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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-
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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/
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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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