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Preface
Prof. Uwe Dittmann (FFBT Wl e. V.)

Future is development — this credo also applies to our education system. Insti-
tutions of higher education can only produce graduates for the labor mar-
ket with the ability to face current business challenges, consciously take on
responsibility, and actively help forge our future when the key players carefully
observe social trends and, in the case of higher education, continue to develop
and refine the strategy and objectives of their degree programs.

The International Council of Academic Departments in Engineeringand Man-
agement (Fakultiten- und Fachbereichstag Wirtschaftsingenicurwesen e. V.,
FFBT Wle. V.) is aware of its critical scientific and societal responsibility with
regard to forging this future. We took the final revision of the University Qual-
ifications Framework by the Culture Ministers Conference as an opportunity
to align the third edition of the Qualifications Framework for Engineering
and Management to these newly adopted guidelines. The qualification profile
focuses on describing the skills and competences students in Engineering and
Management programs develop during their studies. The goal is to teach stu-
dents to reflect and act in an innovative manner and, in this way, help them
continue to grow and develop throughout their professional lives with the help
of scientific methods.

A qualifications framework is a systematic description of a graduate’s quali-
fication profile. In the increasingly diversified system of higher education, it
is especially important for individual degree programs — and particularly for
such an interdisciplinary and integrative-oriented independent study program
as Engineering and Management — to clearly and transparently formulate the
standards that must be satisfied in its curriculum in order to bear the prestig-
ious title of ,Engincering and Management*®. This qualifications framework
serves as a set of guidelines and a quality assurance instrument. It contains a
list of the target learning outcomes, a description of the knowledge and skills
graduates should possess, a description of formal aspects such as workload



reflected in ECTS credits, admittance criteria, degree designations, and other
formal qualifications.

The intention of the framework is to provide orientation when developing and
further refining a curriculum and, at the same time, to clearly differentiate the
Engineering and Management degree from other degrees. It should also pro-
vide a reliable “quality seal” showing that a completed degree in the field con-
tinues to represent the highest possible level, one that creates excellent career
opportunities for graduates. There is a reason why Engineering and Manage-
ment is currently one of the three most sought-after degree programs in Ger-
man-speaking countries with an equally strong reputation among companies.

Engineering and Management programs consist of four defined core areas:
engineeringsciences, natural sciences and mathematics; business, law and other
social sciences; the integration courses, which represent the heart of the pro-
gram and cover interdisciplinary research questions and interdependencies in
a holistic manner; and finally, soft skills and foreign languages. The Qualifica-
tions Framework for Engineering and Management provides detailed criteria
for how the core areas are weighted and formulates the targeted learning out-
comes in the form of knowledge, skills and competences that graduates should
acquire in bachelor’s and master’s programs. It also describes the possibility of
pursuinga PhD.

I would like to thank all colleagues from our member universities in Germany,
Austria and Switzerland who took part in the numerous working group meet-
ings to revise and further develop the Qualifications Framework for Engineer-
ing and Management, which was first published in 2012. With our shared crit-
ical perspective and constructive suggestions, we have collaboratively reached
our goal of putting together a document that does justice to the current
requirements of our educational system while adequately integrating impulses
from the sciences and society.

I'would like to express my particular gratitude to my colleague, Alfred Schitter,
who was a driving force in promoting the results of the working groups. He has
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consolidated the ideas and contributions of our members and, in doing so, has
had a considerable impact on the completion of this third edition.

Our collaboration is however by no means complete; on the contrary, it is part
of an ongoing, evolutionary process of further developing this field of study.
Beyond the regular updates of this qualifications framework, the next point
on the agenda is to prepare a systematic overview, which would enable us to
clearly define the concept of the Engineering and Management degree pro-
gram according to international standards and make such programs compara-

ble beyond the borders of the German-speaking world.

Pforzheim, April 2019

Chairman of the International Council of Academic Departments
in Engineering and Management (FEBT Wle. V.)

Prof: Uwe Dittmann



Preface
Dr.-Ing. Frauke Weichhardt (VWI e. V.)

I am pleased to present to you the 1st Englisch edition of the Qualifications
Framework for Engineering and Management. The qualifications framework
is an important contribution to the definition of study contents and structures
of combined management and engineering study programs and thus makes an
important impact on the quality assurance in this study area. At the interface
between technology and management, training in Engineering and Manage-
ment has proven successful for many industries now for over 90 years.

The original study concept from the 1920s has been re-defined early in Ger-
many in the 1950s by a three pillars concept of the Berlin model according
to the academic directors of the Berlin program Horst Wagon and Helmut
Baumgarten. The qualifications framework presented here is intended to go
one step further. In addition to the Berlin model, a fourth pillar is added to
define the course of study: Besides the traditional study areas such as “Tech-
nology” (thus STEM subjects), “Business Administration” and “Integration
Studies” now the additional study area of “Soft Skills and Foreign Languages”
has been integrated. This takes the global developments in industry and society
since the conception of the Berlin Model into account.

The German Association for Engineering Management (Verband Deutscher
Wirtschaftsingenieure e. V., VWTe. V.) is the German Association of graduates
holding combined academic management and engineering degrees. Only five
years after the founding of the first program of this kind in Berlin in 1927,
the association took up its work to ensure the academic, practice-oriented and
professional development of Engineering and Management within the frame-
work of quality assurance. It has been committed to the quality assurance and
further development of such interdisciplinary academic programs ever since.

This qualifications framework, which was created in cooperation with the
International Council of Academic Departments in Engineering and Manage-
ment (FFBT W1 e. V.), offers prospective students and universities the oppor-
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tunity to obtain information about study contents and structures, in order to
create a high-quality offer.

It is important for me to emphasize that this present work was created by a
large number of authors from different teaching institutions. Thus, different
perspectives illuminate Engineering and Management and, due to their diver-
sity, ensure an excellent result in the definition of the course of study.

My thanks therefore go to all the authors who have worked hard and attended
various meetings to produce this outstanding work, thus contributing to the
quality assurance of the course for future students.

