it will be 
possible to examine this relationship as a side effect .

3.4 Research Questions and Hypothesis

The present longitudinal study investigates whether early childhood teachers’ 
mathematics anxiety shows effects on children’s mathematical development . 
Teachers’ MCK is included in the model to control for cognitive dispositions of 
professional competence . In line with the transmission theory, we hypothesize that 
ECEC teachers’ mathematics anxiety has a negative effect on children’s mathe-
matical development (H1) . Derived from theoretical assumptions and empirical 
studies, we hypothesize in contrast that their MCK has a positive effect (H2) . As 
indicated by the state of research, we assume a negative relation of medium size 
between mathematics anxiety and MCK (H3) . As research on direct effects of ear-
ly childhood teachers’ emotion on children’s mathematical development is scarce, 
we refrain from hypothesizing the size of potential effects .

3.5 Instruments

To assess early childhood teachers’ MCK, the KomMa-MCK-Test (Blömeke et al . 
2015b) was used . The test consists of 24 items covering four mathematical domains 
of early education (numbers, sets, and operations; shape, space, and change; quan-
tity, measurement, and relations; data, combinatorics, and chance) . Each domain 
consists of six items in multiple-choice and open-response format . The test has 
been validated in multiple studies regarding content (Jenßen et al . 2015b), structure 
(Blömeke et al . 2015b), and relation to other variables, such as learning oppor-
tunities during early educators’ training (Blömeke et al . 2017), beliefs (Duneka-
cke et al. 2016), situation-specific perception (Dunekacke et al. 2015), and general 
cognitive abilities (Blömeke and Jenßen 2017) . Figure 1 shows an example of a 
multiple-choice item concerning the domain “data, combinatorics, and chance” .
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Figure 1 Example item from the KomMa-MCK-Test (translated)

Mathematics anxiety was assessed using the Mathematics Anxiety Scale – Re-
vised (MAS-R) (Bai et al . 2009) . The questionnaire contains 14 items of which 
six are positive statements (e.g. “I find math interesting”) and eight are negative 
statements (e .g . “Mathematics makes me feel nervous .”) . Answers had to be rated 
on a five-point Likert scale ranging from “totally agree” to “totally disagree.” Pos-
itive statements have to be inverted so high scores indicate higher anxiety towards 
mathematics. Bai et al. state that negative statements of the assessment reflect the 
affective facet of mathematics anxiety and the (later inverted) positive statement 
reflect the cognitive facet. In the past, MAS-R was used to assess pre-service early 
childhood teachers’ mathematics anxiety in different research contexts including 
Germany (Jenßen et al . 2015a; Thiel and Jenßen 2018) and can be consider valid 
concerning relations to other variables and factorial structure (Bai et al . 2009) .

A standardized assessment well-established in Germany was used to test chil-
dren’s mathematical achievement (Test mathematischer Basiskompetenzen im 
Kindergarten, MBK 0; Krajewski 2018). The test is based on Krajewski’s model of 
the development of children’s quantity-number competencies (Krajewski and Sch-
neider 2009) and considers three major areas: number meaning, sets of numbers, 
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and number relations . Tasks contain typical procedures of children’s mathematical 
activities such as counting forward, naming numerals, ordering numbers, and com-
paring quantities . The test can be predominantly applied for below average and 
average areas on the achievement continuum .

3.6 Participants and Procedure

N = 362 children were tested twice within approximately 8 months in their regular 
preschool context. The children’s mean age at the first time-point of assessment 
on the MBK 0 was M = 1633 days, respectively 4 .5 years, (SD = 311 days) and 
56 % of the participating children were girls . The MBK 0 was administered by two 
trained university students . About 8 children were grouped with one early child-
hood teacher (M = 7.5), whereby only one early childhood teacher was related to 
one preschool, respectively to one group of children .

About 1 .5 months before the second test administration, n = 48 early child-
hood teachers’ MCK and mathematics anxiety were assessed via an online-based 
assessment . The teachers’ mean age was M = 33 years (SD = 9 .3) . One item of the 
KomMa-MCK-Test concerning “shape, space, and change” had to be excluded for 
online assessment because of technical difficulty (the open-response item required 
the drawing of a cuboid, which was not technically possible). The majority of the 
early childhood teachers were female (91 .7 %) and all teachers were career entrants 
with five years’ experience at a maximum. Teachers received monetary incentives 
for their participation .

3.7 Data Analysis

A two-level change model for two measurement occasions was specified for data 
analysis . In Figure 2, (intercepts within) represents the children’s scores on the 
MBK 0 on the first measurement occasion and (slopes within) represents the chil-
dren’s change on the MBK 0 from time-point 1 to time-point 2 . As children are 
nested within teachers, (intercepts between) represents average scores of the chil-
dren within a group at the first measurement occasion and (slopes between) repre-
sents the group-specific change of the children’s performance on the teacher level.

The group-specific change of the children’s performance is regressed on math 
anxiety as well as on MCK which were assessed on the teacher level . Both var-
iables were standardized on the teacher level in the analysis to allow for a com-
parison of the effects on the group-specific change and to provide a meaningful 
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interpretation of the intercepts on the teacher level . In addition, the covariance 
between MCK and math anxiety were modelled .

Figure 2 Two-level change model for two measurement occasions

MBK0-t1: MBK 0 scores on the first measurement occasion. MBK0-t2: MBK 0 
scores on the second measurement occasion . MCK: Teachers’ mathematical con-
tent knowledge . MA: Teacher’s math anxiety .

The data were analyzed with the software MPlus (Muthén and Muthén 1998–
2017), version 8 .3 . As the data contained a large amount of missing values, only 
126 cases contained no missings (Table 1), full information maximum likelihood 
estimation (FIML) was used . In addition, a sensitivity analysis was conducted us-
ing multiple imputation using the unrestricted H1 model to control if the results 
were stable across different analysis conditions . 100 Imputation datasets and ro-
bust maximum likelihood estimation (MLR) were used .
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4 Results

For n = 30 early childhood teachers MCK scores were available . Scores of the 
KomMa-MCK-Test can range from 0 to 23 points . On average, teachers reached 
12 .9 points (SD = 6.04, min = 1, max= 22) . The MAS-R scores can range from 
14 to 70 points . Mathematics anxiety scores were available for n = 28 teachers 
(M = 40.4, SD = 11.00, min = 16, max = 61) .

Table 2 shows the results of the analysis . With FIML-estimation, the estimated 
average score of the children on the MBK 0 at the first measurement occasion 
is  = 14 .4 (p <  .001). On average, the children’s groups gained 8 points on the MBK 
0 from measurement occasion 1 to measurement occasion 2 (p <  .001) . The mini-
mum score achievable on the MBK 0 is 0 points, the maximum score is 44 points .

When using FIML estimation, the estimated effect of math anxiety on the chil-
dren’s groups’ gain-scores is negative and statistically significant (= 1 .4; p =  .04), 
as hypothesized (H1): with a self-reported increase in ECEC teachers’ math anxi-
ety of one standard deviation (11 points on the math anxiety scale), their children 
group’s gains were reduced by expected 1 .4 points compared to a group with an 
ECEC teacher of similar MCK .

In contrast to our hypothesis (H2), there was no significant effect of MCK on 
the children’s groups’ development (= -1 .128; p =  .198) when controlling for math 
anxiety . Together, math anxiety and MCK explain 28 .6 % (p =  .181) of the variance 
in the children’s groups’ gain scores . However, the variance explained is statisti-
cally not significant.

In line with our hypothesis (H3), the covariance of math anxiety with MCK 
on the between level is negative (= -0 .51; p < .028) and statistically significant, 
indicating that teachers with a high level of math anxiety are more likely to have 
lower MCK . The respective estimated correlation between math anxiety and MCK 
is = - .50 and thus quite strong .

The estimates using multiple imputation are relatively similar to those obtained 
by FIML estimation . However, the estimated effect of math anxiety on the chil-
dren’s performance is statistically not significant (= -1 .1; p =  .265) (H1) . The esti-
mated effects for the expected average gain of the children on the MBK 0 (= 7 .7; 
p <  .001) and the negative covariance between math anxiety and MCK (= -0 .49; 
p =  .048) with a respective correlation of = - .47 remain robust across analysis 
methods . One reason for the divergence between the FIML- and multiple impu-
tation analyses could lie on a large amount of missing data . Multiple imputation 
considers the uncertainty induced by the missing data and, thus, the method may 
result in slightly different estimates as well as, in some cases, slightly larger stand-
ard errors as compared to FIML estimation .
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Table 2  Estimated unstandardized model coefficients for full information maximum 
likelihood (FIML) and multiple imputation (MI)

FIML-Esti-
mate (SE) 

FIML 
p-value

MI-Esti-
mate (SE)

MI p-Value Rate of 
Missings

Within Level
SW with IW -18 .099 

(4 .803) 
< .001 -19 .168 

(5 .805)
< .01  .556

Variances
IW 79 .174 

(8 .991)
< .001 78 .413 

(8 .364)
< .001  .077

SW 47 .234 
(5 .430)

< .001 49 .642 
(6 .265)

< .001  .575

Between Level
IB on Math Anxiety -0 .118 

(1 .766)
 .947 0 .625 

(2 .068)
 .762  .566

IB on MCK 1 .743 
(2 .261)

 .441 2 .037 
(2 .065)

 .324  .477

SB on Math Anxiety -1 .389 
(0 .687)

 .043 -1 .083 
(0 .972)

 .265  .486

SB on MCK -1 .128 
(0 .876)

 .198 -0 .793 
(1 .069)

 .458  .536

SB with IB -4 .209 
(6 .440)

 .513 -5 .050 
(7 .532)

 .503  .405

Math Anxiety with 
MCK

-0 .506 
(0 .230)

 .028 -0 .490 
(0 .248)

 .048  .547

Means
Math Anxiety 0 .095 

(0 .186)
 .612 0 .070 

(0 .193)
 .716  .436

MCK -0 .003 
(0 .196)

 .987 -0 .005 
(0 .184)

 .977  .352

Intercepts
IB 14 .425 

(1 .372)
< .001 14 .521 

(1 .390)
<0 .001  .063

SB 7 .951 
(0 .626)

< .001 7 .715 
(0 .804)

<0 .001  .419

Variances
Math Anxiety 0 .995 

(0 .261)
< .001 1 .014 

(0 .320)
<0 .01  .605

MCK 1 .035 
(0 .186)

< .001 1 .053 
(0 .251)

<0 .001  .480
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FIML-Esti-
mate (SE) 

FIML 
p-value

MI-Esti-
mate (SE)

MI p-Value Rate of 
Missings

Residual Variances
IB 79 .998 

(16 .207)
< .001 74 .720 

(15 .618)
< .001  .161

SB 4 .130 
(3 .501)

 .238 10 .763 
(6 .246)

0 .085  .532

Note. IW: Intercepts within; SW: Slopes within; IB: Intercepts between; SB: Slopes be-
tween . MCK: Mathematical Content Knowledge; Effects of interest are printed in bold font . 
MCK and math anxiety were standardized on the between level to allow for a comparison 
of the effects .

5 Discussion and Conclusion

Our study contributes to other findings, that children gain mathematical competen-
cies within the ECEC institutions in Germany (Ulferts and Anders 2016) . As hy-
pothesized based on results in other studies, early childhood teachers’ math anxi-
ety and MCK are negatively associated . However, they seem to be stronger related 
compared to studies with pre-service early childhood teachers (e .g . Jenßen et al . 
2015a; Thiel and Jenßen 2018) . These results are robust across analysis methods .

In this study, no conclusive links between early childhood teachers’ charac-
teristics and the development of the children could be established though . Albeit 
the effect of math anxiety on the children’s development is statistically significant 
using FIML estimation, multiple imputation paints a slightly different picture . The 
fact that the amount of variance in the group specific gain scores explained by the 
teacher characteristics is not significant using FIML estimation also stresses the 
conclusion that no decisive link between teacher characteristics and the children’s 
development could be established. Thus, our study replicates findings by Aslan 
et al . (2013) . However, also the study by Aslan et al . (2013) was characterized by 
methodological problems such as the lacking consideration of clustered data struc-
ture so that further studies are needed to conclusively test a possible link between 
teacher characteristics and children’s development .

In contrast to our hypothesis, early childhood teachers’ MCK had no effect on 
children’s mathematical development in the present study . The state of research 
was already inconclusive in this respect . One explanation could be our concep-
tualization of early childhood teachers’ MCK, which could be described as more 
orientated towards the transition from ECEC towards primary school and thus 
towards slightly older children (Blömeke et al . 2015b) . Hedges and Cullen (2006) 
emphasize the importance of early childhood teachers’ MCK for children’s math-
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ematical development . From a conceptual point of view, they state that early child-
hood teachers’ MCK should be related to children’s mathematical knowledge that 
is needed for mathematical development and for later school achievement . Thus, 
our conceptualization should reveal an effect in the present study as well but from 
an empirical point of view, it is still unknown which kind of MCK early childhood 
teachers need to foster children’s mathematical competence . It could be one of the 
most important desiderata in ECEC research in mathematics, to clarify wheth-
er more “child-centered” MCK (respectively basic mathematical concepts such 
as declarative MCK) or more “school-orientated” MCK (respectively advanced 
mathematical concepts such as arithmetic MCK in the sense of school conceptu-
alizations) is needed .

Another explanation could be that we treated the link between MCK and chil-
dren’s development as a “black box” . Data is needed about other facets of ECEC 
teachers’ professional competence and their actual behavior in the classroom as 
well as about other contextual characteristics of children’s learning environment 
including their opportunities to learn mathematics at home . Especially gender-re-
lated stereotype beliefs seem to play an important role in the transmission of math 
anxiety (Herts et al . 2019), but empirical research is still lacking . In this case, it 
would be possible to specify more complex models that take a broader range of 
predictors and potentially mediating factors into account . This would require a 
large range of measures though while it is questionable whether early childhood 
teachers would take a test battery that lasts for several hours besides their job 
duties .

There are also some limitations of our study . The representativeness of the 
teacher sample regarding job experience, gender, and regional specifics during 
teachers’ training in Germany is limited as the participating early childhood 
teachers were at the beginning of their careers (although some of the early child-
hood teachers seem to have completed a former different training), mainly female, 
and were working in Berlin and Brandenburg . In particular, gender seems to be a 
highly important feature in math (Beilock et al . 2010)their math anxiety carries 
negative consequences for the math achievement of their female students . Ear-
ly elementary school teachers in the United States are almost exclusively female 
(>90 %, especially in the context of ECEC, because the majority of early childhood 
teachers in Germany are female . Opportunities to learn in mathematics during ear-
ly childhood teachers’ training may also be a limiting factor (Blömeke et al . 2017) . 
In 2012, there has been a major turn in the system of vocational training for early 
childhood teachers in Germany . Since then, there has been a transnational frame-
work curriculum, which has been implemented in all federal states of Germany . In 
this framework, natural science education including mathematical and technical 
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education has been defined as one main competence area in ECEC. Thus, early 
childhood teachers have the opportunity during their training to deal with STEM 
topics such as mathematics . However, mathematics is still not an exclusive com-
petence area besides others in this framework, but only a subdomain . This aspect 
may be a specific one for ECEC teachers’ training in Germany. It could be also 
important, that Germany shows a more social-educational approach in ECEC as 
compared to other countries such as the U .S . Moreover, in the current application 
only one early childhood teacher per group was tested . Usually, there are at least 
two early childhood teachers responsible for a group of children . From this struc-
tural point of view, preschool differs from primary school . Thus, our assumption 
of the impact of one early childhood teacher’s math anxiety on children’s mathe-
matical development derived from theories based on primary or secondary school 
structures may be more or less applicable . Additionally, it has to be assumed that 
learning groups in preschool are more heterogeneous than in primary or second-
ary school . Acquisition of cognitive competencies or transmission of teachers’ be-
liefs and/or emotions may be less powerful in these heterogeneous groups . Future 
research should consider these points .

To conclude, although it remains unclear whether math anxiety shows direct 
effects on children’s learning in the ECEC context in Germany, math anxiety 
seems to be a relevant dispositional facet of early childhood teachers . In itself 
this is an unfavorable characteristic . Consequently, the reduction of early child-
hood teachers’ mathematics anxiety seems to be a goal for training and practice . A 
promising intervention for early childhood teachers’ mathematics anxiety may be 
the reduction of the avoidance of math-related situations . Firstly, early childhood 
teachers have to be aware of their own level of mathematics anxiety . According 
to Polya (1977), it is mandatory to experience mathematics as a domain full of 
positive aspects, so that the teacher gains positive feelings and thoughts concern-
ing mathematics. Secondly, mathematics has to be valued as an important subject 
by early childhood teachers within the ECEC context . Thirdly, with respect to 
Control-Value Theory (Pekrun 2006), it is necessary for early childhood teachers 
to think positively about their own resources as a way of coping with challenging 
mathematical tasks in ECEC situations . Early childhood teachers need to develop 
their own MCK during training (Blömeke et al . 2017), so that they feel competent 
in mathematics (Thiel and Jenßen 2018) .



158 Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and Blömeke, S. 

References

Aslan, D . (2013) . A comparison of pre- and in-service preschool teachers’ mathematical 
anxiety and beliefs about mathematics for young children . Academic Research Inter-
national, 4(2), 225–230. Retrieved from http://www.savap.org.pk/journals/ARInt./
Vol .4(2)/2013(4 .2–22) .pdf

Aslan, D., Oğul, İ. G., & Taş, I. (2013). The Impacts of Preschool Teachers’ Mathematics 
Anxiety and Beliefs on Children’s Mathematics Achievement . International Journal of 
Humanities and Social Science Invention, 2(7), pp . 45–49 .

Bai, H ., Wang, L ., Pan, W ., & Frey, M . (2009) . Measuring mathematics anxiety: Psycho-
metric analysis of a bidimensional affective scale . Journal of Instructional Psychology, 
36(3), pp . 189–193 . Retrieved from http://psycnet .apa .org/psycinfo/2009–20155-001

Bäckman, K ., & Attorps, I . (2012) . Teaching mathematics in the pre-school context . 
US-China Education Review, pp . 1–16 . 

Bates, A . B ., Latham, N . I ., & Kim, J . (2013) . Do I Have to Teach Math? Early Childhood 
Pre-Service Teachers’ Fears of Teaching Mathematics . IUMPST: The Journal, 5(August) .

Beilock, S . L ., Gunderson, E . A ., Ramirez, G ., & Levine, S . C . (2010) . Female teachers’ 
math anxiety affects girls’ math achievement . Proceedings of the National Academy of 
Sciences, 107(5), pp . 1860–1863 . https://doi .org/10 .1073/pnas .0910967107

Bekdemir, M . (2010) . The pre-service teachers’ mathematics anxiety related to depth of 
negative experiences in mathematics classroom while they were students . Educational 
Studies in Mathematics, 75(3), pp . 311–328 . https://doi .org/10 .1007/s10649–010-9260–7

Benz, C . (2012) . “Maths is not dangerous” – Attitudes of people working in German kin-
dergarten about mathematics in kindergarten” . European Early Childhood Education 
Journal, 20(2), pp . 249–261 . doi:10 .1080/1350293X .2012 .681131

Benz, C ., Steinweg, A .S ., Gasteiger, H ., Schöner, P ., Vollmuth, H ., & Zöllner, J . (2018) . 
Mathematics education in the early years . Cham, Switzerland: Springer International . 

Blömeke, S ., & Jenßen, L . (2017) . A question of validity: Clarifying the hierarchical nature 
of teacher cognition . In M . Rosén, K . Y . Hansen, & U . Wolff (Eds .), Cognitive abilities 
and educational outcomes. A festschrift in honour of Jan-Eric Gustafsson (pp . 89–110) . 
Cham, Switzerland: Springer International Publishing .

Blömeke, S ., Jenßen, L ., Grassmann, M ., Dunekacke, S ., & Wedekind, H . (2017) . Process 
Mediates Structure: The Relation Between Preschool Teacher’s Education and Preschool 
Teachers’ Knowledge . Journal of Educational Psychology, 109(3), pp . 338–354 . https://
doi .org/10 .1037/edu0000147

Blömeke, S ., Gustafsson, J .-E ., & Shavelson, R . J . (2015a) . Competence viewed as a con-
tinuum . Zeitschrift für Psychologie, 223(1), pp . 3–13 . https://doi .org/10 .1027/2151–2604/
a000194

Blömeke, S ., Jenßen, L ., Dunekacke, S ., Suhl, U ., Grassmann, M ., & Wedekind, H . (2015b) . 
Leistungstests zur Messung der professionellen Kompetenz frühpädagogischer Fach-
kräfte . Zeitschrift Für Pädagogische Psychologie, 29(3–4), pp . 177–191 . https://doi .
org/10 .1024/1010–0652/a000159

Carey, E ., Hill, F ., Devine, A ., & Szücs, D . (2016) . The chicken or the egg? The direction of 
the relationship between mathematics anxiety and mathematics performance . Frontiers 
in Psychology, 6, pp . 1–6 . https://doi .org/10 .3389/fpsyg .2015 .01987

http://www.savap.org.pk/journals/ARInt./Vol.4(2)/2013(4.2-22).pdf
http://www.savap.org.pk/journals/ARInt./Vol.4(2)/2013(4.2-22).pdf
http://psycnet.apa.org/psycinfo/2009-20155-001
https://doi.org/10.1073/pnas.0910967107
https://doi.org/10.1007/s10649-010-9260-7
https://doi.org/10.1037/edu0000147
https://doi.org/10.1037/edu0000147
https://doi.org/10.1027/2151-2604/a000194
https://doi.org/10.1027/2151-2604/a000194
https://doi.org/10.1024/1010-0652/a000159
https://doi.org/10.1024/1010-0652/a000159
https://doi.org/10.3389/fpsyg.2015.01987


1592.7 Effects of Early Childhood Teacher’s Mathematics Anxiety …

Chang, H ., & Beilock, S . L . (2016) . The math anxiety-math performance link and its rela-
tion to individual and environmental factors: A review of current behavioral and psycho-
physiological research . Current Opinion in Behavioral Sciences, 10, pp . 33–38 . https://
doi.org/10.1016/j.cobeha.2016.04.011

Chipman, S . F ., Krantz, D . H ., & Silver, R . (1992) . Mathematics Anxiety and Science Ca-
reers Among Able College-Women . Psychological Science, 3(5), pp . 292–295 . https://doi .
org/10.1111/j.1467–9280.1992.tb00675.x

Clements, D . H ., & Sarama, J . (2011) . Early childhood mathematics intervention . Science, 
333, pp . 968–970 . doi: 10 .1126/science .1204537

Cooke, A ., Cavanagh, R ., Hurst, C ., & Sparrow, L . (2011) . Situational effects of mathe-
matics anxiety in pre-service teacher education . Paper presented at the 2011 AARE 
international Research Conference, Hobart, Australia, 27 November-1 December, 2011 . 
Retrieved from http://www.aare.edu.au/data/publications/2011/aarefinal00501.pdf

Doctoroff, G . L ., Fisher, P . H ., Burrows, B . M ., & Edman, M . T . (2016) . Preschool children’s 
interest, social–emotional skills, and emergent mathematics skills . Psychology in the 
Schools, 53(4), pp . 390–403 . https://doi .org/10 .1002/pits

Dunekacke, S ., Grüßing, M ., & Heinze, A . (2018) . Is considering numerical competence 
sufficient? The structure of 6-year-old preschool children’s mathematical competence. 
In C . Benz, A .S . Steinweg, H . Gasteiger, P . Schöner, H . Vollmuth, & J . Zöllner (Eds .), 
Mathematics education in the early years (pp . 145–157) . Cham, Switzerland: Springer 
International . 

Dunekacke, S ., Jenßen, L ., Eilerts, K ., & Blömeke, S . (2016) . Epistemological beliefs of 
prospective preschool teachers and their relation to knowledge, perception, and planning 
abilities in the field of mathematics: a process model. ZDM – Mathematics Education, 
48(1–2), pp . 125–137 . https://doi .org/10 .1007/s11858–015-0711–6

Dunekacke, S ., Jenßen, L ., & Blömeke, S . (2015) . Effects of Mathematics Content Knowl-
edge on Pre-school Teachers’ Performance: a Video-Based Assessment of Perception and 
Planning Abilities in Informal Learning Situations . International Journal of Science and 
Mathematics Education, 13(2), pp . 267–286 . https://doi .org/10 .1007/s10763–014-9596-z

Frenzel, A . C ., Becker-kurz, B ., Pekrun, R ., Goetz, T ., Lüdtke, O ., Frenzel, A . C ., … Lüdtke, 
O . (2017) . Reciprocal effects model of teacher and student emotion transmission in the 
classroom revisited: A reciprocal effects model of teacher and student enjoyment. Jour-
nal of Educational Psychology, pp . 1–12 .

Gasteiger, H ., & Benz, C . (2018) . Mathematics education competence of professionals in 
early childhood education: A theory-based competence model . In C . Benz, A .S . Stein-
weg, H . Gasteiger, P . Schöner, H . Vollmuth, & J . Zöllner (Eds .), Mathematics education 
in the early years (pp . 69–92) . Cham, Switzerland: Springer International . 

Gelman, R ., & Gallistel, C .R . (1978) . The child’s understanding of number . Cambridge, 
MA: Harvard University Press .

Gervasoni, A ., & Perry, B . (2015) . Children’s mathematical knowledge prior to starting 
school and implications for transition . In B . Perry, A . MacDonald, & A . Gervasoni (Eds .), 
Mathematics and transition to school (pp . 47–64) . Wiesbaden, Germany: Springer .

Ginet, L ., Itzkowich, R ., & Maloney, E . (2018) . Math anxiety and math performance: How 
do they relate? In J .S . McCray, J .-Q . Chen, & J .E . Sorkin (Eds .), Growing mathematical 
minds. Conversations between developmental psychologists and early childhood teach-
ers (pp . 173–200) . New York: Routledge .

https://doi.org/10.1016/j.cobeha.2016.04.011
https://doi.org/10.1016/j.cobeha.2016.04.011
https://doi.org/10.1111/j.1467-9280.1992.tb00675.x
https://doi.org/10.1111/j.1467-9280.1992.tb00675.x
http://www.aare.edu.au/data/publications/2011/aarefinal00501.pdf
https://doi.org/10.1002/pits
https://doi.org/10.1007/s11858-015-0711-6
https://doi.org/10.1007/s10763-014-9596-z


160 Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and Blömeke, S. 

Ginsburg, H . P ., & Ertle, B . (2008) . Knowing the mathematics in early childhood mathemat-
ics . In O . N . Saracho & B . Spodek (Eds .), Contemporary perspectives on mathematics in 
early childhood education (pp . 45–66) . Charlotte, NC: Information AGE .

Ginsburg, H . P ., Lee, J . S ., & Boyd, J . S . (2008) . Mathematics education for young children: 
What it is and how to promote it . Social Policy Report – Giving Child and Youth Devel-
opment Knowledge Away, 22(1), pp . 1–24 .

Gresham, G . (2018) . Preservice to Inservice: Does Mathematics Anxiety Change With 
Teaching Experience? Journal of Teacher Education, 69(1), pp . 90–107 . https://doi .
org/10 .1177/0022487117702580

Gresham, G. (2008). Mathematics anxiety and mathematics teacher efficacy in ele-
mentary pre-service teachers . Teaching Education, 19(3), pp . 171–184 . https://doi .
org/10 .1080/10476210802250133

Gresham, G ., & Burleigh, C . (2018) . Exploring early childhood preservice teachers’ math-
ematics anxiety and mathematics efficacy beliefs. Teaching Education, pp . 1–25 . https://
doi .org/10 .1080/10476210 .2018 .1466875

Hadley, K . M ., & Dorward, J . (2011) . Investigating the Relationship between Elementary 
Teacher Mathematics Anxiety, Mathematics Instructional Practices, and Student Mathe-
matics Achievement . Journal of Curriculum and Instruction, 5(2), pp . 27–44 . https://doi .
org/10.3776/joci.2011.v5n2p27–44

Hedges, H ., & Cullen, J . (2005) . Meaningful teaching and learning: Children’s and teach-
ers’ content knowledge . ACE Paper: Approaches to Domain Knowledge in Early Child-
hood Pedagogy, 16, pp . 11–24 . Retrieved from https://researchspace .auckland .ac .nz/
handle/2292/25146

Hembree, R . (1990) . The Nature, Effects, and Relief of Mathematics Anxiety . Journal for 
Research in Mathematics Education, 21(1), pp . 33–46 .

Herts, J .B ., Beilock, S .L ., & Levine, S .C . (2019) . The role of parents’ and teachers’ math 
anxiety in children’s math learning and attitudes . In I .C . Mammarella, S . Caviola, & A . 
Dowker (Eds .), Mathematics anxiety: What is known and what is still to be understood 
(pp .190–210) . London & New York: Routledge . 

Hill, H . C ., Rowan, B ., & Ball, D . L . (2005) . Effects of Teachers’ Mathematical Knowledge 
for Teaching on Student Achievement . American Educational Research Journal, 42(2), 
pp . 371–406 . https://doi .org/10 .3102/00028312042002371

Hunt, T. E., Clark-carter, D., Sheffield, D., & Hunt, T. E. (2014). Math Anxiety, Intrusive 
Thoughts and Performance . Journal of Education, Psychology and Social Sciences, 2(2), 
pp . 69–75 .

Jansen, B . R . J ., Schmitz, E . A ., & van der Maas, H . L . J . (2016) . Affective and motivational 
factors mediate the relation between math skills and use of math in everyday life . Fron-
tiers in Psychology, 7(APR), pp . 1–11 . https://doi .org/10 .3389/fpsyg .2016 .00513

Jenßen, L ., Jegodtka, A ., Eilerts, K ., Eid, M ., Koinzer, T ., Schmude, C ., Rasche, J ., Szczesny, 
M ., & Blömeke, S . (2016) . Pro-KomMa – Professionalization of Early Childhood Teacher 
Education: Convergent, Discriminant, and Prognostic Validation of the KomMa Models 
and Tests . In H .A . Pant, O . Zlatkin-Troitschanskaia, C . Lautenbach, M . Toepper, & D . 
Molerov (Eds .) . Modeling and Measuring Competencies in Higher Education – Vali-
dation and Methodological Innovations (KoKoHs) – Overview of the Research Projects 
(pp . 39–43) . Berlin & Mainz: Humboldt University & Johannes Gutenberg University .

https://doi.org/10.1177/0022487117702580
https://doi.org/10.1177/0022487117702580
https://doi.org/10.1080/10476210802250133
https://doi.org/10.1080/10476210802250133
https://doi.org/10.1080/10476210.2018.1466875
https://doi.org/10.1080/10476210.2018.1466875
https://doi.org/10.3776/joci.2011.v5n2p27-44
https://doi.org/10.3776/joci.2011.v5n2p27-44
https://researchspace.auckland.ac.nz/handle/2292/25146
https://researchspace.auckland.ac.nz/handle/2292/25146
https://doi.org/10.3102/00028312042002371
https://doi.org/10.3389/fpsyg.2016.00513


1612.7 Effects of Early Childhood Teacher’s Mathematics Anxiety …

Jenßen, L ., Dunekacke, S ., Eid, M ., & Blömeke, S . (2015a) . The relationship of mathe-
matical competence and mathematics anxiety: An application of latent state-trait the-
ory . Zeitschrift Fur Psychologie/Journal of Psychology, 223(1), pp . 31–38 . https://doi .
org/10 .1027/2151–2604/a000197

Jenßen, L ., Dunekacke, S ., & Blömeke, S . (2015b) . Qualitätssicherung in der Kompetenz-
forschung . Kompetenzen von Studierenden. 61. Beiheft Der Zeitschrift Für Pädagogik, 
2015, pp . 11–31 .

Jenßen, L ., Dunekacke, S ., Baack, W ., Tengler, M ., Wedekind, H ., Grassmann, M ., & Blöme-
ke, S . (2013) . Validating an assessment of pre-school teachers‘ mathematical knowledge . 
Paper presented at the meeting of the International Group for the Psychology of Math-
ematics Education, Kiel, Germany .

Klibanoff, R . S ., Levine, S . C ., Huttenlocher, J ., Vasilyeva, M ., & Hedges, L . V . (2006) . 
Preschool children’s mathematical knowledge: The effect of teacher “math talk .” . Devel-
opmental Psychology, 42(1), pp . 59–69 . doi: 10 .1037/0012–1649 .42 .1 .59

Krajewski, K. (2018). MBK 0. Test mathematischer Basiskompetenzen im Kindergartenal-
ter . Göttingen: Hogrefe .

Krajewski, K., & Schneider, W. (2009). Early development of quantity to number-word 
linkage as a precursor of mathematical school achievement and mathematical difficul-
ties: Findings from a four-year longitudinal study . Learning and Instruction, 19(6), pp . 
513–526 .

Linder, S . M ., & Simpson, A . (2017) . Towards an understanding of early childhood math-
ematics education: A systematic review of the literature focusing on practicing and 
prospective teachers . Contemporary Issues in Early Childhood, pp . 1–23 . https://doi .
org/10 .1177/1463949117719553

Ma, X . (1999) . A Meta-Analysis of the Relationship between Anxiety toward Mathemat-
ics and Achievement in Mathematics . Journal for Research in Mathematics Education, 
30(5), pp . 520–540 .

Muthén, L . K ., & Muthén, B . O . (1998–2017) . Mplus User’s Guide . Eighth Edition . Los 
Angeles, CA: Muthén & Muthén .

Nguyen, T ., Watts, T . W ., Duncan, G . J ., Clements, D . H ., Sarama, J . S ., Wolfe, C ., & Spitler, 
M. E. (2016). Which preschool mathematics competencies are most predictive of fifth 
grade achievement? Early Childhood Research Quarterly, 26, pp . 550–560 .

O’Leary, K ., Fitzpatrick, C . L ., & Hallett, D . (2017) . Math anxiety is related to some, but 
not all, experiences with math . Frontiers in Psychology, 8(DEC), pp . 1–14 . https://doi .
org/10 .3389/fpsyg .2017 .02067

Pekrun, R . (2006) . The control-value theory of achievement emotions: Assumptions, corol-
laries, and implications for educational research and practice . Educational Psychology 
Review, 18(4), pp . 315–341 . 

Piaget, J ., & Szeminska, A . (1975) . Die Entwicklung des Zahlbegriffs beim Kinde . Stuttgart: 
Klett-Cotta .

Polya, G . 1977 . Mathematical methods in science . Washington, DC: Mathematical Associ-
ation of America .

Ramirez, G ., Hooper, S . Y ., Kersting, N . B ., Ferguson, R ., & Yeager, D . (2018) . Teacher Math 
Anxiety Relates to Adolescent Students’ Math Achievement . AERA Open, 4(1), pp . 1–13 . 
https://doi .org/10 .1177/2332858418756052

https://doi.org/10.1027/2151-2604/a000197
https://doi.org/10.1027/2151-2604/a000197
http://psycnet.apa.org/doi/10.1037/0012-1649.42.1.59
https://doi.org/10.1177/1463949117719553
https://doi.org/10.1177/1463949117719553
https://doi.org/10.3389/fpsyg.2017.02067
https://doi.org/10.3389/fpsyg.2017.02067
https://doi.org/10.1177/2332858418756052


162 Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and Blömeke, S. 

Ramirez, G ., Shaw, S . T ., & Maloney, E . A . (2018) . Math anxiety: Past research, promising 
interventions, and a new interpretation framework . Educational Psychologist, 1520, pp . 
1–20 . https://doi .org/10 .1080/00461520 .2018 .1447384

Schukajlow, S., Rakoczy, K., & Pekrun, R. (2017). Emotions and motivation in mathematics 
education: theoretical considerations and empirical contributions . ZDM – Mathematics 
Education, 49(3), pp . 307–322 . https://doi .org/10 .1007/s11858–017-0864–6

Stoet, G ., Bailey, D . H ., Moore, A . M ., & Geary, D . C . (2016) . Countries with higher levels 
of gender equality show larger national sex differences in mathematics anxiety and rela-
tively lower parental mathematics valuation for girls . PLoS ONE, 11(4), pp . 1–24 . https://
doi.org/10.1371/journal.pone.0153857

Thiel, O . (2010) . Teachers’ attitudes towards mathematics in early childhood education . 
European Early Childhood Education Research Journal, 18(1), pp . 105–115 . doi: 
10 .1080/13502930903520090

Thiel, O ., & Jenßen, L . (2018) . Affective-motivational aspects of early childhood teach-
er students’ knowledge about mathematics . European Early Childhood Education Re-
search Journal, 26(4), pp . 512–534 . https://doi .org/10 .1080/1350293X .2018 .1488398

Tirosh, D ., Tsamir, P ., Levenson, E ., & Tabach, M . (2011) . From preschool teachers’ pro-
fessional development to children’s knowledge: comparing sets . Journal of Mathematics 
Teacher Education, 14(2), pp . 113–131 . https://doi .org/10 .1007/s10857–011-9172–1

Trawick-Smith, J ., Swaminathan, S ., & Liu, X . (2015) . The relationship of teacher-child play 
interactions to mathematics learning in preschool . Early Child Development and Care, 
186(5), pp . 716–733 . https://doi .org/10 .1080/03004430 .2015 .1054818

Tsamir, P ., Tirosh, D ., Levenson, E ., Tabach, M ., & Barkai, R . (2014a) . Employing the 
CAMTE framework: Focusing on preschool teachers’ knowledge and self-efficacy relat-
ed to students’ conceptions . In U . Kortenkamp, B . Brandt, C . Benz, G . Krummheuer, S . 
Ladel & R . Vogel (Eds .), Early Mathematics Learning (pp . 291–306) . New York: Spring-
er Science+Business .

Ulferts, H ., & Anders, Y . (2016) . Effects of ECEC on academic outcomes in literacy and 
mathematics: Meta-analysis of European longitudinal studies .

https://doi.org/10.1080/00461520.2018.1447384
https://doi.org/10.1007/s11858-017-0864-6
https://doi.org/10.1371/journal.pone.0153857
https://doi.org/10.1371/journal.pone.0153857
https://doi.org/10.1080/1350293X.2018.1488398
https://doi.org/10.1007/s10857-011-9172-1
https://doi.org/10.1080/03004430.2015.1054818


163

3Generic Competencies and Their Impact  
on Learning in Higher Education



165

-

3.1 
Modelling, Assessing, and Promoting  
Competences for Self-Regulated Learning 

 

in Higher Education
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Abstract

Summarized are the results of a research project that focused on assessing and 
fostering competences for self-regulated learning in higher education . Innova-
tive instruments (situational judgement test, competence-performance-assess-
ment, learning journal) to assess different aspects of self-regulated learning 
(e .g ., use of cognitive and metacognitive strategies, strategies of motivational 
regulation) were developed and validated . Moreover, training approaches to 
foster different aspects of self-regulated learning strategy use were concep-
tualized, also to test the change sensitivity of the assessments . In detail, the 
importance of competences for self-regulated learning for central components 
of successful learning processes and study success (e .g ., invested effort, exam 
grades, subjective well-being, procrastination) are outlined.
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1 Introduction

The higher education context poses various complex tasks, a great deal of au-
tonomy, and different challenges regarding learning on students (e .g ., organizing 
learning processes, monitoring learning activities, setting goals, using cognitive 
learning strategies), providing both opportunities as well as the necessity for 
self-regulated learning (e .g ., Peverly et al . 2003) . Self-regulated learning (SRL) 
comprises processes in which learners activate cognitions, affects and behavior 
that contribute to the attainment of self-imposed goals . Thus, self-regulated learn-
ers set goals, use effective learning strategies, monitor their learning process, and 
create a productive learning environment for themselves (Zimmerman and Schunk 
2011) . The development of competences for SRL has been set as a goal of higher 
education (e .g ., European Commission 2008) and is also a prerequisite for aca-
demic success (e .g ., Boekaerts 1997; Wirth and Leutner 2008) . A large body of 
research highlights the importance of SRL processes and components for learning 
outcomes (e .g ., Robbins et al . 2004) . High achievement of students is not only 
associated with high cognitive abilities (e .g ., high intelligence), but also with high 
self-efficacy and high competences in SRL (e.g., the goal-directed use of study and 
learning strategies; Schneider and Preckel 2017) .

In this chapter, the PRO-SRL project1 is presented which focused on modelling, 
assessing, and fostering competences for SRL in higher education . The overall 
project goal was to gain further insight into relevant components of SRL for learn-
ing processes in higher education, to develop valid assessments and to gather first 
evidence in the trainability of these constructs, thereby focusing on the following 
central research questions:

1 . Which competences for SRL are especially important for successful learning 
processes?

2 . How can valid assessments be conceptualized to make competences for SRL 
more accessible?

3 . How can specific competences for SRL (e.g., the regulation of one’s own moti-
vation) be trained?

1 The collaborative research project “PRO-SRL – Product- and process oriented mo-
deling and assessment of self-regulation competencies in tertiary education” and its 
successor “PRO-SRL-EVA – Product- and process oriented modeling and assessment 
of self-regulation competencies in tertiary education – extended validations” were 
supported by grants from the German Federal Ministry of Education and Research .
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In the following, the results and knowledge gathered throughout the research pro-
ject regarding these questions will be reported.

2 Competences for SRL

On a behavioral level, the ideal self-regulated learner regulates his or her own 
learning behavior autonomously, setting adequate learning goals, using learning 
strategies that are suitable for the learning content and goals, maintaining motiva-
tion whilst facing difficulties, and evaluating the learning process and its outcomes 
afterwards (Artelt et al . 2001) . Competences for SRL are considered generic com-
petences that are relevant for all courses of study and should be acquired by every 
higher education student (Standing Conference of the Ministers of Education and 
Cultural Affairs 2005) . A large body of research attests the importance of these 
regulatory processes (for an overview, see Zimmerman and Schunk 2011), includ-
ing evidence for the importance of cognitive regulation (e .g ., Schmeck et al . 2014), 
metacognitive regulation (e .g ., Perels et al . 2007) and contextual and personal fac-
tors (e .g ., dealing with errors, Steuer et al . 2013) .

Important models of SRL are process-oriented, focusing on dynamic learn-
ing processes with recursive learning cycles that can be divided into different 
phases with specific regulatory demands: preactional, actional, and postactional 
(Schmitz and Wiese 2006; Zimmerman 2000) . Other models conceptualize SRL 
by identifying central components: cognitive, metacognitive, and resource-orient-
ed strategies (e .g ., Boekaerts 1999; Wild and Schiefele 1994) . Since both groups of 
models have to be considered in combination for a comprehensive understanding 
of SRL, an integrative model has been developed for the present project (Dresel 
et al . 2015), uniting process and component models of SRL (Figure 1) . The model 
was proposed as a framework for the development of assessments for different 
competence facets of SRL . The model also includes different dimensions of strat-
egy knowledge: declarative (knowledge about strategies), procedural (behavioral 
knowledge about strategies) and conditional strategy knowledge (situation-specific 
knowledge about when to use a certain strategy; Paris et al . 1983) . Thus, compe-
tences for SRL are conceptualized as cognitive dispositions to autonomously and 
appropriately regulate learning processes (Wirth and Leutner 2008) that can be 
described on three dimensions: process dimension (temporal phases in the cyclic 
learning process), strategy dimension (the use of cognitive, metacognitive and re-
source-oriented strategies), and knowledge dimension (declarative, procedural and 
conditional strategy knowledge) .
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Figure 1  Structural model of SRL competences proposed by Dresel et al . (2015), with 
three marked examples (A, B, and C) for competence facets pronounced to var-
ying extents

In an interview study with 108 experts for different fields of study, Dresel et al. 
(2015) determined the relevance and suitability of different SRL strategies for dif-
ferent studying situations. The strategies named by the experts fitted to all levels of 
both the strategy and process dimensions – with experts particularly highlighting 
the need for resource management strategies (e .g ., motivational regulation strat-
egies) . Also, the importance of suitability between learning strategies and situa-
tional demands was evident . The results were in accordance with the model and 
confirmed its content validity (Dresel et al. 2015).

3 Conceptualizing SRL Assessments

SRL behavior is often assessed with self-report questionnaires that are charac-
terized by low validity . These questionnaires are frequently suspected to rather 
capture declarative strategy knowledge (i .e ., recognizing strategies) than strate-
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gic behavior and are typically marked by low situation specificity (i.e., by asking 
participants to rate strategy use independent of relevant learning contexts) . None-
theless, these instruments are important for SRL research, as they reveal the in-
tended or remembered strategy use . Moreover, typical questionnaires only address 
the quantity of strategy use instead of additionally referring to qualitative aspects 
(Wirth and Leutner 2008). Assessing SRL is especially difficult when the goal 
is to assess underlying competences (Winne and Perry 2000; Wirth and Leutner 
2008) . As SRL in general is a cyclical process (e .g ., Winne and Hadwin 2008), it is 
argued for a situation-specific measurement of SRL competences that also consid-
ers the different phases of the learning process – making a strong argument for the 
situational appropriateness of strategy use (Schmitz and Wiese 2006; Wirth and 
Leutner 2008) . Consequently, innovative instruments to assess different aspects of 
SRL situation-specifically have been developed and validated. After conceptual-
izing the theoretical basis, several studies were conducted as groundworks for the 
development of these instruments .

Engelschalk et al. (2015) investigated the importance of situation specificity 
with regard to motivational regulation . In a self-report study with 54 undergradu-
ates from the field of educational studies, it was examined how students regulate 
their motivation in different situations (low expectation for success or low sub-
jective task value in three phases of the learning process). Students were asked to 
report their subjective effectiveness of motivational regulation in the given situa-
tions and to describe the strategies they would use . Results revealed that the effec-
tiveness of motivational regulation depended on the specific characteristics of the 
situation and that students chose different strategies in different situations, which 
indicates that SRL behavior is perceived situation-specifically by students. For 
further investigation, Engelschalk et al . (2016) conducted another study with 283 
undergraduates from the field of educational studies that also confirmed that moti-
vational regulation is situation-specific. Confirmatory factor analyses showed that 
the self-reported effectiveness of motivational regulation can be separated for the 
six different types of motivational problems described above . Results also showed 
that motivational regulation is perceived as especially difficult when subjective 
task value is low in the preactional phase (i .e ., before a learning activity is started) . 

Eckerlein et al . (under revision) further investigated the importance of condi-
tional motivational strategy knowledge. Based on the reported findings on the sit-
uation specificity of motivational regulation, it was assumed that the suitability of 
strategies depends on how well they fit to the motivational problem. An expert sur-
vey with 33 proven experts in the field of SRL was conducted to determine which 
strategies are suitable for the proposed six motivational problem situations . The 
suitability of strategies was indeed considered by the experts to be dependent on 
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the given motivational problem (e.g., enhancement of personal significance is suit-
able to increase motivation for a task with low subjective task value). The findings 
indicate the importance of conditional knowledge in the choice of strategies and 
further highlight the importance of situation-specific assessment of motivational 
regulation competences .

Although students know about SRL strategies, they often do not apply them 
adequately in relevant learning situations . To investigate this discrepancy between 
knowledge and action and its possible reasons, Foerst et al . (2017) conducted a 
study with 408 students in two study domains (psychology and economic sciences) . 
Qualitative content analyses confirmed that students had rather advanced knowl-
edge about SRL strategies, although they did not use them extensively in relevant 
learning contexts . Reported reasons for these discrepancies are the lack of belief 
in the benefits of using the strategies, no time to use them, not believing in being 
able to use them effectively, or that their use was to demanding. These findings in-
dicate that assessments for SRL competences should focus on these discrepancies 
between competence and performance, as they could reveal valuable information 
on leverage points for fostering SRL, helping higher education students to put their 
SRL knowledge to action .

4 Assessing Competences for SRL

At the start of the PRO-SRL project, a systematic review of self-report instruments 
that assess SRL in higher education was conducted (Roth et al . 2015) . The results 
yielded an increasing use of domain-specific measures, but emphasized a lack of 
scales for assessing motivational and emotional regulation. The majority of the 
instruments to assess SRL are questionnaires and only very few instruments allow 
the assessment of SRL closer to actual behavior (e.g., learning journals, interviews, 
think-aloud techniques) . To close these gaps, process-oriented and situation-spe-
cific assessments for different SRL facets were developed and validated in the 
PRO-SLR project.

To assess the differences between knowledge about SRL strategies and their 
actual use, a competence-performance-assessment (SRL-QuAK) was developed . 
The instrument allows a simultaneous assessment of competence and performance 
aspects, based on expert ratings of appropriateness (Foerst et al . 2017) . The situa-
tion-specific instrument focuses on four aspects of SRL: metacognition, cognition, 
frustration and boredom . The instrument contains situational vignettes, describing 
the learning situation and its characteristics (e .g ., writing a master thesis) . After-
wards, students rate the suitability of certain strategies for the given situation and 
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also indicate if they are using them . Also, information about why certain strate-
gies are not used is captured, giving relevant information for consulting and train-
ing . The internal consistency of the scales was good to excellent (Cronbach’s α = 
.75 -.94) and first results (e.g., Foerst et al. 2017) showed a high relevance of the 
differentiation between strategy knowledge and performance . Consistent connec-
tions between the scales and achievement (r =  .24) as well as connections to other 
relevant concepts (e .g ., self-concept of ability, interest, intrinsic motivation) were 
found for the performance component of SRL strategies .

To assess conditional knowledge regarding motivational regulation, a situation-
al judgement test (Steuer et al. 2019) was developed. The test consists of eight (short 
version: five) standardized situational vignettes comprising motivational problems 
while writing a term paper or studying for an exam . Within these situations, differ-
ent motivational problems are described in different phases of the learning process 
(expectancy vs . value problems in the preactional vs . actional phase of learning) . 
For each situation description, different strategies for motivational regulation have 
to be rated regarding their suitability for the given situation . Based on the com-
parison with expert standards, a score is calculated which reflects the conditional 
motivational regulation strategy knowledge of the participants . The internal con-
sistency of the test was excellent (Cronbach’s α ≥ .92). In a sample of 188 un-
dergraduates in the field of educational studies the strategy knowledge indicator 
showed positive correlations with motivational regulation on the behavioral level . 
Moreover, it was positively related to the effectiveness of motivational regulation 
and effort (Steuer et al . 2019) . Convergent connections to other variables could be 
determined in different studies: quantity of motivational regulation (r =  .46), effec-
tiveness of motivational regulation (r =  .36 - .51) and invested effort (r =  .50; Steuer 
et al . 2019) . In a study by Bäulke et al . (2018) conditional motivational regulation 
strategy knowledge showed significant correlations with procrastination (r = - .46) 
and study dropout intentions (r = - .23) . Hence, conditional motivational regulation 
strategy knowledge is relevant and contributes to an extended understanding of 
motivational regulation in the higher education context .

Apart from conditional knowledge, also the quality of strategy use is important . 
Regulation quality is conceptualized as planning, implementing, monitoring and, 
if necessary, adapting strategy use . It is assumed that only coordinated, controlled 
and accurate strategy use can lead to effective self-regulation (e .g ., Pintrich 2005; 
Winne and Hadwin 2008; Zimmerman 2000) . Engelschalk et al . (2017) developed 
an assessment to capture the quality of motivational regulation strategy use . In 
a study, 188 students were presented with different situation descriptions posing 
motivational problems similar to the situations described above . Afterwards they 
were asked to report both the quantity and quality of motivational regulation strat-
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egies they would use in the given situation . The analyses showed that the quantity 
of strategy use moderately predicted self-reported regulatory effectiveness and 
study effort. These variables were predicted significantly better by also including 
the quality of strategy use, which also solely correlated with achievement (En-
gelschalk et al . 2017) .