Berlin, July 2020

President of the German Association for
Engineering Management (VW1e. V.)
Dr.-Ing. Frauke Weichhardt
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1 The Purpose of Qualifications
Frameworks

Qualifications frameworks are used by German institutes of higher education
as a reference to categorize and compare the qualifications and competences
of graduates from different federal states, educational institutions and subject
areas. They are key instruments used to achieve the central objectives of the
Bologna Process:

Making universities and colleges more transparent and integrated
Supporting student mobility

Improving the comprehensibility and comparability of degrees
Recognizing academic achievement and grades

Describing the qualification profile, qualifications to be achieved (learning
outcomes), and the competences and skills, graduates should possess.

Qualifications frameworks are used by German university degree programs as
the basis for designing their programs and to support the further development
of their curricula.

These higher education qualifications frameworks should not be confused
with the European Qualifications Framework (EQR)!, which pursues other
objectives. The European Qualifications Framework was created to make aca-
demic qualifications in the European Education Area comparable. Its purpose
is to provide a common reference that can be used as a “translation tool” for
different national qualification systems and their assessment levels. This applies
to school education, higher education, as well as vocational training.

In order to achieve this, the EQR defines eight reference levels of learning out-
comes needed to obtain the qualifications corresponding to each level in all
1 Europiisches Parlament / Rat der Europiischen Union: Empfehlung des Europiischen Parlaments und des Rates vom

23. April 2008 zur Errichtung des Europiischen Qualifikationsrahmens fiir lebenslanges Lernen. In: Amtsblate der
Europiischen Union. C111/1-7. Brussels, 2008.
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qualification systems.” The cross-departmental German Qualifications Frame-
work (DQR)? was given the responsibility of implementing the European
Qualifications Framework nationally.

The German Conference of Ministers of Education and Cultural Affairs
(KMK) had already adopted its own “Qualifications Framework for German
Higher Education Qualifications (HQR)™ in 2005. This document specifi-
cally lists the university-level qualifications and refers to the EQR and the
DQR. In terms of the described higher education requirements and compe-
tences, reference levels 6, 7 and 8 in the DQR correspond to level 1 (bachelor’s
level), 2 (master’s level) and 3 (doctoral level) in the Qualifications Framework
for German Higher Education Qualifications (HQR).

The HQR was revised in February 2017 based on the version from April
21, 2005, placing particular emphasis on an “academic self-image” that can
be defined as the “academic professionalism” of university graduates.’ This
includes competences in research-based learning, self-directed behaviour, and
the ability to critically reflect on scientific findings and make responsible deci-

sions.

The International Council of Academic Departments in Engineering and
Management (FFBT W1 ) has developed a qualifications framework for Engi-
neering and Management (QF E&M) based on this general qualifications
framework.

The QF E&M is intended for all types of universities (public and private) and
describes the knowledge, skills and competences that graduates with a bach-
elor’s or master’s degree can be expected to have. It takes account of the fact
that some aspects of degree programs at universities of applied sciences® and
cooperative universities are often “more practically-oriented”, while university

2 Cf.ibid. C111/5f.

3 Cf. Arbeitskreis Deutscher Qualifikationsrahmen (AK DQR): Deutscher Qualifikationsrahmen fiir lebenslanges Ler-
nen. (Adopted on March 22,2011).

4 Cf. Hochschulrektorenkonferenz, Kultusministerkonferenz, Bundesministerium fiir Bildung und Forschung: Quali-
fikationsrahmen fiir Deutsche Hochschulabschliisse. (Adopted on April 21, 2005).

S Cf. KMK: Qualifikationsrahmen fiir Deutsche Hochschulabschliisse (Resolution on 16.02.2017), p. 3.

6 'This includes Applied Universities and Technical Universities.
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degree programs tend to be “more research-oriented’, and, where possible and
useful, highlights such characteristics.

This current revision of the QF E&M is based on the revised version of the
Higher Education Qualifications Framework for German Higher Education
Qualifications from February, 2017 and focuses on emphasizing the character-
istics of a university-level education and the competences it develops, and in
doing so creates an independent profile.

The QF E&M is divided into two main sections. Section 2 describes the Engi-
neering and Management major and provides uniform guidelines for the con-
tent and structure of the studies. It contains recommendations for a core cur-
riculum but does not propose how departments should assign program content
to different academic levels (bachelor’s, master’s, doctoral). These decisions are
left up to the respective universities.

Section 3 essentially provides a general qualifications profile for bachelor and
master-level graduates from Engineering and Management programs. This sec-
tion thus provides an introduction to the QF E&M in a narrower sense, and
thus also forms the basis for awarding accreditation and quality seals in the
field of Engineering and Management.

This can thus be used as a basis for performing internal and external quality
assurance in Engineering and Management programs.

The QF E&M provides an orientation guide with the purpose of improving
the comparability of Engineering and Management programs nationally and
internationally.

The QF E&M is based on the following documents (in chronological order):

KMK - German Conference of Ministers of Education and Cultural Affairs:
Model Ordinance Federal Treaty on Accreditation of Degree Programs’

7 Cf. KMK: Musterrechtsverordnung gemif§ Artikel 4 Absitze 1-4 Studienakkreditierungsstaatsvertragon 01.01.2018
(Resolution on 07.12.2017).
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Qualifications Framework for German Higher Education Institutions®
Qualifications Framework for Social Work’

Engineering and Management in Training and Practice. Professional profile
survey carried out by the German Association for Engineering Management

(VWIe. V.).10

Supplementary discipline-specific guidelines for the accreditation of bache-
lor’s and master’s degree programs in Engineering and Management'!

New program structures for bachelor’s and master’s degree programs in
Engineering and Management'*

Cf. KMK: Qualifikationsrahmen fiir Deutsche Hochschulabschliisse (Resolution on 16.02.2017).

Schiifer, Peter / Bartosch, Ulrich: Qualifikationsrahmen Soziale Arbeit. Wiirzburg, 2016.

Cf. Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen Christian / Schmager, Burkhard: Wirt-
schaftsingenieurwesen. Hochschulausbildung, Wissenschaft und Praxis. 15th revised and updated edition. Berlin,
2019.