Further hints for the importance of regulation quality could be derived from a 
study by Eckerlein et al. (2019). 115 undergraduates from the fields of psychology 
and educational studies filled in a learning journal during an exam preparation pe-
riod . Results revealed positive effects of both quantity and quality of motivational 
regulation on invested effort in exam preparation and on exam performance . More-
over, a high quality of motivational regulation was able to buffer against negative 
effects of motivational difficulties on invested effort during the learning process.

To capture SRL in process, a standardized learning journal was developed, 
which allows for fine-grained assessment of SRL over longer periods of time 
(e.g., during an exam preparation period). The learning journal mainly focusses 
on metacognitive control (20 items per day) . To implement the assessment, it was 
implemented as a smartphone app (Lang et al . 2017) . A strength of this approach is 
that the app can also be used as a training tool, helping to monitor SRL and giving 
graphical feedback on SRL behavior .

5 Training of SRL Competences

The PRO-SRL-EVA project also focused on developing training concepts to foster 
different aspects of self-regulatory competence, which also functioned as valida-
tion measures for the developed assessments – in terms of known-group compar-
isons and testing their change sensitivity . This validation approach also allows us 
to derive implications for the trainability, the specificity, and the functionality of 
SRL competences in higher education . The trainings were developed on the basis 
of the above described competence model and existing literature on fostering SRL 
(for meta-analyses, see Dignath and Büttner 2008; Dignath et al . 2008) .

Although considerable evidence now exists regarding the effects of motivation-
al regulation, little is known about its training . A training study by Eckerlein et 
al . (submitted) examined whether university students’ motivational regulation is 
trainable and can be improved by means of an approach that addresses three key 
aspects: the quantity of motivational regulation strategy use, the situation-specif-
ic fit between regulation strategy and motivational problems, and the quality of 
strategy application. A quasi-experimental study with 135 students from the field 
of educational studies, two experimental conditions (training and placebo group) 
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and three measuring occasions (pretest, posttest, follow-up) was conducted . The 
results indicated that the implemented approach was able to improve the quanti-
ty and the situation-specific fit of motivational regulation strategy use immedi-
ately and sustainably over a six-week period (application quality did not improve 
significantly). Based on this first training approach, another quasi-experimental 
study with 131 students from the field of educational studies, two experimental 
conditions (training, control) and three measuring occasions (pretest, posttest, fol-
low-up) was conducted . The training approach was able to improve the quality 
and the situation-specific fit of motivational regulation strategy use immediately 
and over a six-week period (quantity of motivational regulation did not improve 
significantly). Furthermore, the training had positive and sustainable effects on 
cognitive and metacognitive strategy use, invested effort, subjective well-being 
and reduced procrastination . The two training studies indicated that motivational 
regulation competences are trainable and can be interpreted as further evidence 
for the validity of the developed instruments to assess situation-specific fit and 
quality of motivational regulation with which the training effects were identified.

With regard to fostering competences for SRL, several studies are arguing for 
app-interventions (e .g ., Zydney and Warner 2016) . As there are no thoroughly 
evaluated apps for fostering SRL in higher education, Foerst et al . (2019) intro-
duced a smartphone-app that aimed to support students during the process of SRL 
while writing their bachelor theses . The intervention focused on the promotion of 
metacognitive SRL-strategies as well as motivational competences . The app con-
sisted of different modules (e .g ., planning, setting goals, self-consequation, learn-
ing strategies) and was designed to give students the opportunity to constantly 
monitor and adapt their writing process over the course of one semester . The app 
was also designed to give graphical feedback on efficiency and strategy use. In a 
quasi-experimental two-group design (intervention, control) with 118 participants 
from the fields of psychology and economic sciences who were currently working 
on their bachelor theses, students received an intervention and used the developed 
smartphone app . The results indicated a decline in self-reported knowledge about 
metacognitive strategies and no significant effects for strategy use were found. 
While motivation rose in the intervention group, unfavorable attribution styles for 
success and failure were found in both experimental groups . The results give val-
uable insights into the optimization of smartphone-based interventions regarding 
the usability and design, which are crucial factors for the use of app-based in-
terventions. One of the key findings was that apps on their own are probably not 
optimally suited to promote a complex and often almost aversive process, such as 
SRL . The systematic integration and implementation of the app as a tool in regular 
teaching seems to be a promising next step in program development .
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One important but sometimes neglected component of self-regulation is emo-
tion (Schmitz and Wiese 2006) . Well-being can be understood as an overall 
emotional state relevant for learning (Hascher 2004) . As studies show, well-be-
ing could enhance other components of SRL and also achievement (Bücker et al . 
2018) . The aim of a study by Ahrens et al . (in preparation) was to help students to 
achieve satisfaction and well-being . Earlier research showed that well-being can be 
enhanced by various interventions in different contexts (Schmitz et al . 2017) . For 
this reason, a diary-based application for smartphones was developed by which 
well-being should be increased through self-monitoring, well-being exercises and 
graphical feedback . The exercises trained four components relevant for well-be-
ing: meaning, savoring, positive attitude towards life and coping . Through the use 
of the diary, a daily updated well-being score could be calculated and communi-
cated to the participants in the form of graphical feedback . The effectiveness of the 
diary-based application to increase well-being was tested with 99 participants who 
were randomly assigned to three test conditions: (1) self-monitoring, (2) self-mon-
itoring and well-being exercises and (3) self-monitoring, well-being exercises, and 
graphical feedback . The results of the analyses showed that with the use of the app, 
well-being and flourishing increased significantly, regardless of the specific con-
dition . The study indicates that well-being can be enhanced in everyday learning 
situations .

Another promising intervention design is an electronic portfolio which assesses 
self-reported learning strategy use and helps students to monitor and evaluate their 
learning behavior (Händel et al . 2018) . The portfolio was composed of different 
parts: a journal (to write about study techniques and strategies), a to-do-list (to set 
goals and monitor learning) and a discussion forum (to discuss content with peers 
and ask questions). 1469 students from the field of educational studies used the 
e-portfolio over nine weeks and the effects of the e-portfolio use on exam grades 
were analyzed . It was shown that the reported use of cognitive strategies predict-
ed the exam grade, even when controlling for effects of continuous use and time 
spent working with the e-portfolio . The students using the e-portfolio also showed 
significantly better achievement in comparison to a control group. The results in-
dicate that online tools that encourage self-monitoring and planning can play an 
important role in supporting study success and achievement .

Eckerlein, N., Dresel, M., Steuer, G., Foerst, N., Ziegler, A., et al.
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6 Summary and Conclusion

Competences for SRL are important prerequisites for the acquisition of sub-
ject-specific competences, study success, and life-long learning, as well as an 
explicit goal of higher education . Research has shown that students substantially 
differ with regard to SRL and its facets . Grounded on substantial theoretical and 
empirical work, an integrative theoretical model of SRL competences in higher ed-
ucation, several innovative measuring instruments, as well as training approaches 
were developed and evaluated in the PRO-SRL and PRO-SRL-EVA projects. The 
development and extended validation of three measuring instruments (situation-
al judgement test, competence-performance assessment, learning journal) can be 
considered genuine contributions to the international state of research and useful 
tools for higher education . The instruments can be used to assess different aspects 
of self-regulation competences as well as the development of such competences, 
which is essential to monitor the effectiveness of higher education in attaining 
the goal of developing SRL competences . Moreover, the instruments could be 
implemented into higher education as an improved basis of decision-making for 
fostering SRL, giving higher education personal reliable and valuable hints on the 
design of learning environments and the consulting of students . Afterwards, the 
developed assessments can also be used for the evaluation of the effectiveness of 
implemented training procedures .

To validate the developed assessments, training concepts were designed to 
foster SRL (e .g ., motivational regulation) . The trainings had a positive effect on 
motivational regulation competences, as well as on other aspects of SRL (cogni-
tive and metacognitive strategy use, invested effort, well-being) . The developed 
smartphone-apps pose a mobile approach to fostering not only knowledge but also 
action components of SRL . The training approaches were developed to be im-
plemented by lecturers and heads of courses of studies . The approaches could be 
further developed into a bundle of modular training units, which can be chosen 
based on individual needs of students or institutional standards .

In the future, the instruments and fostering approaches developed in the project 
could be extended and combined to create a modular training system to foster 
SRL . Thus, elements could be chosen depending on individual and institutional 
needs that are identified with the developed assessments (e.g., using a module on 
setting goals in a class, implementing several modules in a SRL course for under-
graduates), allowing for a comprehensive yet fine-grained assessment and training 
of SRL in higher education .
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3.2 
The Relationship between General  
Intelligence and Media Use among  
University Students

Jitomirski, J., Zlatkin-Troitschanskaia, O., and Schipolowski, S.

Abstract

Students’ information selection process might be influenced by their choice 
of media sources, their learning contexts and motivation to use certain media 
as well as their general intelligence, which is crucial for information process-
ing. This study examines the relationship between the general fluid intelligence 
and the media use of 709 first-year business & economics students from 44 
universities in Germany for two different learning purposes: informing one-
self about B&E topics and preparing for lectures and exams . Accordingly, the 
motivator information seeking is divided into curiosity driven and goal driven 
information seeking . Three types of media sources were included: common 
news sources, specialized economics sources and university sources . Results 
from regression analyses and group comparisons indicate that the frequency 
of media use correlates with general fluid intelligence for some common news 
sources and specialized economics sources, for example, tabloids and econom-
ic newspapers, even after controlling for several sociodemographic variables 
including gender, age, and parents’ educational background .
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1 Introduction and Research Objectives

Recent years have ushered in the “post-truth era”1 across all media . The media 
landscape has shifted accordingly . Especially online, the exponential growth of 
information sources requires internet users to select their sources critically (Ci-
ampaglia 2018) . Information on any website can be presented as authentic regard-
less of its actual authenticity, causing uncertainty in internet users whether it is 
genuine . Properly evaluating information has become more challenging and more 
necessary at the same time (Wineburg et al . 2018; Zlatkin-Troitschanskaia et al . 
2019c) . Students need appropriate strategies for selecting relevant and reliable 
information as part of the broader skill of online reasoning and critical think-
ing – a significant aim of higher education (Gojkov et al. 2015). However, recent 
studies reveal significant deficits in higher education students’ ability to critically 
evaluate online media sources (Münchow et al . 2019; Wineburg et al . 2018; Zlat-
kin-Troitschanskaia et al . 2019c) .

The decision which media source students select to consume may be influ-
enced by both their general intelligence as well as their underlying motivation . 
Entertainment, social utility, and information seeking are all motivators that affect 
one’s overall media use (Go et al . 2016; You, Lee et al . 2013) . Students’ informa-
tion seeking in particular can be driven by the need to address both personal and 
study-related inquiries . Students’ media use and how their information seeking 

1 Post-truth is defined as “relating to or denoting circumstances in which objective facts 
are less influential in shaping public opinion than appeals to emotion and personal be-
lief” (Oxford English Dictionary 2019) .
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differs depending on whether it is purely out of curiosity or with a certain goal 
in mind is of increasing importance due to its potential for informal and formal 
learning, especially in higher education (for on overview, see Zlatkin-Troitschan-
skaia et al . 2020) .

Students’ selection and use of media sources depends on both content and rep-
resentation of information . Different media sources require different cognitive 
abilities to process the information they convey, depending on content, language 
and other characteristics . This leads to the question how students’ use of certain 
sources differs depending on their general intelligence .

This paper focuses on media use of students in business and economics (B&E), 
as this study subject is especially prevalent in the media. B&E topics in general 
are strongly represented in both mass and social media and are part of the political 
and societal discourse .2 B&E is also one of the biggest study domains worldwide 
(OECD 2017) . Due to the relevance of B&E topics in the media as well as the high 
study rate, we assessed beginning students from this domain . For B&E students, it 
is essential to stay informed about current news as well as to read lecture notes and 
academic literature to acquire study-related content knowledge .

In higher education (including both formal or informal learning), especially the 
B&E study domain lends itself to gathering data on this topic due to its popularity 
among students and prevalence in the news cycle (Maurer et al . 2018) . As Maurer 
and colleagues show (2020), in higher education economics, students use certain 
media to inform themselves about B&E topics in general, as well as to prepare for 
their lectures or exams . Based on a theoretical framework described in Section 2, 
the study investigates B&E students’ media use to inform themselves about B&E 
topics as well as to prepare for lectures and exams . We focus on the question to 
what extent the use of certain media sources differs depending on students’ infor-
mation seeking behavior and their general intelligence .

2 State of Research in Higher Education  
and Research Questions

Research literature is ambiguous on the relationship between students’ media 
use and learning in higher education . The displacement hypothesis (Huston et 
al . 1999) states that using certain media can replace other activities (Blom et al . 
2016; Cain and Gradisar 2010; Poulain et al . 2018) . For instance, students’ media 

2 Trade tariffs, the financial crisis, and sanctions against countries are just a few exam-
ples of news topics widely discussed in the media today .



184 Jitomirski, J., Zlatkin-Troitschanskaia, O., and Schipolowski, S.

use has often been negatively associated with academic performance due to the 
time spent on consuming media instead of doing homework or paying attention 
in class (Jacobsen and Forste 2011; Le Roux and Parry 2017; Walsh et al . 2013) . 
This view disregards the numerous possibilities for informal learning through a 
variety of media sources, especially from media content that relates to the study 
domain (Maurer et al . 2018) . Journalistic news media (newspapers, TV news, mag-
azines) are a potential learning source from which students could benefit (Dalton 
and Crosby 2013; Kimmerle et al . 2015) . Furthermore, using social media such as 
social networking sites specifically for academic purposes is positively associated 
with academic achievement (Marker et al . 2018) .

According to the Uses and Gratification approach (U&G), every decision to 
consume media derives from the expectation that a certain need (e .g ., knowledge 
acquisition) will be fulfilled (Saini and Abraham 2019). Based on the U&G theory, 
there are multiple motivators to consume media (Katz et al . 1974) . Many studies 
have focused on three main ones: information seeking, social utility, and entertain-
ment (Go et al . 2016; You et al . 2013) . In particular, different (formal and informal) 
learning situations and purposes in higher education studies may require different 
information seeking approaches . University students’ behavior may differ depend-
ing on the purpose of why they are consuming media content for formal or infor-
mal learning .

When asked to rank formal and informal learning situations by their subjective 
importance, students ranked “reading something” as the most important informal 
learning situation, while “preparation for an exam” was ranked as the most im-
portant formal learning situation (Jadin et al . 2008) . Based on these results, this 
study focuses on two possible learning purposes and corresponding media use 
motives: to inform themselves about B&E topics in general, which in our study 
is considered an indicator of curiosity driven information seeking and students’ 
media use to prepare for their lectures or exams, which we consider goal driven 
information seeking .

The frequency of media use allows for inferences about information seeking 
behavior with regard to different media sources (e .g ., Schulmeister 2010) . In our 
study, we investigate a relationship between frequency of use of various differ-
ent media sources and the two different media use motives: curiosity driven and 
goal driven information seeking. We considered all main types of information 
sources that university students commonly use according to recent surveys (Mau-
rer et al . 2020; Medienpädagogischer Forschungsverbund Südwest 2017, 2018; 
Zawacki-Richter 2015) . Media sources were divided into three types: common 
news sources (e .g ., local magazines), specialized economics sources (e .g ., econom-
ic newspapers), and university sources from the formal learning environment (e .g ., 
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lecture notes and course scripts) (Maurer et al . 2018; Zawacki-Richter 2015) . A 
total of 14 media sources across the three types cover the range students seek in-
formation from to inform themselves and/or to prepare for lectures or exams over 
their course of study .

Engaging with any type of media poses cognitive demands (Heidi 2018) and re-
quires an adjusted set of general intellectual abilities like fluid intelligence, which 
includes reasoning (Naglieri and Das 2002). (Online) reasoning has been identified 
as a key ability for processing information from different media sources (Wine-
burg et al . 2018; Zlatkin-Troitschanskaia et al . 2019) . Reasoning is considered a 
proxy for general fluid intelligence as it is especially associated with academic per-
formance (Deary et al. 2007; Rohde and Thompson 2007; te Nijenhuis et al. 2007). 

Although many studies found a positive relationship between media use and 
general intelligence (Beier and Ackerman 2001; Hambrick et al . 2007; Hambrick 
et al. 2008), the findings do not cover all facets of this multi-dimensional construct. 
Intelligence can be divided into the facets of fluid and crystallized intelligence 
(Cattell 1941) . Fluid intelligence is the ability to reason and tackle unfamiliar prob-
lems (Harrison et al . 2013) . A completely novel problem is theoretically solved by 
reasoning alone, not utilizing previously learned behavior (algorithms, strategies, 
knowledge, skills etc .) in the process of problem solving . General crystallized in-
telligence involves drawing from long-term memory for information and skills 
acquired in the past (Jensen 2002) .

A relationship between media use and general crystallized intelligence has al-
ready been established (Hambrick et al . 2008), while the same authors suggest 
that general fluid intelligence might also be important for solving novel problems 
and acquiring new information . The investment hypothesis (Cattell 1963) empha-
sizes that learners use their general fluid intelligence to invest into the growth of 
crystallized knowledge, which ultimately promotes the acquisition of knowledge . 
Although empirically disputed, researchers found a relationship between general 
fluid intelligence and learning (Schweizer and Koch 2002). Based on this research, 
this study focuses on students’ selection of media and frequency of use, differen-
tiating between two learning purposes (informing oneself about B&E topics, and 
preparing for lectures or exams), and a relationship to their general fluid intelli-
gence (as a proxy of reasoning) . This leads to the following research questions 
(RQ):

(1) To what extent does general fluid intelligence contribute to explaining the 
variance in students’ media use when (i) informing themselves as well as when (ii) 
preparing for lectures and/or exams? (RQ1)
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(2) How does the explained variance differ for these two learning purposes 
and the 14 sources of media – divided into three media types – considered in this 
study? (RQ2)

(3) Does fluid intelligence remain a significant predictor when including all 
controlling variables (e .g ., gender, age, parents’ educational background etc .) con-
sidered in this study? (RQ3)

(4) Do groups with the highest and lowest fluid intelligence scores differ sys-
tematically in their use of the 14 media sources? (RQ4)

The control variables were chosen based on previous findings and include trust 
in media, gender, migration background, parental education level, interest in B&E 
topics and German GPA equivalent . A correlation between trust in media and me-
dia use has been found, especially when considering mainstream vs . alternative 
media (Tsfati and Ariely 2014; Tsfati and Cappella 2003) . Gender was controlled 
for, as previous research has found that males tend to be more interested in B&E 
topics than females and that interest (in current events) directly affects media use 
(Hambrick et al . 2008) . Therefore, interest in B&E topics was included as a control 
variable . Moreover, media use has previously been shown to strongly correlate 
with migration background, and differs greatly between media sources (Bonfadel-
li et al . 2007; Trebbe 2009) . Steiner (2013) has shown that children of parents with 
a lower level of education consume more media; for instance, they watch more TV . 
Parental education was measured by asking about the highest level of education 
within the participants’ immediate family . The German GPA equivalent was in-
cluded as a control variable as a relationship between school grades and general 
intelligence has been shown in various studies (Colom and Flores-Mendoza 2007; 
Roth et al . 2015) .

3 Method

3.1 Study Design

The data was collected in the WiWiSET study at two measurement points at 44 
universities and universities of applied sciences in Germany (Pant et al . 2016) . 
The first measurement took place during the first semester of a bachelor course 
in B&E studies . A paper-pencil test was distributed to beginning students during 
introductory classes (Zlatkin-Troitschanskaia et al . 2019b) . Under controlled test-
ing conditions, students’ general fluid intelligence was assessed using the figural 
reasoning scale of the Berlin Test for Assessing Crystallized and Fluid Intelligence 
(BEFKI 11+) (Schipolowski et al . 2020) . Additionally, the students provided socio-
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demographic and educational information, including their gender, age, migration 
background, and prior education .

At the end of the first study year, the same students received a link via email to 
participate in an online questionnaire comprised of multiple validated scales relat-
ed to their media use (Zlatkin-Troitschanskaia et al . 2019b) that also cover personal 
and environmental motives of the students’ information seeking behavior . Partici-
pants received a monetary incentive to participate in the paper-pencil test and the 
online questionnaire (€5 and €10, respectively) .

3.2 Sample

In the large-scale entrance assessment, the total sample of 7,679 first-year students 
of B&E was collected at the beginning of the winter term of 2016/17 in Germa-
ny. 2,584 of these B&E students participated in the first part of the survey at the 
beginning of their studies . Of these students, 709 participated in both the BEFKI 
11+ test and completed the online questionnaire about their media use after one 
year of studies . The following analysis is based on this subsample collected from 
44 universities in Germany .

The participants are between 17 and 37 years old (M = 20 .14, SD = 2 .40) . The 
majority of test takers are between 18 and 20 years old (73 %), with a median age 
of 20 years. 96 % of the participants being in their first semester of university at 
the time of the first measurement. 367 participants are female (52 %). The average 
grade of the university entrance qualification is 2.16, with 1.0 being the best and 
4 .0 the worst possible admission grade . Nearly 50 % of the students’ parents have a 
university degree or higher; 179 (25 %) students reported a migration background . 

3.3 Instruments

3.3.1 Paper-Pencil Test

The figural reasoning scale of the BEFKI 11+ comprised 16 non-verbal items. 
Each item consisted of a sequence of geometric shapes whose elements changed 
according to implicit rules . To solve the items, test takers had to infer these rules 
and choose the next two shapes in the sequence from a number of given alterna-
tives . The 14-minute reasoning test from BEFKI 11+ was chosen as a measure 
of general fluid intelligence as it can be assumed to be relatively independent of 
prior education and experience (Gustafsson 1984) and to minimize language ef-
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fects (Ackerman and Beier 2003). Although the non-verbal fluid intelligence scale 
covers fluid intelligence only partly, it is considered to be a valid indicator and 
overall a reliable proxy for measuring general fluid intelligence under the given 
time constraints (Carroll 1994; Kyllonen and Christal 1990) . Cronbach’s alpha for 
the 16-item reasoning test was  .66 (for limitations, see Section 5 .2) .

The students were asked to provide information on their sociodemographic and 
educational background . The questionnaire included questions about their gender, 
age, and degree course . To obtain a proxy for socioeconomic status, questions 
about parental background, for instance migration background and highest educa-
tion level achieved by mother or father, were included . The questions about prior 
education surveyed the place and grade of the obtained German GPA-equivalent 
school leaving certificate.

3.3.2 Online Questionnaire

The online questionnaire included two media use frequency questions separat-
ed by the two learning purposes and corresponding subcategories of information 
seeking: to inform themselves (curiosity driven information seeking) and to pre-
pare for lectures and/or exams (goal driven information seeking) (Maurer et al . 
2020; 2018): One question assessed how participants use media to stay informed 
about B&E topics, and the second question asked which media the students use 
to prepare for classes and/or exams in B&E . In both questions, 14 media sources 
were listed (Section 4, Table 1) including journalistic media, for example, common 
news sources such as national and regional newspapers and TV news, and also 
specialized domain-specific media sources such as scientific journals, as well as 
university materials (Maurer et al . 2018) . Social networking sites were not includ-
ed, as they relate primarily to the social utility motivator (Arteaga Sánchez et al . 
2014; Mazman and Usluel 2010; Saini and Abraham 2019; Sendurur et al . 2015) .

To evaluate the frequency of media use in both cases, the participants were 
asked how often they had used different types of media during their most recent 
term at university . The students rated the frequency of their media use for each 
media type using a scale from 0 (never) to 5 (multiple times a day), with the option 
of naming additional sources .

To control for students’ trust in media sources, the students were asked how 
trustworthy they considered the previously mentioned media to be on a scale from 
0 (not trustworthy at all) to 5 (fully trustworthy) (Rössler 2011) . All students rated 
the same 14 media sources to ensure comparability in the analyses . The online tool 
provided space to enter other media sources where applicable .
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3.4 Analysis

Descriptive statistics provided first insights into the data, including the sample com-
position and self-reported frequency of media use . The BEFKI 11+ score and infor-
mation on media use from the online questionnaire were combined into one data set . 
Correlations between the frequencies of use of the fourteen different media sources 
were examined to confirm the distinctiveness of the three media types considered in 
our study . Correlations of media sources within each of the three types (i) common 
news sources, (ii) specialized economic sources, and (iii) university sourses were 
expected to be higher than correlations between sources from different media types . 
Correlation analyses also provided information about the distinctiveness of the indi-
vidual media sources . High correlations between sources (> .8) would imply that the 
sources are too similar and that their overlap is too big to justify their own category.

Subsequently, regression analyses were carried out to examine the relationships 
proposed in RQ 1 & 3 . Simple linear regressions were conducted with the BEFKI 
11+ score as the independent variable and the media sources divided into two 
purposes of media use (informing oneself and preparing for exams) as the depend-
ent variables . For RQ3, the regression models were extended to multiple linear 
regression models to include control variables which may contribute to explaining 
a possible relationship between the frequency of media use and the BEFKI 11+ 
score . Although ordered logistic regressions would be more suitable for this data, 
linear regressions have been considered to be an acceptable first approximation 
(Long and Freese 2006; Pasta 2009) . Due to very low intraclass correlations (ICC) 
of less than  .05 across all media sources, multi-level modelling was not conducted 
(LeBreton and Senter 2008) .

In the next step, the link between media use and general fluid intelligence 
was compared for the students who scored the highest and lowest on the BEFKI 
test to answer RQ4 . The participants were divided into quartiles with higher and 
lower general fluid intelligence scores. A comparison groups approach was used 
to consider extreme (highest and lowest) scores of students, in particular when 
examining potential correlations . Preliminary analyses suggested that adding a 
comparison group approach as a supplement to the regression analyses related 
to RQ1 and RQ3 could increase the statistical power (Preacher et al . 2005) . This 
approach highlights differences within B&E beginning students (Preacher 2014) . 
Apart from the methodological purpose of RQ4, the results have the potential to 
offer initial insights into specific behavioral patterns and systematic differences 
between two distinct groups. For instance, the findings could lead to possible im-
plications for learning in higher education through media as an enhancement for 
the lower-scoring group .
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The data was analyzed using Stata/IC 15.1. At first, descriptive statistics were 
calculated for the entire subsample of 709 participants . Additionally, descriptive 
statistics were calculated for the two “general fluid intelligence” groups (highest 
and lowest scoring) . In addition to simple linear and multiple regression analyses, 
t-tests were conducted to investigate the research questions .

4 Results

4.1 General Fluid Intelligence as a Factor in Explaining  
Students’ Media Use

The BEFKI 11+ scores ranged from a minimum of 0 to a maximum of 16 . The 
sample of 709 beginning B&E students achieved a mean score of 9 .27 with a 
standard deviation of 2 .75 .

To investigate RQ1 (i), we calculated simple linear regressions to predict the fre-
quency of use of different media to inform oneself about B&E topics . In nine out 
of the 14 listed media sources, the BEFKI 11+ score significantly predicted media 
use to inform oneself . Those nine media sources included both common news and 
specialized economics sources .

Most variance was significant in the use of tabloids (F(1,682) = 14 .47, p <  .001) 
with an adjusted R² of  .02 (Table 6 in App .) . It was found that the BEFKI 11+ score 
significantly predicted frequency of tabloid use (β = - .144, p <  .001) . Other sources 
in which the BEFKI 11+ score predicted more than 1 % were news magazines 
(β = - .07, p < .001), science journals (β = - .046, p =  .001), and economic (β = - .054, 
p =  .002), regional (β = - .051, p =  .005), and national newspapers (β = - .053, 
p =  .006) . All relationships were negative, indicating that a higher BEFKI score 
resulted in lower frequency of media use across all media (Tables 4–12 in App .) .

In five out of 14 media sources, the BEFKI 11+ score did not significantly pre-
dict media use to inform oneself. Those five sources included university materials 
(textbooks and course scripts), scientific databases and online encyclopedias as 
well as TV news .

Simple linear regressions for RQ1 (ii) showed that the BEFKI 11+ score predict-
ed the frequency of use of different media to prepare for classes and/or exams in 
eight out of 14 media sources . The relationship was negative across all 14 media 
sources . Through the BEFKI 11+ score 1 .4 % of the variance in the use of TV 
news was predicted (F(1,682) = 9 .66, p = .001) with an adjusted R² of  .01 (Table 
18 in App.) while the BEFKI 11+ score significantly predicted the use (β = - .076, 
p =  .002) . The variance in the use of economic newspapers (F(1,682) = 7 .73, 



1913.2 The Relationship between General Intelligence …

p = .006) was predicted with an adjusted R² of  .01 (β = - .065, p =  .006) and the 
variance in weekly newspaper use (F(1,682) = 7 .69, p = .006) with an adjusted R² 
of  .01 (β = - .065, p =  .006) (Tables 14 & 15 in App .) . Again, the BEFKI 11+ score 
did not significantly predict the use of university materials such as textbooks and 
course scripts (for discussion, see Section 5 .1) .

4.2 Comparison of Information Seeking Motives

For RQ2, roughly 80 % of students used course scripts almost on a daily basis or 
even more frequently during the term to both inform themselves about B&E topics 
(curiosity driven) and to prepare for classes, lectures, and/or exams (goal driven) . 
The difference was not significant in the t-test. Students ranked tabloids as their 
least used media source for either type of information seeking .

Students used certain media sources more often when informing themselves 
(curiosity driven information seeking), for instance, national and regional news-
papers, news magazines, and TV news (Table 1) . Students consumed TV news 
almost daily when motivated by curiosity driven information seeking . That fre-
quency went down to a little over once a week during preparation for classes and/
or exams . The difference between the frequency of curiosity and goal driven TV 
consumption of news had a medium effect size (Cohen´s d =  .505) . The reverse is 
seen in the use of textbooks . To inform themselves about B&E topics students used 
textbooks roughly a little over a week . During preparation for their studies the use 
increased to almost daily with a Cohen´s d =  .590, indicating a medium effect size 
(Cohen 1988) .

In total, all common news sources and specialized media sources including uni-
versity materials were used more frequently during preparation for classes and/or 
exams . Remarkably, some common news sources i .e ., tabloids, economic newspa-
pers and TV programs were also used more frequently by students when preparing 
for exams . Tabloids, although still used least frequently of all sources, were used 
more often during preparation for classes and/or exams. There was no significant 
difference in the use of video platforms between the information seeking motives .

Correlations between the media sources that students used to inform themselves 
ranged mostly between  .2 and  .5 . An exception was the use of course scripts, which 
only notably correlated with the use of textbooks (Table 2 in App .) . Overall, the 
correlation analyses confirm the expected distinction of three types among the 14 
media sources .

Correlations between the media sources students used to prepare for exams 
were higher across most of them . The correlations between course scripts and 
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other media stood out, as most were negative (Table 3 in App .) . Science data bases 
proved to be an outlier, correlating relatively highly with all sources except course 
scripts . Still, the three media types were evident in the correlations between the 
media sources .

Table 1  Median, mean, and standard deviation for frequency of media use including t-test 
between media use depending on the information seeking motives

Media use when 
informing oneself

Media use when 
preparing for 
exams

Mdn M SD Mdn M SD t(707) p d
National Newspapers 1 2 .68 1 .42 1 2 .36 1 .74 4 .45  .001  .237
Regional Newspapers 1 2 .36 1 .31 1 2 .25 1 .75 1 .57  .116  .078
Tabloids 0 1 .68 1 .16 0 2 .04 1 .74 -5 .22  .001  .277
Economic Newspapers 1 2 .26 1 .24 1 2 .35 1 .7 -1 .48  .14  .073
Weekly Newspapers 1 2 .23 1 .24 1 2 .3 1 .71 -1 .02  .308  .045
News Magazines 1 2 .65 1 .45 1 2 .43 1 .74 2 .87  .004  .152
TV News 3 3 .48 1 .4 3 2 .8 1 .8 9 .51  .001  .505
Economic TV Programs 1 1 .97 1 .15 1 2 .22 1 .71 -3 .71  .001  .197
Video Platforms 3 3 .42 1 .62 3 3 .45 1 .71 -0 .4  .688  .012
Science Journals 0 1 .72 1 .0 0 2 .22 1 .74 -7 .93  .001  .421
Textbooks 2 2 .81 1 .34 2 3 .47 1 .72 -11 .09  .001  .59
Course Scripts 3 4 .32 1 .21 3 4 .4 1 .65 -1 .22  .224  .057
Science Data Bases 0 1 .89 1 .25 0 2 .41 1 .83 -8 .1  .001  .43
Online Encyclopedia 2 3 .33 1 .36 2 3 .55 1 .62 -3 .87  .001  .206
Others 0 1 .85 1 .53 0 2 .07 1 .75 -3 .01  .003  .346

4.3 Additional Influence Factors of Students’ Media Use

To investigate RQ3, we calculated multiple linear regression models and included 
control variables to predict the frequency of use of different media to inform one-
self about B&E topics (Tables 4–11 in App .) as well as to prepare for exams (Ta-
bles 12–20 in App .) . Control variables (trust in media sources, gender, migration 
background, parents’ highest educational level, interest in economics and German 
GPA equivalent) were included in all regression analyses .

Seven out of 14 media sources to inform oneself were significantly explained 
by the BEFKI 11+ score when the control variables were included in the mod-
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els . Two regression models explained more than 15 % of the variance: tabloids 
(F(7,676) = 19 .22, p < .001) with an adjusted R² of  .16 (β = - .033, p =  .032) and eco-
nomic newspapers (F(7,676) = 17 .59, p < .001) with an adjusted R² of  .15 (β = - .049, 
p =  .003) (Tables 6 & 7 in App .), indicating a small effect size (Ellis, 2010) . The 
adjusted R2 for tabloids was  .005 and for economic newspapers  .001 . The highest 
adjusted R2 was  .016, for news magazines . The BEFKI 11+ score explained less 
than 10 % of the frequency of media use of all other media sources but remained 
significant with the exception of video platforms (F(7,676) = 16 .34, p <  .001) with 
an adjusted R² of  .14 (β = - .042, p =  .051) (Table 10 in App .) . The relationship 
between the BEFKI 11+ score and the frequency of media use was negative, i .e ., 
the lower the students’ intelligence test score was, the more frequently they used 
media to inform themselves .

Regression analyses predicting the frequency of use of different media to pre-
pare for classes and/or exams revealed that the use of six media sources could 
significantly be predicted by the BEFKI 11+ score but overall only five multi-
ple regression models were significant. Three out of five sources were common 
news sources: Regional newspapers, news magazines and TV news . The other 
two sources were economic newspapers and economic TV programs . The highest 
variance was explained by the model with TV news as the dependent variable 
(F(7,676) = 5 .04, p < .001), with an adjusted R² of  .04 (β = - .079, p =  .002) (Table 
17 in App.). This media source also showed the highest adjusted R2 ( .012) . In total 
significant variance explained ranged from 1.2 to 4 %. The BEFKI 11+ score did 
not provide any significant predictions for any media sources from the university 
formal learning environment, the use of national and weekly newspapers, or video 
platforms when all previously mentioned control variables were included .

Additional factors that significantly predict how students inform themselves are 
their general interest in B&E topics and trust in the media source in question . 
Interest in B&E is especially predictive for specialized economic sources, for in-
stance, economic newspapers (β =  .257, p < .001, Adj. R2 =  .06, economic TV pro-
grams (β =  .16, p < .001, Adj. R2 = .02) and science journals (β =  .191, p < .001, Adj. 
R2 =  .03) . Trust in a media source predicts the use of material that typically has 
fewer built-in filter systems i.e., tabloids (β =  .35, p < .001, Adj. R2 =  .13), regional 
newspapers (β =  .174, p < .001, Adj. R2 =  .03) and video platforms (β =  .255, p < 
.001, Adj. R2 =  .06) (Tables 4 – 11 in App .) .

Trust also predicted media use in preparation for lectures or exams for differ-
ent media sources including news magazines (β =  .09, p = .019, Adj. R2 =  .01), TV 
news (β =  .175, p < .001, Adj. R2 =  .3), economic TV programs (β =  .082, p =  .032, 
Adj. R2 =  .01) and video platforms (β =  .278, p < .001, Adj. R2 =  .08) . In contrast 
to media use to inform oneself, parental education played an important role in 
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predicting the frequency of media use when preparing for lectures and exams . 
The frequency of use for regional newspapers (β = - .085, p = .03, Adj. R2 =  .01), 
economic TV programs (β = - .096, p = .014, Adj. R2 = .01), and science journals 
(β = - .1, p = .01, Adj. R2 =  .01) was higher where the parents’ level of education was 
lower (Tables 12 – 20 in App .) .

4.4 Comparison of General Fluid Intelligence  
Groups and Their Media Use

To investigate RQ4, the subsample was divided into four groups by quartiles de-
pending on their BEFKI 11+ score . Group 1 included the highest scoring quarter 
of participants (n1 = 160, M = 12 .9, SD = 1 .02) with scores ranging from 12 to 16 . 
Group 2 consisted of the lowest scoring quarter of participants with scores ranging 
from 0 to 7 (n2 = 185, M = 5 .79, SD = 1.38). The two groups did not significant-
ly differ in terms of age, gender, or attending higher-level economics courses in 
high school . However, they differed in their obtained German GPA equivalent . 
Group 1 had a better GPA (M = 1 .95, SD =  .56) than group 2 (M = 2 .32, SD =  .56), 
t(339) = 6 .1357, p <  .001 . The two groups also differed in the number of students 
with a migration background . While 18 .76 % of the students in group 1 reported 
that they have at least one parent that was not born in Germany, more than one 
third of the students in group 2 reported that they have a migration background 
(36 .76 %) . 21 .08 % of the students in group 2 had completed vocational training 
in B&E prior to starting their university course, while only 9 .38 % group 1 had 
done so . T-tests were calculated on the basis of the comparison groups approach 
to explore whether the high general fluid intelligence group (group 1) and the low 
general fluid intelligence group (group 2) differed systematically. Here, first in-
sights on specific behavioral patterns could be gained in addition to the results of 
regression analyses related to RQ1 and RQ3 . Students in the upper quartile of the 
BEFKI 11+ score consistently used all 14 media sources less frequently than stu-
dents in the lower quartile . This applies to both learning purposes, when informing 
oneself and preparing for exams .

The groups differed significantly in their use of most media sources to inform 
oneself, except for TV news, course scripts, and online encyclopedias (Table 21 in 
App.). The highest significant difference was found in the use of tabloids. These 
findings are consistent with the results related to RQ1 and RQ3. Group 2 used tab-
loids more (M =  .98, SD = 1 .42) than group 1 (M =  .39, SD =  .10), t(343) = 4 .49, p 
<  .001, Cohen´s d =  .485, indicating a medium effect size (Cohen, 1988) . The two 
groups differ significantly in their media use of textbooks. Group 1 used textbooks 



1953.2 The Relationship between General Intelligence …

out of a general interest to be informed about B&E topics less often (M =  .53, 
SD =  .76) than group 2 (M =  .89, SD = 1 .09), t(343) = 3 .56, p <  .001, Cohen´s 
d =  .385, indicating a small effect size (Cohen, 1988), although it is on the slightly 
higher end of the interpretation of effect size . Due to the increased statistical pow-
er of the comparison groups approach, the use of university sources can be further 
differentiated between the groups .

Analyses of the groups concerning their media use to prepare for exam and/
or lectures revealed statistically significant differences between the two groups in 
only five of the 14 media sources: Regional, economic, and weekly newspapers, 
news magazines, and TV news (Table 22 in App .) . None of these were university 
sources and only one was a specialized economics source . The greatest difference 
between the groups was found in the use of TV news . Group 2 used TV news more 
frequently (M = 2 .13, SD = 1 .82) than group 1 (M = 1 .62, SD = 1 .84), t(343) = 2 .59, 
p =  .010, Cohen´s d =  .28) indicating a small effect size (Cohen 1988) . The other 
four media sources (regional, economic, and weekly newspapers, news magazines) 
had effect sizes ranging from  .228 (news magazines) to  .266 (weekly newspapers) . 
These findings are also consistent with the results related to RQ1 and RQ3, even 
though the regression analyses related to RQ1 and RQ3 suggest that the BEFKI 
11+ score can predict the use of more media sources for the purpose of preparing 
for exams and/or lectures.

Overall, the differences in the frequency of media use to inform oneself were 
more substantial and showed higher effect sizes in 12 of the 14 media sources . In 
comparison, the groups only differed in five out of 14 media sources significantly 
concerning the preparation for lectures and/or exams with small effect sizes .

5 Discussion

5.1 Media Use and General Fluid Intelligence of Students

Regarding RQ1(i), the relationship between students’ media use to inform them-
selves about B&E topics (curiosity driven information seeking) and general flu-
id intelligence differs depending on the media source, although the relationship 
was always negative. Nine out of 14 media sources had a significant relationship 
with general fluid intelligence, including common news and specialized econom-
ics sources, while university sources were not significantly predicted by the BE-
FKI 11+ score. Overall, general fluid intelligence appears to predict media use 
to inform oneself if the media source is less directly related to formal university 
learning. General fluid intelligence seems to influence the use of media sources if 
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students want to inform themselves, as is evidenced by the fact that students with 
higher scores have a lower frequency of media use . This is especially the case for 
media sources for which the lowest content quality is expected – tabloids – which 
supports the general assumption that certain media pose different cognitive de-
mands . Students with lower cognitive abilities seem to prefer consuming media 
that is less demanding .

There is a correlation between general fluid intelligence and the use of regional, 
economic, and weekly newspapers as media sources when preparing for lectures 
and exams (RQ1(ii)). Similar to the findings related to RQ1(i), the correlation was 
negative, i .e ., the lower the students’ BEFKI 11+ score was, the more frequently 
they used common media sources (e .g ., TV news) . Since these media can be ex-
pected to be of little help for exam preparation, one interpretation of this finding 
could be that a more “intelligent” strategy would be to use these media sources less 
and to concentrate more on media sources that contain more study-related and do-
main-specific content. However, general fluid intelligence did not significantly pre-
dict the use of university materials . This result suggests that students with different 
levels of general fluid intelligence use the same sources to study for university.

The findings of the present study support the distinction between the U&G 
information seeking motives and the assumption that they influence the students´ 
media use behavior (RQ2) . In general, the media use across most media sourc-
es was more frequent when the process of seeking information was driven by a 
study-specific goal. A few common news sources were an exception: national and 
regional newspapers, news magazines, and TV news, which were used more of-
ten by students to inform themselves in general . These sources are seemingly not 
considered by students to be viable options for preparing for lectures and exams, 
which suggests that they are less likely to use these common news sources to sup-
plement their formal learning .

Generally speaking, general fluid intelligence can account for slightly more var-
iance in media use when informing oneself than when preparing for lectures and 
exams . One possible explanation for this difference might be the selection process 
of reliable media sources for curiosity driven information seeking . Students with a 
higher level of fluid intelligence seem to have identified their trusted media source. 
Also, they seem to be less likely to “shop around” for the right media source, as a 
critical selection of their favored media source has already taken place, leading to 
an overall lower frequency of media use . Findings also suggest that students with a 
higher level of fluid intelligence consume less media overall, independent of their 
information seeking motive or media source . One reason for this might be that this 
group of students might select media sources and acquire and process new infor-
mation more effectively or faster .
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To answer RQ3, multiple regressions that included control variables were con-
ducted . Approximately 15 % of the variance of media use when informing oneself 
was explained for tabloids, economic newspapers, and science journals. The ad-
justed R2 for tabloids was .005, for economic newspapers .01, and for science jour-
nals .01. There was no significant relationship between the BEFKI+ score and the 
use of university materials such as textbooks and course scripts even when adding 
control variables. There was, however, a significant negative relationship between 
using economic newspapers and general fluid intelligence. Students with a lower 
level of general fluid intelligence might prefer economic newspapers to university 
media sources due to their comparatively simple representations of B&E topics . 
Study materials do not cover current news topics and usually convey basic prin-
ciples and theories so students can acquaint themselves with the subject domain, 
which might explain the overall lower frequency of reported media use . Our data, 
however, do not include information about the quality of media use i .e . how at-
tentively a student might read the text and about the texts students have actually 
consumed, only about the frequency of use and the type of media sources (for the 
limitations, see Section 5 .2) . For instance, students with a higher level of general 
fluid intelligence might read economic newspapers more rarely but more thor-
oughly; students with a lower level of general fluid intelligence might need more 
time to process novel information . This study does not allow for more in-depth 
conclusions about students’ information processing or for explanations regarding 
the negative relationship between general fluid intelligence and media use for in-
forming oneself about B&E topics .

Students who have more difficulties processing novel information might prefer 
non-university materials due to simpler or more user-friendly representations of 
information. Using tabloids is negatively associated with general fluid intelligence, 
as this medium may provide more easily understandable information regarding 
B&E and is often written in a flowery, not very fact-based journalistic style. Stay-
ing informed (using non-university sources) and keeping up with current trends 
using tabloids might be connected to the displacement hypothesis (Huston et al . 
1999) . The use of tabloids as a media source may also be more strongly connected 
to a different motivator, for example, entertainment, which was not considered in 
this study . Although students may feel like they are informing themselves about 
B&E topics, the content of tabloids is less likely to cover this domain in depth . This 
stereotype about what this media source can offer, backed by the displacement hy-
pothesis of foregoing one activity for another, might offer one initial explanation .

Adding control variables to explain media use when preparing for lectures and 
exams led to general fluid intelligence not significantly predicting some of the 
media sources, for example, national and weekly newspapers, video platforms, 
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and science journals. The remaining significant sources included common news 
sources and specialized economic sources . The regression model with TV news as 
dependent variable explained most of the variance . Again, the use of media sourc-
es that were not traditionally used for exam preparation negatively correlated with 
general fluid intelligence. One possible explanation might be a subjective feeling of 
students with lower fluid intelligence that consuming certain non-university media 
sources to prepare for lectures and exams is useful . They might rely more on infor-
mal or passive learning through media in addition to university sources as a learn-
ing strategy, thus spreading their own information processing resources thinner .

Regarding RQ4, students in the lower quartile of general fluid intelligence 
(group 2) consistently reported that they use more media from all 14 sources than 
the students with a higher level of general fluid intelligence (group 1) when inform-
ing themselves. The two groups differed significantly in their use of most media 
sources except TV news, course scripts, and online encyclopedias . The most sig-
nificant difference is that students in group 2 used more tabloids and textbooks, al-
though both effect sizes are small . Unlike in RQ1 and RQ3, a difference in the fre-
quency of textbook use emerged for RQ4 . Although textbooks are a reliable source 
of information, using them to inform oneself in general might suggest two things . 
For one, students might consider common news sources, for instance, newspapers 
or specialized economics sources, a more appropriate choice to obtain current in-
formation . Moreover, university sources are more easily available to students and 
are already “approved” by faculty staff, which might make a selection process of 
suitable media sources easier, particularly for students in the lower general fluid in-
telligence group. Students with a low level of general fluid intelligence consistently 
used all 14 media sources more frequently to prepare for lectures and exams com-
pared to the students with a high level of general fluid intelligence. Statistically 
significant differences were determined for five of the 14 media sources: regional, 
economic, and weekly newspapers, news magazines, and TV news. This finding 
is consistent with the regression analyses . The most notable difference between 
groups 1 and 2 was identified in the use of TV news, with a small effect size. This 
finding is in line with previous studies suggesting that groups with a lower edu-
cational level process TV news best, while showing a smaller processing capacity 
for newspapers (Grabe et al. 2009). The groups did not significantly differ in their 
use of university materials . However, media use differs in sources (e .g ., regional, 
economic, and weekly newspapers, news magazines, and TV news) that might not 
be specifically needed for achieving a study-related goal such as preparing for a 
lecture or passing an exam .
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5.2 Limitations and Future Directions

The survey data only show a self-reported estimate of students’ frequency of me-
dia use . Although there is a discrepancy between self-reported measures of media 
use and actual media use, studies have found strong positive correlations between 
self-reported and actual time spent consuming different media sources (e .g ., Face-
book: Junco 2013) . Nonetheless, future studies should use different measurements 
that provide more objective and detailed data, for instance, by asking students to 
report the concrete duration of use, using a continuous measure or by asking stu-
dents how many minutes in the last week they spent using certain media, as well 
as by tracking and analyzing the content and quality of used media . Many of the 
media surveyed may have content that requires processing at very different (cogni-
tive) levels . New technologies, such as apps like Social Fever and MyAddictometer 
(Basera 2019), make it possible to track media use in real-time .

Furthermore, traditional media sources have increasingly moved into the online 
space (Fletcher and Park 2017) . The fast-changing media landscape invites active 
participation rather than passive use . Further research is required on the expansion 
of the U&G approach presented in this article in combination with a differentiation 
between active and passive media use . In this study, only two meta-categories of 
learning purposes were considered, which also require more detailed differentia-
tion and examination in different formal and informal learning situations .

More detailed investigations as to which media from the different categories in 
particular influenced media use and, for instance, further breaking down the cat-
egory of news magazines into concrete well-known German magazines like Der 
Spiegel, Stern, and Focus would provide a more nuanced insight into students´ me-
dia use and allow for in-depth analyses regarding the potential of informal learn-
ing through mass media .

The results suggest that in future studies, general fluid intelligence should be 
measured more comprehensively and used as a covariate when analyzing media 
use and its influence on student learning. In this study, only one core facet of gener-
al intelligence is measured, using a figural reasoning scale as a proxy. Further stud-
ies are required which include both additional scales of figural reasoning as well 
as measurement of other facets of general intelligence . For instance, reading and 
processing texts in particular may be more strongly related to verbal intelligence . 

In addition, as students’ media use was assessed only at one measurement point 
in this study, the findings do not allow for statements about causality. For instance, 
since the students in group 1 (high general fluid intelligence group) generally used 
less media from all 14 listed media sources, future research is required to examine 
media use in relation to general intelligence over the course of study . A longitu-



200 Jitomirski, J., Zlatkin-Troitschanskaia, O., and Schipolowski, S.

dinal study with more measurement points, for example spanning the duration of 
university studies, would allow for initial causality analyses .

Finally, studies with students from other study domains are required to examine 
to which extent the findings of this study are domain- and B&E-content specific, 
and which media use patterns may become evident among students from other 
study domains in different learning situations (for a comparative analysis with 
social science students, see Maurer et al . 2020) .

5.3 Conclusion

This article aimed to examine the relationships between students’ media use and 
their general fluid intelligence, differentiating between two learning purposes: in-
forming themselves (curiosity driven information seeking) and preparing for lec-
tures or exams (goal driven information seeking) . This distinction is related to the 
Uses and Gratification approach (U&G), which suggests different media use mo-
tivation, one of them being information seeking motives . Curiosity driven media 
use can be linked to learning when informing oneself, while goal driven media use 
can be related to learning when preparing for exams .

The study has shown that depending on the learning purpose, i .e . what drives 
students to seek out information, they (i) use media differently and (ii) use different 
media . The curiosity driven use of media has a stronger relationship with general 
fluid intelligence than goal driven media use. The patterns of media use depending 
on the information seeking motive is the same for higher and lower scoring stu-
dents on a general fluid intelligence test.