Cf. ASIIN e. V.: Fachspezifisch Ergiinzende Hinweise des Fachausschusses 06 — Wirtschaftsingenieurwesen, Wirt-
schaftswissenschaften zur Akkreditierung von Bachelor- und Masterstudiengingen des Wirtschaftsingenicurwesens
(Adopted on March 20, 2020).

Cf. Schuchardt, Christian/Baumgarten, Helmut / Hildebrand, Wolf-Christian: Neue Studiengangsstrukturen im
Studiengang Wirtschaftsingenieurwesen mit den Abschliissen Bachelor und Master. Berlin, 2006.
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2 Engineering and
Management Programs

2.1 Overview of Engineering
and Management Programs

The major in Engineering and Management combines academic content from
both business and technology. Students acquire knowledge from the engineer-
ing sciences, natural sciences, information technology, economics, law and
social sciences, as well as soft skills, including international and intercultural
competence, communication and team skills, presentation, negotiation and
conflict management skills.

The typical tasks of Engineering and Management professionals include being
able to integrate economic and technological solutions as well as sustainable
systems for the business world and society in general. This work, which is
increasingly being done in institutional, social and digital networks, includes,
for example, designing complex plants and systems, taking on management
and sales responsibilities, managing ambitious projects or analyzing techno-
logical questions from a business point of view.

In order to be able to solve these predominantly integrated tasks in a highly
complex and networked environment, it requires technological, business, legal,
social and communicative competences that fit the profile of Engineering and
Management programs.

The historical academic profile of Engineering and Management can be traced
back to the start of the 20th century. The increase in technological development
and industrialization in the German-speaking countries also led to a demand
for personnel and managers with technical and business knowledge and the
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ability to integrate this knowledge.” The first integrated degree program was
designed at the Technische Hochschule Berlin-Charlottenburg. The program,
which opened in 1926, was based on the degree in mining engineering educa-
tion, which had originally combined technology with investment calculation
and management. Willi Prion (1879-1939) was the first to use the academic
profile “Wirtschafts-Ingenieur” (loosely “business engineer”) — a term which
he derived after an intensive academic debate on the new integrated degree

concept.*

Three core elements of the program were already recognizable in this concept:

Combined technical and business education, supporting the ability to inte-
grate the two academic areas,

Interdisciplinary orientation as a basis for creative innovation between tech-
nology and the market,

Teaching the basics of leadership in technology companies.

Integrating the different fields of knowledge in the various company depart-
ments continues to pose a challenge today. Engineering Management profes-
sionals must therefore be specifically trained to forge interfaces between the
technological and business functions of a company.

In addition to professional competence, these professionals also require inter-
cultural communication, social and management skills. Intercultural skills here
in this context refer not only to country cultures, but also to specialist and
functional cultures. Graduates from Engineering and Management programs
should therefore be socialized into the discourse language and value systems
of engineering sciences and business during their studies. This can only be
achieved with an integrative education. Graduates are ideally prepared for inte-
gration and coordination responsibilities in companies and institutions due to
their extensive educational training in theoretical, methodological and social
skills in a variety of academic fields.

13 Cf Zandin, Kjell B. (Ed.): Maynards Industrial Enginecring Handbook. Sth edition, New York, 2001.

14 Cf. Prion, Willi: Ingenieur und Wirtschaft. Der Wirtschafts-Ingenicur. Eine Denkschrift iiber das Studium von
Wirtschaft und Technik an Technischen Hochschulen. Berlin, 1930, p. 146 ff.
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Thanks to this approach, Engineering and Management studies have proven to
be a sustainable academic innovation. This major is currently being offered by
numerous universities in German-speaking countries. As of 2019, students at
over 100 universities of applied sciences, around 30 universities, and a num-
ber of cooperative state universities and vocational academies can pursue this
degree.”” The increased number of degree programs and the disproportion-
ately high (and increasing) number of people working in this field compared
to other professions has led to the widespread acceptance and recognition of
Engineering and Management as an occupational profile. A professional profile
survey carried out by the German Association for Engineering Management
(VWTIe. V.) demonstrates the excellent job and career advancement opportu-
nities for Engineering and Management graduates in a wide range of business
sectors. '

The activities of the German Association for Engineering Management
(VWTIe. V.), founded in 1932, have strongly promoted the field of Engineering
and Management and have led to a significant increase in its popularity.'” One

of these activities was the aforementioned publication of the 15th edition of

1

the “Engineering and Management in Education and Practice™® professional

profile survey, which provides a comprehensive overview of degree programs
and career opportunities for Engineering and Management graduates. In par-
ticular, the investigation of the professional profile has had a very significant
influence on the development of Engineering and Management programs in
recent decades.

15 Cf. Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen Christian / Schmager, Burkhard: Wirt-
schaftsingenieurwesen. Hochschulausbildung, Wissenschaft und Praxis. 15th revised and updated edition. Berlin,
2019, p. 24

16 Cf.ibid, p. 651

17 Cf. Zadek, Hartmut: Zur Entstehung des Wirtschaftsingenieurwesens — Priigende Personlichkeiten. In: Zadek,
Hartmut / Risse, Jorg (Eds.): Fithrungskrifte fiir ein integriertes Management — Wirtschaftsingenicurwesen in Wis-
senschaft und Unternchmenspraxis, Berlin, Heidelberg, New York, 2003, p. 98.

18  Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen Christian / Schmager, Burkhard: Wirtschafts-
ingenicurwesen. Hochschulausbildung, Wissenschaft und Praxis. 15th revised and updated edition. Berlin, 2019.
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2.2 Competence Profile of Engineering
and Management Graduates

Engineering and Management graduates have the innovative potential to rec-
ognize current developments in technology and business, take entrepreneurial
action, develop sustainable technological and economic solutions, and imple-
ment them in a highly-networked digital environment. The ability to take
effective action is a prerequisite for being able to successfully implement inno-
vative technologies and solutions on the market. This ability is a combination
of professional, methodological and social competence and enables people to
“act in a well thought-out and responsible manner in professional, social and
private situations””. This also means taking both the aspects of social change
and the international dimensions of strategic and operational decisions in an
increasingly global environment into account.