For higher education practice, this study emphasizes the crucial importance of 
establishing a habit of conscious use of media facilitated by academic staff . This 
can be done by deliberately integrating mass media sources into the learning con-
text as well as by encouraging informal media use, i .e ., informal learning through 
media sources that are not directly study-related . This includes utilizing mass me-
dia sources to support habits of active knowledge transfer from one domain to the 
other to create synergies between the two . Building the habit of knowledge transfer 
and a strengthened ability to evaluate media sources as conscious media consum-
ers in different domains could support learning in higher education .
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Table 4  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of national newspaper use (n = 684)

Model 1 Model 2
Variable B SE B Β B SE B β
General fluid ability - .053  .019 - .105** - .053  .02 - .105**
Gender (female = 0)  .372  .108  .132**
Migration background - .075  .125 - .023**
Parental education  .038  .047  .03
Interest in B&E topics  .398  .075  .2***
Trust in media  .088  .044  .075*
German GPA  
equivalent

 .005  .01  .021

Adjusted R2  .01**  .076***  .076***
F 7 .55 10 .48 10 .48

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 5  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of regional newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .051  .018 - .108** - .048  .018 - .102**
Gender (female = 0)  .16  .1  .062
Migration background  .231  .114  .076*
Parental education - .066  .043 - .057
Interest in B&E topics  .199  .07  .109**
Trust in media  .174  .037  .174***
German GPA  
equivalent

 .195  .009  .086*

Adjusted R2  .01*  .069***
F 8 .09 8 .18

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 6  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of tabloid use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .06 - .016 - .144*** - .033  .015 -079*
Gender (female = 0) - .063  .085 - .027
Migration background  .106  .097  .039
Parental education - .054  .037 - .052
Interest in B&E topics  .105  .059  .064
Trust in media  .327  .033  .35***
German GPA  
equivalent

 .027  .007  .132***

Adjusted R2  .019***  .152***
F 14 .56 21 .59

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 7  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of economic newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .054  .017 - .121** - .049  .017 - .108**
Gender (female = 0)  .487  .092  .196***
Migration background - .037  .106 - .013
Parental education  .037  .04  .034
Interest in B&E topics  .449  .064  .257***
Trust in media  .081  .038  .076*
German GPA  
equivalent

 .012  .008  .055

Adjusted R2  .013**  .145***
F 10 .07 17 .59

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 8  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of news magazine use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .07  .02 - .135*** - .072  .02 - .138***
Gender (female = 0)  .292  .111  .101**
Migration background  .141  .127  .042
Parental education - .039  .047 - .03
Interest in B&E topics  .193  .077  .095**
Trust in media  .245  .042  .218***
German GPA  
equivalent

 .005  .01  .018

Adjusted R2  .017***  .081***
F 12 .57 9 .64

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 9  Simple and multiple linear regression for media use to inform oneself: Dependent 
variable = Frequency of economic TV magazine use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .042  .016 - .102** - .033  .016 - .081*
Gender (female = 0)  .235  .088  .103**
Migration background  .0  .1  .0
Parental education - .055  .038 - .054
Interest in B&E topics  .256  .061  .16***
Trust in media  .091  .034  .101**
German GPA  
equivalent

 .019  .008  .096*

Adjusted R2  .009**  .07***
F 7 .18 8 .34

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 10  Simple and multiple linear regression for media use to inform oneself: Depend-
ent variable = Frequency of video platforms use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .057  .022 - .097* - .042  .022 - .072
Gender (female = 0)  .556  .12  .172***
Migration background - .282  .137 - .075*
Parental education  .02  .052  .014
Interest in B&E topics  .226  .084  .099**
Trust in media  .345  .047  .255***
German GPA  
equivalent

 .019  .011  .068

Adjusted R2  .008*  .135***
F 6 .49 18 .95

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 11  Simple and multiple linear regression for media use to inform oneself: Depend-
ent variable = Frequency of science journal use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .046  .137 - .128** - .04  .0139 - .111**
Gender (female = 0)  .22  .077  .11**
Migration background - .096  .088 - .041
Parental education - .007  .033 - .008
Interest in B&E topics  .269  .054  .191***
Trust in media  .075  .03  .095*
German GPA  
equivalent

 .12  .007  .069

Adjusted R2  .015***  .078***
F 11 .36 9 .24

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 12  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of national newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .048  .024 - .077* - .044  .025 - .07
Gender (female = 0)  .09  .139  .026
Migration background - .095  .159 - .023
Parental education - .069  .06 - .045
Interest in B&E topics  .171  .097  .07
Trust in media - .008  .057 - .006
German GPA  
equivalent

- .007  .012 - .023

Adjusted R2  .004*  .005
F 4 .04 1 .45

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 13  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of regional newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .06  .024 - .096** - .054  .025 - .086*
Gender (female = 0)  .112  .138  .032
Migration background - .101  .157 - .025
Parental education - .13  .06 - .085*
Interest in B&E topics  .123  .096  .05
Trust in media  .075  .051  .056
German GPA  
equivalent

 .0  .012 - .001

Adjusted R2  .008*  .014*
F 6 .41 2 .39

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 14  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of economic newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .065  .023 - .106** - .059  .024 - .096*
Gender (female = 0)  .177  .135  .052
Migration background - .031  .155 - .008
Parental education - .103  .058 - .068
Interest in B&E topics  .224  .094  .094*
Trust in media  .021  .056  .015
German GPA  
equivalent

- .002  .012 - .006

Adjusted R2  .01**  .02*
F 7 .73 2 .96

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 15  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of weekly newspaper use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .065  .024 - .106** - .059  .024 - .096*
Gender (female = 0) - .084  .136 - .024
Migration background - .174  .156 - .044
Parental education - .029  .059 - .019
Interest in B&E topics  .112  .095  .046
Trust in media  .026  .054  .018
German GPA  
equivalent

- .003  .012 - .01

Adjusted R2  .01**  .006
F 7 .69 1 .56

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 16  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of news magazine use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .062  .024 - .099* - .059  .025 - .095*
Gender (female = 0)  .0  .138  .0
Migration background  .031  .158  .008
Parental education - .079  .059 - .051
Interest in B&E topics  .096  .096  .039
Trust in media  .123  .052  .09*
German GPA  
equivalent

 .0  .012 - .001

Adjusted R2  .008**  .012*
F 6 .73 2 .22

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 17  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of TV news use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .076  .025 - .118** - .079  .025 - .122**
Gender (female = 0)  .017  .14  .005
Migration background - .058  .161 - .014
Parental education - .069  .061 - .043
Interest in B&E topics  .159  .098  .063
Trust in media  .262  .057  .175***
German GPA  
equivalent

 .004  .012  .012

Adjusted R2  .013**  .04***
F 9 .66 5 .04

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 18  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of economic TV magazine use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .054  .024 - .087* - .054  .025 - .087*
Gender (female = 0) - .06  .135 - .018
Migration background - .056  .154 - .014
Parental education - .146  .059 - .096*
Interest in B&E topics  .106  .094  .044
Trust in media  .111  .052  .082*
German GPA  
equivalent

- .008  .012 - .028

Adjusted R2  .006*  .017**
F 5 .25 2 .7

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 19  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of video platform use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .047  .023 - .077* - .041  .023 - .066
Gender (female = 0)  .254  .13  .075
Migration background  .0  .149  .0
Parental education - .05  .056 - .033
Interest in B&E topics  .162  .03  .068
Trust in media  .385  .051  .278***
German GPA  
equivalent

 .007  .011  .022

Adjusted R2  .005*  .092***
F 4 .06 10 .94

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001
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Table 20  Simple and multiple linear regression for media use to prepare for exam: De-
pendent variable = Frequency of science journal use (n = 684)

Model 1 Model 2
Variable B SE B β B SE B β
General fluid ability - .048  .024 - .076* - .046  .025 - .073
Gender (female = 0)  .03  .138  .009
Migration background - .138  .158 - .034
Parental education - .154  .06 - .1*
Interest in B&E topics  .152  .096  .062
Trust in media  .079  .053  .058
German GPA  
equivalent

- .012  .012 - .04

Adjusted R2  .004*  .014*
F 3 .96 2 .42

Note. Subsample n = 709, missings = 25; *p <  .05; **p <  .01; ***p <  .001

Table 21 T-tests with BEFKI 11+ scores for media use to inform oneself

M SD 95 % CI t(df = 343) p d
National Newspapers
Group 1:  
Upper Quartile

1 .48 1 .355 [1 .263; 
1 .687]

2 .911  .004**  .314

Group 2:  
Lower Quartile

1 .91 1 .398 [1 .705; 
2 .111]

Regional Newspapers
Group 1:  
Upper Quartile

1 .19 1 .221 [1 .003; 
1 .384]

2 .570  .011*  .277

Group 2:  
Lower Quartile

1 .56 1 .413 [1 .357; 
1 .767]

Tabloids
Group 1:  
Upper Quartile

 .39  .891 [ .255; 
 .533]

4 .494 > .001***  .485

Group 2:  
Lower Quartile

 .98 1 .422 [ .772; 
1 .185]

Economic Newspapers
Group 1:  
Upper Quartile

1 .05 1 .186 [ .865; 
1 .235]

3 .120  .002**  .337

Group 2:  
Lower Quartile

1 .48 1 .327 [1 .283; 
1 .668]
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M SD 95 % CI t(df = 343) p d
Weekly Newspapers
Group 1:  
Upper Quartile

1 .12 1 .215 [ .929; 
1 .308]

2 .525  .012*  .273

Group 2:  
Lower Quartile

1 .47 1 .315 [1 .274; 
1 .656]

News Magazines
Group 1:  
Upper Quartile

1 .44 1 .326 [1 .321; 
1 .645]

3 .254  .001**  .351

Group 2:  
Lower Quartile

1 .93 1 .464 [1 .718; 
2 .142]

TV News
Group 1:  
Upper Quartile

2 .48 1 .317 [2 .269; 
2 .681]

 .366  .714  .040

Group 2:  
Lower Quartile

2 .53 1 .437 [2 .321; 
2 .738]

Economic TV Programs
Group 1:  
Upper Quartile

 .87 1 .077 [  .701; 
1 .037]

2 .890  .004**  .312

Group 2:  
Lower Quartile

1 .24 1 .298 [1 .055; 
1 .432]

Video Platforms
Group 1:  
Upper Quartile

2 .21 1 .572 [1 .967; 
2 .458]

2 .718  .007**  .293

Group 2:  
Lower Quartile

2 .68 1 .619 [2 .446; 
2 .916]

Science Journals
Group 1:  
Upper Quartile

1 .7 1 .293 [1 .498; 
1 .902]

1 .967  .05*  .212

Group 2:  
Lower Quartile

1 .98 1 .373 [1 .785; 
2 .183]

Textbooks
Group 1:  
Upper Quartile

 .52  .76 [  .406; 
 .644]

3 .565 > .001***  .385

Group 2:  
Lower Quartile

 .89 1 .093 [  .733; 
1 .05]

Course Scripts
Group 1:  
Upper Quartile

3 .18 1 .207 [2 .993; 
3 .37]

1 .608  .109  .174

Group 2:  
Lower Quartile

3 .4 1 .247 [3 .214; 
3 .575]
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M SD 95 % CI t(df = 343) p d
Science Databases
Group 1:  
Upper Quartile

 .69 1 .167 [ .505; 
 .87]

2 .527  .012*  .273

Group 2:  
Lower Quartile

1 .02 1 .272 [  .837; 
1 .206]

Online Encyclopedias
Group 1:  
Upper Quartile

2 .23 1 .309 [2 .027; 
2 .436]

1 .535  .126  .166

Group 2:  
Lower Quartile

2 .46 1 .433 [2 .252; 
2 .667]

*p <  .05; **p <  .01; ***p <  .001

Table 22 T-tests with BEFKI scores for media use to prepare for exam

M SD 95 % CI t(df = 343) p d
National Newspapers
Group 1:  
Upper Quartile

1 .24 1 .779 [ .96; 
1 .515]

1 .453  .147  .157

Group 2:  
Lower Quartile

1 .51 1 .678 [1 .265; 
1 .752]

Regional Newspapers
Group 1:  
Upper Quartile

1 .09 1 .758 [ .819; 
1 .368]

2 .337  .02*  .252

Group 2:  
Lower Quartile

1 .53 1 .741 [1 .283; 
1 .788]

Tabloids
Group 1:  
Upper Quartile

 .94 1 .785 [ .665; 
1 .222]

1 .404  .161  .152

Group 2:  
Lower Quartile

1 .21 1 .743 [ .958; 
1 .464]

Economic Newspapers
Group 1:  
Upper Quartile

1 .17 1 .716 [ .901; 
1 .437]

2 .234  .026*  .241

Group 2:  
Lower Quartile

1 .58 1 .724 [1 .334; 
1 .834]

Weekly Newspapers
Group 1:  
Upper Quartile

1 .15 1 .763 [ .875; 
1 .425]

2 .467  .014*  .266

Group 2:  
Lower Quartile

1 .61 1 .7 [1 .364; 
1 .857]
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M SD 95 % CI t(df = 343) p d
News Magazines
Group 1:  
Upper Quartile

1 .31 1 .816 [1 .029; 
1 .596]

2 .113  .035*  .228

Group 2:  
Lower Quartile

1 .71 1 .706 [1 .466; 
1 .961]

TV News
Group 1:  
Upper Quartile

1 .62 1 .836 [1 .332; 
1 .905]

2 .593  .01**  .28

Group 2:  
Lower Quartile

2 .13 1 .816 [1 .866; 
2 .393]

Economic TV Programs
Group 1:  
Upper Quartile

1 .17 1 .792 [ .889; 
1 .449]

1 .759  .08  .19

Group 2:  
Lower Quartile

1 .5 1 .729 [1 .252; 
1 .753]

Video Platforms
Group 1:  
Upper Quartile

2 .35 1 .778 [2 .072; 
2 .627]

1 .595  .112  .172

Group 2:  
Lower Quartile

2 .64 1 .636 [2 .406; 
2 .881]

Science Journals
Group 1:  
Upper Quartile

1 .15 1 .816 [ .866; 
1 .434]

1 .109  .268  .12

Group 2:  
Lower Quartile

1 .36 1 .733 [1 .111; 
1 .614]

Textbooks
Group 1:  
Upper Quartile

2 .43 1 .814 [2 .148; 
2 .715]

1 .023  .307  .11

Group 2:  
Lower Quartile

2 .62 1 .641 [2 .384; 
2 .860]

Course Scripts
Group 1:  
Upper Quartile

3 .38 1 .678 [3 .119; 
3 .643]

 .044  .965  .005

Group 2:  
Lower Quartile

3 .39 1 .648 [3 .15; 
3 .628]

Science Data Bases
Group 1:  
Upper Quartile

1 .31 1 .867 [1 .021; 
1 .604]

1 .341  .181  .145

Group 2:  
Lower Quartile

1 .58 1 .81 [1 .316; 
1 .841]
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M SD 95 % CI t(df = 343) p d
Online Encyclopedias
Group 1:  
Upper Quartile

2 .5 1 .602 [2 .25; 
2 .750]

 .874  .383  .094

Group 2:  
Lower Quartile

2 .65 1 .658 [2 .413; 
2 .895]

*p <  .05; **p <  .01; ***p <  .001
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3.3  
Multiple Document Comprehension  
of University Students

Test Development and Relations to Person  
and Process Characteristics

Schoor, C., Hahnel, C., Mahlow, N., Klagges, J., Kroehne, U., 
Goldhammer, F., and Artelt, C.

Abstract

Multiple document comprehension is the ability to construct an integrated rep-
resentation of a specific topic based on several sources. It is an important com-
petence for university students; however, there has been so far no established 
instrument to assess multiple document comprehension in a standardized way . 
Therefore, we developed a test covering four theory-based cognitive require-
ments: The corroboration of information across texts, the integration of infor-
mation across texts, the comparison of sources and source evaluations across 
texts, and the comparison of source-content links across texts . The developed 
test comprised 174 items and was empirically examined in a study with 310 
university students . Several items had to be excluded due to psychometric mis-
fit and differential item functioning. The resulting final test contains 67 items 
within 5 units (i .e ., test structures of 2–3 texts and related items) and has been 
shown to fit a unidimensional IRT Rasch model. The test score showed expected 
relationships to the final school exam grade, the study level (Bachelor/Master), 
essay performance, sourcing behavior, as well as mental load and mental effort .
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1 Introduction

To fulfill the requirements of their studies and their later job positions, university 
students have to be able to familiarize themselves with specific topics. Often, they 
are confronted with several sources and text documents from which they have to 
select and integrate relevant information across documents while taking character-
istics of the source into account . As such, these requirements exceed the require-
ments of comprehending single texts .

It is expected of German students entering the university that they have ba-
sic skills of multiple document comprehension (Kultusministerkonferenz 2012) . 
Students leaving the university with a master’s degree are supposed to be able to 
integrate knowledge, to deal with complexity, and to independently acquire new 
knowledge (Arbeitskreis Deutscher Qualifikationsrahmen 2011). We refer to the 
underlying ability of students as multiple document comprehension (MDC) and 
define it as the ability to construct an integrated representation of a specific topic 
based on several different sources of information (Anmarkrud et al . 2014; Schoor 
et al . 2020) .

However, many university students do not meet these expectations (Gruenbaum 
2012; Peter 2019; Rouet et al . 1997) . Nevertheless, there is no standardized test so 
far that covers several theory-based aspects of MDC (Section 2) as a competence 
and assesses it in a valid way . To close this gap, we developed a computer-based 
test of MDC for university students . This test is based on the assumption that 
in the context of their university studies, students encounter mainly trustworthy 
documents on topics for which they often possess little prior knowledge . This is a 
situation typical for learning with text at the university, when students receive doc-
uments from their university lecturer or find them in a scientific database, for ex-
ample . Therefore, the test does not cover competences that relate to the search and 
selection of documents or to the dealing with information that contradicts prior 
notions . In the present chapter, we introduce the framework of the developed test 
and present results on the relationship of MDC as a competence with person char-
acteristics and characteristics of the process of dealing with multiple documents .

Schoor, C., Hahnel, C., Mahlow, N., Klagges, J., Kroehne, U., et al.
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2 Multiple Document Comprehension of  
University Students

Understanding multiple documents of a specific topic necessitates not only the 
understanding of single texts (e .g ., Kintsch 1998), but also, for example,

1 . to notice that there are different perspectives on the same topic and to relate 
these perspectives to each other (Britt et al . 1999; Britt and Rouet 2012),

2 . to integrate information across documents (Britt and Sommer 2004; Cerdán 
and Vidal-Abarca 2008; Gil et al . 2010b),

3 . to recognize and deal with conflicting information (Bråten et al. 2014; Keck et 
al . 2015; Maier and Richter 2013; Stadtler and Bromme 2014),

4 . to notice biases of sources and take them into account to make own decisions 
(Braasch et al. 2012; Bråten et al. 2016; Britt and Aglinskas 2002; Kammerer 
and Gerjets 2014; Kammerer et al. 2016),

5 . to compare and corroborate information from different sources (Rouet et al . 
1997; Wineburg 1991) .

Although these requirements often occur in the context of multiple documents, it is 
probably not the existence of multiple documents but multiple sources that makes 
the difference . By the term document we refer to the structural entity transmitting 
content; that is a journal article, a web page, or a textbook chapter, for example. 
With the term source we refer to the originator of the content . That means that in 
different journal articles (documents) different authors (sources) can present dif-
ferent models about a topic (content) . The same models could also be explained in 
a textbook chapter (document), thus presenting content from multiple sources . Of 
course, also the textbook chapter has a source (its author) . In contrast to multiple 
documents, however, a well-written textbook chapter is supposed to support the 
reader in the task of integrating and comparing the content of different sources 
(Goldman and Scardamalia 2013) . That is, we expect the authors of textbook chap-
ters to describe commonalities and differences of the different models that they 
are presenting .
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2.1 Theoretical Approaches to Multiple  
Document Comprehension

There are several theoretical frameworks that can be applied to multiple document 
comprehension . For example, multiple document comprehension could be consid-
ered a special case of understanding multiple representations (Ainsworth 2006; 
Schnotz and Bannert 2003; Seufert 2009), a special task embedded in a context 
(RESOLV: Rouet et al . 2017), or guided by interest, attitudes, and the availability 
of MDC strategies (CAEM: List and Alexander 2017) . For the development of a 
standardized test, we refer to the Documents Model Framework (e .g ., Britt and 
Rouet 2012) and the strategies identified by Wineburg (1991). Both approaches 
specify representations and strategies from which cognitive requirements can be 
derived that represent MDC .

The Documents Model Framework (e.g., Britt and Rouet 2012) specifies the 
adequate cognitive representation of multiple documents . In this framework, it 
is supposed that beyond single text representation a so-called documents model 
has to be constructed . The documents model is a mental model consisting of two 
sub-models: the integrated situation model and the intertext model . The integrated 
situation model is an integrated representation of the content of the multiple doc-
uments and prior knowledge . The intertext model is a representation of meta-in-
formation about the sources like author, form, goals, or cultural background of the 
documents (Perfetti et al . 1999) . The different sources are related to each other 
with predicates like “contradicts” or “confirms”. In addition, the intertext model 
and the integrated situation model are connected with each other such that the 
most central information in the integrated situation model is tagged with source 
information (e .g ., Britt and Rouet 2012) .

With regard to strategies that are beneficial for multiple document comprehen-
sion, Wineburg (1991) found that experts – in contrast to novices – engaged more 
in behaviors of corroboration, contextualization, and sourcing . That is, experts 
compared information across documents, they related the information from the 
documents to their prior knowledge, and they took information about the source 
into account very early in their processing of a document . While contextualization 
is already relevant for the construction of a situation model of a single text, corrob-
oration helps developing an integrated situation model, while sourcing is needed 
to construct an intertext model .
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2.2 Prior Approaches to Assessing Multiple  
Document Comprehension

In prior research, multiple document comprehension has often been assessed by 
means of essays or intertext inference verification tasks (Primor and Katzir 2018). 
Essays are considered an expressive task, in which the participants have to write 
a text about multiple documents . The essays are usually manually coded holisti-
cally or with regard to a specific aspect (e.g., sourcing, integration) (e.g., Britt and 
Aglinskas 2002; Kammerer and Gerjets 2014; Rouet et al. 1997; Stadtler et al. 
2014) . Therefore, essays are a time-consuming way of assessing MDC . Moreover, 
it seems that they might be measuring not only multiple document comprehension 
but also writing skills (Griffin et al 2017; Primor and Katzir 2018).

A receptive approach to assessing multiple document comprehension is the use 
of intertext inference verification tasks (e.g., Braasch et al. 2014; Salmerón et al. 
2010; see also Maier and Richter 2013; Schmalhofer and Glavanov 1986) . In these 
tasks, the integrated situation model is targeted. The participants have to judge 
whether a given statement is a valid inference given the texts read . Although this 
approach is economic and objective, only one specific aspect of multiple document 
comprehension – the integrated situation model – is assessed, but not the intertext 
model or the whole documents model .

2.3 Characteristics of Multiple Document Comprehension  
in the University Context

The present test of multiple document comprehension was developed for the uni-
versity context . During the search for information in the internet, the trustwor-
thiness of documents plays a major role and has therefore been focused by recent 
research (e.g., Braasch and Bråten 2017; Bråten et al. 2016; Britt and Aglinskas 
2002; Kammerer and Gerjets 2014; Paul et al. 2017; Scharrer and Salmerón 2016; 
Strømsø et al . 2013) . However, at the university, students usually have to read mul-
tiple documents that have been given to them by their university lecturer or that 
they found in a scientific database. Therefore, the trustworthiness of documents 
usually is not a major issue (which is different in learning from information found 
on the Internet), but only whether the documents can contribute to the question one 
tries to answer . The search and selection of documents can be considered a com-
petence independent from MDC (information literacy, see DBV 2009; Homann 
2000; Lau 2006) . Therefore, the test that we developed focuses on the compre-
hension of multiple documents, leaving out the search and selection of documents .



226

Although there are differences across disciplines with regard to the characteris-
tics of multiple documents, there are commonalities that justify to assume MDC to 
be a generic cross-disciplinary competence (Goldman et al . 2016) . Consequently, 
the present test has been developed to cover the generic MDC competence . There 
is also evidence that MDC can develop during the course of students’ university 
studies (Britt and Aglinskas 2002; Mühlen et al . 2016), which is aimed to be re-
flected in the test score.

3 Development of the Multiple Document  
Comprehension Test

The development of our test was based on the documents model (Britt and Rouet 
2012) and Wineburg’s (1991) strategies . Moreover, the items of the test should not 
be solvable correctly with only one text . For the sake of simplicity, we assumed 
each document to have and report on only one source, so that multiple sources 
implied multiple documents .

3.1 Framework: Cognitive Requirements

The items of the test were based on four cognitive requirements that were derived 
from the documents model (Britt and Rouet 2012) and Wineburg’s (1991) strate-
gies:

1 . Corroboration of information across texts . Items with this requirement necessi-
tate that the reader compares information stemming from different texts . Either 
this information can be found directly in the text or a simple inference is nec-
essary . This cognitive requirement is derived from Wineburg’s (1991) strategy 
of corroboration .

2 . Integration of information across texts . This requirement refers to the integrat-
ed situation model . For solving items with this requirement correctly, infor-
mation from different documents has to be combined . For easier items, this 
combination might be additive; for more difficult items, it is necessary to draw 
an inference based on information stemming from different texts .

3 . Comparison of sources and source evaluations across texts . This requirement 
necessitates an intertext model. Items require the judgment of single sources 
(i .e . sourcing) and their comparison across texts/sources .

Schoor, C., Hahnel, C., Mahlow, N., Klagges, J., Kroehne, U., et al.
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4 . Comparison of source-content links across texts . Items with this requirement 
necessitate a documents model . Content has to be represented together with its 
source (source-content links) and compared across texts .

3.2 The Developed Test

We developed six units on different topics to cover different disciplines (Table 1) . 
A unit consisted of two or three texts on the topic and up to 15 items, each of which 
covered one of the four abovementioned cognitive requirements . In two units, an 
essay task had to be completed before access was granted to the other items . Due 
to their expressive nature, the essays were not included in the test but used as a 
criterion for validation. The content of the units was fictitious, except for the unit 
“Universe”, to reduce effects of prior knowledge . For each text, information about 
the source was also provided . The items had to be answered either in a dichoto-
mous verification format (e.g., true/false) or in a single choice format (1 out of 4).

Each unit started with an overview of the number of texts and items . On this 
page, a reading goal was set as well (Gil et al . 2010a; Stadtler et al . 2014) . If there 
was an essay task in the unit, the task referred to this reading goal . The comput-
er-based test was implemented with the CBA ItemBuilder (Rölke 2012) . Figure 
2 shows a screenshot of the test with its functionalities . All functionalities were 
explained to the participants in a video-based tutorial before the actual test was 
taken .

3.3 Empirical Examination of the Test

To empirically examine the MDC test (Schoor et al . 2020), a convenience sample 
of 310 university students of the humanities and social sciences from two German 
universities of either the first Bachelor’s or Master’s semester worked on three 
out of the six units of the test . Using a balanced incomplete block design and an 
additional rotation of the units, 60 different testlets were created to counterbalance 
each possible pair of units and the order of units . The students were randomly as-
signed to one of these testlets . In addition to the MDC test, the participants worked 
on several other scales such as reading frequency, basic computer skills, mental 
load and mental effort, epistemic beliefs, and goal orientations . The three units of 
the MDC test took about 1 to 1 .5 hours; the whole session about 2 hours .

The scored items were tested with regard to their fit to the Rasch model. Due to 
misfit and differential item functioning, several items and the whole unit “forgiv-
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ing” had to be excluded (Table 1). The final test encompasses 67 items in five units. 
As a person parameter for MDC, we used weighted likelihood estimates (WLE 
scores; Warm 1989), which had an acceptable WLE reliability of  .67 .

In addition, we tested whether the resulting test was unidimensional . The uni-
dimensional model was tested against a four-dimensional model representing the 
different cognitive requirements of the items, against a five-dimensional model 
representing the unit structure, and against a Rasch testlet model with a general 
factor and five subdimensions representing the unit structure. The results favored 
the unidimensional model (for more details, see Schoor et al . 2020) .

Table 1 Overview over the units of the MDC test by Schoor et al . (2020)

Unit Content Multiple choice format Verification 
format

Number of items of 
type…

Number 
of items of 
type…

1 2 3 4 1 3
Nothing 2 reviews of the fictitious 

novel “Nothing” which 
were allegedly published in 
newspapers, both describ-
ing content and quality of 
the novel, inspired by the 
novel “Nada” by Carmen 
Laforet

1 (1) 8 (2) 1 (0) 2 (2) 16 
(4)

8 (4)

Universe 3 popular science texts 
on the end of the universe 
from a physical-cosmolog-
ical perspective; the texts 
encompass scenarios of 
the end, a description of 
forces, and a report of new 
empirical data

- 5 (4) 1 (1) 3 (3) 8 (7) -

Catalano 2 short biographies on the 
life of the (fictitious) mafia 
boss Catalano, inspired by 
the life of Al Capone

- 11 
(6)

2 (2) 1 (1) 8 (2) -

Schoor, C., Hahnel, C., Mahlow, N., Klagges, J., Kroehne, U., et al.
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Unit Content Multiple choice format Verification 
format

Number of items of 
type…

Number 
of items of 
type…

1 2 3 4 1 3
Forgiving 3 texts imitating textbook 

chapters, each presenting a 
(fictitious) theoretical mod-
el on forgiving; the models 
differ with regard to their 
general approach (process 
model, influencing factors, 
dimensions)

- 5 (0) - 6 (0) 8 (0) 16 
(0)

2134 3 texts on a “historical” 
event in the year 2134: the 
arrival of extraterrestrials 
on earth . The texts are 
written as if they were his-
torical documents: One text 
is an internal report of an 
observatory, one an internal 
governmental report, and 
one is a political speech

- 8 (4) 1 (0) 3 (3) 8 (3) 8 (1)

Animals 3 textbook texts each 
presenting one (fictitious) 
literature studies approach 
on how to interpret animals 
in novels; like the texts in 
“Forgiving”, the texts pres-
ent structurally different 
approaches

- 4 (2) - 8 (5) 8 (2) 16 
(8)

Note. Type of items refers to cognitive requirements of the items (1 = corroboration of 
information across texts; 2 = integration of information across texts; 3 = comparison of 
sources and source evaluation across texts; 4 = comparison of source-content links across 
texts). Verification format was used only for items of type 1 or 3. In brackets: Number of 
items left in the final test.
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4 Relations of Multiple Document Comprehension  
to Person and Process Characteristics

Multiple document comprehension is supposed to be meaningfully related to per-
son characteristics and characteristics of the comprehension process . To examine 
the validity of the MDC test score interpretation, we related the MDC test score to 
these variables . By person characteristics, we refer to demographic variables, basic 
computer skills, and reading frequency . With regard to process characteristics, 
we look at the way in which the participants build their understanding of multiple 
documents, as indicated by sourcing and mental effort, for example . We developed 
specific expectations about how these variables should be related to the MDC test 
score (see below) . All hypotheses were tested with the same sample as described 
above .

4.1 Multiple Document Comprehension and Demographic 
and Study-Related Variables

Students entering the university are supposed to possess basic skills in MDC . 
Since this is an ability that should have been taught in school, the final school exam 
(German Abitur) grade should be related to the MDC test score such that the better 
the final school exam grade, the better the MDC test score. Moreover, since MDC 
should develop during their university studies, we expected Master’s students to 
have a higher MDC test score than Bachelor’s students, and we expected the final 
school exam grade to be more closely related to the MDC score of Bachelor’s than 
of Master’s students .

The final school exam grade correlated in the expected direction with the 
MDC test score (r = - .44, p <  .001) and Master’s students achieved higher MDC 
scores than Bachelor‘s students (βstandardized = 0 .22, p <  .001) (Schoor et al . 2020) . 
The correlation of the MDC test score with the final school exam grade was de-
scriptively higher for Bachelor‘s (r = - .44, p <  .001) than for Master’s students 
(r = - .35, p < .001), but this difference was not statistically significant (Schoor et al. 
2020) . A t test on the MDC test scores revealed no significant gender differences 
(Mmale = 0 .09, SDmale = 0 .74; Mfemale = -0 .01, SDfemale = 0 .75; t308 = 0 .98, p =  .33) .
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4.2 Multiple Document Comprehension and  
Essay Performance

Prior research has often operationalized MDC by means of essay performance . 
However, essay performance also includes expressive abilities . Therefore, perfor-
mance in an essay task was expected to correlate only in a moderate way with the 
MDC test score . In our study, an essay task was included in the units “Universe” 
and “Nothing” . Each essay was scored with regard to the mentioning of ideas cen-
tral to answering the task (for scoring procedure and scheme, see Schoor et al . 
2020) . The MDC test score correlated with the essay score in the unit “Universe” 
at r =  .32 (p <  .001) and with the essay score in the unit “Nothing” at r =  .44 
(p <  .001) (Schoor et al . 2020) .

4.3 Multiple Document Comprehension and  
Sourcing Behavior

As a central MDC-related strategy (Wineburg 1991), sourcing is supposed to be 
closely related to multiple document comprehension . Since our MDC test is com-
puter-based, log data are available that allow analyzing the participants’ behavior . 
To validate different indicators of sourcing behavior, Hahnel, Kroehne et al . (2019) 
investigated the following indicators of sourcing:

1 . Proactive sourcing . Referring to sourcing as a heuristic that provides a frame-
work for the processing of documents, sourcing was operationalized as a di-
chotomous indicator of whether or not the source information of a document 
was accessed within the first 10 % of overall document reading time.

2 . Repeated sourcing . Sourcing might be necessary to update source information 
in the working memory. This might be triggered, for example, by conflicting 
information (Braasch et al . 2012) . Accordingly, this indicator was operation-
alized as dichotomous indicator of whether or not the source information of a 
document was accessed more than once .

3 . Task-related sourcing . In the MDC test, there were items that necessitated source 
evaluation . These items might have triggered sourcing . Therefore, task-related 
sourcing was a dichotomous indicator of whether or not after accessing an item 
the source information of a document was accessed with a maximum of 10 
seconds time on the corresponding document .

4 . A general indicator of whether or not the source information of a document 
was assessed .
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All these indicators were positively and significantly related to the MDC test score 
(b = 0 .27 – 0 .53, all ps <  .001 except for proactive sourcing: p < . 05) . Moreover, 
they were also expected to relate to unit characteristics and properties of the test 
administration in a specific way. With regard to the validity of their interpretation, 
the indicators of proactive sourcing and repeated sourcing showed the expected 
patterns of relationships with other variables such as MDC test score and grad-
uation grade. Therefore, it can be concluded that these indicators reflect their in-
tended meaning well (for details, see Hahnel, Kroehne et al . 2019) . This was not 
the case for task-related sourcing and therefore the use of this indicator was not 
recommendable . The general indicator revealed to be a mixture of the other three 
sourcing indicators (Hahnel, Kroehne et al . 2019) .

4.4 Multiple Document Comprehension and Mental Load 
and Mental Effort

Multiple document comprehension demands a lot from readers . It can be assumed 
that to develop a documents model, the reader has to hold and process multiple 
interacting elements in working memory . This can result in high cognitive load 
(Sweller 2010). Mental load (the perceived task difficulty) and mental effort can 
be considered two components of cognitive load (Paas 1992), which we assessed 
together with the MDC test. The participants filled in a questionnaire on mental 
load and mental effort (Krell 2015) after each MDC test unit . Amongst others, we 
expected that mental load would increase with the number of documents in the 
unit and their total length, which we did not expect to be the case for mental effort 
since this measure should be dependent on the students’ individual engagement . 
With regard to MDC, we expected the probability to solve the items correctly to be 
negatively related to mental load and positively related to mental effort .

Instead of the MDC test score, the scores of each item were predicted using 
generalized linear mixed models (Hahnel, Schoor et al . 2019) . As hypothesized, 
mental load increased with the number of documents (b = 0 .99, p <  .001) . Mental 
effort was not significantly related to the number of documents (b = -0 .01, p >  .05) . 
As also expected, mental load was negatively (b = -0 .13, p <  .001) and mental effort 
positively (b = 0 .18, p <  .001) related to the probability to solve the MDC tasks 
correctly (for more detailed results, see Hahnel, Schoor et al . 2019) .
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4.5 Multiple Document Comprehension and Basic  
Computer Skills

Basic computer skills are defined as „the fundamental ability and speed of per-
forming basic actions in graphical user interfaces of computers to access, collect, 
and provide information“ (Goldhammer et al . 2013) . Since our MDC test was com-
puter-based, we also assessed basic computer skills to examine whether the MDC 
test score cannot be explained merely by basic computer skills . We used a further 
developed and short version of the test by Goldhammer et al . (2013), encompass-
ing five tasks (i.e., forward an e-mail, online banking transaction request, send an 
e-mail out of a text processing software, literature search in a data base, search 
for a flight). Each task was scored dichotomously (solved correctly vs. not solved 
correctly), and a sum score was built . This sum score of basic computer skills was 
positively correlated with the MDC test score (r =  .25, p <  .001) . However, the 
internal consistency of the scale was not acceptable (McDonald’s w =  .28) and too 
low to meaningfully interpret the relationship with the MDC test score .

4.6 Multiple Document Comprehension and  
Reading Frequency

Reading frequency has been shown to be related to (single text) reading compre-
hension (e .g ., Guthrie et al . 1999; Locher and Pfost 2019) . Since it can be assumed 
that single text reading comprehension is a necessary but not a sufficient prereq-
uisite for multiple document comprehension, we expected reading frequency to 
be positively related to the MDC test score . Reading frequency was measured by 
means of five items from the NEPS study (Blossfeld et al. 2011) asking for the 
daily amount of reading for study purposes and for leisure as well as how often the 
participants read fictional texts, non-fiction texts, instructions, advertisements, or 
commenting texts in their leisure time. Table 2 displays the findings. Except for the 
amount of reading commenting texts during leisure time, no significant relation-
ship of reading frequency with MDC was found .
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Table 2 Correlations of reading frequency items with MDC

Variables of Reading Frequency r
Daily amount Reading for studies - .07

Reading in leisure time  .03
Genre-specific reading fictional texts  .06

non-fiction texts - .01
instructions - .03
advertisements - .01
commenting texts  .13*

Note. *p <  .05 .

5 Conclusion and Outlook

Our aim was to develop a test of multiple document comprehension that assesses 
the generic, domain-independent ability of university students to deal with mul-
tiple documents on a topic for which they have low or no prior knowledge . The 
results of the first empirical evaluation of the test showed that the developed test is 
objective, reliable, and valid. The test format in terms of closed-ended items makes 
the assessment objective and economic. The reliability is lower than optimal, but 
still acceptable . The relationships between the MDC test score and other variables 
indicate that the test measures what it is supposed to measure . Thus, the interpre-
tation of the test score as reflecting the ability of university students to create a 
comprehensive mental representation from multiple documents by corroborating 
and integrating information across texts, comparing and evaluating their respec-
tive sources, and creating and comparing source-content links across documents 
can be considered valid at present .

Currently, further studies are in preparation . For one, we conducted a second 
study in which we included measures of (single text) reading competence and 
working memory to analyze their relationship to MDC . Further contributions will 
cover the relationship of MDC with the task model (Rouet et al . 2017), goal orien-
tations (Spinath et al . 2002), and epistemic beliefs (e .g ., Ferguson 2015) . Based on 
the gathered log data, strategies that the participants apply also will be examined 
in future research . Further research is required, for example, to investigate the lon-
gitudinal development of MDC over the course of university studies or to expand 
the generalizability of the present results to students of all subjects.
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3.4 
What Does It Take to Deal  
with Academic Literature?

Epistemic Components of Scientific Literacy

Münchow, H., Richter, T., and Schmid, S.

Abstract

The skills required for understanding and evaluating academic literature in-
clude a broad repertoire of different reading strategies, which are rarely ex-
plicitly taught and go beyond classical learning strategies that foster learning 
from expository texts . This chapter proposes a taxonomy of strategies for read-
ing academic literature, which distinguishes between two different processing 
goals (receptive vs . epistemic) and processing modes (systematic vs . heuristic) . 
Recent research on epistemic-systematic reading strategies, diagnostic instru-
ments to assess these strategies, and training interventions to foster these strat-
egies is described in more detail . Finally, the chapter provides an outlook on 
further research that includes epistemic-heuristic reading strategies as another 
key component of scientific literacy.
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1 What Does It Take to Deal with Academic Primary  
Literature? More Than Deep-Level Learning Strategies

University students are often advised to organize the information they are reading, 
to relate it to relevant prior knowledge, and to reread passages they find difficult to 
understand (e .g ., Pintrich 2004) . Other suggestions to improve learning from text 
include the use of practice tests (Karpicke and Roediger 2010) or the distribution 
of rereading across time (Rawson and Kintsch 2005) . This advice is based on a 
broad body of research on learning strategies, reading strategies, and self-regulat-
ed learning in cognitive and educational psychology, rooted in theories of human 
cognitive architecture (Weinstein and Mayer 1986) and supported by a wealth of 
correlational studies and training experiments (for reviews, see Dunlosky et al . 
2013; Richardson et al . 2012) . Certainly, the learning strategies that have been in 
the focus of cognitive and educational research for many years can help students 
to deeply comprehend expository texts, remember the information conveyed by 
these texts, and retrieve it from long-term memory at a later test . However, there 
is doubt whether these strategies suffice for appropriately dealing with other types 
of academic literature and in other types of reading situations . Academic primary 
literature, in particular, might call for the application of strategies that have rarely 
been studied in previous research .

In the first part of this chapter, we briefly sketch a taxonomy of strategies that 
goes beyond traditional models of reading and learning strategies (e .g ., Pintrich 
2004; Weinstein and Mayer 1986) and that covers a broader range of reading sit-
uations that university students are typically confronted with . We seek to approx-
imate a more comprehensive conceptualization of reading strategies that together 
form the core of scientific literacy. Scientific literacy can be defined as “the abil-
ity to understand and critically evaluate scientific content to achieve one’s goals” 
(Britt et al. 2014, p. 104). In line with this definition, we distinguish two generic 
reading goals, which we call receptive and epistemic goals, and two modes of 
understanding and evaluating scientific content, the heuristic and the systematic 
mode . Receptive reading goals involve comprehending and memorizing informa-
tion (e .g ., for recalling this information in a later test); epistemic reading goals 
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3.4 What Does It Take to Deal with Academic Litera-
ture?

involve the use of texts for the acquisition of knowledge the reader regards as plau-
sible or true (Richter 2003) . The epistemic reading strategies that are functional 
for accomplishing epistemic reading goals are novel in the sense that they are not 
covered by classical taxonomies of reading learning strategies (e .g ., Weinstein and 
Mayer 1986) and have only recently come to the fore of educational psychology 
research (Barzilai and Zohar 2014; Richter and Schmid 2010) . In the second part 
of the chapter, we focus on systematic epistemic reading strategies. More specifi-
cally, we give an overview of recent research from our lab on the characteristics of 
systematic epistemic reading strategies, how these strategies can be assessed, and 
how they can be taught to university students through systematic, computer-based 
trainings .

2 A Taxonomy of Reading Strategies  
for Academic Literature

Scientific content is mainly communicated through written texts. These texts 
are typically written by scientists to be read by scientists (Goldman and Bisanz 
2002) . Yet, university students of almost all disciplines are required to read ac-
ademic literature as part of their studies . To illustrate the scope of the learning 
strategies required to comprehend academic literature, it is instructive to consider 
the way scientists themselves read scientific texts. The extant studies (Bazerman 
1985; Berkenkotter and Huckin 1995) indicate that scientists routinely employ a 
broad repertoire of reading strategies, which include both heuristic and epistemic 
strategies . The physicists interviewed by Bazerman (1985), for example, distin-
guished between core reading and peripheral reading . In their peripheral reading, 
they scanned texts for particular words, skipped sections, and evaluated publica-
tions by their authors. Remarkably, projected onto classical taxonomies of learning 
strategies, these reading behaviors routinely exhibited by experts in the domain 
of physics would have to be regarded as superficial processing, although they ap-
parently help the physicists to achieve certain goals: for example, to find specific 
information in a text or to select those texts for a closer reading that seem to be 
most informative or trustworthy .

Our taxonomy covers the variety of reading situations and goals that scientists 
and students alike are confronted with by posing two generic reading goals and 
two modes of processing scientific information. First, we distinguish between two 
types of goals: receptive vs . epistemic goals . Readers with a receptive goal strive 
to learn facts, understand the text contents, or find specific information, whereas 
readers with an epistemic goal strive to gain an adequate picture of the state-of-
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affairs described in the text or develop an own standpoint on the issues discussed 
in the text (Richter 2003, 2011; Richter and Schmid 2010) . Receptive reading goals 
can be fully described within the classical information processing framework of 
cognitive psychology (Neisser 1967); learning strategies that help achieving re-
ceptive learning goals improve cognitive processes such as encoding, manipula-
tion, storage, and retrieval of information . However, how and to what extent the 
processed information corresponds to state-of-affairs in the world, whether it is 
true or whether there are good reason to assume that it is true, is irrelevant for the 
attainment of receptive reading goals . For example, students studying for an exam 
need to comprehend and memorize information in expository texts, but it is often 
irrelevant to their study goal whether the theories described in the text are actually 
valid . By contrast, for epistemic reading goals, these criteria are essential . Thus, 
epistemic reading goals involve the acquisition of knowledge in a classical (philo-
sophical) sense, that is, the acquisition of true and justified beliefs (e.g., Ichikawa 
and Steup 2018) . For example, a student who aims at identifying the most powerful 
theory in a given field of study would follow an epistemic reading goal.

Second, we distinguish between systematic (deep-level) or heuristic (sur-
face-level) strategies (following the distinction made in two-process models of in-
formation processing, e .g ., Petty and Wegner 1999) . Systematic strategies involve 
controlled processes, are cognitively demanding, and, if successful, lead to deeper 
understanding of a scientific issue or domain. By contrast, heuristic strategies can 
be applied fast and demand less cognitive resources . If successful, heuristic strat-
egies often result in a specific decision, for example, that a piece of information 
matches the answer of a question, that a statement is implausible, that a document 
is trustworthy, or that it is worthwhile to read a text more thoroughly . The distinc-
tion between systematic and heuristic strategies does not imply that systematic 
strategies lead to better results than heuristic strategies . Rather, it depends on the 
processing goal and other conditions (such as the available time, reader’s expertise, 
and the information provided by the text) whether a systematic or heuristic strategy 
is appropriate .

Combining the dimensions epistemic-receptive and systematic-heuristic yields 
a 2×2 table with four categories of strategies (Figure 1) . The four categories are 
described next with examples .
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Figure 1  Overview of taxonomy of reading and learning strategies required to deal with 
academic literature

2.1 Receptive-Systematic Strategies

The strategies in this category serve to enrich or structure information to facilitate 
later recall . Examples are classical learning strategies such as rehearsal, organi-
zation and elaboration, as described in the educational and cognitive research on 
reading and learning strategies (e .g ., Dunlosky et al . 2013; Pintrich 2004) .

2.2 Receptive-Heuristic Strategies

The strategies in this category serve to gain a first impression of the text content. 
Readers can rely on genre knowledge about the types of information texts in a par-
ticular genre typically provide . Once a reader has selected a particular text for fur-
ther scrutiny, he or she can turn to receptive-heuristic strategies such as skimming 
(cursory reading to extract the gist) and scanning (cursory reading to find specific 
information) . These strategies are particularly important in the phase of literature 
research and require generic knowledge of canonic text structures (Dillon 1991) .

2.3 Epistemic-Systematic Strategies

The strategies in this category serve to validate the argumentation of a text . In 
some models of learning strategies, they are covered by the construct critical eval-
uation (e.g., Pintrich 2004). At a more specific level, it is possible to distinguish be-
tween consistency checking and knowledge-based validation (Richter and Schmid 
2010) . These strategies require the reader to identify the functional components 
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of arguments such as claim and ground (reasons), to evaluate the acceptability 
of the reasons, and to evaluate the internal consistency of the argument, i .e ., the 
relevance and sufficiency of the reasons (Larson, Britt and Kurby 2009; Toulmin 
1958) . University students often fail to identify the argumentative function of text 
passages (e .g ., Norris et al . 2003) .

2.4 Epistemic-Heuristic Strategies

The strategies in this category serve to gain a quick preliminary evaluation of the 
credibility of the text . Examples include the use of source information (e .g ., pub-
lication outlet and funding, Zimmerman et al. 2001), fast judgments of the plausi-
bility of claims (Voss et al . 1993), or the selective processing of belief-consistent 
information (Maier and Richter 2013; Richter and Maier 2017) . Such strategies are 
particularly important when readers lack domain-specific content knowledge or 
the cognitive or motivational resources necessary for deep processing . Contrary 
to scientists, students often neglect source information when making epistemic 
judgments (Zimmerman et al. 2001), which may hamper their comprehension of 
scientific information (e.g., Strømsø, Bråten and Britt 2010).

University students need to possess a broad knowledge of strategies in all four 
categories for competently dealing with academic literature . However, they also 
need to know when and for what purpose they can use a particular strategy (con-
ditional knowledge, Lorch et al . 1993) . Skimming and scanning, for example, are 
particularly important in the phase of literature research to find out whether a 
particular publication is relevant for the question at hand . Only if this condition 
is met, the reader should turn to systematic strategies . To give another example, 
readers following an epistemic reading goal might not be able to adequately judge 
the arguments in a text as they lack pertinent prior knowledge . In that case, the 
epistemic reading goal might be served better by making a heuristic judgement 
about the credibility of the source, even if the text presents the scientific issue in a 
way that it seems easy to comprehend (Scharrer et al . 2014) .
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3 Epistemic-Systematic Reading Strategies:  
Assessment, Training, and Relevance for Studying  
at University

In the remainder of this chapter, we present an overview of research from our own 
lab on epistemic reading strategies, i .e ., the strategies required for comprehend-
ing and evaluating the arguments presented in scientific texts. Epistemic reading 
strategies go beyond a receptive elaboration of the texts’ contents and enable stu-
dents to acquire knowledge about scientific issues as opposed to identifying and 
memorizing information . Such reading strategies are usually not explicitly taught 
in school, which contributes to the problems many first-year students encounter 
when reading academic primary literature. Deficits in epistemic strategies were 
revealed, for example, in student-scientist comparisons that examined how psy-
chology students and scientists (advanced doctoral students and postdocs) com-
prehended and evaluated arguments (von der Mühlen et al . 2016a, 2016b) . In these 
studies, scientists were superior in decoding the functional structure of informal 
arguments, in identifying implausible arguments, and in recognising errors in ar-
gumentation. These findings underline the need for diagnostic instruments for the 
assessment of epistemic-systematic strategies and for training interventions that 
foster these strategies in university students . In a number of studies to be described 
next we developed and evaluated such assessments and trainings for undergradu-
ates in the social sciences .

3.1 Assessment of Epistemic-Systematic Reading Strategies

For assessing students’ epistemic-systematic reading strategies, we developed two 
computer-based diagnostic instruments: the Argument Structure Test (AST, Mün-
chow et al . 2020) and the Argument Judgement Test (AJT, Münchow et al . 2019) .

3.1.1 Argument Structure Test

The Argument Structure Test assesses students’ ability to identify the structural 
components of informal arguments, which may be considered the building blocks 
of academic literature . The test consists of eight short informal arguments (M = 104 
words, SD = 24 words) taken from typical psychological texts . The arguments are 
composed of argument components according to Toulmin (1958) . According to 
this model, arguments consist of up to five functionally different components: The 
claim or the statement that is being argued for, one or several (empirical, theore-
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tical, or practical) reasons that support the claim, a warrant that states why the 
reason(s) should support the claim, a backing that justifies the warrant empirically 
or theoretically, and a rebuttal that limits the validity of the claim (e .g ., by refer-
ring to exceptions). In empirical sciences, the claims found in scientific texts are 
most often theoretical in nature (e .g ., an explanatory assumption) and the reasons 
are findings from empirical studies. This principle is also followed in the argu-
ments used in the Argument Structure Test . Respondents‘ task is to assign the 
five functional arguments components to one of the sentences of each of the eight 
arguments . The arguments used in the Argument Structure Test differ with regard 
to several characteristics that are known to affect argument comprehension . First, 
the position of claim and reasons is varied . In half of the arguments, the claim is 
located in the first sentence of the argument (claim-first arguments), whereas the 
other half of the arguments start with a reason (reason-first arguments). Claim-first 
arguments follow the canonical order and are easier to comprehend as the claim is 
the key to building up a mental representation of the argument (Britt and Larson 
2003) . Moreover, argument complexity is varied systematically . Two arguments 
are simple arguments that contain only three of the five argument components dis-
tinguished by Toulmin, whereas the remaining six arguments contain all five argu-
ment components (complex). The two simple arguments are claim-first arguments.