One of the central guiding principles of Engineering and Management pro-
grams is to develop such interdisciplinary competences during the course of
the studies. This promotes both creativity in terms of being able to solve tech-
nological and business-related problems as well as developing innovations.
Having an interdisciplinary competence profile can also help graduates better
explain the rationale for new solutions as well as assert their usefulness within
a company. In addition, knowledge of the market is absolutely essential when
trying to successfully launch new ideas in a customer-oriented and competitive
environment.

The business world and society in general need graduates with the ability to
take on management tasks and to be able to implement entreprencurial deci-
sions. Managers also have to be able to make decisions in situations free from
the constraints of traditionally separate business subjects and develop mech-
anisms that help them systematically gain experience, prepare for decisions,

19 KMK: Handreichung fiir die Erarbeitung von Rahmenlehrplinen der Kultusministerkonferenz fiir den berufsbez-
ogenen Unterricht in der Berufsschule und ihre Abstimmung mit Ausbildungsordnungen des Bundes fiir anerkannte
Ausbildungsberufe. (Resolution on 23.09.2011), p. 15.
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redesign structures and processes and measure their effectiveness — all in a
complex, international, digital and networked environment.

Graduates with degrees in Engineering and Management are well-prepared to
handle such complex management tasks thanks to their integrative, interdisci-
plinary education — even if they typically only take on true management tasks
some years after starting their careers once they have gained professional expe-

rience in specific company positions or projects.”

2.3 Interdisciplinary and
Integrative Approach

Engineering and Management primarily combines the academic fields of engi-
neering and management and is therefore an interdisciplinary and integrative
course of study. Traditionally, an interdisciplinary education is based on the
understanding that there are similarities in the structural patterns (isomorphs)
between the knowledge disciplines, and that it is possible and reasonable to
make use of such pattern similarities in a scientific and practical manner.

The physicist and philosopher, Carl Friedrich von Weizsicker attached particu-
larly general importance to this approach. He argued that structural sciences
would not only be referred to as pure and applied mathematics, but also as the
field of science which was not yet fully understood in its structure, and which
was referred to by names such as systems analysis, information theory, cyber-
netics and game theory. They were, so to speak, the mathematics of dynamic
processes that are controlled by human decision, by planning, by structures or
finally by random choice. He therefore considered them to be structural theo-
ries of temporal dynamic transformation. Their most important practical tool
was the computer, whose basic theory is one of the structural sciences. Anyone
who wanted to promote the progress of science in a country had to promote

20 Zadck, Haremut: Karrierechancen fiir Wirtschaftsingenieure. In: Zadek, Hartmut / Risse, Jérg (Eds.): Fithrungskrifte
fiir ein integriertes Management — Wirtschaftsingenieurwesen in Wissenschaft und Unternehmenspraxis, Berlin,

Heidelberg, New York, 2003, p. 195 ff.
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these sciences as a matter of urgency.”’ By providing cross-disciplinary forms
of expression, structural sciences enable communication across disciplinary
boundaries and recognizing commonalities.

These structural theories, methods and tools form the basis of interdiscipli-
nary work. These include, for example, mathematics and systems theory and,
within these disciplines, sub-disciplines, such as operations research, systems
engineering or current methods in the field of data analytics that make use of
the available data sources in a digitally networked environment (“big data”).

Traditionally, Engineering and Management has always been ideally suited
to handle questions which, in view of the complexity of the interdependen-
cies of technological progress, economic growth and social change, cannot
be answered by a single science alone.”” This comes from its combination of
sound knowledge in the basic disciplines and interdisciplinary, integrative
competences.

However, as previously described in Section 2.1, the typical tasks of Engineer-
ingand Management professionals involve integrating business and technolog-
ical solutions and sustainable systems for business and society — increasingly
in international settings and involving the interactions of multiple players in
institutional, social and digital networks. Such integrative qualifications are
urgently needed today, for example, due to the rapid developments in the field
of digitization and in projects in connection with the German Industry 4.0 Ini-
tiative.” A study among larger German companies shows a considerable need
for innovation and investment in this area and points to the high demand for

young graduates with exactly these qualifications.”*

In order to be able to master such challenges in this environment, professionals
need sound theoretical knowledge, skills and competences in the respective

21  Cf. Weizsicker, Carl Friedrich von: Die Einheit der Natur. 4th edition, Munich, 1971, p. 22.

22 Geschka, Horst / Miiller-Merbach, Heiner: 18 Thesen zum WI-Studium — Memorandum des VW1 zum Studium des
Wirtschaftsingenieurwesens. In: technologie & management, 48th volume, 1999, No. 5, p. 48-50.

23 Cf. Bauernhansl, Thomas / ten Hompel, Michael / Vogel-Heuser, Birgit (Eds.): Industrie 4.0 in Produktion, Automa-
tisierung und Logistik: Anwendung — Technologien — Migration. Wiesbaden, 2014.

24 Cf. Bitkom — Bundesverband Informationswirtschaft, Telekommunikation und neue Medien e. V.: Industrie 4.0 —
Status und Perspektiven (Studie). Berlin, 2016.
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individual disciplines. They also need to be able to recognize connections and
interactions between technological options and business requirements and
implement these for integrated, networked solutions. In order to do this, their
training should include integrative competences in the sense of a holistic man-
agement approach.

This integrative approach is introduced as the “core area of integration” in sec-
tion 2.6 of the QF E&M, the description of the degree program curriculum.

2.4 Range of Occupations for Graduates

Graduates from Engineering and Management programs find employment in
all business areas thanks to their interdisciplinary education. The following list,
taken from the Professional Profile Survey 2015, shows the types of employ-
ment most frequently chosen by graduates in the industrial, business and ser-
vice sectors” (in descending order):

Project management
Sales

Controlling

Corporate Management
Transportation / Logistics
Production

Purchasing

Marketing

Consulting

Finance

25  Cf. Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen, Christian / Schmager, Burkhard: Berufs-
bilduntersuchung Wirtschaftsingenicurwesen in Ausbildung und Praxis. 14th edition, Berlin, 2015, p. 65f.
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Organization
Research & Development
Computer Science /IT

Human Resources

There has been a rapid development in digitalization in almost all business
areas over the past years. With their integrative training, Engineering and
Management graduates are particularly suitable for these types of jobs. We thus
expect to see a strong increase in demand for people with this degree in the
following areas:

Industry 4.0 / Internet of Things and
Data Analytics

These positions would be in a wide range of industries and in most company
departments.