Respondents first read an argument as a continuous text (Figure 2A). After-
wards they are shown the same argument again and are asked to assign the sen-
tences of the argument to one of the five argument components (claim, reason, 
warrant, backing, and rebuttal) via a dropdown menu (Figure 2B) . Students usually 
need 20 to 30 minutes to complete all items of the Argument Strucure Test . The 
total number of accurately assigned argument components serves as a score of the 
reader’s ability to decode the functional structure of informal arguments .

Psychometric properties of the Argument Structure Test were evaluated in 
a study with a convenience sample of 225 psychology undergraduates and tea-
cher students . In this study, the internal consistency (Cronbach’s α) of the Argu-
ment Structure Test reached .76, with a wide range of item difficulties (M =  .69, 
SD = .16). The items of the Argument Structure Test showed a good fit to the Rasch 
model (1-PL model, Andersen Likelihood-Ratio test with a mean-split of the sam-
ple: χ2[df = 38, N = 225] = 46 .81, p =  .130), with no indication of interdependencies 
between items within a specific argument.

To examine the construct validity of the Argument Structure Test, we estimated 
an explanatory item response model (LLTM, Fischer 1974) to predict the test’s 
item difficulties through theoretically relevant item characteristics (order of argu-
ment components and arguments complexity). As expected, claim-first arguments 
and less complex arguments were easier to decode. Finally, the observed item diffi-
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culties based on the Rasch model could be predicted well through item difficulties 
estimated with the LLTM (R² =  .82, Figure 3), which is strong evidence for the 
construct validity of the instrument .

Figure 2  Example item for the Argument Structure Test . (A) Argument presented as a 
continuous text . (B) Argument separated by sentences (translated from Ger-
man) . (Figure adapted from Münchow et al . 2020, p . 3)
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Figure 3  Scatterplot of predicted and empirical item difficulties for the Argument Struc-
ture Test (Figure adapted from Münchow et al . 2020, p . 8)

Evidence for the criterial validity of the test was obtained through correlations of 
the test scores with criterial performance measures as well as the students’ episte-
mological beliefs (scales Structure and Variability of the Connotative Aspects of 
Epistemic Beliefs Questionnaire, CAEB; Stahl and Bromme 2007) . The test scores 
of the Argument Structure Test were moderately and signifantly (p <  .05) corre-
lated with verbal intelligence (r =  .40) assessed with the subtests sentence comple-
tion, analogies and commonalities of the Intelligence Structure Test (I-S-T 2000 
R, Amthauer, Brocke, Liepmann and Beauducel 2001) and students’ Grade Point 
Average in the school-leaving certificate (Abitur; r =  .17) . Moreover, students who 
scored higher in the Argument Structure Test were more likely to see knowledge 
in psychology as structured but changeable, as indicated by significant correlations 
with the scales Structure (r =  .20) and Variability (r = - .33, reverse scored) of the 
CAEB . In sum, the Argument Structure Test is a reliable and valid instrument for 
assessing the ability to comprehend arguments in scientific texts.
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3.1.2 Argument Judgement Test

The Argument Judgement Test assesses students’ abilities to accurately judge the 
plausibility of informal arguments and to identify common argumentation falla-
cies . The test consists of two parts . In Part 1 of the Argument Judgement Test, 
readers are presented two short expository texts about smoking behavior (550 
words) and objective self-awareness (404 words). Each text consists of 15 short 
informal arguments containing a claim and one or several reasons . Twenty out of 
30 arguments are plausible, that is, these arguments contain strong and internally 
consistent reasons that support the claim . The remaining ten arguments contain 
one of five common argumentation fallacies (i.e., contradiction, false dichotomy, 
wrong example, circular reasoning, overgeneralization; Dauer 1989), resulting in 
poor arguments . The readers’ task in Part 1 of the Argument Judgment Test is to 
evaluate whether the presented arguments are plausible or implausible by press-
ing a corresponding key on the keyboard. The number of correctly judged argu-
ments serves as test score. In Part 2, the arguments that the respondents judged 
as implausible in Part 1 are presented again, and respondents are asked to assign 
each of these arguments to one of the five common argumentation fallacies via a 
dropdown menu. Each fallacy is briefly explained on screen. Participants can also 
select the answer options I don’t know, I was wrong, there is no error, or None of 
the above-mentioned errors, but …, where they can enter text in a text box for the 
last option . The number of correctly assigned arguments is used as a test score in 
Part 2 . Furthermore, a combined score of the responses in Part 1 and Part 2 can be 
formed, which is a measure of the ability to evaluate the plausibility of informal ar-
guments . An example item of the Argument Judgement Test is shown in Figure 4 .

The psychometric properties of the Argument Judgment Test were explored in 
a study (Münchow et al . 2019) based on the same convenience sample of 225 psy-
chology and teacher students used for examining the Argument Structure Test . In 
this study, Part 1 turned out to be relatively easy (item difficulty: M =  .74, SD =  .10), 
whereas Part 2 was relatively difficult (item difficulty: M =  .36; SD =  .22) . How-
ever, a combined score of Part 1 and Part 2 responses lead to a wide distribution 
of item difficulties. The items of the combined scale showed a good fit with the 
Rasch model (1-PL model, Andersen LR-test based on a mean-split of the sample: 
χ2[df = 25, N = 225] = 27 .53, p=  .330) . The internal consistency for the combined 
score was acceptable (with a WLE reliability coefficient of .63), and the stability 
(test-retest reliability) within an interval of 13 months reached  .60 in an independ-
ent sample of 22 psychology students .
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Figure 4  Example item for (A) Part 1 and (B) Part 2 of the Argument Judgement Test 
(translated from German) (Figure adapted from Münchow et al . 2019, p . 6)

Construct validity of the Argument Judgment Test was examined by estimating 
an explanatory item response model revealing that implausible arguments were 
more difficult to detect than plausible arguments. In addition, we estimated linear 
mixed models (items × participants) with the students’ response times in Part 1 
of the Argument Structure Test as the dependent variable . The main idea behind 
these analyses was that argument evaluation is a rational, effortful activity, which 
should lead to longer response times in implausible arguments, if these arguments 
were indeed recognized as implausible. Indeed, there was a significant interaction 
effect (p <  .05) of response accuracy and argument plausibility that followed the 
expected pattern (Figure 5) . These results provide some evidence that effortful 
processing is needed for accurately evaluating implausible arguments, whereas 
plausible arguments can be evaluated more efficiently.
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Figure 5  Response times (in seconds) in Part 1 of the Argument Judgement Test for plau-
sible versus implausible arguments and response accuracy (Figure adapted from 
Münchow et al . 2019, p . 14)

With regard to criterial validity, test scores were moderately and significantly 
correlated (r =  .36) with verbal intelligence (assessed with the verbal subtests of 
the I-S-T 2000 R, Amthauer et al . 2001) and the students’ current average grade 
as well as the student’s epistemological beliefs (again measured with the CAEB) . 
Moreover, AJT test scores were significantly associated with students’ academic 
success measured via the students’ current grade average at university, even if 
verbal intelligence and the students’ Grade Point Average from school leaving cer-
tificates were controlled for. The increment of explained variance was 20 %.

3.2 Training of Epistemic-Systematic Reading Strategies

The studies conducted with the Argument Structure Test and the Argument Judg-
ment Test suggest that large individual differences exist in the ability to compre-
hend and evaluate informal arguments (Münchow et al . 2019, 2020) . Moreover, 
first year students show deficits in epistemic-systematic strategies (e.g., von der 
Mühlen 2016a), presumably because these strategies are not explicitly taught in 
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school, where scientific knowledge is often presented as a “monolith of facts” (Os-
borne 2010, p . 464) rather than the product of rational, argument-based discourse . 
Thus, there is a need for effective trainings to foster epistemic reading strategies 
in university students . We addressed this need by developing and evaluating two 
computerized trainings, an Argument Structure Training to enhance students’ ar-
gument decoding skills and an Argument Judgment Training to foster students’ 
skills of evaluating the internal consistency and validity of the argumentation of 
a text . Both trainings convey conceptual knowledge about arguments (their func-
tional components or normative criteria for their evaluation respectively), which 
is presented via illustrated texts, audio examples, and short video clips . Various 
exercises during and after the theoretical parts give participants the opportunity to 
apply and practice the content they have learned . Participants receive direct feed-
back after each task and can either redo that specific task, return to the correspond-
ing theory block, or continue training . The trainings last about 45–60 minutes, but 
there is no limit to the training time . The evaluation of the trainings was based 
on the Argument Structure Test and the Argument Judgement Test, respectively .

3.2.1 Argument Structure Training

The argument structure training imparts strategies for evaluating scientific argu-
ments by training the identification and allocation of functional argument compo-
nents . The theoretical input focuses on the use and purpose of informal arguments, 
the Toulmin (1958) model of argumentation, and linguistic connectors and key 
words that help to correctly identify certain argument components . Figure 6 shows 
example pages of the Argument Structure Training .

The effectiveness of the argument structure training was evaluated in two ex-
perimental pre-post-test studies with a follow-up test four weeks after the train-
ing . Both studies employed an active control group that received a computerized 
speed reading training that involved reading but did not train epistemic-systematic 
reading strategies in any way. Participants of the first training experiment were 
53 psychology students at the beginning of their studies . Students in the train-
ing condition outperformed participants in the control condition in their ability 
to identify and assign less typical argument components (i .e ., warrants) and to 
correctly identify argument components in arguments with a less typical structure, 
i.e., reason-first arguments (medium-sized effects significant at p <  .05) . Moreover, 
the training intervention was especially effective for students that, according to 
their grades, were more successful in their studies (von der Mühlen et al . 2018) . 
However, there were no differences between the two conditions in their argument 
structure decoding skills at follow-up measures, which indicates that the training 
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effects did not remain stable over a period of four weeks . We therefore conducted 
a second training experiment to evaluate effectiveness of the Argument Structure 
Training plus a 15-minute booster training session in the week before the fol-
low-up tests . Analyses of the data from this study are still in progress .

3.2.2 Argument Judgment Training

The argument judgment training teaches strategies for the normatively appropri-
ate evaluation of arguments, especially strategies for evaluating the relevance and 
completeness of reasons for the justification of an argument’s claim, and trains 
students to recognize typical errors in argumentation, such as circular reasoning 
or overgeneralization .

The Argument Judgment Training was also evaluated in an pre-post-test ex-
perimental design with an active control group (speed-reading training) and a 
follow-up after four weeks (as yet unpublished study) . Psychology students and 
teacher students participated in this study . Similarly to the results for the Argu-
ment Structure Training, participants performed better in the training condition 
than in the control condition at post-test, but the effect disappeared in the post-test 
after four weeks .

In sum, both trainings developed to foster epistemic-systematic reading strat-
egies in university students produced immediate effects on the trained skills, but 
the effects were not stable over time . Moreover, evidence for transfer effects, for 
example on study performance, is still lacking . We are planning future studies to 
address these issues . In these studies, we plan to add additional instructional meas-
ures such as practice tests (Greving and Richter 2018) and interleaved presentation 
of content (Brunmair and Richter 2019) to the training that promise to foster long-
term and transfer effects .
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Figure 6  Example pages of the Argument Structure Training showing (A) the goals of 
the training and (B) the Toulmin model of argumentation (1958) and typical 
linguistic connectors
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4 Conclusion and Outlook

In this chapter, we outlined a taxonomy of reading strategies that differentiates 
between epistemic-systematic strategies, epistemic-heuristic strategies, recep-
tive-systematic strategies, and receptive-systematic strategies, and described tests 
and trainings that target epistemic-systematic strategies . Epistemic-systematic 
strategies are particularly relevant for adequately dealing with scientific literature, 
but have been neglected in previous research . Other tests and trainings from our 
lab also cover epistemic-heuristic strategies . The tests for the assessment of these 
strategies (e .g ., the Credibility Judgment Test; von der Mühlen et al . 2016a) involve 
different sets of texts, which are presented for a limited time to prevent students 
from engaging in systematic text processing . Thus, unlike other researchers (e .g ., 
in the field of sourcing research; Wineburg 1991; Brante and Strømsø 2018; see 
also Schoor et al . in this volume), we followed an approach of employing different 
types text materials and procedures for the assessment of heuristic and systematic 
components of scientific literacy. An advantage of this approach is that it allows 
analyzing relationships between these components . The correlation between epis-
temic-systematic competencies and epistemic-heuristic competencies was signifi-
cant, but moderate, r =  .58, p <  .05 (von der Mühlen et al . 2016) . It thus seems that 
scientific literacy is composed of distinguishable facets (Britt et al. 2014).

The Argument Structure Test and the Argument Judgement Test, and the corre-
sponding trainings, were constructed as research tools. Nevertheless, the findings 
based on these tests and trainings indicate that they could also be used for practical 
purposes . The reliabilities of the tests are too low to warrant responsible individ-
ual-level selection decisions, but high enough to detect deficits on the group-level 
or to evaluate university courses . With regard to the trainings, our studies demon-
strate that even short-term interventions can improve students’ epistemic-system-
atic competencies . From a practical perspective, more extensive interventions are 
needed to ensure sustainable effects . For example, our trainings could be used as a 
starting point of regular reading courses, to familiarize students with the structural 
components of informal arguments and common argumentation fallacies . Sub-
sequent sessions could then be devoted to the analysis and discussion of the way 
arguments are typically laid out in concrete exemplars of academic literature from 
the respective domain, to forge links between content knowledge, genre knowl-
edge, and knowledge about argumentation . Such courses would not only provide 
students with disciplinary content knowledge, but also enable them to understand, 
and evaluate, the arguments on which this knowledge rests .
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Abstract

In this chapter, we investigate multiple aspects of validity of test score inter-
pretations from a scientific reasoning competence test, as well as aspects of 
reliability. Scientific reasoning competencies are defined as the disposition to 
solve scientific problems in certain situations by conducting scientific investi-
gations or using scientific models. For the purpose of measurement, the first 
phase of our project focused on the construction of a paper-pencil assessment 
instrument – the KoWADiS competence test – for the longitudinal assessment 
of pre-service science teachers’ scientific reasoning competencies over the 
course of academic studies. In the second phase of our project, we investigated 
the reliability of the test scores and the validity of their interpretations . We 
used a multimethod approach, addressing several sources of validity evidence . 
Overall, the results are coherent and support the validity assumptions to a satis-
factory degree . The long-term goal is the use of this test to provide empirically 
sound suggestions for pre-service science teacher education at university level . 
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1 Introduction

Scientific reasoning competencies are a set of acquired cognitive dispositions that 
individuals such as scientists, teachers, or students use to solve scientific problems 
systematically . The assessment of cognitive dispositions is possible by measuring 
manifest behavior, i.e. performance (Koeppen et al. 2008). Scientific reasoning 
competencies are performed by applying skills like planning, conducting, and 
evaluating scientific investigations, or using scientific models (Fischer et al. 2014). 
These inquiry processes allow to gain new insights into scientific phenomena, uti-
lizing research questions, theories and hypotheses as typical aspects of the hy-
pothetico-deductive approach of the empirical sciences (Popper 2004) . Compe-
tence tests as construct-related measurements are needed to assess what students 
are able to do as a result of their learning (Blömeke et al . 2015; Osborne 2013) . 
Competence tests indicate students’ performance based on reliably and validly 
interpretable criterion-related measures . As sources of evidence for validity we 
investigated test content, response processes, internal structure, and relations to 
other variables (AERA et al . 2014) . These criteria serve as sources of evidence and 
were applied systematically to test our instrument, the Ko-WADiS competence test 
for scientific reasoning (Hartmann et al. 2015a; Mathesius et al. 2014; Stiller et al. 
2016; Straube 2016) .

In this chapter, we present evidence for the validity and reliability of our test 
score interpretations, discuss implications for the theoretical model and for the 
test instrument and its practical use, and provide an outlook for further use of the 
model and the test .

2 Theoretical Framework:  
Scientific Reasoning Competencies

Scientific reasoning (Giere et al. 2006; Klahr 2000) as a problem-solving process 
(Mayer 2007) is considered a key competence in basic science education for the 
natural sciences biology, chemistry, and physics (Rönnebeck et al . 2010, p . 178) . As 
such it belongs to the indispensable core competencies for the 21st century (Trill-
ing and Fadel 2009). Scientific reasoning competencies are cognitive dispositions 
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to gain empirical insights into scientific phenomena by successfully applying steps 
of an idealized problem-solving process to given scientific problems (Gut-Glanz-
mann and Mayer 2018; Mayer 2007) . Within the three empirical natural scienc-
es biology, chemistry and physics, central methods are scientific observation of 
phenomena, controlled experimentation by the variation and control of variables 
(Gut-Glanzmann and Mayer 2018; Mayer 2007; Wellnitz and Mayer 2013), as well 
as scientific modeling (Krüger et al. 2018; Upmeier zu Belzen and Krüger 2010).

In criterion-driven observations, competencies in predicting, describing, and 
systematically examining correlative relationships between structures and their 
functions under temporal changes are required (Wellnitz and Mayer 2013) . Com-
petencies in systematic experimentation reflect the ability to capture causal rela-
tionships with systematically varied and controlled conditions (Gut-Glanzmann 
and Mayer 2018; Mayer 2007) . This requires the ability to handle independent and 
dependent variables as well as control variables (Roberts and Gott 2003) . Accord-
ing to Mayer (2007), the scientific thinking processes underlying observations and 
experimentation as scientific investigations can be described as a domain-specific 
form of problem solving in four sub-competencies, which were operationalized in 
the Ko-WADiS competence test (Table 1): Formulating research questions, gen-
erating hypotheses, planning investigations, and analyzing and interpreting data 
(Gut-Glanzmann and Mayer 2018) . These sub-competencies generally refer to 
experimentation, but can also be applied to observations, comparisons (Wellnitz 
and Mayer 2013), and the use of models (Upmeier zu Belzen and Krüger 2010) . 
However, there are specific reasoning competencies needed in scientific modeling. 
Scientists, students, and teachers need to be able to reflect the role of models in 
the process of scientific modeling (Krüger et al. 2018). Thus, it has to be assessed 
whether and to which extent models are seen as tools to reconstruct central fea-
tures of reality or to develop a methodological basis for the formulation of research 
questions (Gilbert and Justi 2016) . According to Upmeier zu Belzen and Krüger 
(2010), using scientific models to reason about scientific phenomena is operation-
alized in sub-competences (Table 1) such as purpose of models, testing models, 
and changing models .

These seven sub-competencies of conducting scientific investigations and using 
scientific models (Table 1) are interrelated steps of a general scientific thinking 
process in the sense of the hypothetico-deductive approach (Popper 2004) . Against 
the background of an ideal-typical view, a researchable scientific question is for-
mulated on the basis of a real-life scientific problem (White 2017). Subsequently, 
a model is developed whose purpose is to generate inter-subjectively traceable 
and falsifiable hypotheses (Lawson et al. 2000). Testing these hypotheses means 
testing the model . For this, a suitable experimental arrangement must be planned 
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(Lawson et al . 2000) . The results must be evaluated and interpreted and can either 
support or oppose the assumptions of the model . The latter option results in chang-
ing the model, which means that the process restarts. Being competent in the field 
of scientific reasoning is defined as a cognitive disposition that enables students to 
apply each of these seven steps to real-life scientific problems (Giere et al. 2006).

Table 1  Scientific reasoning competencies in the areas conducting scientific investiga-
tions and using scientific models

Competency Scientific reasoning
Dimension conducting scientific investigations using scientific models 
Sub-competencies formulating questions (18) purpose of models (18)

generating hypotheses (16) testing models (18)
planning investigations (22) changing models (14)
analysing data and drawing  
conclusions (17)

Note. Number of developed items in brackets

The described sub-competencies become accessible to measurement by the cog-
nitive-psychological construct of scientific reasoning (Fischer et al. 2014). In in-
ternational research, they are also conceptualized in styles of scientific reasoning 
(Osborne 2018) or scientific paths of knowledge acquisition (Priemer et al. 2019). 
In science curricula (e .g ., KMK 2014; NGSS 2013), the ability to carry out and 
reflect about scientific inquiry processes is mandatory.

3 The Ko-WADiS Competence Test

In the project, Ko-WADiS1 (2011–2015), the paper-pencil Ko-WADiS competence 
test was developed (Hartmann et al. 2015a). The focus was on the clarification of 
the theoretical foundations, the development of the test instrument, the standard-
ization of the items for the three subjects biology, chemistry, and physics (Mathe-
sius et al . 2014), the investigation of the basic psychometric properties of the test, 
and the start of a longitudinal assessment in the target population (pre-service 
science teachers) as well as in various control groups (Hartmann et al . 2015a) .

1 Kompetenzmodellierung und -erfassung zum Wissenschaftsverständnis über natur-
wissenschaftliche Arbeits- und Denkweisen bei Studierenden
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The Ko-WADiS competence test is the result of a multi-step process (Hartmann 
et al . 2015b), in which students’ responses in the open-ended format were checked 
for content validity in an expert discourse . The piloting of the multiple-choice 
items finally led to a set of 123 items (distribution see Table 1). To make the data 
collection and evaluation more economical, and to reduce the amount of missing 
values, 63 items with the best psychometric properties were selected from this item 
pool (three items per subject and sub-competence; Stiller et al. 2016). These items 
are used for longitudinal assessment since 2013 . The paper-pencil-based single 
best answer items address scientific reasoning competencies as they are typical for 
pre-service teachers of biology, chemistry and physics (Hartmann et al . 2015a), but 
were also used by science students, students of psychology, and in-service biology 
teachers . Each test booklet contains 21 of the 63 items (balanced-incomplete block 
design; Gonzalez and Rutkowski 2010), and is assessed in 45 minutes . In each 
test booklet, the seven sub-competences and the three scientific disciplines are 
equally distributed . Because of the design, the test is evaluated using probabilistic 
methods .

4 Investigation of Validity

The validity of the Ko-WADiS test score interpretations was evaluated in a fol-
low-up project, ValiDiS2 (2016–2019) . Alongside a continuation of the longitudi-
nal data collection to investigate competence development, we addressed different 
sources of validity evidence as described in the Standards for Educational and 
Psychological Testing (AERA et al . 2014; see also Kane 2013): evidence based 
on test content, evidence based on internal structure, evidence based on response 
processes, and evidence based on relations to other variables such as conceptually 
related constructs and criteria . Investigations on these sources of validity provide 
empirical evidence to support the assumption that the test results can be interpret-
ed in terms of the underlying theoretical construct .

Finally, consequences of testing can serve as a potential source of validity ev-
idence, but it was not used in our project as no consequences suitable for validity 
investigations are based on the test results yet .

2 Kompetenzmodellierung und -erfassung: Validierung eines Modells zum wissen-
schaftlichen Denken im naturwissenschaftlichen Studium
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4.1 Evidence Based on Test Content

An investigation of content validity was addressed from the beginning of the 
Ko-WADiS project, thus starting prior to the development of the test instrument. 
To ensure a standardized item construction process which followed guidelines 
based on theoretical groundings (Mayer 2007; Upmeier zu Belzen and Krüger 
2010), an item construction manual was developed . Answering options for the sin-
gle-best answer items of the developed instrument were based on written answers 
of students to open-ended items (Hartmann et al . 2015b; Mathesius et al . 2014) . 
Investigations of item features that systematically affect item difficulty revealed 
predictive potential for one formal item feature (length of response options), two 
features based on cognitive demands (processing data from tables, processing ab-
stract concepts), and one feature based on solid knowledge (specialist terms) . This 
was in accordance with the cognitive demands operationalized in the theoretical 
structure of the test. Thus, it is concluded that the findings support the validity of 
the interpretation of the test scores as measures of scientific reasoning competen-
cies (Stiller et al . 2016) .

Content validity was also examined by an expert rating . A sample of 21 aca-
demic teachers and researchers with a high level of theoretical knowledge and re-
search experience in the field of scientific reasoning (Gruber 2010) were requested 
to classify the relationship between six selected items (two per scientific discipline) 
and the sub-competencies of the theoretical construct (Table 1) . The experts cor-
rectly designated each item to the corresponding sub-competence, and evaluated 
how well the item represented the sub-competence on a five-point Likert scale with 
a value 1 for very poor and a value of 5 for very good theoretical resemblance of 
the item. The median rating was 4 out of 5 for five items, and 3 out of 5 for one 
item, with an interquartile range between 0 .00 and 2 .25 . These results indicate 
an appropriate operationalization of the items, indicating that they represent the 
construct to a satisfactory degree (Hartmann et al . 2019a) .

4.2 Evidence Based on Internal Structure

With respect to the internal structure, the empirical results from cross-sectional 
data support a one-dimensional structure of scientific reasoning, although the fit 
of a two-dimensional model that differentiates between aspects of scientific inves-
tigation and aspects of scientific modeling is not significantly worse than that of 
the one-dimensional model (Hartmann et al . 2015a) . This is in accordance with 
the theoretical assumptions of the underlying construct, which assumes scientific 
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reasoning being generalizable across the subjects biology, chemistry and physics. 
Thus, the established unidimensionality indicates a broad theoretical construct . 
These results correspond with those of other empirical studies on scientific reason-
ing competencies (e .g ., Mannel 2011; Neumann 2011; Wellnitz 2012) .

4.3 Evidence Based on Response Processes

Response options (distractors and attractors) were generated out of students’ writ-
ten answers to open-ended questions, using the generated item stems as stimuli . 
This contributes to student-centered response options in the single best answer test 
and secures valid test score interpretations .

The investigation of response processes as a source of validity evidence was 
done by eyetracking collecting gaze data and verbal data while working on items 
of the Ko-WADiS competence test (12 items, N = 16; Mathesius et al . 2018) . In 
addition to think-aloud protocols, the cued retrospective reporting method (atten-
tion maps, sequence charts; van Gog et al . 2005) was applied for the investigation 
of cognitive processes during eye tracking . Although pre-service biology teachers 
who chose the attractor do not differ in their eye movement patterns (fixations, 
dwell time) from those who chose the distractor, the verbal data describes the indi-
vidual solution processes in a comprehensible way. The findings based on response 
processes are interpreted as evidence for the validity of the test scores interpre-
tation as measures of scientific reasoning competencies (Mathesius et al. 2018).

4.4 Evidence Based on Relations to other Variables

Validity evidence based on relations to other variables was investigated utilizing 
several empirical methods (Table 2) . An investigation of instructional sensitivity 
was accomplished by observing the development of test scores due to short-term 
learning progress in regular university seminars and lectures (1) and in interven-
tion studies (2) . Besides that, we investigated groups with either hypothesized 
mean differences (3) or mean equivalence (4) . Finally, correlations with general 
abilities like intelligence and complex problem solving (5) and with conceptually 
related constructs, such as pre-service teachers’ pedagogical content knowledge 
(6), were calculated .
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1 . Instructional sensitivity is supported by an investigation during regular aca-
demic training in courses of biology education: We used the long version of 
our instrument to test 59 pre-service biology teachers before and after a se-
mester . Comparing the results, we found a moderate increase in the students’ 
ability estimates (t = 2 .59, pone-sided =  .006, d = 0 .34) . Instructional sensitivity was 
also investigated in an interventional study . A sample of 87 pre-service science 
teachers participated on a two-day intensive course to train scientific reasoning 
competencies . The instructional sensitivity was tested for a selection of nine 
items from our original instrument which were answered by the students before 
and after the intervention . The pre-post comparison of the sum score reveals 
a significant increase (t = 2 .30, pone-sided =  .012, d = 0 .25) . In a control group 
(N = 55), no significant effect was found.
 A sample of 125 pre-service biology teachers participated on a seminar to pro-
mote scientific reasoning competencies explicitly. The instructional sensitivity 
was tested with an item subset of 21 biology items before and after the interven-
tion. The pre-post comparison of the sum score reveals a significant increase 
(t = 4 .72, ptwo-sided <  .001, d = 0 .35) . In a control group (N = 49), no significant 
effect was found. These findings further support the interpretation of the test 
scores as measures of scientific reasoning competencies.

2 . Known-group comparisons (Cronbach and Meehl 1955) are an economical tool 
to investigate aspects of criterion-based validity . We used it to test whether our 
test scores are sensitive to differences between undergraduate and postgraduate 
students, and to differences between pre-service science teachers who study 
one scientific discipline alongside a non-scientific discipline and pre-service 
science teachers who study two scientific disciplines. The comparisons were 
carried out as a latent regression analysis . The results support the hypotheses 
of group differences with significant regression effects of group affiliation on 
the latent ability measures (Bacademic phase = 0 .283, p <  .001; Bscientific disciplines = 0 .116, 
p <  .01) .
 Additionally, known-group comparisons were carried out with 626 pre-service 
biology teachers (Mathesius et al . 2016) . It was predicted that pre-service biol-
ogy teachers who also study chemistry or physics perform better than pre-ser-
vice biology teachers without a second science subject, and pre-service biology 
teachers in more advanced stages of academic education (study stages: 4th-7th 
semester and 8th-10th semester) perform better in the test than students in early 
stages (1st-3th semester) . To test these hypotheses, multiple latent regression 
analysis was applied. The results show significant regression effects of group 
affiliation (Bscientific disciplines = 0 .774, p <  .001; Bterms 4–7 = 0 .499, p <  .001; Bterms 
8–10 = 1 .279, p < .001) on the latent ability measures. Both findings indicate 
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that the test scores are sensitive to relevant criteria (Hartmann et al . 2015b; 
Mathesius et al . 2016) .

3 . In addition to the study of predicted mean differences, predicted mean equality 
was tested as well (Hartmann et al . 2019b) . On the basis of initial grades, course 
and module descriptions, it was hypothesized that the levels of pre-service sci-
ence teachers’ and psychology students’ scientific reasoning competencies do 
not show a meaningful difference . Therefore, the mean test scores in the two 
groups should be equivalent . To test the hypothesis, we compared the means of 
matched sub-samples with balanced covariate distributions, utilizing the two-
on-one-sided-tests method (TOST; Schuirmann 1987) to test the equivalence of 
the students’ abilities . The hypothesis of group equivalence is supported by the 
absence of a significant difference (t = 0 .03; ptwo-sided =  .98) in combination with 
a very small effect size of d = 0.00 that is nominally below a pre-defined small-
est effect size of interest (d = 0 .17) . However, the TOST procedure indicates that 
the confidence interval around the mean difference exceeds the equivalence 
bounds due to the relatively small sample size, rendering the results inconclu-
sive (tTOST = 1 .35; pone-sided =  .09; Hartmann et al . 2019b) .

4 . As a further indicator of validity, it was tested to what degree variance of the 
Ko-WADiS test scores can be attributed to more general skills such as intelli-
gence or complex problem-solving abilities (Mathesius et al . 2019) . The Ko-
WADiS competence test scores and the scores of the reasoning scale of the In-
telligence-Structure Test 2000 R (Liepmann et al . 2007) and complex problem 
solving (Genetics Lab test; Greiff and Fischer 2013; Sonnleitner et al . 2013) 
show positive significant correlations (I-S-T 2000 R: r =  .44; ptwo-side d <  .001; 
Genetics Lab test: r =  .33- .40; ptwo-sided <  .001) . Furthermore, the regression anal-
ysis clarifies 24 % of the variance by the considered variables. The findings 
support the assumption that they are distinct constructs with connecting facets . 
Therefore, part of the remaining variance might be interpreted as evidence for 
the test score interpretations as measures of scientific reasoning competencies 
(Mathesius et al . 2019) .

5 . Finally, the convergent validity was investigated in a correlational study (N = 65 
pre-service science teachers) . We correlated sum scores from a short version of 
our instrument (15 items) with 12 scientific-reasoning items from an early test-
ing version of the PCK-IBI (Großschedl et al . 2018) . The scores from the two in-
struments correlate significantly (r =  .49; pone-sided <  .001) . Potential moderating 
effects of general cognitive ability were controlled by including the non-verbal 
subscale of the IST Screening (Liepmann et al . 2007) in the analysis, which left 
the correlation coefficient practically unchanged (rpartial =  .48; pone-sided <  .001) . 
The findings indicate that the correlation of the two tests is not explained by 
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intelligence, which provides further supporting evidence to the validity of our 
test score interpretations as measures of scientific reasoning competencies.

4.5 Summary

Overall, the outcomes of the validation studies are coherent and provide sup-
porting evidence for the interpretation of the test scores as measures of scientific 
reasoning competencies. The majority of the investigated effects were small to 
medium, implying that the true effects are moderate . However, statistical power is 
limited due to mediocre reliabilities (Section 5), which certainly affect the power 
of the statistical procedures (Kanyongo et al . 2007) .

Table 2 Overview of studies for sources of validity evidence

Source of valid-
ity evidence

Investigation 
of …

Instrument and 
sample

Results Reference

Test content … process of 
item develop-
ment

183 open ended 
items
N = 259
166 single best 
answer items
N = 578

theory-based 
selection of 123 
items based on 
item-parameter 
analysis

Hartmann et al . 
2015b

… item features 
affecting item 
difficulty

63 single best 
answer items
N = 907;
9 experts

32 % of 
variance is 
explained by the 
item features in-
vestigated, and 
is in accordance 
with model as-
sumptions and 
expert ratings 
from a standard 
setting

Stiller et al . 
2016

… expert rat-
ings of selected 
test items

6 Likert-style 
items,
21 experts

selected items 
represent the 
theoretical 
construct to 
a satisfying 
degree

Hartmann, 
Krüger et al . 
2019

Internal  
structure

… the dimen-
sionality of 
the theoretical 
structure

141 items, 
N = 3 010

unidimensional 
structure in 
accordance 
with theoretical 
assumptions

Hartmann 
et al . 2015a; 
Hartmann et al . 
2015b
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Source of valid-
ity evidence

Investigation 
of …

Instrument and 
sample

Results Reference

Response  
processes

… gaze data 
and think aloud 
protocols

12 single best 
answer items
N = 16

no correlation 
between selec-
tion of answer 
and eye move-
ments, scientific 
reasoning is 
necessary to 
find the attrac-
tor

Mathesius et al . 
2018

Relations to 
other variables

… the instruc-
tional sensitiv-
ity to progress 
in selected 
seminars and 
lectures

123 single best 
answer items, 
pre-post design,
N = 59

moderate in-
crease of scien-
tific reasoning 
competencies 
(d = 0 .30)

21 single best 
answer biology 
items, pre-post 
design, N = 49

increase of 
scientific 
reasoning com-
petencies
(d = 0 .54)

Mathesius et al . 
in preparation

… the instruc-
tional sensitiv-
ity in interven-
tion studies

9 single best 
answer biology 
items, N = 87

increase of 
scientific 
reasoning com-
petencies
(d = 0 .25)

Hartmann, 
Krüger et al . 
2019

21 single best 
answer biology 
items, N = 125

increase of 
scientific 
reasoning com-
petencies
(d = 0 .77)

Mathesius et al . 
in preparation

… groups with 
hypothesized 
mean differ-
ences 

123 single best 
answer items, 
N = 2247

significant re-
gression effects 
support hypoth-
esized group 
differences

Hartmann et al . 
2015b

123 single best 
answer items, 
N = 626 pre-ser-
vice biology 
teachers

positive effects 
of variables 
number of nat-
ural sciences 
(1 or 2) and 
academic level 
(Bachelor or 
Master) on test 
scores

Mathesius et al . 
2016
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Source of valid-
ity evidence

Investigation 
of …

Instrument and 
sample

Results Reference

Relations to 
other variables

… groups with 
hypothesized 
mean equiva-
lence

63 single best 
answer items, 
N = 184

highly similar 
ability distri-
butions but 
no significant 
equivalence 
effect

Hartmann, 
Ziegler et al . 
2019

… correlations 
with I-S-T-
screening and 
the complex 
problem-solving 
micro world

123 single best 
answer items, 
I-S-T-screening, 
12 GL-micro 
world problems, 
N = 232 

24 % of 
variance are 
explained by 
the investigated 
variables

Mathesius et al . 
2019

… correlation 
with a concep-
tually related 
construct

15 single best 
answer biol-
ogy items, 12 
multiple-choice 
biology items, 
I-S-T-screening, 
N = 65

substantial 
correlation 
between the 
two instruments 
(r =  .49) that 
remains stable 
if controlled 
for general 
cognitive ability 
(rpartial =  .48)

Hartmann, 
Krüger et al . 
2019

4.6 Competence Development

A general indicator for the sensitivity of the test scores on learning opportuni-
ties can be inferred from the longitudinal data we collected over the time span 
of pre-service science teachers’ academic training at Freie Universität Berlin and 
Humboldt-Universität zu Berlin . The participants of the longitudinal Ko-WADiS 
study had to process the test at four times: at the beginning of their academic stud-
ies, in their fourth undergraduate semester, at the beginning of their postgraduate 
studies, and at the fourth postgraduate semester (which is usually the semester in 
which they graduate as a Master of Education) . Data collection took place in regu-
lar academic seminars and lectures .

Utilizing a cohort-sequential longitudinal design, three complete cohorts with 
a total of 644 students were tested . Due to the balanced-incomplete block design, 
we utilized IRT models to estimate our students’ competencies . WLE were used as 
measures of person ability . As students at the participating universities can choose 
freely in which semester they apply for certain courses, additional data collection 
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took place unsystematically at times different from the first and fourth semesters. 
Missing data in the longitudinal panel was imputed using the MICE procedure 
(multiple imputation with chained equations; van Buuren and Groothuis-Outshoo-
rn 2011) . The results show a moderate increase of competencies over time (Figure 
1) .

Figure 1  Development of 644 pre-service science teachers’ scientific-reasoning skills 
during academic education . Means of weighted likelihood estimates (WLE), 
twofold standard errors, and twofold standard errors corrected for WLE reli-
ability

Given that the competencies in question are part of the students’ academic train-
ing, this increase is in accordance with our test score interpretation . However, the 
validity evidence that can be derived from this finding is limited, as other compe-
tencies increase during academic education as well .
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5 Reliability

During the longitudinal Ko-WADiS assessment and the investigation of validity 
in the ValiDiS project, several person and item samples and subsamples were test-
ed . Therefore, different measures of reliability were investigated . The reliability 
measures vary depending on the particular sample considered, but overall are sat-
isfactory:

The rating scale used to investigate expert judgments had a Cronbach’s α of 
 .63 (six items, N = 21 experts) . Dimensionality analyses were based on data from 
3 010 pre-service science teachers and science students, utilizing a one-parametric 
logistic model with latent ability estimates . The according Expected-A-Posteriori/
Plausible Value (EAP/PV) reliability is 0 .47 .

The test scores’ instructional sensitivity to learning progress in regular lectures 
was investigated by comparing Weighted Likelihood Estimates (WLE) as meas-
ures of the 59 participants’ individual abilities . The corresponding WLE reliability 
of the long version of the test (123 items) is 0 .40, and the test-retest reliability is 
 .60 . Instructional sensitivity was further tested in an experimental intervention 
with 87 participants . The nine-item short version of the test has a Cronbach’s α of 
 .44 and a test-retest reliability of  .48 .

The test’s sensitivity to known-groups differences was modelled as latent re-
gression with latent estimates as measures for group means and variances . The 
corresponding EAP/PV reliability is 0 .54 (N = 2 247; Hartmann et al . 2015b) . In a 
subsample of pre-service biology teachers, the EAP/PV reliability of the test was 
0 .66 (N = 626; Mathesius et al . 2016) .

Hypotheses of group equivalence were tested by comparing WLE distributions 
in two matched samples of 131 pre-service science teachers and 131 psychology 
students . The estimation was based on the optimized 63-item version of our instru-
ment, with a WLE reliability of 0 .59 .

The short version of our instrument used to investigate the convergent validity 
(15 items) has a Cronbach’s α of  .61 (N = 65 pre-service biology teachers) . The 21 
item biology test booklet has a Cronbach’s α of  .60 .

Investigating the empirical relationship between the Ko-WADiS test (120 items) 
with the I-S-T 2000 R and Genetics Lab test (Mathesius et al . 2019), the correspond-
ing EAP/PV reliability was 0 .55 (N = 232) . Finally, the instrument used to investi-
gate competence development (123 items, N = 644) has a WLE reliability of 0 .50 .

Overall, the reliabilities found in our studies are comparable to the values of 
other projects which reported reliabilities for scientific-reasoning tests between 
0 .23 and 0 .66 (e .g ., Mannel 2011; Neumann 2011; Wellnitz 2012) .
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6 Discussion and Implications

The Ko-WADiS competence test provides test takers, academic teachers and educa-
tional researchers with an instrument to measure competencies and their develop-
ment reliably, validly and economically . Multiple evidences of validity support the 
interpretation of the test scores as a measure of scientific reasoning competencies. 
Longitudinal results show an increase in competence during academic education .

The intended use of the Ko-WADiS competence test is to provide an empirical 
basis to describe pre-service science teachers’ scientific-reasoning competencies 
and the development of these competencies. The test was specifically designed for 
large-sample scenarios, such as monitoring studies . The use of the instrument for 
individual diagnoses is not intended and therefore has not been investigated . How-
ever, short versions of the test were used for the assessment of validity in relatively 
small samples (Hartmann et al . 2019) .

A future perspective on test use might be the question how to further develop 
teaching and learning scientific reasoning competencies. We assume that, starting 
from our rather broad construct, learning opportunities focusing on specific as-
pects of scientific reasoning could be evaluated with short versions of the test. For 
example, the effects of a seminar about scientific modeling on students’ modelling 
competencies could be investigated by utilizing a short version of our instrument 
that consists of test items from the modelling subscale . However, in such a sce-
nario, the reliability and validity must be investigated again before inferences are 
drawn from the results .

In terms of dissemination such short-test might be used – eventually adapted – 
for the purpose of experimental intervention studies with a specific theoretical 
background and research questions . Such an approach would give additional in-
sight into test characteristics, but at the same time would help to develop teaching 
and learning . Digitalization of the test – eventually in an adaptive way – might 
help dissemination (Brüggeman and Nordmeier 2018) . The dissemination of the 
test use or the use of short-tests means to evaluate possible transfer of scientific 
reasoning competencies .

The effectiveness of seminars fostering scientific reasoning competencies can 
also be investigated in interventions using the Ko-WADiS test (Mathesius et al . in 
preparation) . The Ko-WADiS test has not been developed for individual diagnosis . 
Nevertheless, a computer-aided adaptive test with three test blocks of five items 
each is in preparation to enable individual diagnose . The goal is to make the meas-
urement of scientific reasoning competencies more economical while maintaining 
the same reliability and validity, and to enable individual diagnostics (Brügge-
mann and Nordmeier 2018) .
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Limitations arise from the rather low reliability of the test scores . Though not 
unusual for tests of this kind, the mediocre consistency measures indicate a notable 
amount of standard error, which significantly affects the outcome of inferential 
analyses . Paired with the relatively small effect sizes we found in almost all sce-
narios, the potential of using the test in small samples is limited .

The discussion of small effect sizes brings up two different strands of argu-
mentation . Either, the assumption of unidimensionality of the scales goes along 
with low reliabilities that are explained by construct-irrelevant variance . Following 
Cronbach (1951), the reliability should be calculated separately for the items relat-
ing to different sub-dimensions . In this case, we would face the problem of con-
struct-underrepresentation as we wouldn’t have enough items in each test booklet . 
Therefore, a possible interpretation for issues of reliability of a research instrument 
could be that students’ responses are highly situated and contextualized (Leach et 
al . 2000) . Adams and Wieman (2011) pick up on this point by arguing that a high 
correlation between tasks means that the tasks are repetitive . The observation that 
in the preceding validation analyses students understood the items as intended 
and gave reasonable explanations for their responses (Mathesius et al . 2018) could 
indicate that the low reliability is a consequence of the students’ diverse under-
standing across the sub-dimensions . However, the dimensionality analyses as well 
as correlations between items and between sub-competences do not foster this 
interpretation (Hartmann et al . 2015a) .

With regard to international analyses, the 21 biology items of the Ko-WADiS 
instrument were translated into English, Spanish and Greek (TRAPD: Translation, 
Review, Adjudication, Pretest, Documentation, Harkness et al. 2010) and assessed 
in Australia (Krell et al . 2018), Chile (Krell et al ., in preparation), Canada3 and 
Cyprus . The translation into French is currently taking place . As far as investi-
gated, only a few, already revised items in other languages led to moderate DIFs 
(Krell et al . 2018) .
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Abstract

Following criticisms by employers about academic graduates’ lack of 21st cen-
tury skills, students need to develop skills such as professional knowledge, 
critical thinking and problem solving . Accordingly, there is a demand for suit-
able assessments of these skills . One approach is to develop a performance 
assessment using tasks adapted from real-world decision-making and judgment 
situations that students and graduates have to face in academic and professional 
domains . Such tasks employ real-life scenarios and require generic and do-
main-specific skills in different facets to handle a given problem adequately. In 
this paper, we present a newly developed performance assessment that aims to 
measure such skills among higher education economics students and graduates 
of economics and we report results from two validation studies .
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1 Introduction

In Germany, we are still lacking performance assessments that meet the methodo-
logical requirements for measuring university students’ generic higher-order cog-
nitive skills and that further meet the demands of the curriculum-instruction-as-
sessment triad (Pellegrino et al . 2001) in higher education (Zlatkin-Troitschanskaia 
et al . 2018a) . Initial attempts to adapt and validate existing performance tasks on 
critical thinking and problem solving from the U .S . for German contexts revealed 
significant limitations (for the adaptation and validation of CLA+ tasks in Germa-
ny, see Zlatkin-Troitschanskaia et al . 2018b) . In particular, transferring the con-
structs underlying the tasks as well as developing the according scoring rubrics, 
which are necessary to rate the students’ performance in critical thinking, have 
been challenging . It turned out that, for instance, cultural differences presented us 
with vast problems of interpretation and comparison .

Therefore, we developed an innovative performance assessment learning (PAL) 
task (Shavelson et al . 2019; Zlatkin-Troitschanskaia et al . 2019b) to measure these 
skills among higher education economics students and graduates in Germany . The 
PAL task consists of a realistic short-frame scenario, where test takers are con-
fronted with the succinct description of a situation and a resulting problem . The 
scenario is complemented by a document library of additional background infor-
mation that varies in relevance, reliability, credibility and validity . Test takers are 
asked to react to the presented problem by using this information and writing a 
well-founded recommendation for action (Section 3) .

In this paper, we present first results of an assessment of university students of 
economics using the PAL task. To control for their domain-specific knowledge, 
we used the WiWiKom test (Zlatkin-Troitschanskaia et al . 2019a; see also Schlax 
et al . in this volume) . Student general cognitive ability was assessed by the intel-
ligence test IST-2000 R (Liepmann et al. 2007). In addition, the test takers’ final 
school-leaving grades as well as their grades in attended study modules in higher 
education economics were assessed . This study design allows for measuring and 
investigating the relationships between different facets of domain-specific and ge-
neric skills .
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3.6 Performance Assessment of Generic and Do-
main-Specific Skills

2 Conceptual Background and Research Hypotheses

Critical thinking is receiving attention as a 21st century skill that is interna-
tionally considered indispensable for students of all disciplines who want to be 
successful not only in the national, but also in the global context after graduation 
(Allgood and Bayer 2016; Allgood et al . 2015) . Due to global economic change 
and the increasing internationalization of markets, critical thinking skills are con-
sidered an ever more important requirement (e .g ., Willingham 2007; McGoldrick 
and Garnett 2013) – particularly for business and economics professions but also 
for the public .

Critical thinking is described in literature as a complex, multi-dimensional con-
struct that often includes the elements problem solving, communication ability, 
media literacy, and other 21st century skills. Thus, without further clarification, the 
concept seems to be quite vague (e .g ., Lai and Viering 2012) . For the context of this 
study, we develop a working definition below.

While the importance of such higher-order cognitive skills is commonly ac-
cepted, they are not yet systematically taught in higher education (e .g ., Browne 
et al . 1995; Arum and Roksa 2010) . A current nationwide analysis of 32 German 
higher education degree programs and module descriptions in economics showed 
that, although critical thinking is considered an objective of teaching and learning 
outcomes in the respective curricula, it is generally not implemented explicitly or 
actively on the instructional side (Zlatkin-Troitschanskaia et al . 2018b) . Accord-
ing to the curriculum-instruction-assessment triad (Pellegrino et al . 2001), this is 
predominantly due to a lack of learning tools (i .e . appropriate methods to teach 
critical thinking) and corresponding testing instruments for conveying, assessing 
and fostering such skills in economics (Hoyt and McGoldrick 2012) .

In our study, we follow a holistic understanding, assuming critical thinking not 
to be the sum of other individual skills, but an integration of various sub-capabil-
ities (Shavelson et al . 2018a; Zlatkin-Troitschanskaia et al . 2019b) . Based on the 
current state of research on critical thinking (e .g ., Halpern 2014; Liu et al . 2014; 
Paul and Elder 2006; Facione 2000), we developed a systematical synthesis in 
which we differentiate between the following key dimensions and their central 
subdimensions to operationalize critical thinking and thereby form a basis for the 
assessment of higher education students (Shavelson et al . 2019; Zlatkin-Troitschan-
skaia et al . 2019b):

1 . Evaluating and using information and sources in terms of relevance to the argu-
ment, reliability, validity, credibility of sources;
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2 . Recognizing, evaluating and using arguments and their components (such as 
claims, support, beliefs, assumptions or proven facts) with regard to evidential-
ity, objectivity, validity, consistency;

3 . Developing sound and valid arguments based on information provided in the 
task, integrating additional information into coherent arguments, and struc-
turing arguments consistently . This includes avoiding logical inconsistencies, 
identifying omissions and weaknesses, and evading decision-making errors or 
biases (e .g ., due to “fast thinking” in contexts that call for “slow thinking”; 
Kahneman 2011; West et al . 2008);

4 . Recognizing main and ancillary effects and evaluating consequences of deci-
sion-making and associated actions;

5 . Appropriately communicating the most suitable course of action based on the 
given task prompt, i.e., making an evaluative judgment, explaining a decision, 
recommending a course of action by suggesting a solution to a problem .

Taking into account these facets and the various existing descriptions of critical 
thinking, the following working definition was developed for the study:

Students with advanced critical thinking skills question existing assumptions and 
opinions, and recognize and evaluate the relevance and reliability of provided in-
formation. Based on this judgement, logical or causal interrelationships are identi-
fied, consequences are considered and conclusions are drawn. Consequently, own 
arguments and opinions are formed, which in turn are reflected upon and corrected 
if necessary . Finally, the arguments and conclusions are communicated (written or 
verbally) in an understandable and convincing way .

The PAL task is designed to measure the critical thinking skills of higher educa-
tion students or graduates according to the aforementioned working definition and 
can be applied to different domains including economics, as the context of the task 
relates to socio-economic topics . The PAL task builds on prior research on generic 
higher-order cognitive skills and, in particular, on the concept of critical thinking, 
which – in short – is described as the ability to analyze problems, evaluate claims 
and information, draw inferences, and weigh decisions with regard to their con-
sequences . The task represents the next generation of performance assessments 
due to its innovative approach to performance assessment (Shavelson et al . 2019; 
Zlatkin-Troitschanskaia et al . 2019b) .
This newly developed PAL task was comprehensively validated in two subsequent 
studies in Germany (Shavelson et al . 2019; Zlatkin-Troitschanskaia et al . 2019b) 
in accordance with the internationally established Standards for Educational and 
Psychological Testing by AERA et al . (2014) . In this paper, we focus on the valida-
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tion criterion ‘relation to other variables’, i .e ., convergent and discriminant valid-
ity, to examine the relationships between different facets of domain-specific and 
generic skills: critical thinking, domain-specific knowledge and general cognitive 
ability . Using the method of comparing known groups (Hattie and Cooksey 1984) 
we also investigate the specificity and sensitivity of the newly developed PAL task 
for the domain of economics .