It should also be noted that the interdisciplinary training in Engineering and
Management programs makes graduates particularly well-suited to run their
own businesses.

Engineering and Management professionals often end up working at the
numerous interfaces between management and technological areas. They also
work in areas that have developed independent and overarching cross-sectional
functions for everyday business, such as logistics, supply chain management,
quality management or production management — as well as, specifically,
in the context of projects resulting from digitalization and the Industry 4.0
initiative.

Engineering and Management professionals make a strong contribution to
solving interdisciplinary technological, business and legal issues at all company
levels. They are particularly adept at recognizing and solving interdisciplinary
and integrative problems. This includes, for example, analyzing complex deci-
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sion-making situations, developing and evaluating alternative solutions as well
as carrying out implementation and controlling tasks.

The increasing complexity, connectivity and digitalization of technology, busi-
ness and society call for high-level interdisciplinary and integrative work qual-
ifications. Engineering and Management programs have historically been, and
in their current form are also set up to prepare students to face exactly these

challenges.

Graduates are thus particularly well-prepared to handle the requirements of an
integrative and holistic management system.

2.5 Conceptual Classification of Program

By design, Engineering and Management programs combine two very differ-
ent disciplines. This leads to a conflict of goals, as such 2-tier bachelor’s / mas-
ter’s degree programs in the German-speaking world must be completed in the
same standard period of time as individual (e. g., Engineering itself) degree
programs.?® Furthermore, the KMK specifications of a minimum module
size, normally five ECTS points¥, often does not match the requirements of a
broad-based degree program such as Engineering and Management.

The interdisciplinary and integrative orientation of the Engineering and Man-
agement major is supported by interlinking the academic content of business
and engineering courses. In addition to providing subject-specific content
and methods from various disciplines, integration courses educate students to
think beyond traditional academic boundaries. This is the central qualification
of Engineering and Management graduates.

26 Cf. KMK, Stindige Konferenz der Kultusminister der Linder in der Bundesrepublik Deutschland: Muster-
rechtsverordnung gemif Artikel 4 Absiitze 1-4 Studienakkreditierungsstaatsvertrag on 01.01.2018 (Resolution on
07.12.2017).

27 Cf. KMK: Lindergemeinsame Strukturvorgaben fiir die Akkreditierung von Bachelor- und Masterstudiengingen.
(Resolution on 10.10.2003, in the version of 04.02.2010), p. 1 in the appendix.
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This qualification is realized for example by having students carry out pro-
jects with students from engineering, business and other social science majors.
By coordinating and designing such technological and business projects and
processes, students gain valuable communication and integration skills that
become an asset in their future professional careers.

The following core areas, explained in more detail in section 2.6 below, are the
main components of the Engineering and Management studies:

Science, Technology, Engineering and Mathematics (STEM),
Business Management, Law and other Social Sciences,
Integration Courses,

Soft Skills and Foreign Languages.

In addition to lectures, didactic elements include seminars, seminar-like
courses, project work, case studies, business games and laboratory practice as
well as internships and writing a thesis. The seminars, project work, case stud-
ies and laboratory exercises all take place in small groups. We believe that this
significantly improves the quality of teaching, since these types of teaching and
learning are characterized by more intensive coaching and stronger interaction
between learners, which increases the knowledge acquired in specific applied

scenarios.

2.6 Course Content including Core Areas,
Internships and Thesis

Engineering and Management graduates require professional, methodical and
social skills in order to find employment in industry. These skills are taught via
a curriculum with the following characteristics:

The program, which consists of four core areas as well as internships and a final
thesis, is described in more detail in the following sections. The concept of the
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Engineering and Management program is not based on two parallel economic
and engineering sections, but on the interdisciplinary connection between
these subjects. This can be illustrated by the structures and characteristics of
the core areas, presented below.

Academic content from the core areas of science, technology, engineer-
ing and mathematics (STEM) provide an understanding of technical pro-
cesses, interrelations and contexts:

The content of the sciences and engineering courses is essentially determined
by the specific engineering part or the respective specialization focus within
the Engineering and Management degree program. These include mathemat-
ics, computer science, physics, chemistry, materials engineering, design, elec-
trical engineering, manufacturing processes and process engineering. A dcgrec
in Engineering and Management can focus either on mechanical engineering,
electrical engineering or civil engineering or on another technology-oriented
major, such as recycling and environmental engineering, food technology,
automotive engineering, plastics technology, communications engineering or
information and communication technology.*®

Academic content from the core area of business and management, law
and other social sciences provide an understanding of economic, legal and
social factors and framework conditions:

The core areas of management, law and other social sciences include general
business administration, accounting and controlling, economics, marketing,
corporate management, business law and sociology. Here, too, the breadth and
depth of the studies can be varied within a certain framework by selecting dif-
ferent subject combinations. This generally leads to a specialization in a specific
area of study, such as international management or product management.

28  Further listings of study programs can be found in: Baumgarten, Helmut/Hildebrand, Wolf-Christian /von
Hirschhausen, Christian/Schmager, Burkhard: Wirtschaftsingenieurwesen. Hochschulausbildung, Wissenschaft
und Praxis. 15th revised and updated edition. Berlin, 2019.
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Academic content from the integration core area is intended to supple-
ment and ensure that engineering and management content is connected
and interrelated:

The essential characteristic of the Engineering and Management program is
the integrated core area of the studies. Courses here build upon the practice of
thinking and working in an interdisciplinary manner, which includes scientific
methods and approaches with the goal of teaching students to solve interdisci-
plinary problems in a holistic way. The focus is on understanding and connect-
ing the terminology systems and methods from different disciplines. Against
this background, it is important to note that the presentation of technical and
economic content in an integrative manner is already taken into consideration
when designing the courses in the first two core areas mentioned above, for
example by demonstrating the economics of technological processes or the
controlling of production processes.