The research literature remains inconclusive in terms of the extent to which 
critical thinking is a domain-specific or domain-independent higher-order ability. 
It is often hypothesized that critical thinking itself is a generic skill, which can, 
however, only be conveyed and learned in concrete domain-specific contexts (e.g., 
Fives and Dinsmore 2017). The ability to perceive and process a domain-specific 
problem such as the scenario presented in the PAL task as well as perform the 
according solution requires a substantial level of expertise in this domain, since a 
profound understanding of the subject area is necessary for the handling of such 
a complex task (Alexander et al . 2016; Pellegrino and Hilton 2012) . Accordingly, 
graduate students (master), who should have greater domain-specific expertise, 
can be expected to perform at a higher level in terms of their critical thinking 
abilities in the domain of economics than undergraduate students (bachelor) (Hy-
pothesis 1) .

The PAL task focuses on critical thinking in a socio-economic context requir-
ing not only domain-specific knowledge and an understanding of basic economic 
principles but also domain-independent higher-order skills, in terms of discrimi-
nant validity (e .g ., Messick 1989) . Therefore, we expect a positive but relatively 
weak correlation between the critical thinking performance of students as meas-
ured by the PAL task and their performance in the domain-specific economic 
knowledge WiWiKom test (Hypothesis 2) .

As PAL also measures other higher-order cognitive abilities besides do-
main-specific knowledge, which are needed to complete this holistic task, it can 
be assumed that a good performance in the PAL task is also slightly positively 
correlated with general cognitive abilities (Hypothesis 3) (which were assessed 
through intelligence sub-tests from the task groups “Choosing figures” and “Ma-
trices” from the German intelligence test IST-2000 R as well as final school-leav-
ing grades) .

To further examine the domain specificity of PAL, we also applied the method 
of comparing known groups by comparing the results of students with a major in 
economics with those of students without a major in economics. We expect the 
students in economics to do at least slightly better in the PAL task than students 
enrolled in other subjects (Hypothesis 4) .
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In addition, the influence of prior domain-specific knowledge, which might be 
due to previous education with an economic focus (e .g ., completed commercial 
vocational training) was also controlled for .

3 Methods

3.1 Sample

For Germany, two samples have been surveyed within two subsequent validation 
studies that took place in the winter semester of 2017/2018 and the summer se-
mester of 2018 . Overall, 55 students from a German university participated – 25 
undergraduates (bachelor’s degree) and 30 graduates (master’s degree) . For their 
participation in the voluntary validation studies students could choose between an 
incentive of €20 or credits for a study module .

We contacted all 44 master’s students enrolled in economics education at this 
university inviting them to participate in the study . Thus, we have a 68 % partici-
pation rate of all economics education master’s students . Taking into account the 
sociodemographic characteristics, this sub-sample can be considered representa-
tive for this study domain (Tables 1a and 1b) .

The procedure for recruiting bachelor’s students was the same as for master’s 
students, although in this case we managed to encourage slightly less than half of 
all students enrolled at the university in this course of study to participate . Based 
on the descriptive characteristics of the 25 participating bachelor’s students and 
a descriptive comparison of characteristics with the results of the Germany-wide 
representative WiWiKom study with bachelor’s students, this sub-sample can also 
be considered representative (Zlatkin-Troitschanskaia et al . 2019a; see also Schlax 
et al . in this volume) . Since about half of the test takers were in the last year of 
their bachelor’s studies and most of the graduate students were in the last year of a 
master’s degree, this study not only provides preliminary data on advanced under-
graduates’ critical thinking skills but also indicates the level of critical thinking in 
graduate students towards the end of their studies .

Tables 1a and 1b show the descriptive statistics of the sample .
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Table 1a Sample description

Attributes N = 55
Gender
Female
Male

38 (69 .1 %)
17 (30 .0 %)

Degree
Bachelor
Master

25 (45 .3 %)
30 (54 .5 %)

Degree course
Economic studies
Other

46 (83 .7 %)
9 (16 .3 %)

Completed vocational training
Yes
No
Not specified

23 (41 .8 %)
30 (54 .5 %)
2 (3 .6 %)

Completed internship
Yes
Not specified

42 (76 .4 %)
9 (16 .4 %)

Table 1b Sample description (continued)

N = 55
Attributes N Mean Std . Dev .
Age 54 24 3 .44
Semester (Bachelor) 25 4 .36 1 .47
Semester (Master) 30 2 .03 1 .22
University entry qualification grade* 54 2 .21 0 .60

Note. *Grades vary from 1 .0 (best) to 5 .0 (worst) .

3.2 Test Instruments and Administration

The PAL task, called “Wind Turbine”, has been constructed from authentic alter-
native energy source cases with meaningful consequences for a myriad of actors 
depending on the decisions and actions taken (Shavelson et al . 2019) . More pre-
cisely, it focuses on the decision of a small-town council regarding whether or not 
to acquire and set up wind turbines on communal land near the town . Test-takers 
are presented with a document library and are asked to evaluate available infor-
mation (e .g ., a newspaper article, web documents, wind turbine schematics, stake-
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holder interests as well as selected technical, economic, territorial law, settlement 
and wildlife data) that varies in terms of reliability, validity, and risk of bias or 
judgmental error. The task prompt requires participants to write an argumentative 
statement and recommend a course of action whether or not to set up the wind tur-
bines and which further measures to take (for examples, see Shavelson et al . 2019; 
Zlatkin-Troitschanskaia et al . 2019b) . Test-takers are asked to use only the infor-
mation provided and told that there is no right or wrong answer but that answers 
can vary in terms of their justifiability. They are also informed of the main scoring 
criteria. In addition to judging the trustworthiness and relevance of the different 
library documents, test-takers need to develop arguments for or against wind tur-
bine construction . This process requires them to assess the value of each docu-
ment while taking into account possible bias or motives for hidden agendas, such 
as personal profit and consequences for the community or individual residents. 
Task difficulty is fine-tuned by the nature of the information presented (reliability, 
validity, bias/error), the number of information sources, and the various points to 
consider by the test taker (e .g ., stakeholder interests, consequences of the decision) .

A rating scheme for scoring the written responses for the wind turbine PAL task 
has been developed based on the previously described definition of critical think-
ing (for details, see Zlatkin-Troitschanskaia et al . 2019b) . It divides the students’ 
response texts into four main dimensions with 4–9 performance criteria each (23 
categories in total), whereby the facets 1–3 were grouped into two dimensions for 
reasons of formulating adequate behavior anchors . Then, by assessing individual 
PAL responses, 6 scoring anchors were formulated; on this basis, the participants’ 
task performance can be assessed on a scale of 1–6 (for rubric 1 as an example, see 
Shavelson et al . 2019) .

After rater training and a random designation of the individual PAL responses 
to two of a total of four raters, the responses were assessed using the developed rat-
ing scheme resulting in every task response of each participant being independent-
ly assessed by two raters .1 To allow for a comparison of average performance 
results between the dimensions in spite of their different number of sub-categories 
and thus of attainable assessment points, the score of every dimension was divided 
by the number of its performance criteria . As a result, the calculated mean scores 
of every dimension can vary on a scale from 1 (requirements not fulfilled) to 6 
(requirements fulfilled).

To assess knowledge and understanding of economics, we employed the 
WiWiKom test, which was validated in the representative, Germany-wide 

1 There are sufficient inter-rater reliabilities between  .7 and  .85 (for further details, see 
Shavelson et al . 2019) .
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WiWiKom study with over 9,000 economics students according to the Standards 
for Educational and Psychological Testing (Zlatkin-Troitschanskaia et al . in 2019a; 
see also Schlax et al . in this volume) . The WiWiKom test combines 15 items from 
the adapted and validated German version of the standardized Test of Economic 
Literacy, Fourth Edition (TEL IV) (Walstad, Rebeck, and Butters 2013) and 10 
items from the adapted and validated German version of the Test of Understanding 
in College Economics, Fourth Edition (TUCE IV, Walstad et al . 2007; for valida-
tion and adaptation in Germany, see Zlatkin-Troitschanskaia et al . 2014) . The items 
of TEL IV operationalize basic principles of economics (such as the supply-de-
mand model), complemented by five TUCE IV items from the microeconomics 
part and five TUCE IV items from the macroeconomics part. Every question of-
fered 4 possible answers in multiple-choice format, with only one correct option .

The figural-spatial intelligence as indicator of general (fluid) intelligence of the 
students was measured using the two task groups “Choosing figures” and “Ma-
trices” from the German intelligence test IST-2000 R (Liepmann et al . 2007) . In 
total, this test includes 12 task groups, of which the two aforementioned were con-
sidered most suitable as good indicators of general intelligence (Liepmann et al . 
2007) . Each scale consists of 20 tasks . The participants have 7 minutes to complete 
the tasks in “Choosing figures” and 10 minutes for “Matrices”. In the former task 
group, students have to work out which of five given figures can be created by 
piecing together ten fragments. In the latter, students are given figure matrices 
built according to a certain rule and have to decide which of the five figure options 
would complete the matrix according to the rule .

The PAL task as well as the WiWiKom test were computer- and online-based . 
In addition to the students’ written answers, some data on the response process-
es (required time, information used for problem solving) were also collected and 
included in the analyses . The intelligence test was administered on-site via pa-
per-pencil questionnaires under controlled conditions to ensure that the task was 
carried out properly .

Further socio-demographic information expected to affect test performance 
was collected as well . Prior studies have shown that task readability impacts the 
test performance of migrant students (e .g ., Happ et al . 2019) and was therefore sys-
tematically controlled for in our study . Furthermore, several studies have demon-
strated the suitability of the higher education entrance qualification as a reliable 
indicator for generic cognitive skills (e .g ., Kobrin et al . 2008) . Other indicators of 
relevant expertise in the context of solving the PAL task, such as completed com-
mercial or vocational training, were surveyed as well as they might influence task 
performance and should therefore be considered .



290 Nagel, M.-T., Zlatkin-Troitschanskaia, O., Schmidt, S., and Beck, K. 

The total test time for the PAL task is 60 minutes plus about 60 minutes for the 
other tests and questionnaires . The limited time puts the participants under pres-
sure, requiring them to limit their focus by choosing the most relevant documents 
from the library and narrowing down their arguments . This leads to the active 
decision to discard certain information without considering it as otherwise the task 
would not be completed in time . The test-takers completed the task on computers 
provided by the project coordinators. In addition to the students’ written answers, 
further data was collected on the response processes (e .g ., behavior while working 
on the tests)2, which was part of different analyses .

4 Results

To test Hypothesis 1 (H1), expecting that graduate students (master) perform at a 
higher level than undergraduate students (bachelor), we conducted various anal-
yses based on the written and scored responses to the PAL task . The lengths of 
students’ responses vary significantly: the longest response comprises 1365 words 
and the shortest 68 words, with a mean word count of 495 (SD = 218.7). A signifi-
cant difference can also be seen in the length of the answers between the bachelor’s 
and master’s students, with the master’s students writing longer answers on aver-
age: The t-test yields p = 0 .0185, mean bachelor = 421 .08 (SD = 200 .50), and mean 
master = 561 (SD = 216 .31) .

The analysis of the test performance shows that the length of the responses 
(number of words in the written statement) significantly correlates with the as-
sessed test result measurements of the respective texts (Pearson correlation r = 0 .6, 
p =  .00) . The master’s students accordingly perform better on average than the 
bachelor’s students (Table 3) .

On average, the participants scored 83 out of a maximum of 138 points, with a 
minimum of 32 points and a maximum of 117 points . The score distribution has a 
skewness of -1 .5 and kurtosis of 7 .2, indicating test scores slightly skewed to the 
left . Although none of the participants earned a perfect overall score, some earned 
a full six points on some of the individual dimensions . Bachelor’s students’ average 
score was 81 points, with a minimum of 32 points and a maximum of 107 points, 
whereas the master’s students achieved 85 points on average with a minimum of 

2 For instance, the observation of the test-takers captured a wide range of approaches, 
with one extreme being participants investigating all the provided links to external in-
formation, whilst students on the other extreme only took into account the information 
provided on the task sheet itself .
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56 .5 points and a maximum of 117 points . This shows a higher level of critical 
thinking ability in graduate students and thus, at the descriptive level, the results 
are in line with our assumption (H1) . Observing, however, the quartile level with 
respect to both groups, most graduate students place within the third quartile and 
only few in the fourth quartile of attainable points . Table 2 shows the distribution 
of students’ PAL scores subdivided in quartiles . In spite of the obvious differences 
between performance scores of both groups, a t-test does not yield significant re-
sults, with p = 0 .15, mean bachelor = 81 .12 (SD = 16 .84), and mean master = 87 .6 
(SD = 16 .04) .

Table 2 Distribution of students’ PAL scores in quartiles

Quartile Bachelor Master
N % N %

1 (0 – 34 .5 points) 1 4 % - -
2 (35 – 69 points)
3 (69 .5 – 103 .5 
points)

3
20

12 %
80 %

5
19

17 .24 %
76 %

4 (104 – 138 
points)

1 4 % 5 17 .24 %

Further analyses of the four subdimensions reveal in which subskills students, on 
average, have better or worse performance . Table 3 shows a comparison of the 
average PAL subscale scores of bachelor’s vs . master’s students . In all subscales, 
master’s students perform better than bachelor’s students . However, both groups 
score lowest in subscale 3, “Recognizing and evaluating consequences of deci-
sion-making and actions”, with average scores below 3 points, which constitutes 
less than half of the points that could be reached and again underlines the differ-
ence to the other sub-scales. According to the working definition, this is a vital 
facet of critical thinking, as in comparison to the other facets it requires students 
to apply their highest cognitive and meta-cognitive abilities .

Bachelor’s students achieved their best results in subscale 1, “Recognizing and 
evaluating the relevance, reliability, and validity of given information”, in which 
both groups scored approximately 4 points; therefore, compared to the other cat-
egories, all of the students’ abilities rank high for this subscale . The same holds 
true for most students with regard to subscale 4, “Writing effectiveness and me-
chanics”, in which the master’s students achieved their best results (bachelor: 3 .8 
points, master: 4 .2 points) . The main difference between the two samples might 
be traced back to training in the context of bachelor’s theses . The bachelor’s thesis 
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is the first opportunity in the course of study for which a longer, more systematic 
scientific text must be written, which could significantly enhance students’ writing 
skills . For subscale 2, “Evaluating and making a decision”, in comparison to the 
other subscales, both groups’ mean results are rather average, with only a small 
difference between bachelor’s (3 .5) and master’s (3 .8) students .

Table 3 Group performances for the PAL subscales

Group Average Performance in PAL
Subscale Bachelor Master
1:  Recognizing and evaluating the  

relevance, reliability, and validity of  
given information

2: Evaluating and making a decision
3:  Recognizing and evaluating consequences 

of decision-making and actions
4: Writing effectiveness and mechanics

4 .03 (SD =  .70)

3 .47 (SD =  .80)
2 .69 (SD =  .84)

3 .84 (SD =  .92)

4 .15 (SD =  .62)

3 .81 (SD =  .75)
2 .87 (SD =  .79)

4 .20 (SD =  .95)

Overall, the findings from the four subdimensions indicate a significant difference 
between undergraduate and graduate students only for „Writing effectiveness and 
mechanics“ . With regard to the three abovementioned subdimensions 1, 2, and 3, 
students only show a high level of underlying abilities, indicated by high perfor-
mance scores, in one subdimension, “Recognizing and evaluating the relevance, 
reliability, and validity of given information” . In the two other subdimensions, 
performance levels are remarkably low in comparison, particularly for graduate 
students. Based on these findings, H1 cannot be rejected, as – even if only mar-
ginally in some cases – overall the graduate students performed better than the 
undergraduates .

As described in Hypothesis 2 (H2), due to the economics-related context of the 
PAL task, it can be inferred that successfully solving the PAL task correlates with 
a high level of domain-specific knowledge and economic expertise. The 25 items 
of the WiWiKom test were evaluated as either incorrect (0 points) or correct (1 
point) and the individual total scores as well as the mean scores were calculated for 
each of the 36 participants who completed the test3 . On average, the participants 
scored 16 .7 out of 25 possible points (SD = 4 .17), with a minimum of 7 points and 
a maximum of 23 points . The distributions have a skewness of - .65 and kurtosis of 
2 .69 which implies a skewed to the left distribution of test scores . Although none 

3 Not all students completed all three tests: The results of 8 students are missing for the 
intelligence test and of 19 students for the WiWiKom test .
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of the participants achieved a maximum score, an examination of the answers at 
item level indicates that the participants were able to complete the test in the given 
time . In comparison, a nationwide German sample of 7,571 bachelor’s students 
of economics in the WiWiKom study achieved an average score of 13 .3 points 
(SD = 4 .39; Zlatkin-Troitschanskaia et al . 2019a) . The students in our test sample 
distinguish themselves from this latter sample by a comparatively high level of 
economics knowledge .

Using a Spearman test, we found no significant correlation between the PAL 
scores and the WiWiKom test scores (rs =  .11, p = 51 .2, n = 36) . The correla-
tion also remains insignificant if calculated only for economics students (rs = - .04, 
p = 0 .85, n = 28) .

For further analyses, the relationship between the PAL task and economic 
knowledge was examined by means of cross-classified tables which investigated 
the interrelations of different performance levels in both tests . For this purpose, 
using the median of the PAL scores and of the WiWiKom test, the sample was 
divided up into equally large groups of high and low performers . Table 4 shows the 
cross-classification of overall performance in PAL and in the WiWiKom test. For 
the cross-classified tables of the subscales, the groups were clustered according to 
the score of the respective subscale in the PAL task .

Table 4 Cross-classification of overall performance in PAL and the WiWiKom test

Performance in PAL Performance in WiWiKom test
Low (=0) High (=1) Total

Low 7
46 .67 %

8
53 .33 %

15
100 .00 %

High 8
38 .10 %

13
61 .90 %

21
100 .00 %

Total 15
41 .67 %

21
58 .33 %

36
100 .00 %

The cross-classification shows that 47 % of students who performed low on the PAL 
task are also low-performers on the WiWiKom test. However, the majority (53 %) 
of low performers comprises students who performed well in the WiWiKom test . 
Yet again, it becomes apparent that despite high levels of domain-specific knowl-
edge, overall, economics students did not perform particularly well in the PAL 
task . This further supports the hypothesis (H2) that many of these students were 
not able to apply their domain-specific knowledge to solve the economics problem.
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Conversely, 38 % of the students with high performance in the PAL task show 
low performance in the WiWiKom test . Over one third of students achieved good 
results in the PAL task despite low levels of domain-specific knowledge, which 
they evidently were able to compensate with higher general cognitive abilities 
(probably by reasoning and adequate use of the given information). A majority 
(62 %) performed well in both tests. The chi-squared test is not significant for the 
cross-classified table (χ²(36) = 0 .26, p =  .607), which leads to the overall conclu-
sion that high economics knowledge does not necessarily indicate a high perfor-
mance in the PAL task .

Similar findings were derived from the cross-classified table for the subdi-
mension “Recognizing and evaluating the relevance, reliability, and validity of 
given information” (χ²(36) = 0 .39, p =  .53), in which, on average, participants 
achieved the highest scores. The findings for the subdimension “Evaluating and 
making a decision” (χ²(36) = 1 .03, p =  .31) showed that two thirds of high per-
formers in the WiWiKom test performed poorly in the PAL task . Based on these 
results, H2, assuming a positive but relatively weak correlation between the crit-
ical thinking performance of students and their level of economic knowledge, 
must be rejected.

As the PAL task is constructed to assess higher cognitive skills, a slight cor-
relation with the general cognitive abilities measured in the intelligence test was 
expected (H3) .

The results of the 20 intelligence test items in each of the two employed scales 
were calculated (0 = wrong answer, 1 = right answer) and participants could 
achieve a maximum of 40 points in total on the test . On average, the students 
achieved a score of 16 .9 (SD = 5 .33) with a minimum of 7 and a maximum of 29 
points . Because of skewness to the left of the PAL results, a Spearman correla-
tion was conducted. As expected, the results show a significant weak correlation 
between the PAL scores and the intelligence test scores (rs =  .35, p =  .02, n = 46) .

With regard to the students’ school-leaving grades, there were no related dif-
ferences in performance in the PAL task; students with a final grade of 2.0–2.9 
performed better than students with either a final grade of 1.0 – 1.9 or 3.0 and 
higher . Table 5 shows the means of PAL scores subdivided by different groups . 
The Spearman correlation of these two performance measures indicates no sig-
nificant correlation (rs = - .03, p =  .82, n = 47). Based on these findings, H3 cannot 
be rejected.

To test for the group differences assumed in Hypothesis 4 (H4) (Table 5), we 
conducted a t-test which shows no significant differences between students of eco-
nomics and students with other majors with regard to average test scores (p = 0 .69) . 
Thus, contrary to our expectations (H4), studying economics does not appear to 
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provide domain-specific knowledge that enhances the ability to solve these tasks.4 
Based on these results, H4 must be rejected.

Table 5 Means of PAL-scores of different groups
Group Average Performance in PAL

Variables N = 55
Degree
Bachelor
Master 

3 .53 (SD =  .73)
3 .68 (SD =  .67)

Subject
Economics studies
Other

3 .62 (SD =  .68)
3 .52 (SD =  .82)

University	entry	qualification	grade
1 .0 – 1 .9
2 .0 – 2 .9
3 .0 – 3 .9

3 .62 (SD =  .85)
3 .66 (SD =  .60)
3 .55 (SD =  .69)

Completed Vocational Training
No
Yes (commercial)

3 .58 (SD =  .79)
3 .69 (SD =  .59)

5 Discussion and Conclusion

This study primarily presented findings on performance-oriented assessment of 
key facets of domain-specific and generic skills such as critical thinking and con-
tent knowledge among economics students at a German university . In this valida-
tion study, the approach of comparing known groups by assessing undergraduate 
economics students as well as a control group of master’s students in economics 
degree programs has been applied. Additionally, for a domain-specific compar-
ison, a control group of students with different major subjects was assessed in 
comparison to students having economics as their main study subject.5 Beside 
the main finding that the construct of ‘critical thinking’ measured by the PAL task 
has turned out to be of discriminant validity, the results provide two important 

4 The comparison between economics students (n=45, 12 bachelor’s and 33 master’s stu-
dents) and students with other main subjects (n=8) shows that, on average, economics 
students achieve slightly better test results (economics: 3 .6 points, others: 3 .5 points) .

5 The descriptive statistics of the sample are largely in line with the results of a Germany- 
wide survey of graduates of economics education at 20 universities, which further in-
creases the external validity of the results of this study (see Kuhn et al . in this volume) .
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findings: (1) bachelor’s students performed rather poorly in the PAL task on aver-
age and the level of critical thinking in master’s students is much lower than one 
would expect of graduate students at the end of their 5-year academic education . 
(2) There were no significant differences between economics students and students 
with other main study subjects.

This study provides several pieces of evidence that many students in economics 
are not able to apply their domain-specific knowledge to solve realistic econom-
ics-related problems. This finding appears even more dramatic in light of per-
formance in each of the four subdimensions . Overall test performance, which on 
average is mediocre, is primarily based on well-developed abilities in rather basic 
(1) information processing and (4) writing (Table 3) . With respect to the two other 
subdimensions of critical thinking that were considered vital in the construct defi-
nition (i .e . (2) decision making and (3) dealing intellectually with consequences), 
most students displayed substantial deficits – even towards the end of their aca-
demic education, and also at the graduate level .

Overall, the findings indicate that although critical thinking skills are required 
both in curricula and as learning outcomes in economic higher education, these 
key aspects have been insufficiently or ineffectively nurtured so far, both in under-
graduate and in graduate studies . Although students have a relatively solid level of 
economic knowledge and understanding, they clearly lack the ability to transfer 
this knowledge and to solve a concrete economics-related problem . Based on the 
results from the innovative performance assessment, it is urgently necessary to 
give careful consideration to why the highly ambitious teaching-and-learning ob-
jectives and the expected outcomes of higher education are possibly not reached 
at all .

Our results raise a number of questions, which require more in-depth analyses 
to gain differentiated insights as to how such higher cognitive skills can be effec-
tively taught and enhanced during higher education in economics . Multiple-choice 
tests are, at least in Germany, usually used for examinations, while tests based on a 
case study are rare (e .g ., Walstad 2001) . Therefore, a testing effect cannot be ruled 
out; it is possible that, although students do gain domain-specific knowledge, they 
cannot demonstrate it in a PAL test due to the unfamiliarity with this type of test 
instrument . A controlled, experimental intervention study should be conducted 
with a posttest measurement design to measure such effects .

Additionally, this validation study was conducted using a small sample from 
a single university . Thus, the results presented here should be considered only as 
preliminary evidence for the level of critical thinking measured by this particular 
PAL task and they still leave room to expect better results based on an ample sam-
ple . Furthermore, in future studies, not only performance data, but also behavior 
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data and students’ response processes while working on PAL tasks, such as log and 
gaze data, should be collected and integrated in analyses to assess which concrete 
cognitive and non-cognitive subskills are used to solve performance tasks .
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3.7 
The Research Group Performance-Based 
Assessment of Communication in KoKoHs

A Bridge between Educational Theory and Empirical 
Educational Research

Falkenstern, A., Schwabe, U., Walz, K., and Braun, E.

Abstract

In recent years, educational theory and empirically oriented educational re-
search have been viewed in contrary light . Growing interest in evidence-based 
expertise in education and the increase in assessment of competences rein-
forced this debate . The aim of this contribution is to question this contradiction, 
and to consider possibilities of constructive collaboration between educational 
theory and empirical research in assessment of competences . The aim is to 
stimulate new formats of assessment . We discuss education as a holistic trans-
formation and a social process . According to this understanding, we identify 
communication competences as an educational aim and discuss opportunities 
of its training and assessment . We suggest role-plays as an adequate method 
to develop a competence-based instrument. Ten specific role-plays were devel-
oped, which were applied by N = 515 students . The results support role-plays 
as an effective and reliable assessment of communication competences . Nev-
ertheless, further analyses are necessary to detect and explain various effects 
and gains in competences . The combination of empirical educational research 
and educational theory seems to be promising, and we hope to discover further 
conceptual impacts by bringing both sides together .

© Springer Fachmedien Wiesbaden GmbH, part of Springer Nature 2020
O. Zlatkin-Troitschanskaia et al. (Hrsg.), Student Learning in German 
Higher Education https://doi.org/10.1007/978-3-658-27886-1_15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-658-27886-1_15&domain=pdf


302 Falkenstern, A., Schwabe, U., Walz, K., and Braun, E.

Keywords

Performance based test, communication competences, educational theory,  
social interaction, higher education, intersubjectivity, KoKoHs

1 Theoretical Considerations

1.1 Empirical Turn in Educational Research and  
Critical Discourse

In recent years, there has been a growing interest in scientific and evidence-based 
expertise for education policy . Empirical educational research provides data and 
information in purpose of educational monitoring and comparative studies, which 
are used for practical and educational policy decisions (Bromme et al . 2016) . This 
trend also affects higher education, as research in the measurement of competenc-
es in higher education has increased substantially (Coates and Zlatkin-Troitschan-
skaia 2019; OECD 2012; Zlatkin-Troitschanskaia et al . 2017) .

At the same time, critical concerns1 from theoretically oriented educational re-
search arise . There is critique about making “everything”, including education, 
measurable and standardizable, in doubt of comprising education to any statistical 
values . Theoretical education and empirical research on competences seem to be 
on two sides of research . One frequently expressed critique concerns measuring 
practices, characterized by analytical rationality and evidence orientation, which 
are incompatible with the classical identity of education (“Bildung”) . From the 
point of view of educational theory (“Bildungstheorie”), current empirical edu-
cation and competence research rarely deals with classical understanding of ed-
ucation and fails to address their subject. Education is reduced to the acquisition 
of certain formal and domain-specific skills, therefore the current knowledge on 
education is superficial (e.g. Schäfer 2006; Lederer 2014; Hastedt 2012; Pongratz 
et al . 2007; Klein and Dungs 2010) .

Since the expansion of empirical educational research (Gräsel 2011), philosoph-
ical concepts of education seem to become obsolete and out-of-date categories 
(Koller 2010, p . 93f .; Koller 2012, p . 10; Ehrenspeck 2010; Lederer 2014, p . 69ff .) . 
Generally, modern empirically educational research does not focus on philosoph-
ically defined educational ideals and concepts (Gräsel 2011), but on the societal 

1 Baumert and Tillmann (2016) provide a broad overview of the current critical discus-
sions about empirical educational research .
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3.7 The Research Group Performance-Based Assess-
ment

function of education and on empirically measurable learning outcomes . Modern 
empirical educational research claims to follow the positivist scientific ideal and 
to present itself as a modern and evidence-based discipline along quality criteria 
such as standardization, operationalization and comparability (e .g . Reinders and 
Ditton 2011) .

In recent years, both sides have often been viewed in a contrary light dealing 
with tensions . This relationship is usually regarded as incompatible (Fuchs 2011, 
p . 31ff .) . Classical educational theories based on philosophy of education are look-
ing at holistic educational processes and therefore not standardizable situations 
(Koller 2010) . At the same time, educational theory blames empirical educational 
research and competence research of not measuring what they actually supposed 
to measure and of not being able to capture meaningful educational processes .

The aim of this contribution is to question this opposition, to consider produc-
tive interactions of educational theory and empirical competence research . The 
consideration of the relation between educational theory and competence research 
promises fruitful results and the possibility to develop suitable instruments for as-
sessing gains of competencies in higher education by investigating effective learn-
ing opportunities . In addition, it will be shown that educational processes can be 
captured with certain methods and that individual aims educational processes can 
be made empirically visible . This contribution aim to demonstrate that a perfor-
mance-based instrument of competence assessment presented here is compatible 
with educational theory, since this method is based on a holistic understanding of 
education .

1.2 Education as a Holistic Transformation Process

Following the theory of education, education is more than accumulation of factual 
knowledge (e .g . Marotzki 1997) . Education represents a holistic transformation of 
a person (e .g . Koller 2012; Nohl 2006; Fuchs 2011; Marotzki 1990; von Rosenberg 
2011), who develops in the interaction with the environment and in self-interaction . 
Education can be considered as a dynamic interaction between subject and envi-
ronment (Koller 2012). This understanding of education is based on a subject-ori-
ented approach and focuses on the dynamics of individual educational processes . 
However, empirical educational research often reduces educational outcomes, the 
empirical connectivity of holistic transformation seems hardly achievable (Till-
mann 2017; Pant 2013) .

There is an ongoing discourse on generic competences in higher education 
(Braun et al . 2018a; Braun et al . 2018b) . The discussion implies that education is 
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not limited to the acquisition of factual knowledge and information reception, but 
also includes support of generic skills and a holistic understanding of education . 
In higher education, students are not supposed to be filled up with domain-specific 
knowledge and information, analogous to a ‘tabula rasa’ . In addition to impart 
knowledge, higher education institutions are responsible for promoting self-devel-
opment and taking responsibility . Academic education also aims to prepare stu-
dents for the ever-changing and unpredictable demands of the world and the labour 
market . The German Science Council (Wissenschaftsrat 2015) emphasises that the 
academic educational goals should focus on three central dimensions: specialised 
knowledge, self-development and preparation for the labour market .

In recourse to the classical educational ideals2, independent thinking and au-
tonomous action are important outcomes of educational processes . The ability to 
use one’s own intellect (without the guidance of others) plays an increasingly im-
portant role in times of information society . In view of the technical edge of infor-
mation and communication technologies, information is continuously increasing 
and provides unlimited access to many resources of knowledge . The knowledge 
of the total world and the existing information increases with rapid speed (e .g ., 
Lederer 2014, p . 230) . These developments affect higher education as well . The 
quantitative increase in knowledge can create uncertainties with regard to options 
for knowledge and action . Skills are required to be able to orientate oneself and to 
be able to act competent in unknown situations . The knowledge application and 
the ability to use the accumulated knowledge play a central role in today’s infor-
mation-based society .

1.3 Education as a Social Process

By referring to the theoretical reflections on education, educational processes are 
reliant on social and societal context, since the subject is embedded inevitably in 
social contexts . Learning processes cannot occur isolated from the social coun-
terpart and do not emerge automatically from oneself, but become possible in the 
active confrontation and interaction between subject and its environment (Grunert 
2012, p . 35ff .; Vygotsky 1978) . Individual learning processes and the formation of 
self are caused by social and communication processes; individual ability to act is 
not a one-sided result of individual learning effort and self-education, but can be 
acquired in interplay between environment and subject (Grunert 2012, p. 35ff.). In 

2 Dörpinghaus et al . (2012), Ladenthin (2012) provide, for example, an overview of clas-
sical educational theories based on educational philosophy .
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this respect, educational processes can be considered as a dialectical process: indi-
viduals’ learning processes are embedded in intersubjective and social experience 
contexts (Mead 1973; Vygotsky 1978) . Therefore, also gain in competences can 
be seen as a product of social and interactive processes . Due to the social inter-
mediation of educational processes, the ability to act appropriately at given social 
contexts is significant to master a situation. Educational processes are not the re-
sult of isolated mental processes, but are embedded in communicative actions and 
experiences (Lederer 2014, p . 154f .) . The ability to communicate effectively and 
interact with the environment is essential to master nowadays requirements . The 
ability to act cannot be acquired as factual knowledge and is supported through 
practical action and experiences . Learning processes emerge in the direct con-
frontation with the environment and in the self-encounter . Educational processes 
presuppose intersubjectivity as individuals depend on their social counterparts 
(Grunert 2012, p . 27) . Self-formation can hardly develop without the sociality . 
Subject formation occurs during social and communicative interactions (Mead 
1973; Vygotsky 1978) . Individual holistic educational processes are therefore only 
conceivable in social terms, and the ability to interact and communicate with the 
environment is important .

1.4 Communication Competence as an Educational Aim

According to Habermas, communication is essential for coordinating human ac-
tion and human communities (Habermas 1999a; 1999b; Schneider 2009; Wes-
seling 2012). Communicative action requires specific abilities (Habermas 1984; 
1971) . Communication is based on patterns of orientation and legitimation, which 
are socially conveyed and internalised by the acting person . Successful communi-
cation is related to the interpretative abilities and to the norm-based understanding . 
This includes the knowledge of socially accepted standards and communication 
strategies . Communicative competences include knowledge of the communication 
rules and of the socially shared patterns of interpretation and can be defined as 
the ability to adequately apply social rules in communicative actions (Habermas 
1999a; Schneider 2009, p . 212ff .) .

For example, knowledge refers to how to communicate appropriately in var-
ious situations with individuals in different social roles, and to the ability to use 
language and elements of nonverbal communication appropriately . The ability to 
adequately interpret the communication situation and to know the rules of inter-
action and strategies for efficient achievement of goals is significant for successful 
interaction (Braun et al . 2018a; Knoblauch 2010, p . 245f .) . The ability to differen-
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tiate, how to communicate with interaction partners of diverse social roles, how to 
effectively achieve goals in communication and under what conditions communi-
cation can fail, can be described as communicative capability (Braun et al . 2018a; 
Frindte 2001, p . 35ff .) . Habermas (1999a) differentiates between strategic action 
as a form of success-oriented action and communicative action as consensus-ori-
ented action .3

Successful communication requires knowledge of situational and social factors . 
Depending on communication goals and the context-specific, given conditions, 
different communication strategies can be used, assuming that the interaction 
partners know their social role, limitations and legitimacy . The possibilities for 
action can be based on this knowledge . Communicative competence also includes 
the ability to achieve goals that are linked to communication without massively 
damaging the interests of another person (Röhner and Schütz 2016) .

Habermas’ theory of communicative action also considers individual’s ability 
to learn . Social and living environment become accessible only when individual 
enter into interpersonal interactions and use their communicative abilities (Wes-
seling 2012) . Habermas focuses not only on the cognitive aspects, but also on the 
individual’s capability to act and communicate, and also uses the term “interaction 
competence” (Habermas 1984; 1974) .

1.5 Training and Assessing Communication Competences

Besides providing formal and domain specific knowledge, one central task of 
higher education can be considered in imparting generic competences . Especially, 
the so-called Bologna Process emphasised the importance of generic competenc-
es and of clarifying learning outcomes . Communication is considered a central 
learning outcome in higher education, and therefore explicitly defined as an edu-
cational objective (Kultusministerkonferenz 2017; European Commission 2008). 
Competences are defined as the ability to solve problems in different situations, 
which can be described as the ability to act sensitive of the given situation (Grunert 
2012, p . 60f .) . In addition, the application of knowledge is emphasised . If knowl-
edge is acquired through complex exercises, the transfer of knowledge to new and 
authentic situations will be easier . Furthermore, professional action plays an im-
portant role in higher education. The professional fields, graduates will have to 
master, cannot be standardized. Therefore, specialist knowledge is not sufficient. 
Graduates should be able to apply the acquired knowledge in a goal-oriented and 

3 For the implementation of communication types in role-plays, see Braun et al . (2018b) .
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context-appropriate way . It is hardly possible to draw up a homogeneous view of 
practice and to provide students with clearly defined instructions for action in the 
sense of “know-how” .

One objective of higher education is to enable students to solve problems and 
conflicts. Professional action means being able to decide which form of action is 
appropriate in a specific situation. Professional practice is characterised by the as-
pect of uncertainty and ambivalence (Cramer and Drahmann 2019, p . 21; Cramer 
et al . 2019, p . 24) . Due to the complexity of practice, it is hardly possible to provide 
universally valid, standardised strategies for action . Professional action refers to 
both the acquired professional knowledge, which can be defined as formal knowl-
edge, and practical knowledge and knowledge in action, which are also essential 
for professional action (Cramer and Drahmann 2019, p . 24) . Professionals are char-
acterized by the ability to successfully cope with unknown and complex situations 
and to interact with the environment without major conflicts. Practical knowledge 
and competences such as communication skills can be acquired best by experience 
in authentic situations and practical demands . Higher education can provide learn-
ing opportunities in which students can acquire their skills in an application-ori-
ented way . Furthermore, students could be stimulated to master complex situations 
and situation-specific demands, if they are in challenging learning environments.

1.6 Performance-Based Instrument

Summing up, the question arises how learning opportunities for professional ac-
tion can be designed in higher education . Role-plays seem to be an adequate per-
formance-based instrument to initiate communication and to provoke acting in 
complex and authentic situation (Braun and Mishra 2016; Gulikers et al . 2008; Ste-
vens 2015) . Role-plays can be used as a method of professional training in which 
specific, significant, and professional situations are simulated. In this way, students 
can train and show the ability to act in authentic situations . Role-plays can be 
adapted to several specific professional contexts and still are conferrable. The sit-
uational link to action and the moments of uncertainty are manifest in role-plays . 
Role-plays as a method create conditions for coping with complex situations and 
challenges (Braun et al . 2018a, 2018b) .

Habermas referred to the concept of performance in his theory of commu-
nicative action . The concept of performance plays a central role in theories of 
speech act (Habermas 1988), since social action and communication are language- 
mediated processes . Performance is activated through communicative situations, 
in which social aspects play a fundamental role and action is needed (Knoblauch 
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2010, p . 242f .) . As mentioned, educational processes are embedded in interactive 
processes . Role-plays demand an active interaction with social counterpart . Since 
competences mean also an efficient use of knowledge, competences are intercon-
nected with performance . By playing different roles and scenarios, the ability of 
changing perspectives can be developed . Role-plays might also initiate processes 
of reflection: the content of role-plays is designed to provoke autonomous thinking 
and action. Students cannot apply predefined solutions – because of the complex 
and unknown situation – but are encouraged to think autonomously and make 
situational decisions (Braun and Mishra 2016; Gulikers et al . 2008; Stevens 2015) .

Such an instrument is compatible with the holistic understanding of education, 
since education is not reduced to the accumulation of formal knowledge . Edu-
cational processes are viewed in an expanded, holistic understanding grounded 
in social communication and interactional contexts . Generic competences such 
as communicative competences can also be described as person-specific skills, 
since these skills are performed and developed individually . Interaction with the 
environment is constitutive for educational processes . Following this assumption, 
role-plays can create a link to social aspects of action . In addition, authentic and 
complex situations allow observation and therefore empirical assessment . Follow-
ing these theoretical considerations, we have developed a performance-based in-
strument that provides learning environments for communicative skills and makes 
transformations in learning processes possible and visible .

To highlight the connectivity of empirical educational research and educational 
theory (“Bildungstheorie”), conceptually and empirically, we discuss some empir-
ical findings of the developed performance-based role-plays in the light of educa-
tional theory . Our assumption is that the developed performance-based instrument 
is reliable in the sense of test-theory . In this chapter, we focus on two questions for 
empirical examination:

a) How internal consistent are the role-plays of the performance-based instru-
ment?

b) How stable is the behaviour estimated in the performance-based test over time?

2 Method

2.1 Test Setting

A research group, based on the KoKoHs project, developed ten role-plays to simu-
late authentic, complex situations, which require social action . Each role-play con-
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tains a short instruction, describing an uncertain and ambivalent situation . There 
are five role-plays for each orientation of action; either success-oriented action or 
consensus-oriented action (Habermas 1999a) . It is up to the student to decide how 
to perform and how to communicate in the situation . Observers assess the perfor-
mance using a standardized observation form based on theoretical considerations . 
All role-plays contain 9 to 16 items (for details, see Braun et al . in revision) .

There are three people needed to fulfill the assessment situation: First, the stu-
dent whose communication competences is assessed . Second, the trained conver-
sation partner . Third, the trained observer/rater . Training and observation form 
ensure a certain level of standardization, while authenticity in conversation style 
induced a design-restricted openness .

2.2 Sample

A first empirical implementation of the role-play assessment was taking place in 11 
different German higher education institutions (six universities, four universities of 
applied sciences, one private college), where 515 students participated in the role-
plays . The higher education institutions have been a random sample of all German 
colleges, and students participated voluntarily . Each participant performed four 
out of ten role-plays . Due to this design, there are 40 % observed values and 60 % 
values missing at random . The sequence of the role-plays was randomized .

The participants from two higher education institutions, N = 52 students, per-
formed the role-plays twice, with two weeks in between . This second measurement 
serves for the check of retest-reliability . Due to resource constraints and different 
places of the institutions all over Germany, it was not possible to assess all partic-
ipants two times .

2.3 Analysis of Reliability

We analyzed two different forms of reliability. In a first step, we estimated Cron-
bach’s alpha to test the consistence of the measured construct . The higher the 
value of Cronbach’s alpha, the better observed items measure one latent construct 
(internal consistency) . For a further reliability check, we used the subsample with 
two measurements to test the retest reliability and to analyze the stability of the ob-
served construct, the communication competences . Pearson correlations for each 
communication action are calculated to estimate the stability of communication 
competences .
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3 Results

In a first step, we calculated the Cronbach’s alpha for both communication styles . 
The results show high alpha-values, for strategic communication alpha is  .96, and 
for consensus-oriented communication alpha is also  .96 . The observers were able 
to use the standardized observation forms to assess students‘ ability in a consistent 
manner .

In a second step, we are interested in retest-reliability . If communication com-
petences should be measurable, the stability of the competence is one precondi-
tion – in the sense that someone is competent or less competent over the time . 
Communication competence is considered learnable and therefore modifiable.

The analyses conducted medium and significant coefficients for the retest relia-
bility of the dimension strategic communication (r = 0 .46, N = 52, p <  .01) and for 
the consensus-oriented (r = 0 .27, N = 52; p <  .05) communication .

4 Discussion

Summarizing the results of the reliability analyses, observers were able to rate 
strategic communication and consensus-oriented communication in a consistent 
manner, and therefore, the test is reliable in the sense of internal consistence . The 
results of the retest reliability are more heterogeneous . We observed an interest-
ing reaction of the students . After the second time of the assessment, some of 
the students’ report, that they have explicitly used another communication-ori-
entation after the experience of the first time. They report the effect of the first 
time has been impressive, and they thought a lot about the role-plays afterwards . 
They experience the role-plays as meaningful learning opportunity, and some of 
the participants reported to felt irritated after the session . Therefore, we assume 
the performance-based instrument follows the considerations of creating an envi-
ronment, which allows complex social and in self-interactions . Role-play has the 
opportunity to provoke autonomous thinking and action, and reflection. Therefore, 
the retest reliability may have some restriction as an evidence-based criterion for 
performance-based tests .

It has to be mentioned the limitations of our contribution . So far, we have used 
some easy-accessible criteria, such as Cronbach and Pearson correlations . Howev-
er, deeper analysis and a larger sample are necessary to explain some ‘non-stabil-
ity’ of our re-test . How and why has the behaviour changed, when is it stable? Are 
the students more irritated or have they gained competences between both times?
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The connection of empirical educational research and educational theory seems 
to be promising, and we expect to discover further conceptual impacts by bring-
ing both sides together . We hope to contribute to the question of Shavelson et al . 
(2018),  how to measure complex and holistic educational outcomes .
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4.1 
Measuring Medical Competence and  
Entrusting Professional Activities in an  
Assessment Simulating the First Day  
of Residency

Prediger, S., Berberat, P. O., Kadmon, M., and Harendza, S.

Abstract

Medical students are supposed to achieve a certain level of entrustment in dif-
ferent professional activities including relevant core and medical competences 
at the end of their undergraduate studies . To measure relevant facets of com-
petence (FOC) and to evaluate entrusted professional activities (EPA), an as-
sessment, which simulated a first day of residency in a hospital, was carried 
out twice . In total, 119 students participated once and 11 students participated 
twice. Linear regression models showed an influence of FOC rating in “Verbal 
communication with colleagues and supervisors” and “Structure, work plan-
ning and priorities” on EPA ratings . Students who participated twice showed 
significant improvements in these two FOCs and in two EPAs related to these 
FOCs . The FOC “Responsibility” and the personality characteristics “Extraver-
sion” and “Conscientiousness” positively influenced more difficult entrustment 
decisions, while “Agreeableness” had a negative influence on their entrustment 
level . Our assessment format including the FOC and EPA instruments shows 
good validity and provides important aspects of competence and professional-
ism, which should be included in teaching and feedback during the final year of 
undergraduate medical education .
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1 Background

Physicians need to work in a competent and professional way . The learning ob-
jectives for undergraduate medical education usually comprise only knowledge, 
skills, and attitudes, which still leads to ambiguous learning objectives (Guilbert 
2002) . Competence includes knowledge, skills, and attitudes but additionally re-
quires the ability to use and show those in the clinical environment (Ten Cate 
2005) . For postgraduate medical education, the CanMEDS framework of compe-
tences has been developed integrating seven roles relevant for physicians (Frank 
and Danoff 2007): (1) Medical Expert (2) Communicator (3) Collaborator (4) 
Leader (5) Health Advocate (6) Scholar, and (7) Professional . Based on this frame-
work, a National Competence Based Catalogue of Learning Objectives (NKLM) 
was developed for undergraduate medical studies in Germany, including different 
facets of competence (FOC), which are operationalized for teaching (Fischer et 
al . 2015) .

Additionally, in the context of competence-based training, the concept of en-
trustable professional activities (EPA) emerged in medical education (Meyer et 
al . 2019) . Professional activities include different facets of competence, which 
comprise specific knowledge, skills, and attitudes (Ten Cate 2005). A guide was 
developed for undergraduate medical education to provide support for EPA-based 
curriculum development and assessment (Ten Cate et al . 2015) .

At the end of their medical studies, graduates are supposed to achieve a certain 
level of entrustment in different professional activities including relevant core and 
medical competences. Out of 25 facets of competence, Wijnen-Meijer et al. (2013a) 
identified ten, for instance, empathy and communication, similarly assessed by phy-
sicians from the Netherlands and Germany to be relevant for beginning residents . 
When we asked physicians teaching at three medical schools with different under-
graduate curricula to rank the 25 facets of competence with respect to their impor-
tance for beginning residents, eight of the top ten facets of competence from the 
previous study (Wijnen-Meijer et al. 2013a) were ranked among the top ten again 
(Fürstenberg et al . 2017) . Besides core competences, personality characteristics are 
relevant factors in the context of medical training (Ferguson et al . 2003) and asso-
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4.1 Measuring Medical Competence and Entrusting 
Professional

ciated with clinical competence (Hojat et al. 2004). Especially conscientiousness 
shows a relevant influence on long-term success in medical training (Lievens et al. 
2009) and additionally predicts vulnerability to stress when combined with a high 
level of neuroticism and a low level of extraversion (Tyssen et al . 2007) .

So far, mini-clinical exercises (mini-CEX) (Norcini et al . 1995), direct ob-
servation of procedures (DOPS) (Barton et al. 2012), and objective structured 
clinical examinations (OSCE) (Khan et al . 2013) have been established as per-
formance-based assessments in undergraduate medical education . While OSCEs, 
used for summative assessments, are well-structured and standardized, but do not 
involve real patients, DOPS and mini-CEX appear in non-standardized clinical 
contexts and are mostly used for formative assessments . With a shift of under-
graduate medical education towards competence-based education, a robust and 
multifaceted assessment system is needed (Holmboe et al . 2010) . To test the most 
relevant facets of competence in advanced medical students, a competence-based 
assessment format simulating the first day of residency in a hospital had been de-
veloped and validated (Wijnen-Meijer et al. 2013b). We redesigned and restruc-
tured this assessment (Harendza et al . 2017) as well as extended and validated 
the instruments for assessing different facets of competence (FOC) and entrusta-
ble professional activities (EPA) (Prediger et al . under review) . The FOC ratings 
showed good reliabilities (Prediger et al. 2019) and significant correlations be-
tween FOCs and EPAs were identified (Fincke et al. in preparation) .

The aim of this study was to compare the FOC and EPA ratings between two 
time points of measurement, which differed in content of the patient cases and 
length of assessment . We also investigated whether personality characteristics 
contribute explanations to the construct of EPA in correlation with FOCs .

2 Methods

2.1 Setting

To measure facets of competence and evaluate entrusted professional activities, the 
assessment, which simulated a first day of residency in a hospital, was carried out 
twice . It took place in July 2018 (t1) with 70 and in July 2019 (t2) with 90 advanced 
medical students from three universities (Hamburg, Oldenburg, and TU Munich) 
with different undergraduate curricula . A few changes in content and complexity 
of the assessment were made between t1 and t2, which are described in detail in 
Figure 1. The adjustments made for t2 resulted from participants’ and raters’ feed-
back .
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Figure 1 Study Design

The simulation consisted of three phases, which are typical for a resident’s daily 
routine: (1) a consultation hour with five (t1) or three (t2) simulated patients; (2) 
a patient management phase during which the participants requested laboratory 
tests and interacted with other health care personnel; (3) a handover of patients to a 
resident (t1) or another participant (t2) . Each participant in the physician’s role had 
one supervisor who welcomed him/her face-to-face at the beginning of the assess-
ment and met him/her for a short progress meeting half time during the patient 
management phase . Additionally, participants could call their supervisors on pro-
vided cellular phones whenever they wished to discuss any questions with them . 
Furthermore, supervisors were present as silent observers during the handovers . 
The supervisors could take rating notes after every contact with their participants . 
After the handovers, supervisors rated their participants’ facets of competence 
(FOC) on a scoring form with a 5-point scale (1 “insufficient” to 5 “very good”, or 
“no judgement possible”) based on their observations and their rating notes. Addi-
tionally, the supervisors rated their participants with respect to their entrustment 
of 12 different entrustable professional activities (EPA), each described in a small 
case vignette . The EPA scoring form had a 5-point scale (1: no permission to act, 
2: permission to act with direct supervision (supervisor present in the room), 3: 
permission to act with indirect supervision (supervisor not present in the room, but 
quickly available if needed), 4: permission to act under distant supervision (super-
visor not directly available, but a telephone call is possible, i .e . ‘‘unsupervised’’), 
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5: permission to provide supervision to junior trainees (Ten Cate et al. 2015)). Ad-
ditionally, the participants completed the NEO Five-Factor Inventory (NEO-FFI), 
which is a validated questionnaire to assess the personality domains neuroticism, 
extraversion, openness to experience, agreeableness, and conscientiousness (Costa 
and McCrae 2008) .

2.2 Sample Description

The 119 participants in their final year of a six-year undergraduate medical cur-
riculum who were invited by email and enrolled in the assessment on a first come, 
first served basis were included in the analysis (t1: n = 41 and t2: n = 78) . Their mean 
age was 26 .7 ± 3 .3 years and 63 % of the 119 students were female . Additionally, 11 
medical students (age: 26 .3 ± 2 .3 years, 54 .5 % female), who participated twice in 
this study, in t1 at the end of year five and in t2 at the end of year six, were analysed 
with respect to their development during their final year, i.e. year six (practice 
year), where students work full time on hospital wards in internal medicine, sur-
gery, and a specialty of their choice. Students who had neither reached their final 
year nor participated longitudinally were excluded from the analysis (t1: n = 29 and 
t2: n = 1) .

2.3 Data Analysis

For statistical analysis, we conducted independent-samples t-tests for all FOCs 
and EPAs using SPSS Statistics 25 comparing the results in t1 with the results in 
t2 for the 119 participants . To explore the development of the 11 medical students 
between t1 and t2, we conducted the Wilcoxon-Test as a non-parametric test due to 
the small sample size . We also computed Cohen’s d for all mean comparisons to 
explore effect sizes . For graphical representation of medians and scattering in EPA 
ratings for participants, who participated only once in our assessment, we provide 
boxplots, which show, which EPAs were assessed with higher or lower levels of 
entrustment than others . In accordance with this, we computed a variable based on 
EPAs, which were entrusted on average with a lower level (EPA_low) and a varia-
ble based on EPAs, which were entrusted on a higher level (EPA_high) . To explore 
potential differences in explanation of these variables, we modelled EPA_low and 
EPA_high as two multiple linear regressions with single FOCs and personality 
characteristics as regressors . Additionally, we controlled for sex and time points of 
measurement (t1 or t2) .
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3 Results

With respect to FOCs, one significant difference between t1 and t2 could be detect-
ed (Table 1). Participants scored lower in “Scientifically and empirically grounded 
method of working” in t2 . This difference, -0 .75, BCa 95 % CI [ .101, 1 .400], was 
significant (t(45 .6) = 2 .328, p =  .024) with a medium-sized effect (d =  .622) .

Table 1 Comparison of FOC ratings between the student cohorts at t1 and t2

M ± SD N p
Responsibility t1 3 .63 ±    .97 35  .924

t2 3 .65 ± 1 .10 77
Teamwork and collegiality t1 3 .71 ±    .76 34  .719

t2 3 .78 ± 1 .00 67
Knowing and maintaining own personal bounds  
and possibilities

t1 3 .37 ± 1 .09 41  .678
t2 3 .46 ± 1 .22 76

Structure, work planning and priorities t1 3 .32 ± 1 .21 41  .171
t2 3 .62 ± 1 .07 78

Coping with mistakes t1 3 .61 ±    .93 33  .493
t2 3 .76 ± 1 .09 51

Scientifically and empirically grounded method of 
working

t1 3 .45 ± 1 .00 33  .024
t2 2 .70 ± 1 .42 27

Verbal communication with colleagues and  
supervisors

t1 3 .71 ± 1 .06 41  .713
t2 3 .63 ± 1 .14 78

Furthermore, supervisors evaluated participants in t2 in the EPA “Medication er-
ror” (EPA 11) on average on a higher level of entrustment (Table 2) . This differ-
ence, 0.45, BCa 95 % CI [-.798, -.101], was significant (t(113) = -2 .556, p =  .012) 
with a medium effect size (d =  .500) .

We found two significant differences for the 11 medical students, who parti-
cipated twice (Table 3), with high effect sizes (d = 2 .980 and d = 2 .440) . These 
participants improved in their facets of competence “Structure, work planning and 
priorities” (z = -2 .75, p =  .006) and “Verbal communication with colleagues and 
supervisors” (z = -2 .57, p =  .010) . Moreover, supervisors assessed them longitu-
dinally on average on a higher level of entrustment in two EPAs: “Emergency 
assistance in a case with acute cardiac failure” (z = -2 .50, p =  .013) and “Solving 
a management problem” (z = -2 .08, p =  .037) (Table 4) . Both differences have 
high effect sizes, d = 2 .286 and d = 1 .612, respectively . In accordance with the 
distribution of EPA ratings (Figure 2) we computed EPA_low from the means of 
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the EPAs “Emergency assistance in a case with acute cardiac failure” (EPA 1), 
“Handling of a critically ill patient” (EPA 8), and “Acting to patient’s will” (EPA 
12), as those were entrusted on average with a lower level (1–2), which means par-
ticipants would get no permission to act or only the permission to act with direct 
supervision . EPA_low is linearly predicted by the facets of competence “Structu-
re, work planning and priorities” and “Verbal communication with colleagues and 
supervisors” as well as by the personality characteristics “Extraversion”, “Agreea-
bleness”, and “Conscientiousness” (Table 5a). Those five variables significantly 
predict lower entrustment of EPAs (F(5, 113) = 18 .59, p <  .001) . The R² for the 
overall model is .45 (adjusted R² = .43), indicating a high goodness-of-fit.

Table 2 Comparison of EPA ratings between the student cohorts at t1 and t2

M ± SD N p
EPA 1:    Emergency assistance in a case with acute 

cardiac failure
t1 1 .66 ±    .62 41  .770
t2 1 .69 ±    .59 78

EPA 2:   Handling a patient’s complaint t1 2 .10 ±    .86 41  .093
t2 2 .40 ± 1 .01 78

EPA 3:   Pre-operative information and consent t1 3 .12 ±    .68 41  .413
t2 3 .24 ±    .91 78

EPA 4:   Breaking bad news t1 2 .05 ±    .71 41  .748
t2 2 .00 ±    .82 78

EPA 5:   Clinical reasoning under time pressure t1 2 .24 ±    .73 41  .061
t2 1 .97 ±    .77 78

EPA 6:   Solving a management problem t1 3 .44 ±    .67 41  .197
t2 3 .64 ±    .84 77

EPA 7:   Suspicion of self-induced disease t1 2 .61 ±    .83 41  .102
t2 2 .30 ± 1 .03 78

EPA 8:   Handling of a critically ill patient t1 1 .71 ±    .64 41  .793
t2 1 .67 ±    .69 78

EPA 9:   Interaction with a consultant t1 3 .17 ±    .83 41  .766
t2 3 .22 ±    .82 78

EPA 10:  Presentation of an oncology patient in a 
tumor board meeting

t1 3 .02 ±    .88 41  .096
t2 2 .72 ±    .98 78

EPA 11: Medication error t1 2 .78 ±    .88 41  .012
t2 3 .23 ±    .91 74

EPA 12: Acting to patient’s will t1 1 .63 ±    .70 41  .078
t2 1 .39 ±    .74 78
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Table 3  Comparison of FOC ratings between t1 and t2 of medical students with longitu-
dinal participation

M ± SD N p
Responsibility t1 3 .57 ±    .79 7  .180

t2 4 .14 ±    .69
Teamwork and collegiality t1 3 .44 ±    .53 9  .084

t2 4 .11 ±    .78
Knowing and maintaining own personal bounds and 
possibilities

t1 3 .36 ± 1 .03 11  .465
t2 3 .64 ± 1 .03

Structure, work planning and priorities t1 2 .73 ±    .79 11  .006
t2 3 .91 ±    .83

Coping with mistakes t1 3 .44 ±    .53 9  .157
t2 3 .89 ±    .60

Scientifically and empirically grounded method of 
working

t1 3 .00 ± 1 .41 2  .180
t2 4 .50 ±    .71

Verbal communication with colleagues and  
supervisors

t1 3 .09 ±    .83 11  .010
t2 4 .27 ±    .79

Figure 2 Distribution of EPA ratings



3254.1 Measuring Medical Competence and Entrusting Professional …

We computed EPA_high from the means of the EPAs “Pre-operative information 
and consent” (EPA 3), “Solving a management problem” (EPA 6), and “Interaction 
with a consultant” (EPA 9), as those were entrusted on a higher level (3–4), which 
means participants would get permission to act with indirect or under distant super-
vision . EPA_high is also linearly predicted by the two facets of competence “Struc-
ture, work planning and priorities” and “Verbal communication with colleagues 
and supervisors” . Additionally, the competence facet “Responsibility“ explains a 
part of the variance (Table 5b). Those three variables significantly predict higher 
entrustment of EPAs (F(3, 108) = 37 .49, p <  .001) . No personality characteristics 
explained part of the variance for EPA_high . The R² for the overall model is  .51 
(adjusted R² = .50), indicating a high goodness-of-fit. Sex and time points of mea-
surement (t1 or t2) had no significant effects on EPA_high or EPA_low .

Table 4  Comparison of EPA ratings between t1 and t2 of medical students with longitu-
dinal participation

 M ± SD N p
EPA 1:    Emergency assistance in a case with 

acute cardiac failure
t1 1 .45 ±  .69 11  .013
t2 2 .27 ±  .47

EPA 2:   Handling a patient’s complaint t1 2 .18 ±  .87 11  .102
t2 2 .82 ±  .75

EPA 3:   Pre-operative information and consent t1 2,64 ±  .81 11  .414
t2 2 .82 ±  .87

EPA 4:   Breaking bad news t1 2 .18 ±  .98 11  .618
t2 1 .91 ±  .83

EPA 5:   Clinical reasoning under time pressure t1 2 .18 ±  .87 11  .276
t2 2 .45 ±  .52

EPA 6:   Solving a management problem t1 3 .45 ±  .69 11  .037
t2 4 .27 ±  .79

EPA 7:   Suspicion of self-induced disease t1 2,45 ±  .82 11  .792
t2 2 .55 ± . 82

EPA 8:   Handling of a critically ill patient t1 1 .64 ±  .67 11  .180
t2 1 .91 ±  .54

EPA 9:   Interaction with a consultant t1 3 .09 ±  .70 11  .705
t2 3 .18 ±  .75

EPA 10:  Presentation of an oncology patient in a 
tumor board meeting

t1 2 .82 ±  .87 11  1 .000
t2 2 .82 ±  .87

EPA 11: Medication error t1 2 .64 ±  .67 11  .557
t2 2 .82 ±  .98

EPA 12: Acting to patient’s will t1 1 .73 ±  .79 11  .160
t2 1 .27 ±  .65
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Table 5a Linear regression Model of EPA_low

b SD ß p
(Constant)   .198  .310  .524
Structure, work planning and priorities   .158  .049   .349  .002
Verbal communication with colleagues and supervisors   .143  .050   .312  .005
Extraversion   .015  .007   .175  .032
Agreeableness - .016  .007 - .173  .032
Conscientiousness   .012  .006   .150  .038

Table 5b Linear regression Model of EPA_high

b SD ß p
(Constant) 1 .619  .169  .000
Responsibility    .152  .067  .243  .027
Structure, work planning and priorities    .157  .073  .261  .034
Verbal communication with colleagues and supervisors    .164  .070  .275  .021

4 Discussion and Conclusion

Comparing the FOC and EPA ratings between two different cohorts of final year 
medical students at two different time points with certain adjustments in the over-
all assessment format, we discovered only two significant differences. The FOC 
“Scientifically and empirically grounded method of working” was rated lower in 
t2 and the EPA “Medication error” was entrusted on a higher level in t2 . These 
differences might be due to introducing anchors in the FOC scoring form in t2 
(Prediger et al . under review). None of the other ratings was influenced by changes 
made between the two time points of measurement, which indicates good validity 
of the assessment format .

Medical students, who participated twice in the assessment, showed higher 
ratings for all FOCs with significant increases in “Verbal communication with 
colleagues and supervisors” and “Structure, work planning and priorities” . At t1, 
we discovered that students had received the lowest FOC rating for “Structure, 
work planning and priorities” (Prediger et al . 2019) and felt the hightest strain 
during the patient management phase of the assessment where this FOC plays an 
important role (Fürstenberg et al . 2018) . Higher FOC ratings at t2 could be due to 
participants’ experience of responsibility in our assessment, which many reported 



3274.1 Measuring Medical Competence and Entrusting Professional …

to have “really felt” for the first time and which might have stimulated them to set 
a specific learning focus on those two core FOCs for medical practice during their 
practice year . Additionally, they had received individual feedback on their FOC 
ratings after t1 (Harendza et al . 2017), which showed a need for improvement, too . 
The improvement in entrustment decisions could be due to students’ acquistion 
or refinement of competences during their practice year, which address different 
facets of competence included in our EPAs as learning objectives. To enhance 
core and medical competences during the practice year, where medical students 
paricipate fulltime in clinical work on hospital wards, different learning formats 
have been implemented including, for example, video based on-ward supervision 
and feedback (Groener et al . 2015) or portfolios (Zundel et al . 2015) . With a mul-
tiple choice test, conducted at the beginnng and at the end of the practice year, an 
increase in medical knowledge could also be shown in medical students at the end 
of their final year (Raupach et al. 2013).

EPAs for which participants received lower entrustment levels (EPA_low) and 
EPAs for which they received higher entrustment levels (EPA_high) are both pre-
dicted linearly by the same FOCs, namely “Structure, work planning and priori-
ties” and “Verbal communication with colleagues and supervisors” . Interestingly, 
these are the two FOCs where medical students who participated twice showed 
a significant increase. Apparently, supervisors’ observation of the extent of these 
two core competences plays an important role for the level of entrustment of pro-
fessional activities in general, even though usually every EPA is based on a spe-
cific set of competences (Mulder et al. 2010). These two core competences were 
shown to be of importance for most of the EPAs used in our study (Fincke et al. 
in preparation) . For EPA_high, the competence facet “Responsibility” explains 
a part of the variance . “Responsibility” received the highest scores in our rank-
ing study (Fürstenberg et al. 2017) and was also among the five most important 
non-cognitive goals which should be achieved during undergraduate medical ob-
servation (Mann et al . 2005) . Interestingly, only EPA_low is additionally predicted 
by personality characteristics, i .e . “Extraversion” and “Conscientiousness”, which 
predict higher entrustment levels while “Agreeableness” predicts lower entrust-
ment levels for EPA_low . Another study showed that a conscientiousness index in 
medical students highly correlates with the students’ professionalism (McLachlan 
et al. 2009), which might also explain its higher correlation with difficult EPAs in 
our study . Extraversion in medical students has been found to predict their empath-
ic communication (Schreckenbach et al . 2018) and seems to be an additional factor 
to the FOC “Verbal communication with colleagues and supervisors” to predict 
higher ratings for EPA_low . “Agreeableness”, which has been found to be asso-
ciated with empathy (O’Tuathaigh et al . 2019), can be a hindrance when dealing 



328 Prediger, S., Berberat, P. O., Kadmon, M., and Harendza, S.

with emergency EPAs, which could explain its negative prediction of EPA_low . 
Hight scores for “Agreeableness” have also been shown to be associated with a 
delay in undergraduate medical studies (Walldorf and Fischer 2018) . Personality 
characteristics were presumed to be invariable from the age of 30 (McCrae and 
Costa 1994) . However, more recent research assumes that they may change even 
in adulthood, i.e. to increase self-confidence, self-control, and emotional stability 
(Roberts and Mroczek 2008) . Hence, personality characteristics should also be-
come a topic of teaching in undergraduate medical education, for instance, with 
exercises in self-reflection and awareness.

One strength of our study is the high overall number of participants and the 
stable assessment of FOCs and EPAs at t1 and t2 suggesting good validity of this 
assessment format . A limitation is the small number of students who participat-
ed twice. However, their results show first tendencies of competence development 
during the final year of undergraduate medical education which are encouraging 
to use this new format as teaching and assessment tool . Further investigations with 
a larger number of longitudinal participants are necessary to underscore our initial 
findings. Additionally, specific teaching formats could be developed for the final 
year of undergraduate medical eduction to focus on the enhancement of the top ten 
facets of competence for beginning residents .

Our newly developed instruments to measure facets of competence and entrust-
able professional activities show stable ratings in two final year student cohorts 
despite changes in duration of the assessment and in the number of patient cases . 
When students were assessed twice, significant improvement in the assessment of 
specific FOCs and EPAs could be observed. Developing the FOCs further during 
the final year and the observed influence of personal characteristics on entrustment 
decisions for more difficult EPAs should become a nucleus for teaching and feed-
back in undergraduate medical education .
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4.2 
Impact of Affective-Motivational  
Dispositions on Competence  
in Sustainability Management1

Michaelis, C., Aichele, C., Hartig, J., Seeber, S., Dierkes, S.,  
Schumann, M., Jan Moritz, A., Siepelmeyer, D., and Repp, A.

Abstract

Only limited evidence exists to explain competence in sustainability manage-
ment . In sustainability research, especially value-related constructs are em-
phasized to predict sustainable behaviour . In addition, theoretical-conceptual 
considerations toward competence and some empirical analyses of competence 
measurement highlight the potential of affective-motivational dispositions to 
explain the performance in competence tests . Therefore, this paper measures 
the influence of affective-motivational dispositions toward the performance 
of competence in sustainability management . To measure the performance of 
competence in sustainability management, a simulation-based assessment is 
used. Based on existing findings of previous research scales toward the declara-
tive knowledge about sustainable development, sustainability management and 
business administration are used as control variables . The analyses based on 
responses from 872 students and are done by structural equation models . Be-
sides the declarative knowledge about sustainable development, an aversion to 
sustainability has a significant influence on the performance of competence in 
sustainability management . The motivation to act sustainably as well as inter-
est-based constructs show no significant results.
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1 Introduction

In recent years, the debate about the importance of higher education for a sustaina-
ble development has intensified (Lozano et al. 2015). The focus of this perspective 
is the promotion of skills that can satisfy the needs of the present generation with-
out risking the fundamentals of life for the next generation (in line with the main 
goals of sustainable development: United Nations, n .d .) . Although numerous com-
petence models supporting a sustainable development are discussed for higher ed-
ucation, their focus is on comprehensive generic action, shaping, problem-solving 
or key competences (for an overview, see Hesselbart and Schaltegger 2014, Lozano 
et al . 2017, Wiek et al . 2011) . Theoretically assumed dimensions in these models 
are often difficult to operationalize and structural relationships are inadequately 
defined.2 Therefore, most approaches are closed to an empirical verification ac-
cording to assumptions of competence diagnostics (Hartig et al . 2008) . In addition, 
domain specific facets are largely neglected in these models. This paper focuses 
on a domain-specific model for sustainability management and is not referring to 
comprehensive generic competence constructs of higher education for sustainable 
development .

Competences in sustainability management are considered as a central domain 
for promoting a sustainable development due to potential participation of students 
after graduation in strategic decisions in companies (Seeber et al . 2019) . Sustain-
ability management aims to promote a sustainable development by reconciling it 
with assumptions of business administration . However, this is a challenge due to 
numerous conflicts between economic, environmental and social entrepreneuri-
al goals according to expectations of different stakeholders (especially investors, 
customers, suppliers, employees, state, etc .) . Therefore, the focus of sustainability 
management is on the development of proposed solutions for corresponding con-

2 See, for example, Gräsel et al .’s (2012) critics toward the shaping competence, which is 
widespread in the education for sustainable development .
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flicting goals in an entrepreneurial context. With regard to the definition of compe-
tences in sustainability management, we follow Seeber et al . (2019):

„We define competence in sustainability management as the complex ability to iden-
tify and consider the stakeholders’ partly joining, partly conflicting economic, envi-
ronmental and social goals in the target system of a company . It means in particular 
to be able to take into account the short-, medium- and long-term interactions of the 
stakeholders’ different goals and their consequences for the company as well as for 
the company’s surrounding . Therefore, sustainability management means to manage 
a company in a way that it exists in a long term with a positive contribution of the 
company to the sustainable development of society and natural conditions .“

Sustainability management is still an emerging field of research and teaching of 
business administration . The development and validation of competence models 
are still in their infancy . Empirical evidence on competence of sustainability man-
agement has hitherto been available only on the structural relationships of individ-
ual knowledge dimensions . Seeber et al . (2019) show that the declarative knowl-
edge about sustainability, incorporated into a general societal perspective, has the 
strongest correlation with the ability to generate strategies and justifications for 
specific options in terms of sustainability management. In addition, declarative 
knowledge of business administration and declarative knowledge of sustainability 
management also have positive correlations with the ability to generate strategies 
and justifications for specific options in terms of sustainability management. How-
ever, these coefficients are weaker.

In particular, findings from environmental and sustainability awareness re-
search repeatedly show the importance of values and attitudes on environmental or 
sustainability decisions (Bamberg and Möser 2007, Leiserowitz et al . 2006, Kaiser 
et al . 1999, Shepherd et al . 2009) . In addition, research in competence diagnos-
tics highlights the potential of affective-motivational dispositions (like attitudes, 
motivation and interest) in domain-specific decision-making situations (Blömeke 
et al. 2015). Besides, a positive influence of sustainability-related attitudes on the 
competence to act sustainably at the workplace (Seeber and Michaelis 2014) and 
its development (Michaelis 2017) have been found for trainees of the business do-
main. So far, there is no evidence for the influence of affective-motivational dis-
positions on competence in sustainability management . We address this research 
gap in this article and combine this with Seeber et al.’s findings (2019). We focus 
on the following research question: Can affective-motivational dispositions predict 
competence in sustainability management?
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2 Theoretical-Conceptual Background and Hypotheses

Against the background of theoretical conceptions of competence, the perfor-
mance in domain-specific requirement situations is assumed to be based primarily 
on underlying cognitive as well as affective-motivational dispositions (Blömeke 
et al. 2015). Analyses of domain-specific competences in economics and business 
administration have so far focused mainly on subject-related cognitive facets of 
competence (knowledge aspects, e .g ., Happ et al . 2016 a, b; analyses toward the 
meaning of mental processes, e .g ., Brückner and Pellegrino 2017) . In some stud-
ies, motivational aspects are taken into account for the explanation of variances in 
competence or knowledge development (e .g ., Biewen et al . 2018) . However, affec-
tive dispositions are widely not considered in these analyses . One reason for this 
is the high importance of economic-rational reasoning in management situations . 
All the more important is the knowledge of domain-specific facts and procedures. 
Motivational dispositions are in particular considered as an indicator for the de-
velopment of any competences (Biewen et al . 2018) . Sustainability management 
is often characterized by a high level of interdisciplinary complexity, although 
business administration procedures are also considered to be decisive (Seeber et 
al . 2019) . However, in sustainability management, decision-making takes place un-
der a high level of uncertainty . Individual affective-motivational dispositions (es-
pecially sustainability-related attitudes, interests toward sustainability topics, and 
motivation to act sustainably) become important for decision-making processes in 
sustainability management (Michaelis 2017) .

Attitudes are latent dispositions that serve the purpose of individual evalua-
tion of objects, persons, or events (Ajzen 1989). Attitude measurement has a long 
tradition in sustainability and especially environmental awareness research and 
is often associated with a behavioural control function . Considering theoretical 
assumptions of behavioural models (e.g., Ajzen 1991), it is assumed that attitudes 
are one of the main indicators for predicting a specific sustainable behaviour. For 
example, in meta study analyses a weak to medium correlation is observed for 
predicting environmentally intentions by pro-environmental attitudes (Bamberg 
and Möser 2007) . High correlations should not be expected, as a wide repertoire 
of values can influence the decision-making process in sustainability problems 
(Shepherd et al . 2009) . This variety of underlying values is rarely considered in 
existing analyses . Moreover, discrepancies between sustainability-related attitudes 
and sustainable behaviour are observed (e .g ., Moser and Kleinhüttelkotten 2018) . 
Behavioural barriers can be assumed as an explanation for the finding that sus-
tainability-related attitudes do not match perfectly with sustainable behaviour . 
Sustainability aspects might be given a lower priority than other crucial values, 
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behavioural control aspects might be lacking (such as time, money, knowledge or 
efficacy) or new behaviours might be stand against established routines. Perceived 
social norms or economic-political context factors such as laws, lacking infra-
structure or technological progress (Leiserowitz et al . 2006) are worth mentioning, 
as these aspects can also limit the realisation of sustainability-related attitudes to 
concrete sustainable behaviour . Also, in the context of sustainability management, 
sustainability-related attitudes do not necessarily lead to higher performance in 
competence of sustainability management (Michaelis 2017) . Thus, in an entrepre-
neurial context, not every investment in environmental or social aspects is compat-
ible with corporate goals and depends on synergy effects to an economic benefit 
(Schaltegger and Synnestvedt 2002) . Corresponding rationality assumptions could 
also limit the impact of sustainability-relevant attitudes in management decisions . 

Motivational dispositions, as well as interest, have also to be regarded as dis-
positions which might explain variances in competence of sustainability manage-
ment. In comparison to the influence of values and attitudes on sustainability de-
cisions, however, the influence of motivation and interest on sustainability-related 
decision-making has been less systematically investigated . One reason may lie in 
the breadth of potential theoretical foundations in motivational research (Heck-
hausen and Heckhausen 2018) . In competence diagnostics assumptions of the 
self-determination theory of Ryan and Deci (2004) are common . It is assumed that 
individuals strive for competence, autonomy, and social inclusion . These needs are 
important for motivational factors . People are considered to be motivated if they 
pursue a specific goal. Closely linked to motivation is the construct of interest that 
is described as a meaningful relationship of a person to an object. This may also 
relate to specific contents, activities, concrete objects or abstract ideas (Lewalter 
et al . 2001) .

Taking into account the theoretical and conceptual considerations, the follow-
ing hypotheses are examined .

H1: Positive attitudes towards sustainability have a positive effect on compe-
tence in sustainability management when controlling for declarative knowledge .

H2: The motivation to act sustainably has a positive effect on competence in 
sustainability management when controlling for declarative knowledge .

H3: The interest in sustainability topics has a positive effect on competence in 
sustainability management when controlling for declarative knowledge .
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3 Methodological Approaches

3.1 Sample

The sample is mainly identical with the one used by Seeber et al . (2019) but com-
prises data from additional participants . We tested 872 students (375 female, 317 
male, 180 missing) in 16 higher education institutions in Germany . To ensure a 
representative sample, the majority of students were tested directly in lectures and 
tutorial sessions . Participation was voluntary in accordance with the legal require-
ments . To enhance test motivation, all participants received a voucher for cinema 
or online shopping . The test was conducted by tablet computers, testing time was 
90 minutes .

The students were mainly enrolled in economics and business administration 
programs (59 %), predominantly in the higher semester of a Bachelor or a Mas-
ter course of studies . Students were between 18 and 38 years old (median = 23, 
SD = 3 .05), most of them studying a bachelor’s program (483 bachelor, 206 master, 
183 missing) .

3.2 Instruments

3.2.1 Performance of Competence in Sustainability  
Management and Declarative Knowledge Tests

To measure the performance of competence in sustainability management a simu-
lation-based assessment is used which was developed by Seeber et al . (2019) . This 
instrument measures the ability to generate strategies and justifications for specific 
options in terms of sustainability management . In this instrument, the students 
have to empathize with authentic management situations and have to make and 
justify decisions for different problems and challenges of a bicycle producer in 
the sense of sustainability management . All situations are initiated by a video vi-
gnette and associated items are supported by different authentic workplace mate-
rials (e-mails, spreadsheets, presentations, etc .) . From a psychological perspective, 
this includes particularly the measurement of schematic [why] and strategic [when, 
where, how] knowledge (based on Shavelson et al . 2005), why this instrument is 
called SSKSM (schematic and strategic knowledge in sustainability management) 
by Seeber et al . (2019) . However, due to the situational anchoring, this instrument 
could also indicate the performance of competence in sustainability management . 
The SSKSM instrument comprises a total of 13 different situations with 73 items . 
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In the analysis of Seeber et al . (2019) three additional knowledge tests were 
used . The declarative knowledge about sustainable development from a societal 
perspective (KSD) instrument contains a total of 53 single and multiple-choice 
items . The declarative knowledge in business administration (KBA) instrument 
contains 80 single and multiple-choice items . The declarative knowledge in sus-
tainability management (KSM) contains 51 single and multiple-choice items (for 
more details regarding the knowledge instruments, see Seeber et al . 2019) .

3.2.2 Questionnaire Scales

To measure sustainability-related attitudes, interests, and motivation, we used dif-
ferent questionnaire scales . The scales have a 4 point Likert scale and range from 1 
(not true at all) to 4 (fully true) . Two scales are used to measure sustainability-relat-
ed attitudes . In the sense of sustainability management, one scale (Table 1) exam-
ines the extent to which students agree that companies have to take responsibility 
for sustainability (ia.comp.res.sust) . This is an adaptation of Seeber and Michaelis 
(2014) and Michaelis (2017) . A second scale (Table 2) measures an aversion to-
ward sustainability (aversion) . Due to the high societal relevance of sustainability 
issues, it was deliberately aimed to measure a negative disposition to counteract 
socially desirable responses . Due to the negative formulation, a negative effect 
must be expected regarding H1 . The scale for measuring the motivation to act 
sustainably (mot.sust, Table 5) based on a scale by Michaelis (2017) . However, the 
items were slightly adapted linguistically for this study .

CFAs were performed to examine one-dimensional structures for those ques-
tionnaire scales that can be modelled in overidentified models with a minimum of 
four items. Interest in sustainability topics didn’t show satisfactory fit in one-di-
mensional CFA (χ² = 193 .02; df = 5; p <  .001; RMSEA =  .25; CFI =  .94; TLI =  .88) . 
An explanatory factor analysis revealed that a two factor solution would describe 
the data better (Tab . A .1) . Based on the loadings in the explanatory factor analysis, 
we divided the scale into two dimensions (χ² = 21 .622; df = 4; p <  .001; RM-
SEA =  .086; CFI =  .99; TLI =  .99) that address 1) social (int.chal.dev.count ., Table 
3) and 2) ecological sustainability topics (int.eco.sust ., Table 4) .
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Table 1  Individual attitude that companies have to take responsibility for sustainability 
(ia .comp .res .sust)

Item Discrim-
ination

M SD Diffi-
culty

Sustainability management in companies 
(this means the alignment of all activities 
to the targets of economy-ecology-social 
affairs as well as their interrelations) is a 
delightful task .

0 .49 3 .33 0 .72 0 .78

Companies should produce their products 
sustainable, even if prices increase .

0 .55 2 .98 0 .76 0 .66

Companies should promote sustainability 
more with their customers .

0 .57 3 .19 0 .75 0 .73

Note. mean score = 3 .16; standard deviation scale = 0 .59; Cronbach’s Alpha α = 0 .715; 
measurement was in German language .

Table 2 Aversion to sustainability (aversion)

Item Discrim-
ination

M SD Diffi-
culty

Sustainability management in companies 
is, in my opinion, a pure luxury problem .

0 .61 1 .64 0 .83 0 .21

If there are more regulations for nature 
conservation, you will not be able to do 
anything at all soon .

0 .59 1 .84 0 .87 0 .28

Fairtrade does not really help to improve 
living conditions in developing countries .

0 .37 2 .25 0 .93 0 .42

The ongoing discussion on sustainability 
issues is becoming annoying .

0 .61 1 .84 0 .89 0 .28

To my mind, problems in developing 
countries are greatly exaggerated by 
stakeholders .

0 .58 1 .69 0 .82 0 .23

Note. mean score = 1 .86; standard deviation scale = 0 .63; Cronbach’s Alpha α = 0 .776; 
CFI = 1; TLI = 1; RMSEA <  .001; measurement was in German language .
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Table 3 Interest in topics about challenges in developing countries (int .chal .dev .count .)

Item Discrim-
ination

M SD Diffi-
culty

How much are you interested in…
…  economic problems in developing 

countries .
0 .64 2 .81 0 .77 0 .60

…  ecological problems in developing coun-
tries (e .g . effects of monocultures) .

0 .60 2 .61 0 .79 0 .54

…  social problems in developing countries 
(e .g . working conditions) .

0 .58 2 .93 0 .79 0 .64

Note. mean score = 2 .78; standard deviation scale = 0 .65; Cronbach’s Alpha α = 0 .773; 
measurement was in German language .

Table 4 Interest in ecological sustainability topics (int .eco .sust .)

Item Discrim-
ination

M SD Diffi-
culty

How much are you interested in…
… climate change . 0 .53 3 .03 0 .77 0 .68
…  natural disasters triggered by human 

action .
0 .53 3 .04 0 .81 0 .68

Note. mean score = 3 .03; standard deviation scale = 0 .69; Cronbach’s Alpha α = 0 .688; 
measurement was in German language .

Table 5 Motivation to act sustainably (mot .sust .)

Item Discrim-
ination

M SD Diffi-
culty

For example, for topics like environmental 
protection, climate change or fair working 
conditions in developing countries, …
… I feel like dealing with them . 0 .65 2 .68 0 .87 0 .56
…  I find that so important that I am very 

committed to it .
0 .64 2 .40 0 .85 0 .47

…  I spend a lot of time to inform myself 
about this .

0 .59 2 .24 0 .85 0 .41

It is important for me to buy sustainably 
produced products .

0 .49 2 .80 0 .83 0 .60

Note. mean score = 2 .53; standard deviation scale = 0 .66; Cronbach’s Alpha α = 0 .787; 
CFI = 1; TLI = 1; RMSEA <  .001; measurement was in German language .
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3.3 Data Preparation and Analysis

The research question was answered by using structuring equation models (SEM) 
with both the outcome and the predictors as latent variables with multiple indica-
tors. The performance in domain-specific requirement situations are assumed to 
be based primarily on underlying cognitive as well as affective-motivational dis-
positions (Blömeke et al . 2015) . To test this assumption, the declarative knowledge 
scales as well as the questionnaire scales were used as predictors for SSKSM .

For the declarative knowledge tests (KBA, KSD, KSM) and the SSKSM, item 
parcels constructed used as indicators applying the same method as in Seeber et al . 
(2019) . The parcel scores were treated as continuous variables . Response data from 
the questionnaire scales were analysed on the item level, treating the items as ordi-
nal variables . All models were estimated using the lavaan package (Rosseel 2012) 
version 0 .6–4 in R (R Development Core Team 2019) . For all analyses including 
ordinal variables, the diagonally weighted least squares estimator was used . Miss-
ing responses were treated using the two-step procedure implemented in lavaan 
(Rosseel et al . 2019), allowing to use data from cases with incomplete data in the 
analyses. As measures for model fit, χ² values with corresponding degrees of free-
dom, the root mean squared error of approximation (RMSEA), the comparative fit 
index (CFI), and the Tucker-Lewis-index (TLI) are reported . Values of RMSEA 
≥ .06, CFI ≥ .95, and TLI ≥ .95 are considered as indicators for good model fit (Hu 
and Bentler 1999) .

The analyses comprise three models: In model 1, a latent regression is analysed 
using the declarative knowledge dimensions as predictors for the SSKSM . Given 
the correlations reported by Seeber et al . (2019), we expect KSD to be the only 
significant predictor when all dimensions are used simultaneously. In a second 
step (model 2), the SSKSM, the significant predictors from the first model and the 
questionnaire scales are combined in one confirmatory factor analysis (CFA). The 
CFA provides (1) goodness of fit information for the model with all dimensions 
of interest combined and (2) latent correlations between all dimensions . In model 
3, the research question is addressed by predicting competence in sustainability 
management by sustainability-related attitudes, motivation, and interests .

4 Results

In model 1, item parcels for the declarative knowledge tests were treated as parallel 
indicators (equal loadings, equal residual variances), the parcels for the SSKSM 
were treated as tau-equivalent (equal loadings) . The model showed a good global 
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fit with χ² = 83 .4, df = 62, RMSEA = .036, CFA = .965, and TLI = .963. The good fit 
confirms the results of Seeber et al. (2019), who also confirmed the assumed struc-
ture of the four knowledge tests . Overall, 55 .8 % of the variance in competence in 
sustainability management was explained by the model, but only the regression 
weight for declarative knowledge about sustainable development from a societal 
perspective was significant (standardized b =  .58, SE =  .24, p =  .013) . Dropping 
the non-significant predictors from the model only marginally decreased the ex-
plained variance to 54 .4 %, the standardized regression weight of KSD alone is 
b =  .74 (SE =  .08, p <  .001) .

In Model 2, data from the SSKSM and KSD were combined with the ques-
tionnaire scales. The joint CFA model comprises seven dimensions: 1. SSKSM, 
2 . KSD, 3 . ia .comp .res .sust ., 4 . aversion, 5 . mot .sust ., 6 . int .chal .dev .count ., and 7 . 
int .eco .sust . Parcels for the tests were treated as in model 1 . For all questionnaire 
items, loadings and residual variances were unrestricted . The model showed a good 
global fit with χ² = 521 .70, df = 215, RMSEA =  .041, CFA =  .981, and TLI =  .978 . 
Latent correlations are shown in Table 4 . Both attitude dimensions (ia .comp .res .
sust & aversion) and mot.sust. are significantly correlated with SSKSM, while the 
two interest dimensions (int .chal .dev .count . and int .eco .sust .) are not . KSD has the 
highest correlation with SSKSM, and aversion has the highest correlation among 
the questionnaire dimensions .

Table 6 Latent correlations between all dimensions in the joint CFA

Dimension (1) (2) (3) (4) (5) (6)
(1) SSKSM 1 .00
(2) KSD 0 .73 1 .00
(3) ia .comp .res .sust . 0 .36 0 .22 1 .00
(4) aversion -0 .47 -0 .31 -0 .65 1 .00
(5) mot .sust . 0 .22 0 .22 0 .68 -0 .42 1 .00
(6) int .chal .dev .count . 0 .07 0 .15 0 .42 -0 .22 0 .71 1 .00
(7) int .eco .sust . 0 .15 0 .31 0 .55 -0 .44 0 .64 0 .54

Note. All latent correlations except for the two greyed-out coefficients are significantly dif-
ferent from zero (p <  .05) .
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SSKSM = performance of competence in sustainability management, KSD = 
declarative knowledge about sustainable development from a societal perspective, 
ia .comp .res .sust = individual attitude that companies have to take responsibility 
for sustainability, aversion = aversion to sustainability, mot .sust . = motivation to 
act sustainably, int .chal .dev .count . = interest in topics about challenges in develop-
ing countries, int .eco .sust = interest in ecological sustainability topics .

Model 2 is identical to model 1 regarding the measurement models . In the struc-
tural part, SSKSM is treated as dependent variable and all other dimensions as 
predictors. The model fit of model 2 is identical to the fit of model 1. Overall, 
66 .6 % of the variance in competence in sustainability management was explained 
by the model . Standardized regression weights for all predictors are presented in 
Table 4 .

Table 7  Standardized regression coefficients (b) from the latent regression (Model 3) for 
SSKSM as outcome variable

Predictor b SE P
KSD 0 .701 0 .099 0 .000
ia .comp .res .sust . 0 .194 0 .176 0 .135
Aversion -0 .253 0 .133 0 .029
mot .sust . 0 .042 0 .189 0 .412
int .chal .dev .count . -0 .039 0 .139 0 .610
int .eco .sust . -0 .295 0 .149 0 .976

Note. p-values are based on one-sided tests for positive effects for all dimensions except 
for aversion to sustainability; SSKSM = performance of competence in sustainability man-
agement, KSD = declarative knowledge about sustainable development from a societal per-
spective, ia .comp .res .sust = individual attitude that companies have to take responsibility 
for sustainability, aversion = aversion to sustainability, mot .sust . = motivation to act sustain-
ably, int .chal .dev .count . = interest in topics about challenges in developing countries, int .
eco .sust = interest in ecological sustainability topics .

Apart from the significant effect of KSD, the only expected negative effect of aver-
sion is significant, partially supporting H1. Effects of motivation and interests are 
non-significant, thus H2 and H3 have to be rejected. If the non-significant predic-
tors are dropped from the model, only keeping KSD and aversion to sustainability, 
the explained variance decreases to 60 .6 % . Aversion to sustainability explains an 
increment of 6 .3 % variance above KSD alone . The incremental explained vari-
ance corresponds to an effect size of f2 = 0.16, which can be classified as a medium 
effect size (Cohen 1992) .

Michaelis, C., Aichele, C., Hartig, J., Seeber, S., Dierkes, S., et al.
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5 Discussion and Conclusion

Competences represent complex constructs that can be explained by a variety of 
cognitive and affective-motivational factors (Blömeke et al . 2015) . Concerning the 
competence of sustainability management, only limited evidence toward the struc-
tural relationships between individual knowledge dimensions exists (Seeber et al . 
2019) . In this contribution, we follow conceptual and methodological assumptions 
by Seeber et al . (2019) for the analysis of competence in sustainability manage-
ment. We reproduced findings from Seeber et al. (2019) regarding a 4-dimensional 
structure of the competence model (SSKSM, KBA, KSD & KSM) . In addition, 
we expanded the research perspective from Seeber et al . (2019) by examining dif-
ferentiated relationships and in particular the influence of affective-motivation-
al dispositions on the performance of competence in sustainability management 
(SSKSM) . Three hypotheses were developed, which are discussed below .

A first hypothesis assumes that sustainability-relevant attitudes have a positive 
influence on the performance of competence in sustainability. The results show 
a significant negative effect of the aversion on the SSKSM scale. Students with 
a higher aversion to sustainability develop weaker solutions in terms of sustaina-
bility management compared to students who reject the aversive items. The effect 
is substantial and in line with H1 . Although a negative scale is used, the results 
are congruent with findings from studies in Vocational Education and Training 
(VET), which show a significant influence of sustainability-based attitudes on 
behavioural intentions to act sustainably at the workplace (Seeber and Michaelis 
2014, Michaelis 2017) .

The second attitude scale ia.comp.res.sust has no significant effect on the 
SSKSM scale . The average of this scale shows that high approval ratings are 
achieved on this scale; the scale has a slightly lower standard deviation than the 
scale aversion. Thus, the non-significant effect of the scale ia.comp.res.sust may 
possibly be attributed to its more general conception . We assumed that the ap-
proval toward the scale’s items was easy for the students, while the importance of 
underlying values of these items would not consistently be considered in manage-
ment situations of the SSKSM scale . The discrepancy between attitudes and their 
realisation in concrete situations is a well-known finding in sustainability research 
(Section 2) .

The fact that H2 and H3 are to be rejected can also be related to the content 
of the scales . The motivation scale refers to a general perspective supporting a 
sustainable behaviour, which is a more general level of abstraction than to sup-
port sustainability management. We chose this level of abstraction as the majority 
of students have only weak comprehensive practical experience in sustainabil-



346

ity management . We expected that the motivation to act sustainably is also an 
indicator for the motivation to decide in management situations in the sense of 
sustainability management . However, no evidence exists that a motivation to act 
sustainably would be transferrable to professional domains such as sustainability 
management . Therefore, it is questionable whether the motivation to act sustain-
ably is domain-specific. For example, due to some parallels to sustainability re-
search, explanations could be found in moral research in VET . Contrary to theo-
retical assumptions, empirical findings show that morality is less a generic than a 
situation-specific construct (e.g., Beck et al. 2000, Minnameier 2011). In addition, 
the scale mot.sust. was deliberately phrased in the sense of an intrinsic motivation . 
Differentiated dimensions of motivation are not considered (like the assumptions 
by Ryan and Deci 2004) . To sum up, the relationship between motivational dispo-
sitions and competence in sustainability management needs further research .

With regard to the scales of interest (int.chal.dev.count. & int.eco.sust .), the 
degree of abstraction should also be considered . These scales refer more to global 
challenges of a sustainable development (climate change, working conditions in 
developing countries) . Here, the interest in sustainability management is not meas-
ured directly . Interest scales, which are more closely aligned with sustainability 
management, could produce a more pronounced effect .

In addition, the results indicate new insights into the structural relationship of 
the competence model for sustainability management . The KSD scale is the most 
important predictor of the SSKSM scale: The higher the declarative knowledge 
about sustainability from a societal perspective, the higher the coping with the 
requirements of sustainability management. Due to the significant effect of the 
scale aversion on SSKSM, however, an affective-motivational disposition is also 
relevant. These findings are in line with empirical analyses in VET (Seeber and 
Michaelis 2014, Michaelis 2017) . However, the effect of the aversion scale is much 
less pronounced than the KSD scale could attribute to the theoretical background . 
Sustainability-related attitudes are subject to a large number of potential values 
(Shepherd et al . 2009), which were being considered in our analyses only exem-
plarily by two different attitude scales . We assume that even stronger effects can 
be measured taking into account a broader range of sustainability-related values . 

In summary, sustainability-related attitudes can influence the performance of 
competence in sustainability management. The influence of the motivation to act 
sustainably as well as interest constructs on the performance of competence in 
sustainability management could not be confirmed. However, additional research 
considering more specific scales will be necessary. The analyses also demonstrate 
that declarative knowledge about sustainability from a societal perspective is the 
most important predictor for the performance of competence in sustainability 

Michaelis, C., Aichele, C., Hartig, J., Seeber, S., Dierkes, S., et al.
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management . Reasons for the smaller effects of attitudes may also lie in a limited 
consideration of sustainability-relevant values in the attitude scales .
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Appendix

Table A.1 Matrix for the 2-dimensional scale of interest

Item Factor 1 Factor 2 Communality
How much are you interested in…
…  economic problems in developing 

countries .
 .93 - .10  .80

…  ecological problems in developing 
countries (e .g . effects of monocul-
tures) .

 .64  .23  .59

…  social problems in developing coun-
tries (e .g . working conditions) .

 .66  .13  .53

… climate change . - .04  .81  .63
…  natural disasters triggered by human 

action .
 .07  .73  .58

https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
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4.3 
The Impact of Entry Preconditions  
on Student Dropout and Subject Change  
in Business and Economics

Kühling-Thees, C., Happ, R., Zlatkin-Troitschanskaia, O., and 
Pant, H. A.

Abstract

The proportion of students dropping out of higher education economics is re-
markably high at approximately 25 % and has been constant for years . The re-
sults on the entry preconditions of dropping out and changing subjects in Bach-
elor’s degree programs in business and economics presented in this paper are 
based on a representative longitudinal study in Germany . In two survey waves, 
the cognitive entry preconditions and characteristics of business and econom-
ics students related to their study and learning processes were tested . Drop-
outs have lower levels of previous knowledge than students changing subjects 
and students who continue to study business and economics . The students’ 
characteristics related to study and learning processes also show significant 
differences between these three groups . Of particular relevance are the credit 
points achieved within the first academic year. The identified characteristics 
of dropouts and subject changers offer valuable implications for further higher 
education research and practice .
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1 Background and Research Questions

Over the past 15 years since the Bologna Reform (e .g ., Hericks 2018; Albuquer-
que et al . 2019), there has been a substantial increase in the number of freshman 
students enrolling in business and economic (B&E) degree programs in Germany . 
While the number of freshman students in B&E has almost doubled within 10 
years1, the dropout rate in this domain is also high at 25 % (Heublein and Schmel-
zer 2018) . There are several national and international studies on dropout of B&E 
degree programs and its influencing factors (e.g., Bosshardt 2004; Arnold 2013; 
Kercher 2018) . Research on study success indicates the crutial importance of stu-
dents’ individual characteristics at the beginning of studies as dropout influencing 
factors (Arnold and Straten 2012; Belloc et al . 2011; Kuh et al . 2006; Schneider and 
Preckel 2017). The first academic year is considered to be particularly critical, as 
the majority of students2 drop out of the course during this period (Barefoot 2004) . 
Current research identifies cognitive abilities, such as previous school performance 
in the form of poor high school grades in specific school subjects or students’ low 
general intellectual abilities, as particular risk factors for dropping out of universi-
ty. Learning process characteristics such as academic achievements in the first ac-
ademic year (e .g ., number of successfully completed examinations, achieved credit 

1 See the freshman student statistics for winter semester 2006/2007 (285, 851) and win-
ter semester 2016/2017 (439, 369) (Federal Statistical Office 2007, 2017) .

2 In Germany, the higher education system consists of different types of higher edu-
cation institutions . The most common institutions are universities and universities of 
applied sciences (Secretariat of the Standing Conference of the Ministers of Education 
and Cultural Affairs of the Länder in the Federal Republic of Germany 2017) .
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points etc .) are also regarded as factors conducive to dropout (Montmarquette et al . 
2001; Bennet 2009; Belloc et al . 2011) .

Despite this intensive research there is no consensus on the definition of drop-
out. Depending on how dropout is defined and operationalized, the underlying 
sample changes and the results of the analyses may differ (Grau-Valldosera and 
Minguillón 2014). Current research shows that the differentiation between various 
groups of dropout students provides added value in the analysis of dropouts . The 
different (sub)groups of dropouts can be compared with each other and specific 
reasons for dropping out can be identified (Trautwein and Bosse 2017; Rump et al. 
2017) . Therefore, for the present study a theoretical differentiation of dropout was 
established (Section 2 .1) .

Based on the current state of research, we examine the influencing factors for 
student dropouts in the domain of B&E using data from a current nationwide rep-
resentative study (Zlatkin-Troitschanskaia et al . 2019) . The longitudinal study al-
lows for analysis of the students’ individual characteristics at the beginning of 
B&E studies (“entry characteristics”)3 . In addition to previous education (such 
as a completed major B&E course in high school or vocational education), the 
freshman students’ study-relevant previous knowledge as well as general intellec-
tual ability (GIA) were measured using validated test instruments4 . Based on this 
database, this paper presents findings on the following research questions (RQ):

1 . How do the groups of dropouts, subject changers and continuing students differ 
from each other in terms of cognitive preconditions (prior knowledge, GIA)?

2 . How do the groups of dropouts, subject changers and continuing students differ 
in terms of study- and learning process-related characteristics (number of ex-
ams taken, achieved credit points)?

In Section 2, the theoretical background and the state of research on dropout and 
changing subjects in the B&E domain are described in depth. Section 3 presents 
the study design and sample. Section 4 describes the empirical findings on the 

3 The study also includes students of social science . The Social Science and B&E 
courses are based on different curricular principles and research traditions . The re-
spective freshman students differ accordingly . This article focuses on the B&E course . 
For analyses on the dropout of students in social science, see Kühling-Thees, Happ, 
Zlatkin-Troitschanskaia, Schmidt, Jitomirski & Schlax (in review) .

4 As the state of research in Section 2 .2 shows, no other study for students in B&E could 
be found that includes these two entry preconditions of the test takers in the longitudi-
nal analysis using validated tests .
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two RQs . The paper concludes with limitations of the study and implications for 
further research (Section 5) .