The integration courses, which present technology and business in terms of
their interrelationship, form the integrative character of the Engineering and
Management studies and help achieve the interdisciplinary aspect. Typical
integration courses include Operations Research, Project and Process Man-
agement, Entreprencurship and Corporate Strategy, Enterprise Resource
Planning, Manufacturing Management, Computer Engineering and Business
Informatics, Patent Law, Supply Chain Management, Production Manage-
ment, Factory Planning, Systems Engincering, Technical Sales or Logistics.

The focus of the soft skills and foreign languages core area is to develop
interdisciplinary and intercultural communication skills:

The integrative innovation and leadership competence typical for Engineering
and Management professionals requires not only technological and methodo-
logical skills but also distinct social (or soft) skills. This includes above all the
ability to communicate technological and business content both within and
outside the company in an interdisciplinary and intercultural manner, and also
in different languages.
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Typical content for this core area include foreign languages, communication
and presentation skills, leadership, ethics, team organization, intercultural
engineering, intercultural communication or intercultural social competence.

Practical-orientation is acquired via internships integrated into the curric-
ulum or required by the university’s academic guidelines:

In addition to academic content, internships in the field of Engineering and
Management are part of the program. A 3-month minimum company intern-
ship during the bachelor’s program is recommended. In the case of part-time
or dual programs (done both at a university and a company), professional work
experience can be credited as an internship. It may make sense to divide the
internship period between different companies.

The ability to work independently as an academic researcher by complet-
ing written assignments and a challenging thesis:

These written works must meet scientific requirements and can be either
research-oriented or application-oriented. The focus can be on one or more
core areas of Engineering and Management, whereby the integrative study
approach should be recognizable in the student’s formulation of the topic.

One particular challenge when designing the curriculum is limiting the scope
of the studies while at the same time maintaining the depth of the various sub-
ject areas, then integrating these at an appropriate level of quality. This means
that the required basic courses should be carefully selected and should focus on
the in-depth content in possible specializations. It also makes sense to divide
the content into the part learned in the classroom and that which is acquired
outside of class.
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2.7 Recommendations for Program
Structure and Core Curriculum

271 Simultaneous Program Structure

The Engineering and Management major is typically set up as a simultaneous
degree program. The simultancous structure, containing technological, man-
agement and integrative content, has the decisive didactic advantage of creat-
ing interdisciplinary networking during all phases of the studies. This makes
systematic connections and cross-references between the disciplines clear for
students and enables them to anchor the different technical and methodolog-
ical skills and competences in a step-by-step, parallel manner during the entire
period of study — both in the field of engineering and business fundamentals as
well as in the theoretical and application-oriented specializations.

Simultaneous degree programs in particular, with their parallel and integra-
tive development of engineering, management and social sciences skills and
competences, promotes creative lateral thinking. This is an essential part of
the concept of Engineering and Management studies and enables graduates to
assume integrative and coordinating roles in business and society, especially in
the areas of innovation and leadership.

In terms of logic and structure, the interdisciplinary simultancous Engineering
and Management major corresponds to the studies created by Willi Prions for
the first Engineering and Management program at the Technische Hochschule
Berlin-Charlottenburg in 1926 (cf. Chapter 2.1). This simultaneous approach
to Engineering and Management led to the so-called Berlin Model, which
served as a model for the development of Engineering and Management stud-

ies at many universities.”’

29  Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen Christian / Schmager, Burkhard: Wirtschafts-
ingenicurwesen. Hochschulausbildung, Wissenschaft und Praxis. 15th revised and updated edition. Berlin, 2019,
p- 24fF.
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2.7.2 Consecutive Program Structure

It is also possible to obtain a degree in Engineering and Management within
the framework of a postgraduate or master’s program — usually after complet-
ing a first degree in Engineering.

Postgraduate programs in Engineering and Management are traditionally
designed for engineering graduates and primarily focus on business and man-
agement-oriented content and methods. In the case of students with a first
degree in engineering that contained a higher proportion of mathematical sub-
jects as well as engineering content, the Engineering and Management master’s
programs must offer a postgraduate degree focusing primarily on business and
integrative aspects. In the case of bachelor’s programs with a higher propor-
tion on business-related courses, the opposite applies. Accordingly, the amount
of recommended ECTS points (credit points) and the weighting percentage
must also be applied. (For information on the overall weighting of course con-
tent, see section 2.7.4).

2.7.3 Content Orientation

Traditionally, both the focus and the designation of the Engineering and Man-
agement major was oriented towards the traditional engineering disciplines of
mechanical engineering, electrical engineering, civil engineering, process engi-
neering, technical chemistry, environmental engineering, transport (engineer-
ing) as well as information and communication technology. The International
Council of Academic Departments in Engineering and Management (FFBT
WI e. V.) supports maintaining the existing successful majors and disciplines
as well as developing new and innovative fields of studies. These include bio-
technology, bionics, mechatronics, sustainable resource management and digi-
talization. This can be seen in the further development, diversification and the
growth of the various disciplines over the past decades.

The concept of consecutive programs is particularly relevant for the area of
Engineering and Management because of its interdisciplinary complexity.
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Bachelor’s and master’s degree programs form a 10-semester unit consisting
of a six-to-eight semester bachelor’s program and a corresponding two-to-four
semester master’s program. We recommend bachelor’s program with at least
six theoretical semesters for undergraduate studies in Engineering and Man-
agement. An integrated internship semester should be added for more applica-
tion-oriented programs.

The following section presents examples of possible program structures for
Engineering and Management studies with different course load proportions
at both the bachelor’s and master’s level.

274 Recommendations for Core Curriculum

In section 2.6, the main course content for Enginccring and Managcmcnt
studies is broken down into core areas, internships and final thesis, based on
a curricular analysis. This is intended to facilitate the classification of different
Engineering and Management programs.