2 Theoretical Background

2.1 Conceptualization of Dropout and Subject Change

The literature on dropouts contains various definitions of dropout, which focus on 
different specific aspects (Grau-Valldosera and Minguillón 2014). The concept of 
dropout is often based on the non-achievement of a degree (European Commission 
2015). According to this definition, students who have completed a degree in an-
other subject after changing subject are not considered to be dropouts (Kauffmann 
2015) . In the research on study success, the focus lies on other indicators such as 
the completion of studies within the regular period of study (Svanum and Bigatti 
2009), grades achieved in the final exams or success rates in exams (York and 
Gibson 2015; van der Zanden et al . 2018) . In most studies, the dropout rate is the 
key factor in operationalizing study failure (Grau-Valldosera and Minguillón 2014; 
Ortiz and Dehon 2013) . Here, four groups can be distinguished, which are often 
summarized under the term dropouts:

a) Dropouts: According to Heublein (2014), these include students who started 
their first degree course but left the university system without a degree. When 
identifying this group, it should be noted that re-entry could take place at a 
later point in time and that individuals from this group could therefore return to 
higher education (Blüthmann 2012) .

b) Subject changers: In contrast to the dropouts, subject changers remain in the 
higher education sector (BMBF 2008). The decision for a change of subject can 
have many reasons. For example, the chosen subject was not the desired study 
course or was not perceived as suitable during the course of study (Vogel et al . 
2018) . A lack of study success or positive motivational experiences can also 
cause a change of subject.

c) University changers: Several students in Germany retain their subject of study 
but change university over the course of their studies (Heublein 2014) . This 
category refers to students who, for example, transfered to another university 
before completing their bachelor’s degree and, accordingly, not those who tran-
sitioned from their bachelor’s degree to their master’s degree (Seemann 2015) . 
Reifenberg et al . (2015) describe this group as “pure university changers” .
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d) University and subject changers: Some students change both their study sub-
ject and university. According to the study by Reifenberg et al. (2015), this 
group accounts for the majority of changers (72 %).

Previous studies point out the importantce of considering these groups separately 
from each other (Blüthmann 2012) . The reasons for deciding either to drop out or 
to change the subject differ. In the case of a change of higher education institution 
as well as a change of subject, there is a change within tertiary education, but in 
the case of only the second, there is a change in the subject domain (Blüthmann 
2012) . Dropping out of university is related to leaving tertiary education and is 
often caused by a number of different factors (Heublein 2014) .

The present study is based on a dataset in which freshman students were sur-
veyed at the beginning of their studies and after one academic year (end of the 2nd 
semester). The study thus focuses on dropout or change of subject in the particu-
larly critical first year. Since the present study aims to identify the factors that con-
tribute to the explanation of the reasons for dropping out or changing the course of 
B&E study domain, the underlying sample is differentiated into three groups . The 
first group includes the dropouts, the second the subject changers as well as sub-
ject-and-university changers and the third group the continuing students. In this 
study, a link to study success is established by regarding continuing students as the 
group of “successful” students . This group includes all students who continue to 
study B&E after the first year of study. The group of pure university changers is 
added to the group of continuing students, since there was no dropout or change 
from the B&E study domain .

2.2 State of Research on Dropout from B&E Studies

There are some studies on dropout from the B&E study domain and its major influ-
encing factors, which provide indications of the process character of a study drop-
out (Heublein 2014), so that a longitudinal design is required for its explanation . 
In addition to the entry precondtions, the first year of study is particularly critical 
for the decision to drop out or change subject (Wendt et al. 2016). A dropout from 
B&E cannot be attributed to a few reasons; rather, a number of factors can be iden-
tified that influence a dropout.

Looking at cognitive determinants, studies indicate positive correlations be-
tween GIA and performance (Busato et al . 2000; Frey and Detterman 2004; Rohde 
and Thompson 2007) . A lower intellectual ability increases the risk of dropping 
out of the study program (Heilbrun 1965) . General cognitive skills are mentioned 
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among those skills that students are expected to possess for B&E studies . These 
abilities are usually operationalized by the grade of the higher education entrance 
qualification (German GPA equivalent) (Blüthmann 2012). GPA is considerd the 
best individual factor for predicting academic success (Busato et al . 2000; Rohde 
and Thompson 2007; Yousef 2011) . Beginners with a worse German GPA equiva-
lent are more likely to terminate their studies early without a degree or to change 
subjects (Larsen et al. 2013; Smith and Naylor 2001).

Moreover, mathematical skills are of particular importance for B&E studies 
(Ballard and Johnson 2004; Markle 2017), as this study track places high mathe-
matical demands (e.g., Arnold and Rowaan 2014). The risk of dropout due to defi-
cits in a student’s previous mathematical education increases (Arnold and Rowaan 
2014; Arnold and Straten 2012; Ballard and Johnson 2004) . A high level of math-
ematical skills has a positive effect on the performance in B&E studies; poorer 
mathematics skills have a negative effect on B&E studies and are associated with 
a higher risk of dropout (Anderson et al . 1994; Arnold and Rowaan 2014; Arnold 
and Straten 2012; Ballard and Johnson 2004) .

Subject-specific previous knowledge is another important factor influencing 
student dropout (e .g ., Arnold and Rowaan 2014) . Previous knowledge in the sub-
ject represents the knowledge that is connectable to integrate new knowledge into 
the knowledge network (e .g ., Sternberg and Ruzgis 1994) . Every second dropout 
reports content-related overload during his/her studies if there is a lack of prior 
knowledge with less ability to connect . In the B&E domain, previous knowledge 
has a positive influence on study success (Happ et al. 2016; Brand and Xie 2010; 
Rienties et al . 2012) .

Despite this research, it should be critically emphasized that not even a single 
study could be viewed which assessed student characteristics such as (B&E) 
previous knowledge or GIA using a validated test at the start of the course study, 
and thus before the decision to drop out or change the subject could have been 
made . Furhermore, no study could be found that had a longitudinal design with 
two measurement points. In contrast, in the majority of the studies, only a ret-
rospective assessment of the reasons for the dropout or change of subject was 
made .

Based on the state of research, our study assesses both the cognitive entry pre-
conditions of students using validated and reliable tests as well as the study- and 
learning process-related characteristics within a longitudinal design . O’Connor 
and Paunonen (2007) recommend to consider the different study performance-re-
lated criteria separately from each other. The first year’s academic performance 
was identified as a relevant factor in the performance criteria. Grades (academic 
performance) have an influence on the decision to drop out; the worse the percep-
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tion of one’s academic achievement, the greater the tendency to drop out (Mont-
marquette et al . 2001; Bennet 2009; Stinebrickner and Stinebrickner 2014) . Fur-
ther results on study process characteristics indicate that study progress is to be 
considered as an indicator for dropout and thus further study- and learning pro-
cess-related characteristics are also considered in more depth in this study (Bab-
cock and Marks 2011; Scott-Clayton 2012) .

3 Study Design and Sample

At the beginning of winter semester 2016/17, 7,679 B&E freshman students at 
46 universities and universities of applied sciencewere surveyed in a nationwide 
representative field study in paper-pencil design on their entry study preconditions 
(Zlatkin-Troitschanskaia et al . 2019) . The study used a quasi-experimental design 
with representative random sampling of higher education institutions .5 The surveys 
took place at the participating universities as part of introductory lectures planned 
for freshman students . Trained test leaders carried out the survey; participation in 
the survey was voluntary and was rewarded with an incentive of €5 .

The survey included the test-based assessment of study-relevant previous knowl-
edge using items from the German adaptation of the fourth version of the Test of 
Economic Literacy6 (TEL4, for the US-American original, see Walstad et al . 2013; 
for the German adaption, see Happ et al . 2018) and the German adaptation of the 
fourth version of the Test of Understanding College Economics7 (TUCE4; for the 
US-American original, see Walstad et al . 2007; for the German adaptation, see 
Zlatkin-Troitschanskaia et al . 2014) . On the basis of the validation studies (Happ 
et al . 2018), a total of 25 items in multiple-choice format were selected from the 
two tests to measure economic knowledge and understanding: 15 items from the 
TEL4 and 10 items from the TUCE4 . One point was assigned for each correctly 
answered item, so that the total score can range from 0 to 25 points . The test shows 
a reliability of Cronbach’s α = 0 .72 .

To measure GIA, a short form of the Berlin Test for Fluid and Crystalline In-
telligence (BEFKI) was used. This test captures figural reasoning (Schipolowski 

5 Due to the challenging field access at the universities, it is associated with a high panel 
mortality rate (Heublein et al . 2014) .

6 The TEL4 consists of two versions A and B with 45 items each . Both versions are 
connected with 10 anchor items, which are identical (Walstad et al . 2013) .

7 The TUCE4 consists of two questionnaire parts A and B with 30 items each, which are 
not connected via anchor items, so that 60 items are available (Walstad et al . 2007) .
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et al . 2017) . The short form of the BEFKI consists of 16 items in multiple-choice 
format with a maximum of 16 points to be achieved . For each item there are two 
subitems and the item is considered to be solved correctly if both subitems are 
correct . The reliability analysis showed a Cronbach’s α of 0 .67 . In addition to the 
scale from the BEFKI, the German GPA-equivalent can also be used as an indica-
tor of GIA (Veenman et al . 2005) . Since B&E studies also require particular skills 
in mathematics (Ballard and Johnson 2004; Laging and Voßkamp 2017; Markle 
2017), the mathematics school grade was also included . In addition, socio-demo-
graphic characteristics such as the parents’ educational background, age, gender 
and family language were also assessed .

Since studies have shown the first year of study to be particularly critical for 
dropping out of studies or changing subjects (Section 2.2), the freshman students 
from the winter semester 2016/17 (t1) were surveyed again at the end of summer 
semester 2017 (t2). For this purpose, an address panel was set up in the first survey 
round in winter semester 2016/17 and the participants in the study were surveyed 
online at the end of summer semester 2017 with a further comprehensive ques-
tionnaire on study- and learning process-related characteristics and conditions at 
the university . The second survey included 1,236 participants . On the basis of this 
survey, three groups could be classified: dropouts, subjectchangers, and students 
who continue studying in B&E .

In the second survey study and learning process-related characteristics relevant 
to the course of study, such as time spent studying and academic performance 
(such as examinations passed, grades, achieved credit points; Costa et al . 2018) 
were surveyed .

Due to the longitudinal design and the linking of the two samples from t1 and t2, 
we have data for 790 students on the study entry preconditions, which were already 
collected from the participants at the beginning of their studies, and not retrospec-
tively, as is the case in many studies (Section 2 .2) .8 However, a notable number of 
students from t1 could not be surveyed again at the second measurement, which 
indicates a bias in the sampling (for limitations, see Section 5) .

In t2, 43 participants stated that they had left the university system (group of 
dropouts). 1,131 subjects are students at the same or a different university, who 
continue studying in the B&E subject selected at t1 (group of continuing stu-
dents). 121 participants have changed B&E for a different subject (group of subject 

8 At the first measurement, approx . 35 % provided an email address for the address 
panel . There are marginal differences between the respondents with and without the 
given email address (e .g . average age of the total sample of t1 20 .52 years; average age 
of the respondents without an email address 20 .53 years) .
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changers) and are studying at a different or at the same university . The descriptive 
characteristics of the three groups are shown in Table 1 .

Table 1 Sociodemographic characteristics

Continuing 
students
(n9 = 684)

Subject  
changers
(n = 81)

Dropouts
(n = 24)

Total sample t1
(n = 7,679)

Age 20 .16 (2 .41) 20 .23 (2 .45) 21 .42 (3 .45) 20 .52 (2 .75)
Gender
Female 358 (52 .26 %) 41 (50 .62 %) 8 (33 .33 %) 3,503 (45 .67 %)
Male 327 (47 .74 %) 40 (49 .38 %) 16 (66 .67 %) 4,168 (54 .33 %)
Desired studies1 592 (86 .93 %) 65 (80 .25 %) 18 (75 .00 %) 6,572 (86 .58 %)
Migration  
background1

169 (24 .67 %) 25 (30 .86 %) 6 (25 .00 %) 2,287 (29 .84 %)

Family lan-
guage other 
than German1

167 (24 .38 %) 25 (30 .86 %) 5 (20 .83 %) 259 (3 .4 %)

Educational 
background of 
parents
Low2 48 (7 .14 %) 5 (6 .25 %) 4 (16 .66 %) 595 (7 .85 %)
Medium3 292 (43 .45 %) 30 (37 .50 %) 12 (50 .00 %) 3,417 (45 .11 %)
High4 332 (49 .41 %) 45 (56 .25 %) 8 (33 .34 %) 3,563 (47 .03 %)

Note. SD in brackets. 1 = yes. 2 = no graduation or lower secondary school. 3 = secondary 
school or high school. 4 = study or doctorate.

In the overall sample of B&E freshman students (n = 7,679) surveyed in winter 
semester 2016/17 at t1, the average age was 20 .50 years (SD = 2 .80)10 . The later 
dropouts were on average one year older (21 .42 years, SD = 3 .45) than the continu-
ing students (20 .16 years, SD = 2 .41) . In the total sample of 7,679 students, 45 .22 % 
were female . The group of dropouts comprised more male students than female . In 
the other two groups, the gender ratio is almost equal .

With regard to the assessment of t1 as to whether the B&E degree program is the 
desired course of study, as expected, fewer students from the groups of both sub-

9 Due to faulty panel codes for several test takers, not all study participants could be 
matched across t1 and t2 .

10 The comparison of individual characteristics of the overall sample at t1 with the mat-
ched sample at t2 shows significant differences (for limitations, see Section 5) .
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ject changers and dropouts (the fewest in this case) reported that the B&E degree 
program was their desired course of study . Since these data were already collected 
before the beginning of studies, no experiences made during the course of the 
studies could influence these ratings.

4 Results

4.1 Study Entry Preconditions

Regarding RQ1, the cognitive study-related entry preconditions differ across the 
sample (Table 2) . In the group of dropouts, the average German GPA equivalent11 
was 2.53, in the group of subject changers 2.26 and in the group of continuing 
students 2.15. The difference between the groups is significant (F(2, 776) = 6 .11, 
p < .01). The Bonferroni test shows a significant difference (p <  .01) between the 
group of dropouts and the continuing students with an intermediate effect strength 
(Cohen’s d = 0 .658) (Table 3) . The average grade in mathematics was 2 .61 in the 
group of dropouts, 2.34 in the group of subject changers and 2.24 in the group of 
continuing students . The continuing students thus achieved both a better mathe-
matics grade at t1 and a better German GPA equivalent in comparison with the 
subject changers and dropouts. However, the difference between the groups is not 
significant (F(2, 713) = 1 .60, p >  .05) .

At the beginning of winter semester 2016/17, the overall score in the test on 
B&E knowledge and understanding was 14 .04 score points for the group of drop-
outs, 14.42 points for subject changers and 14.76 points for continuing students 
(max. score: 25 points). The difference between the groups is not significant (F(2, 
787) = 0 .52, p >  .05) . The average overall score in the test for GIA (BEFKI) was 
9.34 (max. score: 16 points) for continuing students. In comparison, the subject 
changers achieved 8 .48 points and the dropouts 8 .71 . The difference between the 
groups is significant (F(2, 787) = 4 .02, p < 0 .01) . Further analyses show that there 
is a significant difference (p = .02) between the group of subject changers and the 
continuing students (Cohen’s d = 0 .312) (Table 3) .

11 In Germany, the grade at the end of high school is important for the transition into 
higher education . Most German universities select their students based on the German 
equivalent to the high school GPA, which ranges from 1 (best grade) to 5 (worst grade) .
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Table 2 Overview of the cognitive entry preconditions before studying

Continuing  
students
(n = 685)

Subject  
changers 
(n = 81)

Dropouts
(n = 24)

ANOVA

German GPA 
equivalent

2 .15 (0 .58)1 2 .26 (0 .53) 2 .53 (0 .51) F(2, 776) = 6 .11, 
p <  .01

Grade  
mathematics

2 .24 (0 .93)2 2 .34 (0 .89)3 2 .61 (1 .02)4 F(2, 713) = 1 .60, 
p >  .05

Previous knowl-
edge in eco-
nomics (max . 
25 points)

14 .76 (4 .36) 14 .42 (3 .85) 14 .04 (2 .76) F(2, 787) = 0 .52, 
p >  .05

General intel-
lectual ability 
(max . 16 points)

9 .34 (2 .74) 8 .48 (2 .89) 8 .71 (2 .49) F(2, 787) = 
4 .02, p <  .01

Note. SD in brackets . 1n = 674; 2n = 627; 3n = 72; 4n = 17

Table 3  Post-Hoc Bonferroni: Comparison between the groups for cogntive entry precon-
ditions before studying

95 % Confidence interval
Comparison Difference SE Lower limit Upper limit
GPA 
Subject changers  
vs . Dropouts

-0 .28 0 .13 -0 .60  0 .04

Continuing students 
vs . changers

-0 .11 0 .07 -0 .27 -0 .10

Continuing students 
vs . dropouts

-0 .38** 0 .12 -0 .28 -0 .10

General intellectual 
ability
Subject changers  
vs . Dropouts

-0 .23 0 .64 -1 .76 1 .31

Continuing students 
vs . dropouts

0 .64 0 .57 -0 .74 2 .01

Continuing students 
vs . changers

0 .86* 0 .32  0 .09 1 .64

Note. *p =  .05, **p =  .01, ***p =  .001
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In summary, less favorable cognitive entry preconditions can be observed in the 
group of dropouts with regard to almost all the characteristics examined . However, 
the differences to the group of subject changers or continuing students are, in part, 
only slight or not significant.

4.2 Study- and Learning Process-Related Characteristics

Regarding RQ2, the study- and learning process-related characteristics significant 
differ between the groups. As Table 4 shows, subject changers invest the most time 
in the preparation and follow-up for courses (9 .61 h/week; dropouts with 7 .96 h/
week and continuing students with 8 .32 h/week) . The same distribution is found in 
examination preparation (subject changers with 12.34 h/week, continuing students 
with 11 .86 h/week and dropouts with 9 .44 h/week) . Dropout students invest the 
least time in both the preparation and follow-up for courses (7 .96 h/week) and ex-
amination preparation (9 .44 h/week) . The differences between the groups are not 
significant (preparation and follow-up: F(2, 1,156) = 1.65, p > 0 .05; examination 
preparation: F(2, 1,152) = 1 .29, p > 0 .05) .

Table 4 Study- and learning process-related characteristics

Continuing  
students
(n = 1,044)

Subject  
Changers
(n = 88)

Dropouts
(n = 27)

ANOVA

Time spent in 
hours per week
Preparation 
and follow-up 
courses

8 .32 (6 .51) 9 .61 (6 .93) 7 .96 (5 .87) F(2, 1,156) = 
1 .65, p >  .05

Attendance of 
courses

17 .25 (6 .44)1 17 .53 (5 .68)2 13 .90 (7 .70) F(2, 1,152) = 
3 .75, p <  .05

Exam  
preparation

11 .86 (8 .25)3 12 .34 (8 .90) 9 .44 (7 .83) F(2, 1,152) = 
1 .29, p >  .05

Taken exams 4 .56 (1 .56)4 3 .93 (1 .87)5 3 .32 (2 .06)6 F(2, 620) = 9 .86, 
p <  .001

Passed exams 4 .27 (1 .77)7 3 .45 (2 .53)8 2 .28 (1 .90)9 F(2, 701) = 
18 .76, p <  .001

Credit points 
achieved so far

24 .84 (14 .52)10 18 .43 (9 .99)11 14 .12 (9 .97)12 F(2, 682) = 
12 .93, p < .01

Note. SD in brackets . 1n = 1,041; 2n = 87; 3n = 1,040; 4n = 540; 5n = 61; 6n = 22; 7n = 608; 
8n = 71; 9n = 25; 10n = 590; 11n = 69; 12n = 26
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In all three groups, the largest time expenditure is attributed to the attendance of 
courses, and is on a comparatively high level for the groups of subject changers 
and continuing students. Significant differences between the groups can be found 
(F(2, 1,152) = 1 .75, p < 0.05). The group of subject changers differs significantly 
from the group of dropouts (p =  .03; Cohen’s d = 0 .586) and the group of drop-
outs from the group of continuing students (p =  .02; Cohen’s d = 0 .519) (Table 5) . 
Accordingly, the differences are mainly in the time spent on-site at the university 
(intra-university expenditure of time) and less in the preparation and follow-up of 
the lectures and exam preparation (non-university expenditure of time) .

The group differences in non-university time expenditure are also reflected in 
the exams taken or passed (Table 4). In comparison to subject changers, dropouts 
took fewer exams and passed fewer . Continuing students took and passed more 
exams than subject changers. The difference between the three groups is signif-
icant (for taken: F(2, 620) = 9 .86, p < 0 .001; for passed: F(2, 701) = 18 .76, p < 
0.001). The group of continuing students differs significantly from the group of 
dropouts as well as from the group of subject changers with low to medium ef-
fect strengths (subject changers: p = 0 .01, Cohen’s d = 0 .395; dropouts: p = 0 .001, 
Cohen’s d = 0.784) (Table 5). With regard to exams passed, a significant differ-
ence between all three groups can be seen (continuing students – subject changers: 
p = 0 .001; Cohen’s d = 0 .44; continuing students – dropouts: p = 0 .000, Cohen’s 
d = 1 .121; changer – dropouts: p = 0 .021, Cohen’s d = 0 .491) (Table 5) .

Similar findings were found between the groups with regard to credit points 
(CP) achieved after the first semester (Table 4). The dropouts reached on average 
14.12, subject changers 18.43 and continuing students 24.84 CP. The difference 
between the groups is significant (F(2, 682) = 12 .93, p < 0 .001) . Remarkably, on 
average all groups have not reached the recommended amount of 30 CP after the 
first semester (e.g., European Commission 2015). The group of continuing stu-
dents differed significantly from the group of subject changers (p = 0 .001, Cohen’s 
d = 0 .454) and from the group of dropouts (p = 0 .000, Cohen’s d = 0 .746) (Table 5) .
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Table 5  Post-Hoc Bonferroni: Comparison between groups for study- and learning  
process-related characteristics

95 % Confidence interval
Comparison Difference SE Lower limit Upper limit
Time spent in hours per week 
Attendance of courses
Subject changers vs. dropouts 3 .64* 1 .41 0 .25 7 .03
Continuing students vs . dropouts 3 .36* 1 .25 0 .37 6 .36
Continuing students vs . changers -0 .28 0 .72 -1 .99 1 .44
Taken exams
Subject changers vs. dropouts 0 .62 0 .40 -0 .35 1 .58
Continuing students vs . changers 0 .63** 0 .22 0 .11 1 .15
Continuing students vs . dropouts 1 .24*** 0 .35 0 .40 2 .09
Passes exams
Subject changers vs. dropouts 1 .17* 0 .43 0 .13 2 .21
Continuing students vs . changers 0 .82*** 0 .23 1 .08 2 .91
Continuing students vs . dropouts 2 .00*** 0 .38 0 .26 1 .38
Credit points achieved
Subject changers vs. dropouts 4 .32 3 .22 -3 .40 12 .04
Continuing students vs . changers 6 .40*** 1 .78 2 .13 10 .67
Continuing students vs . dropouts 10 .72*** 3 .83 4 .00 17 .45

Note. *p =  .05, **p =  .01, ***p =  .001

5 Conclusion, Limitations and Implications  
for Further Research

The results of this study indicate that dropout and change of subject in higher edu-
cation are multicausal and complex processes. Particularly in the group of subject 
changers, fewer performance-related factors are decisive for the change of subject. 
In comparison, the group of dropouts is characterized by rather unfavorable entry 
preconditions .

Overall, the findings are in line with the current state of research (Wendt et al. 
2016) and underline the importance of cognitive entry preconditions for studying 
B&E . The group of continuing students is characterized by higher levels of all 
assessed characteristics . This group shows a better German GPA equivalent and 
better GIA than the other two groups . Research on academic success suggests that 
the entry preconditions in particular are of high importance for academic success 
(e.g., Kuh et al., 2006). The subject-related prior knowledge acquired, for example, 
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through learning opportunities at school (e.g., B&E as a major subject at school) 
or extracurricular learning processes (e .g ., students learning about about economic 
content via mass and social media, see also Jitomirski et al . in this volume), is an 
important factor for the acquisition of knowledge over the course of studies . This 
can be well justified with theoretical principles of knowledge acquisition (e.g., Al-
exander 1997) . Previous knowledge in these theories is characterized as connect-
able knowledge, which is systematically enhanced in the learning process through 
the expansion of the knowledge network . A more highly developed intellectual 
ability, which is also expressed in our study, proves to be beneficial for this.

The study also found significant differences between the groups in terms of 
study- and learning process-related characteristics, for instance, in the time spent 
within the university . Here, the study underlines the high importance of teaching 
and learning processes in higher education institutions. The findings presented 
here indicate that the learning opportunities on site, interaction with teachers and 
with fellow students are process characteristics that could reduce the probability 
of dropping out of studies . Continuing students also take the most exams and pass 
them more often. Especially the passed exams show significant differences be-
tween all three groups. The same findings can also be observed in the credit points 
achieved. Performance-related deficits can be shown particularly with regard to 
dropouts . In the current drop-out research, the study and learning process char-
acteristics are still poorly and only partially examined (e .g ., Babcock and Marks 
2011; Scott-Clayton 2012) . The analyses presented in this article demonstrate that 
these characteristics should be taken into account more differentiatedly .

A closer view on national and international research confirms that the present 
study is the first study in which cognitive entry preconditions were asssessed us-
ing a validated tests and study- and learning process-related characteristics were 
examined in a longitudinal design. Thus, this study makes a unique and significant 
contribution to the research on dropout in the B&E domain and the presented find-
ings provide an important basis for further research .

The longitudinal study design contributes to the high internal and external va-
lidity of the findings. One year later, approximately 16 % of the total sample from 
t1 of the sample could be reached again in t2 due to the online-based field access. 
Of the study participants who agreed in t1 to participate in t2 as well (35 .97 %), 
44 .75 % of the study participants who agreed in t1 were able to participate in t2 
again. Of these, just under 15 % no longer study in the B&E domain. Though loss 
of participants between t1 and t2 due to panel mortality and limited access to the 
field reduces the representativeness of the findings on t2, this study provides first 
meaningful indications as to the reasons for dropping out or changing subjects in 
this domain. However, the findings of the study must also be viewed critically in 
light of this sample selection . The overall sample at t1 differs significantly from the 
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matched sample at t2 regarding sociobiografical characteristics. This indicates a 
selection effect, which may also be due to the specific field of research. Dropping 
out of university is a personal experience of life that students may not want to be 
reminded of (e .g . emotional reasons) . Furthermore, the accessibility of dropouts 
and subject changers is often generally restricted, since, for example, students may 
have stated their university email in the address panel instead of their personal 
email; in this case, the test takers can no longer be reached after they have left uni-
versity since the given email address is no longer valid (e .g . de Leeuw and Lugtig 
2015) . As is common in low-stakes assessments, the panel mortality is higher than 
in high-stakes assessments (Biasi et al . 2018) .

The database does not allow for the analysis of possible cohort effects that could 
cause differences between students on the basis of other social and environmental 
factors (Baltes et al . 1978) . Moreover, even theoretically expected compositional 
effects cannot be analyzed (Kunter and Trautwein 2003), although the learning 
group structure among students could have a meaningful influence (Rump et al. 
2017) . Additionally, the analyses of study- and learning process-related character-
istics for t2 are based on the self-reported data of students, which may be biased 
and should therefore be critically evaluated. For the validation of the findings, 
the information on the actually achieved academic performances such as passed 
exams and grades would be of interest . However, such analyses would hardly be 
possible under German data protection law .

Further research also requires in-depth analyses of the curricular and in-
tra-structural factors in the B&E study domain . The high importance of the time 
students spend at universities emphasizes that factors and processes such as inter-
action with teacher and other students should be given stronger research focus in 
further studies . In this paper, a strong focus was put on the analysis of cognitive 
entry preconditions . In future analyses, non-cognitive factors such as interest in 
the subject or intrinsic and extrinsic motivation for the chosen subject should also 
be included in the analyses .
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4.4 
Influences on the Development of  
Economic Knowledge over the First  
Academic Year

Results of a Germany-Wide Longitudinal Study

Schlax, J., Zlatkin-Troitschanskaia, O., Kühling-Thees, C.,  
and Brückner, S.

Abstract

Despite significant research, it remains unclear whether the goal of develop-
ing domain-specific knowledge in higher education is actually being achieved. 
This is also true for the internationally most popular study domain of busi-
ness and economics . In Germany, a test for measuring economic knowledge 
was validated, enabling the analysis of change in knowledge over the course of 
studies . Business and economics students from across Germany were surveyed 
over the course of one study year: 7,111 beginning students in the winter term 
of 2016/2017, and 1,705 third semester students in the winter term of 2017/2018 . 
Investigating the longitudinal matched sample of 734 students who took part at 
both measurement points, we found that economic knowledge developed slight-
ly positively in the first year of study in economics. Prior economic knowledge, 
general intellectual ability and the courses attended are among the most impor-
tant influencing factors of the knowledge test performance and grades after one 
academic year .
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1 Development of Professional Knowledge in Higher 
Education Economics

The development of domain-specific competences according to academic and pro-
fessional standards, and in particular the acquisition of content knowledge, is a 
central goal in higher education (Europe 2020 Strategy, EC 2010) . Business and 
Economics (B&E) represents one of the most popular study domains both in Ger-
many and internationally (Federal Statistical Office 2017; OECD 2018), as major 
and minor subjects (Federal Statistical Office 2017). To develop appropriate and 
effective instruction and to promote domain-specific knowledge in higher edu-
cation, the targeted student learning outcomes and corresponding competencies 
need to be validly assessed (e .g ., NRC 2012) . The investigation of knowledge de-
velopment requires longitudinal analyses, which are rarely implemented in higher 
education, in particular, in B&E (Zlatkin-Troitschanskaia et al . 2019a) .

A knowledge assessment must meet the quality criteria of validity, reliability 
and objectivity (AERA, APA and NCME, 2014). This task is increasingly being 
addressed by studies which aim to assess economic competences (e .g ., Schumann 
et al . 2013; Zlatkin-Troitschanskaia et al . 2014; Aprea and Wuttke 2016; Eberle et 
al . 2016), but so far only few of them have been longitudinal (Zlatkin-Troitschan-
skaia et al . 2013; Walstad and Rebeck 2008; Schmidt et al . 2016) . Longitudinal 
studies are necessary to validly assess the development of domain-specific knowl-
edge over the course of studies and to identify the central factors influencing the 
acquisition of knowledge (e .g ., Shavelson et al . 2018) . Only by identifying central 
influencing factors of domain-specific knowledge can help derive implications for 
the design of teaching practice and the appropriate support of student groups .
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Various research has already identified significant influencing factors at the be-
ginning of studies (Section 3), indicating that the first academic year is critical for 
the development of domain-specific knowledge (Kim and Lalancette 2013; Zlat-
kin-Troitschanskaia et al . 2017) . The present nationwide longitudinal study with 
bachelor students of B&E based on the current state of research focuses on the 
following research questions (RQ):

1 . How does economic knowledge develop over the first academic year (RQ1)?
2 . Which factors influence the level of domain-specific knowledge after one aca-

demic year (RQ2)?

In addition to the objective assessment of domain-specific economic knowledge 
via a knowledge test, we also took into consideration the students’ grades in B&E 
courses after one academic year (for grades as academic success criteria, see, e .g ., 
Trapmann et al . 2007a) as additional indicators of study success and knowledge 
acquisition . In university practice, exams are used to assess knowledge or to meas-
ure learning progress and should therefore provide further indications on students’ 
level of domain-specific knowledge of students after one academic year. In our 
study, we aim to clarify to what extent an added value can be expected when using 
a domain-specific knowledge test as a diagnostics instrument to assess students’ 
content knowledge:

3 . To what extent does the level of domain-specific knowledge at T2 correlate with 
university grades in B&E courses (RQ3)?

4 . To what extent do the influencing factors considered in this study differ be-
tween the knowledge test score and university grades in B&E courses as two 
different indicators of acquisition of domain-specific knowledge (RQ4)?

After the conceptualization of economic domain-specific knowledge (Section 2), 
possible influencing factors are derived from the current state of research (Section 
3), and investigated by regression analysis on the basis of the longitudinal sample 
(Section 4) . The paper concludes with the interpretation and critical discussion of 
the results, and their implications for further research (Section 5) .
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2 Conceptualization of Domain-Specific  
Knowledge in B&E

Although there is a consensus that the aim of higher education is to develop profes-
sional competences, there are several different understandings and definitions of 
this term (e .g ., Blömeke et al . 2015; Blömeke et al . 2013) . Professional competence 
is generally understood as domain-specific knowledge and expertise (Ericsson and 
Smith 1991; Gruber and Mandl, 1996; Bromme 2001; Gruber 2001), constituting a 
cognitive performance (e.g., Klieme and Leutner 2006). Other definitions focus on 
action-related competence . Boyatzis (1982), for example, describes competence as 
personal capabilities that result in effective job performance. Spencer and Spencer 
(1993) stated: “A competency is an underlying characteristic of an individual that 
is causally related to criterion-referenced effective and/or superior performance 
in a job or situation. Underlying characteristic means the competency is a fairly 
deep and enduring part of a person’s personality. […] Causally related means that 
a competency causes or predicts behavior and performance. Criterion-referenced 
means that the competency actually predicts who does something well or poor-
ly, as measured on a specific criterion or standard” (p . 9) . Especially renowned 
internationally is the conceptualization by Weinert (2001), who understands com-
petence as learnable cognitive abilities and skills required to solve problems: „…
the concept [competence] refers to the necessary prerequisites available to an 
individual or a group of individuals for successfully meeting complex demands.” 
(p . 62) and „… learning processes are a necessary condition for the acquisition of 
prerequisites for successful mastery of complex demands” (p . 63) . Domain-specif-
ic knowledge can therefore be considered as an important part of domain-specific 
competences .

In the economic context, Macha and Schuhen (2012; see also the ECOS study) 
describe economic competence as the ability to recognize and describe economic 
issues with verbal or mathematical content, to draw appropriate inferences, and to 
apply the knowledge in a reflected way when solving economic problems. To con-
ceptualize B&E knowledge, Zlatkin-Troitschanskaia and colleagues (2014) devel-
oped a three-dimensional model which differentiates between a content dimension 
of Business and Economics (e.g., finance, microeconomics), a cognitive dimension 
according to the teaching-learning taxonomies (e .g ., remembering content, apply-
ing, evaluating), and a dimension related to the structure of knowledge (proposi-
tional, case-related and strategic; for further information, see Zlatkin-Troitschan-
skaia et al . 2014) . The study presented here focuses on economic knowledge as a 
subfield of B&E competence (for a definition of economic competence, see also 
Beck 1989) .
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3 State of Research on the Development of Domain- 
Specific Knowledge over the Course of B&E Studies  
and Its Influencing Factors

To evaluate how domain-specific knowledge develops over the course of studies 
and which factors might influence it, the change in knowledge needs to be measured 
in a valid way (Happ et al . 2016; Schmidt et al . 2016) . Since there was no validated 
instrument for measuring domain-specific knowledge at higher education level in 
economics and its change in German-speaking countries (Zlatkin-Troitschanskaia 
et al. 2017), the WiWiKom I project (Zlatkin-Troitschanskaia et al. 2014) and its 
follow-up project WiWiKom II (Zlatkin-Troitschanskaia et al. 2019) focused on 
the validation of a test to assess domain-specific knowledge in higher education 
economics according to the standards for Educational and Psychological Testing 
(AERA et al. 2014). This enables a differentiated examination of domain-specific 
knowledge over the course of studies as well as its potential influencing factors.

Some influencing factors such as prior knowledge (e.g., Happ et al. 2018) can be 
identified from previously existing research. Learning opportunities are also con-
sidered a significant factor in the acquisition of knowledge, although the existence 
of learning opportunities does not necessarily go hand in hand with their use (for 
the conceptual background and for factors influencing the use of learning oppor-
tunities and their impact on knowledge development, see, e .g ., the Learning Op-
portunity-Use Model by Helmke and Schrader 2013) . The present study focuses on 
prior knowledge, general intellectual ability and other student characteristics such 
as interest in B&E topics, as previous studies have shown that these are strong in-
fluencing factors. Based on the current state of research (for more details, see Zlat-
kin-Troitschanskaia et al . 2019) the following hypotheses (H) can be formulated:

H1: There is a difference between the level of economic knowledge at the be-
ginning of studies and after one academic year, with a higher level of knowledge 
after one year .

H2: The level of economic knowledge after one academic year is related to the 
domain-specific courses attended over the first two study semesters.1

Several studies indicate a positive influence of general intellectual ability 
(measured by school grades or psychological tests) on the development of do-
main-specific knowledge (Prins et al. 2006; Anderson et al. 1994; Trapmann et al. 
2007b; Giese et al . 2013) . Accordingly, a higher level of general intellectual ability 
also indicates a higher acquisition of knowledge:

1 In Germany, the academic year is not divided into trimesters but two semesters of 6 
months each .
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H3: The level of economic knowledge after one academic year is related to the 
general intellectual ability (measured by the grade of university entrance qualifi-
cation (UEQ) and an intelligence test) .

Further studies show the influence of prior learning opportunities, which are 
often assessed using indicators such as domain-specific learning opportunities 
completed as advanced courses at school or the completion of vocational training, 
on knowledge acquisition (Happ et al . 2018; Wuttke and Beck 2002; Schumann et 
al . 2013; Erdel 2010) .

H4: The level of economic knowledge after one academic year is related to 
the prior domain-specific learning opportunities attended before the beginning of 
studies .

Motivational aspects and students’ interest in B&E topics are also considered 
factors that influence the acquisition of knowledge, whereby a connection is also 
assumed between the two aspects (Krapp 1999) . According to previous research 
findings, interest in study-related content and (learning) motivation have a positive 
effect on knowledge acquisition (Biewen et al . 2018; Erdel 2010) .

H5: The level of economic knowledge after one academic year is related to 
students’ interest in B&E topics at the beginning of studies .

In addition, sociodemographic factors such as gender, age and migration back-
ground have also been deemed important for economic knowledge development 
(for more details on the advantage of male students, see, e .g ., Hasler and Lusardi 
2017; Bucher-Koenen et al. 2017; Brückner et al. 2015; Jirjahn 2007; for the effect 
of age, see, e .g ., Erdel 2010; Lammers et al . 2001; for effects of migration back-
ground, see, e .g ., Happ et al . 2019; 2018) . These are therefore included as control 
variables in the present study .

4 Methods

4.1 Study Design

The present study is based on data from two representative surveys of the WiWiKom 
II project (Zlatkin-Troitschanskaia et al. 2019). In the winter semester of 2016/2017 
(T1), 7,111 bachelor students of B&E at 48 German universities were surveyed 
using a paper-pencil-based questionnaire . Universities with B&E degree programs 
were contacted, and surveys were carried out at the universities willing to partic-
ipate in this study . The surveys took place in introductory lectures for beginning 
students . The surveys were conducted by test leaders trained in the standardized 
procedure of test administration . Participation in the surveys was voluntary and 
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incentivized with 5 € . One year later, in the winter semester of 2017/2018 (T2), 
1,705 students at 22 universities were surveyed again in courses for second-year 
students. Surveys in T2 were carried out at the universities in which a sufficiently 
high number of students were assessed in T1, so that a sufficiently high matching 
rate could be expected . Participation in T2 was also voluntary and was rewarded 
with 10 €. The re-participating students were identified through individual pseu-
donymized panel codes .

4.2 Instruments

The questionnaire for T1 consisted of sociodemographic questions, the WiWiKom 
knowledge test in economics (with items from the TEL IV, Walstad et al . 2013, and 
TUCE IV, Walstad et al . 2007) and an intelligence test (BEFKI, Schipolowski et 
al . 2017) . The testing time was about 45 minutes . The questionnaire in T2 consist-
ed of sociodemographic questions, the knowledge test as well as questions about 
study progress, for instance, the courses attended during the first year of study.

Domain-specific knowledge after one academic year was assessed using two 
indicators: the knowledge test score and the grades of attended courses . The do-
main-specific knowledge test consists of 25 items from the US American Test of 
Economic Literacy (TEL IV; Walstad et al . 2013) and the Test of Understanding 
in College Economics (TUCE IV; Walstad et al . 2007), adapted for the German 
context (Zlatkin-Troitschanskaia et al . 2014, 2019a) . The test covers the areas 
of fundamental economic knowledge, macro- and microeconomics . The multi-
ple-choice items go beyond declarative knowledge since a deeper understanding 
of the contents and their application is necessary for responding to the item cor-
rectly . One point was assigned for each correctly answered item so that the total 
score could range from 0 to 25 . As is frequently the case in knowledge assessment 
(Glug 2009; Baker and Kim 2004), missing answers were assumed to be the result 
of a lack of knowledge and were therefore considered as incorrect responses (for 
discussion, see Zlatkin-Troitschanskaia et al . 2019b; Schlax et al . in review) . For 
missing values in more than 50 % of the items, the total score was set to missing, 
since in such cases, factors such as insufficient test motivation are to be assumed. 
The test was given in two orders, whereby the mean sum value did not differ be-
tween the questionnaire orders (T1: x(order 1, n = 3,498) = 13 .25 ± 4 .343, x(order 
2, n = 3,532) = 13 .28 ± 4 .434, p = 0 .778; T2: x(order 1, n = 856) = 13 .67 ± 5 .047, 
x(order 2, n = 846) = 13 .72 ± 5 .00, p = 0 .821) . In T1, the knowledge test achieved a 
reliability rating of Cronbach’s α = 0 .858 .
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The attended courses over the first study year were assessed in T2 and divided 
into several study areas. In terms of subjects, courses in business, economic funda-
mentals, macro- and microeconomics were differentiated . The number of courses 
attended could be indicated as “none”, “1” or “2 or more” . The students’ grades2 in 
the attended courses were also assessed in T2 . If students attended several courses 
in one subject, they were asked to give the best grade.

The students’ general intellectual ability was operationalized by using a matri-
ces test to measure fluid intelligence and the grade of UEQ . The UEQ grade repre-
sents the overall average grade and should be indicated as a decimal number . In the 
study, the subtest on fluid intelligence of the Berlin Test of Fluid and Crystalline 
Intelligence (BEFKI; Schipolowski et al . 2017) was used in T1 . The test consists of 
16 items, each consisting of two subitems with matrices . There are three possible 
solutions per subitem, one of which is correct . Only if both subitems were solved 
correctly, one point was assigned, so that the sum score could range from 0 to 16 . 
The reliability analyses show a Cronbach’s α of 0 .64 .

In our study, the focus was on the measurement of fluid intelligence instead of 
other facets of general intelligence such as verbal intelligence, as logical reasoning 
is particularly important to understand complex models and phenomena in eco-
nomics and to solve economics problems. Furthermore, fluid intelligence tests are 
considered to be well suited to avoid language-based bias, which was particularly 
important in this project, as evidence of language effects had already been found 
in previous studies (Brückner et al . 2015; Zlatkin-Troitschanskaia et al . 2019b) .

Since the use of single indicators of general intellectual ability is often criti-
cized in literature on this topic (e .g ., Spiel et al . 2006; Hell et al . 2008), we included 
both indicators in our study (UEQ grade and the intelligence test), which also 
allows us to examine to what extent these two indicators contribute to explaining 
the variance of the dependent variables .

Due to the low correlation between the UEQ and the intelligence test (r = -0 .277; 
grades are inverted in Germany), it can be assumed that the grade does not meas-
ure only fluid intelligence but rather measures another facet (verbal, crystalline) of 
general intelligence . With regard to the assumptions for linear models, there is still 
no multicollinearity if both factors are included (Variance Inflation Factor VIF 
< 10) . These analyses suggest that the different indicators of general intelligence 
used in this study measure different constructs and can contribute to the explana-
tion of dependent variables .

2 In the German grading system, grades are expressed numerically, with lower grades 
corresponding to better performance .
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Prior knowledge was assessed using the knowledge test described above, which 
was also used in T1 . The same test was used at both measurement times, without 
controlling for the order version (due to one-year interval) . In addition, the comple-
tion of a commercial vocational training, the achievement of the UEQ at a school 
with an economic focus and the attendance of an advanced economics course in 
school were assessed .

Subject-related interest was assessed by using one item (“Are you interested 
in economics- and business-related topics?”) . The assessed socio-demographic 
variables such as gender, age and migration background were included as control 
variables . Migration background was assessed using the question “Was at least one 
parent not born in Germany?” as well as questions about language skills . The par-
ticipants were asked in which language they could communicate best (in German, 
in another language, in German just as well as in another language).

4.3 Sample

The participants were students of B&E (284/734, 38 .56 %), B&E education (3/734, 
0 .41 %), business (256/734, 34 .88 %), economics (101/734, 13 .76 %), business engi-
neering (67/734, 9 .13 %) and business informatics (11/734, 1 .50 %; 12/734, 1 .63 % 
missing) . The sample considered here refers to the group of participants who were 
in their first semester in T1 and also took part again in T2, i.e. students who ac-
tually form the longitudinal sample (N = 734) . On the basis of this subsample, 
statements can be made about the change in domain-specific knowledge from the 
beginning of studies to the end of the first academic year (for a description of the 
longitudinal sample, see Table 1) .

4.4 Statistical Methods

RQ1 is examined using a dependent t-test . Due to a low to medium high ICC of 
0 .095 and as the B&E education study programs differ between the participat-
ing universities, RQ2 is examined using a multi-level modeling (MLM) of the T2 
knowledge score using the universities (n = 22) as a grouping variable (variance-
constant) = 1 .061 ± 0 .480, variance(residual) = 9 .854 ± 0 .631; LR vs . linear mode-
ling: chi² = 33 .65, p < 0 .0001) .

As the ICC score of 0 .047 (variance(constant) = 0 .023 ± 0 .017, variance(resid-
ual) = 0 .529 ± 0 .035; LR vs . linear modelling: chi² = 5 .74, p = 0 .008) regarding 
the grade in business courses and the ICC score for the grade in the economics 
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modules (ICC = 0.038) is only slightly below the common five percent limit (var-
iance(constant) = 0 .036 ± 0 .035, variance(residual) = 0 .832 ± 0 .065; LR vs . linear 
modeling: chi² = 2 .27, p < 0 .066), MLM were also conducted . With regard to 
the grade achieved in the microeconomics modules, the grouping variable again 
showed a low to medium high variance proportion (ICC = 0 .073; variance(con-
stant) = 0 .067 ± 0 .056, variance(residual) = 1 .122 ± 0 .087; LR vs . linear modeling: 
chi² = 3 .31, p = 0 .034) .

A random intercept model with explanatory variables on level 1 was modelled 
for each dependent variable . Although it can be assumed that the attended classes 
and their influence vary between universities, a corresponding random slope mod-
el did not lead to a significantly better model fit for any of the dependent variables 
(for all p > 0 .375 in LR chi² test) . The formula is as follows:

dependent variableij = β0 + β1independent variable1ij + β2independent variable2ij 
+ … + ui + εij

Differences in sample sizes between the multilevel models are due to missing 
values in the included variables . The deviance, AIC and BIC were calculated to 
indicate the model fit. In the significance test using the LR test, the models to be 
compared had to be adapted to the same sample size . The models were always 
compared with the next larger model with regard to the model fit.

With regard to the comparability of the measurement, the analyses showed a 
configurable measurement invariance of T1 and T2, indicating that the same con-
struct was measured at both measurement points (CFI = 0 .93, RMSEA = 0 .018; 
chi² difference test p < 0 .001) . The program R (R Core Team, 2018) was used to 
perform the longitudinal match . The analyses were conducted using Stata Version 
15 (Stata Corp, 2017) .
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5 Results

5.1 Difference between Both Measurements

The overall score in the economic knowledge test of the complete sample at the 
first measurement point (first semester) was 13.27 (± 4.389). At the second meas-
urement point (third semesters), it was 13 .69 (± 5 .023) for the complete sample . The 
longitudinal sample showed a total change between T1 and T2, from x(T1) = 14 .12 
(± 4 .163) to x(T2) = 14 .57 (± 4 .919) . For RQ1 (H1), the difference in knowledge 
level is significant (t(727) = -3 .321, p = 0 .0013) and can be interpreted as a small 
effect (Cohen’s d = 0 .095) according to Cohen (1988) .

5.2 Relationship between Indicators  
of Economics Knowledge at T2

The grades in the domain-specific courses are considered not as predictors but 
as dependent variables, as they also represent indicators of study success and do-
main-specific knowledge (e.g., Trapmann et al. 2007a). As shown in Table 2, all 
dependent variables considered here cover different aspects of domain-specific 
knowledge, as the correlations are medium high .

Table 2 Correlations between indicators of domain-specific knowledge

Sum score test grade in  
business

grade in  
economics

grade in micro-
economics

Sum score test 1 .000
grade in  
business

-0 .320 1 .000

grade in  
economics

-0 .262 0 .735 1 .000

grade in micro-
economics

-0 .318 0 .575 0 .766 1 .000

Note. Grades in Germany, i .e ., the lower the number, the better the grade .
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5.3 Factors Influencing Domain-Specific Knowledge

5.3.1 Learning Opportunities over the Course of Studies

The full model show that the number of business courses attended is of predictive 
importance with regard to the knowledge score after one academic year (Table 3) . 
The other variables are not able to contribute to the explanation of variance of the 
test score .

The number of attended courses in the respective subject (with the exception 
of the grades in economics), also contributes significantly to explaining the var-
iance of the grades (for business grade, attended courses in business b = -0 .434, 
SE = 0 .091, p < 0 .001*; for microeconomics grade, attended courses in microeco-
nomics b = -0 .3753, SE = 0 .164, p = 0 .022*; see appendix 1–3) .

3 The negative sign is due to the inverse coding in the German grading system (lower 
numbers indicate better grades) .
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Table 3  MLM with knowledge test score at T2 as dependent variable (group variable: 22 
universities)

Model: Wald chi² = 550 .34, p < 0 .001
Variable b SE z p
Constant 3 .237 1 .137 1 .05 0 .195
Attended courses in 
business

0 .865 0 .288 3 .01 0 .003*

Attended courses in 
economics

0 .016 0 .235 0 .07 0 .946

Attended courses in 
microeconomics

-0 .137 0 .286 -0 .48 0 .632

Attended courses in 
macroeconomics

 .0,164 0,325 -0 .50 0 .614

UEQ grade -1 .608 0 .301 -5 .34  < 0 .001*
Score BEFKI 0 .128 0 .572 2 .24 0 .025*
Knowledge test 
score at T1

0 .605 0 .042 14 .56 < 0 .001*

UEQ at school with 
B&E focus, no

0 .796 0 .387 2 .06 0 .040*

B&E related voca-
tional training, no

0 .394 0 .446 0 .88 0 .377

Advanced course in  
B&E, no

-0 .574 0 .314 -1 .83 0 .067

Interest in B&E 
related topics

-0 .011 0 .227 -0 .05 0 .961

Gender, male 1 .039 0 .305 3 .41 0 .001*
Age 0 .074 0 .071 1 .04 0 .300
Migration back-
ground, none

0 .394 0 .341 1 .16 0 .247

Preferred commu-
nication language, 
German

 .1 .189 1 .137 1 .05 0 .296

Note. N = 557 (due to missing values), UEQ = university entrance qualification, BE-
FKI = fluid intelligence short scale; in Germany, lower grades indicate better performance, 
* indicates significance on a 5 %-level.
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5.3.2 General Intellectual Ability

Both predictors of general intellectual ability, the UEQ grade and the fluid intelli-
gence score, significantly predict the knowledge score at T2, with the UEQ grade 
having the higher predictive power (Table 3) .

When explaining the variance of the grades in the B&E courses, the UEQ grade 
has a significant predictive value for all courses (grade in business: b = 0 .586, 
SE = 0 .070, p < 0 .001; grade in economics: b = -0 .007, SE = 0 .020, p < 0 .001*; 
grade in microeconomics: b = 0 .592, SE = 0 .120, p < 0 .001*), whereas the test 
score does not contribute significantly to explaining the variance (see appendix 
1–3) .

5.3.3 Prior Domain-Specific Knowledge

If all prior-knowledge-related variables are considered, only the knowledge score 
at the beginning of the study and visiting a school with B&E focus are significant 
with regard to predicting the level of knowledge after one academic year (Table 3) . 
While the knowledge test score has a positive influence, to have visited a B&E-fo-
cused school does not .