The professional associations for Engineering and Management of the Ger-
man-speaking countries call for programs in Engineering and Management to
offer degrees in which the overall program content is broken down as follows:
technical content that encompasses at least 40 %*°, management representing
at least 20 %, and integration courses and soft skills that make up at least 10 %
of the total content.’!

The following tables provide a listing of course content — along with their pro-
portion of the curriculum - for bachelor’s and master’s programs in Engineer-
ing and Management. These lists are presented to provide a general orientation
and can be used for comparison purposes. Variations between different pro-
grams can and will occur, however this list does contain recommendations for

30  Prerequisite is a content of at least 40 % STEM subject areas compared to the minimum number of credits required
for a degree.

31 Cf. Verband Deutscher Wirtschaftsingenieure VWTI e. V., Osterreichischer Verband der Wirtschaftsingenieure
WING, VWI Vereinigung Wirtschaftsingenieure Schweiz: Dreilindererklirung der Berufsverbinde im Wirtschafts-
ingenicurwesen im deutschsprachigen Raum. (Adopted on 28.10.2010).
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minimum course content. The categories and values provided in the tables are
derived from the competences required for graduates to be able to carry out
professional work in each of the subject areas.

The standard length of time necessary to complete a combined bachelor’s
and master’s program is ten semesters with a total of 300 ECTS credit points.
The typical bachelor’s degree program lasts either six, seven or eight semes-
ters, involving a total load of 180, 210 or 240 ECTS credit points respectively
(30 ECTS credit points per semester). Accordingly, the master’s programs are
normally completed in two, three or four semesters with 60, 90 or 120 ECTS
credit points respectively (30 ECTS credit points per semester). Students must
complete 60 ECTS credit points per academic year.

The individual modules listed in the tables below do not necessarily have to be
assigned to a specific core area; they can also be distributed proportionately
within various core content areas. The ECTS credit point difference between
the minimum requirements and the ECTS credit points of a specific program,
which is determined by the duration of that program, can be distributed flexi-
bly according to the specific focus of the program.

Core Course Content for Minimum Number
Combined Bachelor’s + Master’'s Degree of ECTS credit points
Science, Technology, Engineering, Mathematics (STEM) 67
Business, Law and other Social Sciences 57
Integrative Courses 34

Soft Skills and Foreign Languages 19
Internships (awarded ECTS credit points) 15

Thesis 25

Table 1: Minimum Number of ECTS Credit Points for a combined Bachelor's and Master'’s
Program in Engineering and Management.
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Core Course Content for Individual Minimum Number
Bachelor’s Degree of ECTS credit points
Science, Technology, Engineering, Mathematics (STEM) 55
Business, Law and other Social Sciences 45
Integrative Courses 25

Soft Skills and Foreign Languages 10
Internships (awarded ECTS credit points) 15
Bachelor Thesis 10

Table 2: Minimum Number of ECTS Credit Points for a Bachelor's Program in Engineering
and Management.

Core Course Content for Individual Minimum Number
Master's Degree of ECTS credit points
Science, Technology, Engineering, Mathematics (STEM) 12
Business, Law and other Social Sciences 12
Integrative Courses 9

Soft Skills and Foreign Languages 9

Master Thesis 15

Table 3: Minimum Number of ECTS Credit Points for a Master's Program in Engineering
and Management.

The following minimum standards have been defined for continuing education
master’s programs based on this model, according to the program’s acceptance
requirements:

Students with a bachelor’s degree from a traditional economics or business-ori-
ented program must complete a minimum of 67 ECTS credit points in the
core area of Science, Technology, Engineering and Mathematics (STEM).
These are minimum requirements from Engineering and Management bach-
elor’s and master’s programs. Students can however receive credits for these
courses if they can display proof of having completed these ECTS credit points
in previous studies or from otherwise meeting corresponding requirements.
Such regulations would be part of a program’s admission regulations.
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Students with a bachelor’s degree from a traditional engineering degree pro-
gram must complete a minimum of 57 ECTS credit points in business courses
(minimum requirements from Engineering and Management bachelor’s and
master’s programs). Here students can also receive credits for these courses if
they can display proof of having completed these ECTS credit points in previ-
ous studies or from otherwise meeting corresponding requirements. Such reg-
ulations would also be part of a program’s admission regulations.

Upon completing the master’s program in Engineering and Management, stu-
dents must be able to verify that technological content represents at least 40 %,
of the total content from all core areas, including their first academic qualifi-
cation. This corresponds to the minimum requirements for academic content
in Engineering and Management programs defined by the professional Associ-
ations for Engineering and Management in the German-speaking countries™.

This proportional list shows that the foundation of interdisciplinary Engineer-
ing and Management degree program is STEM content — with the STEM core
area — at a minimum of 40 % — accounting for the biggest part of the core cur-
riculum. So-called integration subjects, such as systems engineering, factory
planning or logistics, also contain a large amount of STEM content. Intern-
ships and the final thesis also deal with technological issues.

32 Cf. Verband Deutscher Wirtschaftsingenieure VWT e. V., Osterreichischer Verband der Wirtschaftsingenieure
WING, VWI Vereinigung Wirtschaftsingenieure Schweiz: Dreilindererklirung der Berufsverbinde im Wirtschafts-
ingenicurwesen im deutschsprachigen Raum. (Adopted on 28.10.2010).
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3 Qualification Profile of Engineering
and Management Graduates

3.1 General Competence Model

The authors of the QF E&M were on the one hand guided by the need to
define essential key data that provides an orientation framework for the widely
differing Engineering and Management programs and, on the other hand, to
ensure that this document leaves sufficient room for future curricular develop-
ments. This is intended to take the special importance of an interdisciplinary
and practically-oriented major into account. The current QF E&M is a rec-
ommendation intended to ensure the equivalence of bachelor’s and master’s
degree programs in Engineering and Management which, as a general rule,
contain different academic content. Against this background, the quality of
the respective degree programs mainly depends on the extent to which the
implementation and design of the QF E&M takes the constantly changing
demands in the field of Engineering and Management into account.