The economics test score at T1 can also contribute significantly to explaining 
the variance of the grades in business courses (b = -0 .036, SE = 0 .010, p < 0 .001*), 
economics courses (b = -0 .049, SE = 0 .014, p = 0 .001*) and microeconomics cours-
es (b = -0 .041, SE = 0 .016, p = 0 .012*) .

Other indicators of prior knowledge do not have an influence on grades, except 
for the factor of vocational training attended, which influences business grades at 
university (note the inverse grading system; b = 0 .291, SE = 0 .105, p = 0 .006*; see 
appendix 1–3) .

5.3.4 Interest in Study-Related Topics

The interest in B&E topics shows no significant predictive power regarding the 
domain-specific knowledge score after one academic year (Table 3). In the expla-
nation of the variance of the grades in B&E courses after one year, interest again 
does not have a significant influence (grade in business: p = 0 .361; grade in eco-
nomics: p = 0 .594; grade in microeconomics: p = 0 .733; see appendix 1–3) .



386 Schlax, J., Zlatkin-Troitschanskaia, O., Kühling-Thees, C., and Brückner, S. 

Ta
bl

e 
4 

Fi
t i

nd
ic

es
 in

 m
ul

ti-
le

ve
l m

od
el

s

Fi
t I

nd
ic

es
M

0 
(N

 =
 7

29
)

p
M

1 
(N

 =
 5

66
)

p
M

2 
(N

 =
 5

62
)

p
M

3 
(N

 =
 5

57
)

p
M

4 
(fu

ll;
 

N
 =

 5
57

)
K

no
w

le
dg

e 
sc

or
e 

at
 T

2
D

ev
ia

nc
e 

4,
16

4  .
37

**
3,

21
4 .

86
**

3,
11

4 .
32

**
2,

87
6 .

07
0 .

96
1

2,
87

6 .
06

A
IC

4,
17

8 .
37

3,
23

6 .
86

3,
14

0 .
32

2,
91

0 .
07

2,
91

2 .
07

BI
C

4,
21

0 .
52

3,
28

4 .
59

3,
19

6 .
63

2,
98

3 .
55

2,
98

9 .
87

N
ot

e.
 D

ev
ia

nc
e  =

 (-
2)

*l
og

-li
ke

lih
oo

d-
va

lu
e .

 *
 =

 sg
 . 5

 %
 le

ve
l, 

**
 =

 si
g .

 o
n 

1 %
 le

ve
l . 

M
0 

= 
co

nt
ro

l v
ar

ia
bl

es
, M

1 
= 

at
te

nd
ed

 co
ur

se
s a

dd
ed

, 
M

2=
 in

te
lle

ct
ua

l a
bi

lit
y 

ad
de

d,
 M

3 
= 

le
ar

ni
ng

 o
pp

or
tu

ni
tie

s a
dd

ed
, M

4 
= 

in
te

re
st

 a
dd

ed
 .



3874.4 Influences on the Development of Economic Knowledge …

Table 4 shows that the model fit for predicting the knowledge test score improves 
significantly with every model expansion, except for interest in B&E topics, where 
no significant improvement in terms of model fit could be determined.

Similar results can be found for the model fits regarding the grades. However, 
for the grade in the microeconomics module, no significant added value can be 
achieved with regard to the model fit by adding the attended courses to the model 
(see appendix 4) .

6 Discussion

6.1 Summary and Interpretation of the Findings

In the matched sample presented here, a significant positive but only slight change 
in domain-specific knowledge was identified between the two measurement points 
(RQ 1) . At the second measurement after one year of studying B&E, domain-spe-
cific knowledge is influenced by various factors (RQ 2).

In the multi-level model analysis, attending domain-specific courses, the UEQ 
grade and the domain-specific knowledge score at T1 were the main factors in-
fluencing the level of knowledge at T2 (measured via a test and via grades in do-
main-specific courses at university after one academic year). In particular, courses 
in business and microeconomics attended in the first year of studying B&E show a 
significant relevant influence on domain-specific knowledge.

With regard to general intellectual ability, the UEQ grade as an indicator was 
the most significant influencing factor. Furthermore, the level of domain-specific 
knowledge can be explained significantly by the students’ level of prior knowledge 
at the beginning of their course of study in higher education . The score on the 
domain-specific knowledge test at T1 as an indicator of prior knowledge is the 
strongest predictor for the score on the knowledge test at T2 .

When considering learning opportunities attended prior to studying in higher 
education as indicators of prior knowledge and their influence on the knowledge 
test score at T2, the results show that the learning opportunities seem to have a 
negative influence, or none at all. Students’ interest in B&E topics at the beginning 
of their course of study can only explain the level of economic knowledge at T2 to 
a negligible extent .

Overall, the results confirm the influence of the factors general intellectual abil-
ity, learning opportunities attended over the course of study and prior knowledge . 
Domain-specific knowledge already acquired prior to beginning a course of study 
can explain the level of knowledge after one year to a significant extent, both in 
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terms of the domain-specific knowledge test score and the grades in the corre-
sponding courses, even if other important influencing factors such as measures of 
intellectual ability and attended courses are taken into consideration .

The medium correlations between the domain-specific knowledge test and the 
grades in B&E-related courses indicate that the knowledge test can measure addi-
tional facets of knowledge after one academic year (RQ3) . However, the central in-
fluencing factors show their influence on all knowledge level indicators (RQ4). The 
knowledge score at T1 contributes in all cases significantly to the explanation of 
variance. These findings support the incremental validity (e.g., Hunsley and Meyer 
2003) of the economics knowledge test, and in accordance with further test vali-
dation results (Zlatkin-Troitschanskaia et al . 2019a, b), also supports the suitability 
of the test as an entry test . Administering this knowledge test at the beginning of 
B&E degree courses could make it possible to uncover students’ potential need for 
support and to offer them effective measures through preliminary courses and tu-
torials before the beginning of their studies. Since courses in “mass subjects” such 
as B&E are hardly “adaptable” to individual needs, effective support for students 
at an early stage is of particular importance to achieve the teaching and learning 
goals for as many students as possible, even with a low degree of individualization 
(Zlatkin-Troitschanskaia et al . 2017, 2019a) .

6.2 Limitations

One limitation of the present study and of low-stakes assessments (LSAs) in gen-
eral is the proportion of study drop-outs, so that in this study only about one ninth 
of the initial sample has been reassessed in T2 . Analyzing the descriptive values, 
the participants in the match sample are comparable to those in the original sample 
in T1, albeit slightly better-performing in terms of prior knowledge and measures 
of general intellectual ability . This indicates a slightly positive self-selection of the 
sample in T2 . Due to voluntary participation despite the full survey design, sample 
distortions cannot be ruled out for T1 (e .g ., non-participation and absence in sur-
veyed lectures) . Using computer-based handwriting comparison, we are currently 
trying to identify further matches between the participants in T1 and T2 that could 
not be identified by using the panel code.

A further disadvantage of LSA is the lower motivation of the participants to 
show maximum performance, as there are no significant consequences for the stu-
dents (see also Hartig 2007, on test motivation; Biasi et al . 2018; Ramm et al . 2006) . 
In this study, however, to motivate the participants, individual and group-compara-
tive feedback on the test results was offered along with monetary incentives, which 
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the students could check after each measurement (Zlatkin-Troitschanskaia et al . 
2019a). As the incentives were the same at every measurement point, significantly 
differing motivation effects are less likely .

Due to the multiple-choice format, guessing can also play an important role in 
the knowledge test (for adjusting approaches, see Smith and Wagner 2018). Al-
though Walstad et al. (2018) could identify only a minimal significant effect using 
the same knowledge test in one US pre-post study, the possible differential guess-
ing effects need to be analyzed in following studies .

As the same knowledge test was presented in both measurements, retesting ef-
fects at a one-year interval are unlikely, however they cannot be ruled out entirely 
(e .g ., Happ et al . 2016) . Further limitations of the measuring instruments used are 
the non-optimal internal consistency of the fluid intelligence test (for more de-
tails, see Jitomirski et al ., in this volume) the assessing of socio-demographic and 
study-related variables including grades via self-reporting . In the courses, only the 
attendance of the courses was reported, but not the engagement or learned content, 
which may, however, have a higher significance for the level of knowledge than the 
attendance . The latter also applies to the assessment of attended learning oppor-
tunities prior to study .

Furthermore, when operationalizing economic knowledge, we are only captur-
ing one part of the domain-specific knowledge taught in B&E (Zlatkin-Troitschan-
skaia et al . 2014) . This is also indicated by the low correlations between the test 
scores and the grades after one academic year. As shown in previous projects, 
including tasks on additional content (sub)domains such as finance and account-
ing would increase the curricular and instructional validity of the knowledge test 
(e.g., Förster et al. 2015), but also reduce the usability and efficiency of the test in 
practical implementation .

Additionally, due to the limited test time, students’ domain-specific interest was 
assessed with one question only, and only before they began their course of study . 
Future research should consider both a more differentiated operationalization and 
assessment of interest as well as the fact that subject-related interest may vary over 
the course of studies and that reciprocal relationships between the acquisition of 
domain-specific knowledge and grades can also be assumed.

Moreover, again due to the limited test time, only fluid intelligence could be as-
sessed using an intelligence test but none of the other facets of general intelligence 
such as verbal intelligence, which might influence a student’s performance in a 
text-based knowledge test .

Methodologically, multi-level modeling was conducted despite relatively small 
groups with only two-digit group sizes (Snijders and Bosker 2011) and without 
weighting, although the sub-samples of the universities were not the same size .
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Despite the reported limitations, the longitudinal dataset is nationally and inter-
nationally unique, which is a significant strength of the study, and the already high 
informational value of the test results for the first academic year allow for impor-
tant implications for further research in higher education and for higher education 
practice to be drawn .

6.3 Implications for Further Research

Although a significant part of the knowledge level after one academic year can 
already be explained in this study, there is still a high proportion of unexplained 
variance, especially with regard to grades, so that future research on further pos-
sible influencing factors is required. The included factors should be augmented 
by further indicators and tested using structural equation models to also analyze 
possible mediator effects, as independent effects of the individual factors on the 
dependent variable are theoretically and empirically questionable . Indeed, the par-
adoxical negative effect of pre-study learning opportunities can also be caused 
by the fact that their positive effect is already reflected in the variable of the test 
score at T1. A mediation effect can be assumed here as well. Additionally, specific 
institutional aspects should be addressed as well in further research .

The low knowledge growth in the first academic year requires more in-depth 
research . Preliminary work that takes a closer look at the development paths of 
knowledge (Happ et al . 2016; Schlax et al . 2019) suggests that, in addition to an 
increase in knowledge and the maintenance of prior knowledge, there is also a 
high degree of no knowledge change and loss of knowledge . Further research, 
including mixed method approaches, is intended to get to the root of the causes 
of knowledge development, such as the acquisition of misconceptions (Schmidt 
et al . 2020) . The results of Schlax et al . (2019) also indicate that a high degree of 
repetition of already existing knowledge becomes evident in the first academic 
year . In-depth curricular analyses and cognitive interviews with the students could 
provide an explanation of the findings as shown in previous studies (e.g., Brückner 
and Pellegrino 2016) .

Based on this study, analyzing knowledge development in the second and third 
years of bachelor programs is also required. The WiWiKom II project provides 
unique longitudinal data for this purpose, the analysis of which promises further 
insights to explain and promote the development of domain-specific knowledge 
over a course of B&E studies . The results to date already provide promising in-
dications of the possible use of the test instrument in university practice (Zlat-
kin-Troitschanskaia et al . 2019a) .
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Appendix

A1  MLM with grade in business courses at T2 as dependent variable (group variable: 22 
universities)

Model: Wald chi² = 199 .70, p < 0 .001
Variable b SE z p
Constant 2 .560 0 .598 4 .28 <0 .001*
Attended courses in business -0 .434 0 .091 -4 .77 <0 .001*
Attended courses in economics 0 .015 0 .055 0 .28 0 .782
Attended courses in microeconomics -0 .049 0 .066 -0 .75 0 .455
Attended courses in macroeconomics -0 .040 0 .074 -0 .54 0 .592
UEQ grade 0 .586 0 .070 8 .32 <0 .001*
Score BEFKI -0 .015 0 .014 -1 .07 0 .285
Knowledge test score at T1 -0 .036 0 .010 -3 .67 <0 .001*
UEQ at school with B&E focus, no -0 .159 0 .091 -1 .75 0 .080
B&E related vocational training, no 0 .291 0 .105 2 .76 0 .006*
Advanced course in B&E, no 0 .039 0 .074 0 .53 0 .598
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Model: Wald chi² = 199 .70, p < 0 .001
Variable b SE z p
Interest in B&E related topics 0 .049 0 .054 0 .91 0 .361
Gender, male -0 .057 0 .072 -0 .79 0 .432
Age -0 .011 0 .017 -0 .65 0 .513
Migration background, none -0 .123 0 .081 -1 .53 0 .126
Preferred communication language, German -0 .041 0 .264 -0 .16 0 .876

Note. N = 529 (due to missing values), UEQ = university entrance qualification, BE-
FKI = fluid intelligence short scale, lower grades in Germany indicate better performance, 
* indicates significance on a 5 %-level.

A2  MLM with grade in economics courses at T2 as dependent variable (group variable: 
22 universities)

Model: Wald chi² = 100 .14, p < 0 .001
Variable b SE z p
Constant 1 .611 0 .848 1 .90 0 .057
Attended courses in business -0 .208 0 .111 -1 .87 0 .061
Attended courses in economics -0 .203 0 .116 -1 .75 0 .081
Attended courses in microeconomics -0 .126 0 .097 -1 .29 0 .196
Attended courses in macroeconomics 0 .006 0 .101 0 .06 0 .953
UEQ grade 0 .523 0 .103 5 .07 <0 .001*
Score BEFKI -0 .007 0 .020 -0 .33 0 .739
Knowledge test score at T1 -0 .049 0 .014 -3 .47 0 .001*
UEQ at school with B&E focus, no -0 .115 0 .135 -0 .85 0 .394
B&E related vocational training, no 0 .173 0 .152 1 .14 0 .253
Advanced course in B&E, no 0 .080 0 .111 0 .73 0 .468
Interest in B&E related topics 0 .049 0 .081 0 .61 0 .541
Gender, male 0 .055 0 .104 0 .53 0 .594
Age 0 .025 0 .027 0 .94 0 .348
Migration background, none -0 .162 0 .121 -1 .34 0 .180
Preferred communication language, German 0 .831 0 .373 2 .23 0 .026*

Note. N = 387 (due to missing values), UEQ = university entrance qualification, BE-
FKI = fluid intelligence short scale, lower grades in Germany indicate better performance, 
* indicates significance on a 5 %-level.
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A3  MLM with grade in microeconomics courses at T2 as dependent variable (group var-
iable: 20 universities)

Model: Wald chi² = 76 .74, p < 0 .001
Variable b SE z p
Constant 2 .484 1 .009 2 .46 0 .014*
Attended courses in business -0 .029 0 .124 -0 .23 0 .815
Attended courses in economics -0 .046 0 .091 -0 .50 0 .614
Attended courses in microeconomics -0 .375 0 .164 -2 .29 0 .022*
Attended courses in macroeconomics -0 .161 0 .119 -1 .35 0 .178
UEQ grade 0 .592 0 .120 4 .94 <0 .001*
Score BEFKI -0 .021 0 .228 -0 .90 0 .368
Knowledge test score at T1 -0 .041 0 .016 -2 .51 0 .012
UEQ at school with B&E focus, no -0 .106 0 .157 -0 .67 0 .501
B&E related vocational training, no 0 .034 0 .184 0 .18 0 .854
Advanced course in B&E, no -0 .213 0 .123 -1 .73 0 .084
Interest in B&E related topics 0 .031 0 .091 0 .34 0 .733
Gender, male 0 .022 0 .120 0 .18 0 .855
Age -0 .000 0 .032 -0 .00 0 .996
Migration background, none -0 .210 0 .137 -1 .54 0 .124
Preferred communication language, German 0 .613 0 .387 1 .58 0 .113

Note. N = 397 (due to missing values), UEQ = university entrance qualification, BE-
FKI = fluid intelligence short scale, lower grades in Germany indicate better performance, 
* indicates significance on a 5 %-level.
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4.5  
Influences on Master’s Degree Students’ 
Economic Knowledge

Kraitzek, A., Förster, M., and Zlatkin-Troitschanskaia, O.

Abstract

Despite the growing body of research, little is known about students’ economic 
knowledge at the beginning of, or at various points throughout, their master’s 
degree programs . In this study different impact factors on students’ microeco-
nomic knowledge are tested . Based on the “utilization of learning opportunities 
model” by Helmke we focus on 1) individual and sociodemographic character-
istics of the students, 2) their learning potential and study-related characteristics 
and 3) the characteristics and structure of their learning environment . For each 
of the three influencing factors we used different indicators that were expected to 
correlate with students’ knowledge . We tested the assumptions with hierarchical 
linear modeling with a sample of 1,281 students from 40 universities respond-
ing to microeconomics items. In the final model gender was the only significant 
variable among sociodemographic characteristics while study-related grades and 
attended courses were better predictors than the grade of the university entrance 
qualification.
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1 Introduction

In higher education in Germany, a general tendency toward academization can 
be observed. Over the past several years, the number of first-semester bachelor 
students has grown continuously, and therefore also the number of graduates en-
rolling in master’s degree study programs directly upon completing their bachelor 
studies (consecutive entrants) and graduates who have worked in the private sector 
and now seek professional development (lateral entrants) (e .g ., Dionisius and Illger 
2015) . This is particularly the case in the study domain of business and econom-
ics (e .g ., Zlatkin-Troitschanskaia et al . 2014, p . 175) . The growing participation in 
these study programs has also led to greater diversity in student bodies at higher 
education institutes (HEIs) . These developments in turn have led to greater ex-
pectations of higher education teachers, and to changes in learning opportunities .

Despite the growing body of research, little is known about students’ economic 
knowledge at the beginning of, or at various points throughout, their master’s de-
gree programs (Happ et al . 2019) . Imparting and transferring economic knowledge 
is a vital function of HEIs, and knowledge itself is paramount when launching 
a career (e .g ., DIHK 2015) . Deeper understanding of higher education students’ 
development of knowledge is required to identify factors that influence learning 
(Seeber et al . 2015; Shavelson et al . 2018) . Evidence on students’ knowledge change 
would help determine implications for the organization of effective teaching and 
learning opportunities in higher education economics courses and programs (e .g ., 
Siegfried and Wuttke 2016) .

In this paper, influence factors on students’ microeconomic knowledge are ex-
amined . First, a brief overview of the state of research is given and the theoret-
ical-conceptual background of knowledge and how it is assessed in our study is 
described . Next, a description of the study and a multilevel analysis (MLA) is 
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provided . Finally, results of the study are discussed and implications for practical 
use and further research are explored .

2 Theoretical Background and Current State of Research

In previous research, various factors or combinations thereof leading to unfa-
vorable preconditions have been identified that may influence the development of 
economic knowledge . According to the framework of the utilization of learning 
opportunities model of education by Helmke (2009, Figure 1), students’ learning 
and perception of learning opportunities are influenced by various factors such 
as (1) the students’ family and socialization environment as well as sociodemo-
graphic characteristics, (2) the students’ learning potential and preconditions (e .g ., 
prior knowledge, intelligence), and (3) structural factors (context) of the learning 
environment (e .g ., type of HEI, such as university, university of applied science, 
or technical college, or the chosen course of study) in which learning takes place 
(Helmke and Schrader 2011). In this model, instruction, regardless of the field of 
study, is considered as merely an opportunity for students to learn something . This 
learning opportunity leads to actual learning, and how learning occurs depends on 
how the learning opportunity is perceived and interpreted by the student . Eventu-
ally, learning outcomes can be observed as a result of the complex interplay among 
the aforementioned factors . We focused on these three factor groups (1: Individual 
and Sociodemographic Characteristics, 2: Learning Potential and Study-related 
Characteristics, 3: Characteristics and Structure of the Learning Environment) in 
our study although learning activities and teacher- and instruction-related charac-
teristics also influence students’ development of knowledge. The goal of the paper 
is to investigate how sociodemographic characteristics, students’ learning poten-
tial and preconditions as well as structural factors of the learning environment 
have an impact on the students’ economic knowledge . We use different indicators 
for the three influencing factors that are expected to correlate with the dependent 
variable . These indicators and their expected impact are presented in Sections 2 .2 
to 2 .4, after discussing the depending variable .
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Figure 1 The utilization of learning opportunities model (Helmke 2009, p . 73)

2.1 Conceptual Fundamentals of Economic Knowledge

When it comes to modeling the latent construct of economic knowledge, a well-fund-
ed theoretical approach, which is at the same time practically oriented, is essential . 
Individuals who possess economic knowledge should be able to handle situation 
that involve general economics in some way . Therefore, we understand economic 
knowledge as a domain-specific cognitive disposition which allows an individual 
to solve tasks that cover core content in a ‘typical’ principles course in economics 
(Walstad and Rebeck 2008, p . 549; Zlatkin-Troitschanskaia et al . 2015) . With re-
spect to both the cognitive requirements and the content areas of economics, the 
presumed factorial structure has been specified to model and to assess economic 
knowledge . The cognitive structure of economic knowledge was modeled by three 
cognitive levels: (1) recognition and understanding, (2) explicit application, and (3) 
implicit application . This approach, which is also in line with the model by Walstad 
et al . (2007, p .6), is based on an adapted version of Bloom’s taxonomy (Anderson 
and Krathwohl 2001) . Concerning the level of content, the domain of economics 
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can be divided into the two sub-domains of macro- and microeconomics . Focusing 
on the latter, the content can be further categorized into “Basic Problems”, “Markets 
and Prices”, “Theory of Firm”, “Factor Markets”, the microeconomic “Role of Gov-
ernment” and the micro-dimension of “International exchange” . By this approach, 
following the model of Walstad, Watts and Rebeck (2007), the core curriculum in 
economics should be represented adequately (Zlatkin-Troitschanskaia et al . 2014) . 
Microeconomic knowledge (i .e . general knowledge about the aforementioned cate-
gories) is thus considered the core component necessary to develop domain-specific 
(i .e ., microeconomic) competences (Eberle et al . 2016; Siegfried and Wuttke 2016; 
Zlatkin-Troitschanskaia et al . 2014) and is essentially a result of multiple processes 
that are influenced by personal, social, and structural factors (Helmke and Schrader 
2011; Sembill and Kärner 2018, p . 178) .

2.2 Individual and Sociodemographic Characteristics

In previous research, various sociodemographic, and individual characteristics that 
may influence students’ acquisition of economic knowledge at the master’s degree 
level have been found . At an individual level, gender is considered one of the main 
predictors of developing economic knowledge . Numerous studies and large-scale 
assessments indicate that male students perform significantly better than their fe-
male counterparts in economics and economics-related subjects (e.g., Schumann 
and Eberle 2014; Förster et al . 2018a; Siegfried 2019; Zlatkin-Troitschanskaia et al . 
2019a) . In a comparison study of undergraduate students’ performance on tests of 
micro- and macroeconomic content knowledge in Germany, Japan, and the Unit-
ed States, Brückner et al . (2015) found that male students outperformed female 
students (p . 510) . In numerous other studies advantages for male test takers on 
economic knowledge tests were revealed (e .g ., Asarta et al . 2014) . As most studies 
in the field of economics have focused on bachelor students, little is known about 
the development of economic knowledge at the master’s degree level . Happ et al . 
(2019) demonstrated that in the area of microeconomics, male students achieve 
significantly higher test scores than female students at the master’s degree level as 
well .1 Consequently, the first hypothesis can be formulated as follows:

1 For more information on research on the gender effect, see the special issue by Happ, 
Förster, and Siegfried (in review) where various hypotheses for the gender effect are 
tested .
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H1a: Male students perform better in a microeconomic knowledge test than 
female students .

Due to the large influx of immigrants to Germany over the past several years, 
we do not know much about how these groups impact the diversity of the student 
body and its learning conditions . The socio-cultural and migration background 
and its implication for learning still poses a desideratum in higher education re-
search and needs to be considered more intensely (Klaus 2020) . Due to the current 
situation in Germany, the reason for migration and subsequently the term learners’ 
migration background is often and mistakenly just referred to as flight migration, 
i .e . migration due to war or persecution in an individual’s home country (Walwei 
2016; Brücker et al . 2016) . This narrow perspective on a learner’s migration back-
ground excludes learners who visit German HEIs, for example, as part of student 
exchange programs or international scholarships . Hence, the term migration back-
ground has to be thought of on a broader basis, since it accumulates the increasing 
socio-cultural diversity of the student body . This is especially true for interna-
tionally oriented study subjects like economic and its related sub-areas (DAAD 
2016, p . 15 and 18) . However, studies conducted in Germany indicate that migra-
tion background as well as a home language other than German are unfavorable 
preconditions for knowledge acquisition and learning outcomes (e .g ., Hurrelmann 
2009; Happ et al . 2019) . Home language acts as another predictor of economic 
knowledge (e.g., Brückner et al. 2015). Happ et al. (2019) identified negative effects 
of a migration background on students’ economics knowledge acquisition in mas-
ter’s degree studies even after completion of a bachelor degree program .

H1b: Students without a migration background perform better in a microeco-
nomic knowledge test than students with a migration background .

H1c: Students with German as the language spoken at home perform better 
in a microeconomic knowledge test than students with any other language than 
German spoken at home .

Educational choices also have an impact on students’ learning outcomes, as 
does the amount of knowledge in economics they acquire prior to beginning higher 
education studies . As learning opportunities at secondary and vocational schools 
prior to higher education vary across the federal states of Germany, students ac-
quire different knowledge in economics (e .g ., Brückner et al . 2015) . Thus, univer-
sity entrance qualification grades are less comparable, and there is evidence that 
domain-specific preparatory training at commercial vocational schools specializ-
ing in business and economics influences the subsequent acquisition of economic 
knowledge significantly (e.g., Happ et al. 2017, p. 61ff.; Riebenbauer 2015a, p. 43f.).
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H1d: Students who were trained at vocational schools with a special focus on 
business and economics perform better in a microeconomic knowledge tests than 
students from schools for general education .

After graduating from school, it is not uncommon for many young people in 
Germany to gain work experience before pursuing studies at college or university . 
Obtaining commercial vocational training and work experience in a field influ-
ences the acquisition of knowledge in that field. This has been proven in research 
on external accounting in which knowledge of double-entry bookkeeping and 
procurement and distribution processes were assessed (Fritsch et al . 2014, p . 37; 
Riebenbauer 2015b) . Similar results were yielded in studies of internal accounting 
(Förster et al. 2016), finance (Förster et al. 2015), and micro- and macroeconom-
ics (Zlatkin-Troitschanskaia et al . 2015) . Although vocational training and years 
of work experience have a positive effect on students’ performance on economic 
knowledge tests at the bachelor degree level (e .g ., Happ et al . 2017), little is known 
about such effects at the master’s degree level .

H1e: Students who completed a commercial vocational training perform better 
in a microeconomic knowledge test than students without commercial vocational 
training .

2.3 Learning Potential and Study-Related Characteristics

Research indicates that students entering a master’s degree study program at uni-
versity usually have completed previous studies and/or obtained special train-
ing and/or work experience and therefore have diverse knowledge (e .g ., Happ et 
al . 2019) . Particularly in the study domain of economics, (in addition to general 
skills), the domain-specific competences master’s degree students gain from their 
prior education have significant effects on their acquisition of economic knowl-
edge . Despite discussion about the explanatory power of grades (e .g ., Trautwein et 
al. 2008), the university entry qualification grade is considered the most significant 
predictor of a person’s learning potential and their anticipated academic perfor-
mance before entering university (e .g ., Steyer et al . 2005; Trapmann et al . 2007; 
Riebenbauer 2015b). The final grade at secondary school, for instance, has been 
found to influence bachelor students’ scores on micro- and macroeconomic tests 
(e .g ., Beck and Wuttke 2004; Schumann and Eberle 2014; Zlatkin-Troitschanskaia 
et al . 2015; Schlax et al . in this volume) .

In addition to indicators of learning potential before starting a university study 
program, participation and grades in undergraduate studies are expected to be 
even stronger predictors of the development of economic knowledge during a mas-



408 Kraitzek, A., Förster, M., and Zlatkin-Troitschanskaia, O.

ter’s degree study program. We expect that the university entry qualification grade 
loses its predictive power the with increasing study progress . Results indicate that 
study-relevant performance like grades achieved in a bachelor degree program and 
performances in the relevant examinations could significantly explain the econom-
ics test performance of students in master’s degree studies and are expected to be 
a better predictor than the university entry qualification grade (Troche et al. 2014). 
This could be justified with the Knowledge-Is-Power Hypothesis, which states that 
domain knowledge is the primary determinant of cognitive endeavors within a 
domain (Hambrick and Engle 2002) .

H2a: The better the grade of a student’s university entry qualification, the high-
er the student scores in a microeconomic knowledge test .

H2b: The better a student’s final grade achieved in a bachelor degree program, 
the higher the student scores in a microeconomic knowledge test .

H2c: The explanatory power of the student’s university entry qualification to 
explain microeconomic knowledge during the master’s degree course is smaller 
than the final grade of the bachelor degree program.

Evidentially, learning opportunities in higher education are essential for the 
acquisition of domain-specific knowledge: In previous research, positive effects of 
(regularly) attending one or more lectures were found on students’ acquisition of 
knowledge of external accounting (Fritsch et al . 2014), internal accounting (Först-
er et al . 2016), micro- and macroeconomics (Zlatkin-Troitschanskaia et al . 2015, p . 
120 and p. 130; Schlax et al. in this volume; Siegfried 2019), and finance (Förster 
et al. 2015). While attending lectures is a variable depending on the specific struc-
tures at HEIs (Kühling-Thees et al . in this volume), performance on the exami-
nation at the end of a lecture is considered a qualitative indicator of the acquired 
knowledge and the students’ learning performance (Shavelson et al . 2018) .

H2d: Students who attended one or more lectures in microeconomics score 
higher in a microeconomic knowledge test than students who did not attend any 
lectures .

H2e: The better the grade a student receives on a microeconomic course, the 
better the student’s performance in a microeconomic knowledge test .

2.4 Characteristics and Structure of  
the Learning Environment

According to the Helmke model, the characteristics and structure of the learning 
environment play a significant role with regard to students’ learning activities. 
This has been especially evident since the introduction of the Bologna process, 
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which has required major reconstruction of structure and curricula over the past 
several years to meet the demands of an increasingly competence-oriented higher 
education . In higher education economics, different types of HEIs offer different 
learning opportunities, and the type of HEI students attend impacts the knowledge 
they acquire . University students exhibit greater economic knowledge than stu-
dents of universities of applied science or technical colleges (e .g ., Happ et al . 2013, 
p . 80; Zlatkin-Troitschanskaia et al . 2015, p . 128f .) .

Although business and economics is a very broad study domain and econom-
ic content is also gaining importance in related subjects such as industrial engi-
neering and business information systems (e .g ., DIHK 2015), little is known about 
how master’s degree students’ economic knowledge varies across these subjects. 
Therefore, in the study presented here, we investigated whether and how various 
attended courses in economics-related study programs influence the state of stu-
dents’ economic knowledge . We expect that economics students should achieve 
the best results .

H3a: Students at universities reach higher scores in a microeconomic knowl-
edge test than students at universities of applied sciences .

H3b: Students of economics perform better in a microeconomic knowledge test 
than students of any other economics-related subject.

Presents the superordinate conceptual model with all of the facets described 
above and the assumed correlations .
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Figure 2  Conceptual Model

3 Study Design, Data Collection, and Analyses

3.1 Operationalization

To assess students’ microeconomic knowledge, the comprehensively validated 4th 
version of the Test of Understanding College Economics (TUCE), which was orig-
inally developed by Walstad et al . (2007), was administered (Zlatkin-Troitschan-
skaia et al. 2015). In the WiWiKom project, the test was translated, validated by 
experts, and adapted for use in higher education in Germany (for the adaptation 
and validation processes, see Förster et al . 2014, Zlatkin-Troitschankaia et al . 2014) .

The microeconomics part of the TUCE consists of 30 items, each of which has 
one correct answer option of four (single choice) . The items cover six subareas of 
microeconomics outlined by Walstad et al . (2007, p . 2: basic problems, markets 
and prices, theory of firm, factor markets, role of the government, and interna-



4114.5 Influences on Master’s Degree Students’ Economic Knowledge 

tional relations). In terms of cognitive demand and level of difficulty, the items are 
designed to assess recognition and understanding, explicit application, and im-
plicit application and thus are seen as more or less equivalent to the three levels of 
Bloom’s taxonomy, that is, remember, understand, and apply (Bloom et al . 1956, 
Krathwohl 2002, p . 216) .

To counteract possible distortion effects (e .g ., effects of students’ fatigue during 
test taking, cognitive bias, etc .), a booklet design was chosen for data collection . 
In the study presented here, the microeconomics items along with finance and 
accounting items was spread over seven test booklets, ensuring an almost even 
distribution of microeconomics items in each booklet . The position of the part of 
the test concerning microeconomics was different in each booklet to minimize 
the possible effects of the positioning of items . The reliability of the TUCE had 
been proven for Germany and the US . For German higher education the EAP/
PV-reliability for the microeconomics test was 0 .717 in the booklet-design (for 
further information, see Zlatkin-Troitschanskaia et al . 2015) . Furthermore, socio-
demographic questions were included at the beginning of each booklet . With this 
procedure, an almost evenly split number of items in total across all booklets could 
be ensured . A brief overview of the complete booklet design is given in Table 1 .

Table 1 Booklet design

Booklet 
No .:

1 2 3 4 5 6 7

Part 1 Socio Socio socio Socio socio socio socio
Part 2 finance 2 micro 1 micro 2 micro 3 account 1 account 2 finance 1
Part 3 micro 1 micro 2 micro 3 account 1 account 2 finance 1 finance 2
Part 4 micro 2 account 1 account 2 finance 1 finance 2 micro 1 micro 3
Total 
items

28 28 28 26 24 26 26

To identify and examine the factors influencing students’ economic knowledge, in 
this study, students’ microeconomic knowledge was operationalized through the 
share of overall number of microeconomics items they answered correctly to the 
number of microeconomics they had to answer in total (score_mic) . The value of 
the score_mic differs between 0 (no items solved correctly) and 1 (all items solved 
correctly) .

The independent variables were operationalized mostly via a single item in 
which test takers could choose a closed question requiring a yes or no answer (e .g ., 
Did you complete a vocational training program?), a question requiring a single 
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response from a list (e .g ., What is your course of study?), or a an open-ended ques-
tion requiring a short response . To determine home language test takers responded 
to one question about whether German was the language commonly spoken at 
home . Test takers were allowed to add some information about the language spo-
ken primarily at home . Migration background was determined by the test takers’ 
response to a question asking whether at least one parent did not originate from 
Germany . The average grade, for example, in a bachelor degree program, was sup-
plied by students, who provided the numerical grade they received . Examples for 
various items of the independent variables and their response options are provided 
in Annex A .

3.2 Sample

In the WiWiKom project, data collection for the study presented here was conduct-
ed in summer 2015 as a one-off cross-sectional study at 40 HEIs in Germany . The 
method of the data collection, i .e . testing a variety of students who are enrolled in a 
variety of different HEIs across the country, indicates a hierarchical data structure 
which has to be taken into account in the data analysis (for Multi-Level Analysis, 
see Section 4 .2) . The booklets were administered to master’s degree students in 
business and economics and related subareas, resulting in a sample of N = 1,492 
students, with a total of n = 1,281 test takers having responded to the microeco-
nomics items . This means that due to the booklet design, 85 .9 % of the test takers 
worked on the microeconomics part of the test . The average age of the participants 
was approximately 25 and the distribution across the genders was almost evenly 
split with N = 678 (i .e ., 52 .9 %) male students . Of the 1,281 test takers, 342 (i .e ., 
26 .7 %) had a migration background and 491 (i .e ., 38 .3 %) were attending a uni-
versity of applied science . Other details about the sample are provided in Table 2 .
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Table 2 Sample description (test takers for microeconomics)

M SD Min . Max . n (%)

Age  24 .98 2 .29 20 49 1255 (98 .0)

Gender Female 602 (47 .0)

Male 678 (52 .9)

Migration  
background

Yes 342 (26 .7)

No 936 (73 .1)

Home language German 1095 (85 .5)

Other 181 (14 .1)

UEQ with focus 
on economics

Yes 292 (22 .8)

No 985 (76 .9)

Commercial 
training

Yes 252 (19 .7)

No 1026 (80 .1)

UEQ grade*  2 .24  .533 1 .0 3 .7 1252 (97 .7)

Av . grade bachelor 
degree*

 2 .09  .430 1 .0 3 .5 1185 (92 .5)

Av . grade  
microeconomics*

 2 .28  .737 1 .0 4 .0 938 (73 .2)

Completed  
courses in  
microeconomics

None 208 (16 .2)

One 654 (51 .1)

More than one 333 (26 .0)

Type of HEI University 790 (61 .7)

University of applied 
science/technical college

491 (38 .3)

Course of study Economics and business 
administration

311 (24 .3)

Economics and business 
education

68 (5 .3)

Economics 137 (10 .7)

Business administration 577 (45 .0)

Business and industrial 
engineering

83 (6 .5)

Business information 
systems

48 (3 .7)

Other 53 (4 .1)

Note. Ntotal = 1,281; 40 HEIs (23 univ ., 16 univ . of appl . sc ., 1 technical college) .
*In the German grading system, grades range from 1 (best) to 6 (worst) .
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4 Results

4.1 Frequency of Correctly Answered Microeconomics Items

Of the n = 1,281 test takers who solved microeconomics items, only one was able 
to answer all of the questions correctly, thus scoring 100 % . Overall, 175 test takers 
(i .e ., 13 .7 %) scored 20 % or less . In our sample, the average was M =  .437 (SD = 
 .1828), which means that 43 .7 % of all the questions about microeconomics were 
answered correctly . The overall distribution (classes) is described in Figure 3 .

Figure 3 Overall distribution of correctly answered test questions
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4.2 Results of the Multi-Level Analysis:  
Intra-Class Correlation

Figure 4 Hierarchical data structure

To test the hypotheses in this study, an MLA was conducted . As the students are 
allocated in different universities (Level 2), the hierarchical structure of the data 
was taken into consideration (Figure 4) . In the present case, variance among the 
HEIs (Level 2) occurs as well as variance among the students of each HEI (Level 
1). With an MLA being more complex than standard regression models, the first 
step prior to the main analysis was to investigate whether the hierarchical struc-
ture affected the results . To this end, we calculated a variance component model 
(Raudenbush and Bryk 2002) by which variance in microeconomic knowledge 
among the HEIs and the students is identified. The resulting intra-class correla-
tion coefficient (ICC), which should be larger than 0.05 or 5 % (Hox 2010; Heck 
et al. 2010), indicates whether conducting an MLA is justified. For our model, 
we computed the following variance component model and calculated an ICC of 
11 .75 %, indicating that conducting an MLA is reasonable, and more than 11 % 
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of the variance in the microeconomic test scores of the present sample can be 
described through differences among the HEIs alone . The calculations and results 
are displayed below .

4.3 Results

An overview of the results of the MLA is given in Table 3 . We used a stepwise 
procedure to account for dependencies between the different groups of influencing 
factors; where in the first model we tested the individual and sociodemographic 
factors, in the second model we added learning potential and study-related charac-
teristics of the students, and in the third model we added the structural factors of 
the learning environment .

In Model 1, which depicts individual and sociodemographic factors, the varia-
bles gender and home language correlated significantly with the microeconomic 
test scores . On average, male students solved approximately 6 .7 % more items cor-
rectly than female students, and students speaking a language other than German 
at home solved approximately 5 % fewer items correctly than students speaking 
German at home, confirming H1a and H1c. University entrance qualification from 
a school specializing in business and economics (H1d) and a completion of com-
mercial training (H1e) did not have a significant influence on the test scores. The 
variable migration (H1c) was almost significant.

In this model, 6 .9 % of the variance at the student level and 2 .5 % of the vari-
ance at the institutional level (L2: R2= .025) could be explained by those variables . 
The rather small amount of variance could be explained that in this model only 
individual factors, that is Level-1 variables, were integrated .

In Model 2, when taking learning potential and study-related characteristics 
into account, the University entrance qualification grade (H2a), final grade in 
the bachelor degree study program (H2b), and completion of one or more micro-
economic courses (H2d) had a highly significant effect on the students’ test scores 
while the significant gender (H1a) effect found in Model 1 remained . The explan-
atory effect of the University entrance qualification grade is lower than the effect 
of the final bachelor grade, which confirms H2c .
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Remarkably, the grade in microeconomics did not influence the test scores and 
was only close to being significant (H2e). Additionally, the effect of home lan-
guage, which could be found in Model 1, no longer occurred when taking study-re-
lated characteristics into consideration (H1c) . The effect of migration also was no 
longer observable . In this model, 14 .4 % of the variance could be explained by 
Level 1 variables (L1: R2 =  .144) and 49 .1 % by Level 2 variables (L2: R2 =  .491) . 
Although we did not integrate any second-level variable until this point, the expla-
nation of variance on the second level is higher than expected . This effect is due 
to the integration of the attended courses in microeconomics . Since students of 
universities of applied sciences have participated in less microeconomics courses, 
they received a microeconomics grade less often .

In Model 3, after adding structural factors of the learning environment, the 
significant gender effect (H1a) remained while no other sociodemographic or indi-
vidual factors yielded substantial effects on the test scores (H1b-H1e) . Migration 
(H1b) was close to being significant, as was the UEQ grade (H2a) . However, the 
final grade in the bachelor degree study program, the grade in microeconomics, 
and completion of courses in microeconomics still showed considerable effects on 
microeconomic test scores .

In our sample, the type of HEI, which is the only pure second-level variable in 
our study, was only close to being significant and did not have as strong an effect as 
presumed in H3a . Considering the course of study, students of economics have the 
highest score and have a significant advantage compared to test takers from other 
fields of study. Only in comparison to economics and business education students 
(p =  .056) and to business information systems students (p =  .061) are the differ-
ences not significant on a 5 %-Level. In this model, 15.6 % of the variance could be 
explained by Level 1 variables (L1: R2 =  .156) and 79 .3 % by Level 2 variables (L2: 
R2 = .793). The significant increase in variance explained by L2 variables here is 
due to the addition of the variable type of HEI in this model .

A general overview of the results embedded in the previous model of hypothe-
ses is presented in Figure 5 .
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Figure 5 Results embedded in the conceptual model
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5 Conclusion

5.1 Discussion

The three examined groups of major influences impacted master’s degree students’ 
economic knowledge to a different extent . Within the group of sociodemographic 
and individual influences, a significant gender effect was found, which influenced 
performance on the microeconomic knowledge test significantly. This effect was 
observable at the beginning of a master’s degree study program, as male learners 
performed significantly better on a standardized test of microeconomic knowl-
edge. Although this finding is in line with results of prior studies of bachelor’s and 
master’s degree students (e .g ., Zlatkin-Troitschanskaia et al . 2019a; Happ et al . 
2019), the question arises as to why gender still had an effect at the master’s degree 
level . One reason might be that microeconomic knowledge is heavily structured 
by implicit rules of logic and based on mathematical content, which might be fa-
vored by male learners (Ballard and Johnson 2005; Shavelson et al . 2019) . Further, 
it could be argued that interest plays a large role in the acquisition of knowledge . 
Therefore, if male learners are more interested in this field than their female peers, 
they might be better at acquiring microeconomic knowledge (Förster et al . 2018) . 
Another possible explanation, as the results of prior studies suggest, might lie in 
the test format, which is a simple 1-out-of-4 multiple (single) choice and may be 
more suitable for males (e .g ., Walstad and Robson 1997; Arnold and Rowaan 2014; 
Ackermann and Siegfried in review) . One way to test the latter assumption would 
be to redesign the test to a format that requires more elaborate, complex answers 
to the same test items than simple right-or-wrong answers . In this context, it might 
be worthwhile to investigate if the level of difficulty of the items can be varied 
in terms of test format, for example, how students perform when the test items 
contain predominantly numbers (i .e ., arithmetical forms) or are purely text-based 
(Brückner et al . 2015; Förster et al . 2015) . Against the background of greater com-
petence-oriented education in Germany, it also might be necessary in the future 
to develop competence- and performance-oriented achievement tests designed 
to assess not only microeconomic knowledge but knowledge in other subjects or 
competence on a broader basis .

Migration background and home language had an impact on economic knowl-
edge when only sociodemographic variables were included in the model . Students 
who had at least one parent not born in Germany or who spoke a language other 
than German at home performed worse than students without a migration back-
ground. These differences became smaller and were no longer significant when 
other factors were controlled. This might indicate that especially the final grade in 



4214.5 Influences on Master’s Degree Students’ Economic Knowledge 

a bachelor degree study program, the completion of a microeconomic course, and 
the HEI institution as well as the course chosen might mediate some of the effects 
of migration background (Happ et al . 2019) .

Concerning prior economic education, completion of commercial (vocational) 
training did not correlate with microeconomic knowledge in the master’s degree 
study program . Since the subarea of microeconomics is, in contrast to funda-
mental economics, not extensively addressed in most commercial and vocational 
traineeships (Förster et al. 2018a), this finding is meaningful. However, as prior 
commercial training generally plays a significant role in the acquisition of knowl-
edge in business and economics, it should be examined whether any effects can 
be observed in business-related areas such as accounting, finance, and controlling 
(Happ et al . 2019) .

In terms of cognitive conditions as an important part of study-related charac-
teristics, the effect of students’ UEQ grade was no longer significant when their 
final grade in their bachelor degree study program and their grade in a micro-
economics course were taken into account . This supports the assumptions that 
the final grade at secondary school becomes less closely linked to performance 
over the course of studies and that study-related grades are better predictors of 
students’ knowledge. The correlation between the final grade in a microeconomics 
course and test results and the correlation between attendance in a microeconom-
ics course and test results underline the validity of the TUCE .

At the structural level of HEIs, results of the study presented here indicate 
that (regularly) attending lectures on microeconomics has a significant effect on 
the acquisition of microeconomic knowledge. This finding is in line with results 
of previous studies (e .g ., Stanca 2006) . However, as the current study also shows, 
master’s degree students in Germany were able to answer only approximately 44 % 
of the test items correctly . Since in the study presented here more than 10 % of 
the variance in microeconomic knowledge could be explained by the type of HEI 
alone, the questions arise as to what extent the HEI itself as an institution matters 
and whether the actual process of knowledge transfer in HEIs (e .g ., during lectures) 
should be reconsidered . Previous research revealed that students attending univer-
sity have greater microeconomic knowledge than students attending universities 
of applied science (Zlatkin-Troitschanskaia et al . 2015, p . 130) . This might partly 
due to the fact that the different types of HEIs differ in learning opportunities . 
At universities of applied science focus usually is not solely on economics; there-
fore, there are fewer economics-related topics covered and less economics-related 
content learned . However, results of curricular analyses indicate that the overall 
amount of economic content taught at universities of applied science is generally 
lower than at universities (Zlatkin-Troitschanskaia et al . 2015, p . 130) . 
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Furthermore, students of economics performed better on the microeconomic 
knowledge test than students of other subjects such as business, which indicates 
that the course of study is relevant . This is an indicator that the chosen test is valid 
as the economics students performed best due to their learning opportunities in 
economics compared to students of other degree courses .

5.2 Limitations, Implications, and Outlook

Internal differentiation at the HEI level, that is, adjustments to learning opportuni-
ties, are required due to the increasing heterogeneity of students bodies (Happ et 
al . 2017, p . 74f .) . This is the blind spot of the model used and data gathered in this 
study, as details about instruction in the classroom, learning activities in and out 
of class, or even teacher characteristics were unknown; the assessed study-related 
characteristics such as grades and attended courses were self-reported .

Another limitation is the drawn sample as it was not representative, neither 
on the institutional nor on the individual level . Though the sample was substan-
tial in terms of the number of participating universities and students, it cannot be 
guaranteed that the results can be generalized across German higher education . 
Moreover, the results presented in this paper focus on economics, and here on 
microeconomics only . As Happ et al . (2019) demonstrated, in other business and 
economics subdimensions results might be different .

Furthermore, this study has a one-term cross-sectional design . Drawing con-
clusions about how the acquisition of microeconomic knowledge is influenced 
by specific variables in the long run requires longitudinal research like in the 
WiWiKom II project (Zlatkin-Troitschanskaia et al. 2019b; Schlax et al. in this 
volume). In the WiWiSET project, the current data is provided combined with in-
vestigations into academic success and failure (e .g ., drop-out rates) and reasons for 
them (Kühling-Thees, in this volume) . In addition to large-scale assessments like 
in the WiWiKom and WiWiSET projects, conducting microstudies, that is, (more 
qualitative) investigations at the classroom or course level, might be an effective 
way to gain deeper understanding of how knowledge develops over time and which 
specific learning environment fosters the desired learning outcomes (for a pre-test 
eye-tracking study with economics students, see, e .g ., Klein et al . 2019) .

Due to test limitations and time restrictions, we had to focus on selected var-
iables within the three influencing factors presented in this paper. Therefore, 
only some aspects of the Helmke model have been taken into account and we 
approached the model from a rather formal learning opportunities perspective . 
There are more indicators that may have a significant impact on students’ eco-
nomic knowledge (e .g . socioeconomic background, economic socialization, study 
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motivation, self-confidence) and those should be examined in future studies in a 
more differentiated way .

Despite these limitations, the results from the MLA indicate, in particular, 
a need to explore and discuss the quality of instruction in higher education, as 
conditions vary significantly among and within universities. The instruction- and 
learning-activities-level within the utilization of learning opportunities model has 
to be focused more closely in microstudies . We do not know how students used 
the formal learning opportunities and what happened within the classroom . How-
ever, both instruction methods and learning activities are closely related to the 
context within and between the universities, which should be examined in further 
details . While at many universities obligatory lectures can be attended by more 
than 300 students, in other very specialized courses the groups of learners are 
quite small . In addition, groups of students normally are smaller at universities 
of applied sciences and technical colleges than at universities . These conditions 
have a strong impact on teachers’ choice of instructional method and the learn-
ing culture . Revamped test and course designs as well as a restructuring of feed-
back methods also might be essential . Formative feedback strategies, for example, 
continuous and ongoing electronic feedback, concerning the state of knowledge 
and learning outcomes might enhance students’ acquisition of knowledge even 
in lectures attended by numerous students (Förster et al . 2018b) . In addition, pro-
moting language comprehension and communication skills might foster general 
understanding of economic topics such as technical terms and domain-specific 
expressions; such measures would be helpful especially for learners with a mi-
gration background . Additionally, in higher education, the teaching competence 
of the instructor and their pedagogical skills should have an important impact on 
the effect and the utilization of the offered learning opportunities . While there are 
no obligated trainings for lecturers in higher education, the variance of lecturers’ 
teaching competences can be expected to be higher than in school and the impact 
on students’ outcome has to be examined in further studies . The implementation 
of these measures would permit investigation into individual factors that influence 
knowledge, knowledge acquisition, and learning outcomes .
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Annex
Table A Examples for operationalization of independent variables taken from the booklet

1 . Gender

Female  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Male  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Item 1: Gender
3 . Which language is most frequently spoken in your family environment?

German  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Other: ______________________________________________________

Item 3: Home language
16. What is your final average bachelor grade? ___,___

Item 16: Average grade of bachelor degree



4294.5 Influences on Master’s Degree Students’ Economic …

18.  How many courses of the following subjects did you visit prior to the current semes-
ter (e .g . in you bachelor studies) and which grade did you receive in each respective 
first exam?

Microeconom-
ics and adjoin-
ing sub-areas, 
e .g . industrial 
economics, 
market prices 
and competition

completed 
courses; average 
grade

none one two or more average grade

___,___
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