When looking at different programs, the first basic distinction is between more
research-oriented and more practically-oriented Engineeringand Management
programs. Regardless of orientation, each program should foster the ability to
carry out research and develop new and sophisticated methods and complex
systems. The corresponding design of the teaching content, use of case studies
and projects, as well having students complete engineering and business related
internships and gain other relevant practical experience all support a practical
orientation. The curricula in all programs should therefore contain a sufficient
number of both theory-oriented and application-oriented modules.

The program objectives are determined by the knowledge, skills and compe-
tences that graduates need for their careers or for continuing studies.
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Bachelor’s and master’s programs also differ in terms of their focus and content
depth. The following section provides a general qualification profile for grad-
uates from such bachelor’s and master’s programs in Engineering and Man-
agement. The description of graduates’ competences and skills is based on the
competence model of the newly revised Qualifications Framework for German
Higher Education Qualifications (HQR) from February 2017%, which is dis-
played in the diagram below.

Competence Model

HQR
Technical Methodological
Competences Competences
Knowledge and Skills Application and Transfer
Communication and Professional and Personal
Cooperation Skill Development
Social Competences (Soft Skills)/ Skill Development/
Personal Competences Personal Competences

Fig. 1: Basic Model of Competences (Qualifikationsrahmen fur Deutsche Hochschul-
abschlUsse (KMK 2017, p. 4, according to H. Roth, 1971)).

The HQR “competence dimensions” shown in Fig. 1 above are implemented
and specified in the QF E&M using the following model (Fig. 2 below). A
taxonomy based on the work of Bloom?** and the competence categories of the
German Qualifications Framework for Lifelong Learning® is used to describe

the competences and skills.

33 KMK: Qualifikationsrahmen fiir Deutsche Hochschulabschliisse (Resolution on 16.02.2017).

34 Cf.Bloom, B.S./Engelhart, M. D./ Furst, E. J./ Hill, W. H. / Krathwohl, D. R.: Taxonomy of educational objectives:
The classification of educational goals. In: Handbook I: Cognitive domain. New York, 1956.

35 Cf. Arbeitskreis Deutscher Qualifikationsrahmen (AK DQR): Deutscher Qualifikationsrahmen fiir lebenslanges
Lernen. (Adopted on March 22,2011), p. 5 ff.
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[ [ \
Apply Evaluate Organize
and Analyze and Design and Lead

Fig. 2: Descriptive model of competences and skills for graduates in Engineering and
Management programs.

In the competence area “Knowledge and Understanding”, graduates demon-
strate that they have the necessary specialist knowledge in the discipline of
Engineering and Management building on different university entrance qual-
ifications and previous practical, professional experience, and that they can
critically analyze and grapple with issues in the field. This is the basis for being
able to achieve the other qualification goals in Engineering and Management
studies.

Graduates are expected to have the ability to apply their scientific knowledge
to help solve practical problems, in particular those at the interface between
the engineering sciences and business. This is part of the competence area
“Application and Transfer”, which is divided into the skills “Apply and Ana-
lyze”, “Evaluate and Design” and “Organize and Lead”, each representing part
of the problem solving process. The competence area “Organize and Lead” is
regarded as an essential component of the Engineering and Management pro-
gram profile. This set of skills is necessary for graduates to be able to deal with
ever more complex processes and increasingly network-like organizational
structures that require lateral thinking and actions based on trust, being able
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to take different points of view into account, and promoting jointly supported

decisions.*

The aim of the competence area “Scientific Innovation” is for students to
acquire and further develop competences in research-based learning, e. g. to
ensure that scientific methods can be applied in the context of Engineering and
Management, or that new knowledge can be generated using scientific meth-
ods. While bachelor’s programs are primarily concerned with teaching founda-
tional competences so that students can adapt scientific methods to practical
questions in a self-directed manner, master’s programs focus on combining
familiar solution-oriented methods and being able to develop new methods
and solutions and thus create scientific innovation.

Professionals in today’s modern knowledge society and the rapidly developing
world of work, however, also require people skills to be successful. These skills,
such as goal-oriented communication and being able to work collaboratively
with other individuals and groups, are part of the competence area “Commu-
nication and Cooperation” In addition to teaching so-called soft skills, courses
in this area also focus on developing competences in the area of leadership. This
is essential, since Engineering and Management professionals often work in
management positions during their professional lives.?”

An important goal of university degree programs is to encourage the personal
development of its students. The competence area “Professional and Personal
Skill Development” covers this area which includes the ability to act and make
decisions in an unconstrained, self-determined, professional and responsible
manner and to reflect critically on issues of professional behaviour with regard
to social expectations and consequences.

36  Cf. Baumgarten, Helmut / Hildebrand, Wolf-Christian / von Hirschhausen, Christian / Schmager, Burkhard: Berufs-
bilduntersuchung Wirtschaftsingenicurwesen in Ausbildung und Praxis. 14th edition, Berlin, 2015, p. 8fF.
37 Cfibid, p. 711
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Finally, it should be noted again here that the QF E&M is compatible with
existing international frameworks® and can therefore also be used in the pro-
cess of internationalization, e. g. in order to investigate degree programs in
other countries that are comparable in profile and quality.

3.2 Bachelor’'s Programs

Graduates who have completed a bachelor’s degree program should have both
the professional qualifications required for an entry-level position as well as the
background and skills to pursue an in-depth, scientific master’s degree in a con-
secutive Engineering and Management program or a degree in another field.

Bachelor’s degree programs should be designed based on a set of requirements
derived from the practical, everyday needs of working professionals. The stud-
ies should prepare graduates for the complexities they will encounter in com-
panies / organizations and, in a broader sense, to help them deal with a con-
stantly changing world.

As described in section 3.1 above, general learning outcomes for graduates
of bachelor’s programs are classified according to the following core areas:
“Knowledge and Understanding”, “Application and Transfer”, “Scientific Inno-
vations”, “Communication and Cooperation” as well as “Professional and Per-
sonal Skill Development”. The sections below provide a detailed description of
the learning outcomes for each of these categories.

3.2.1 Knowledge and Understanding

Graduates with a bachelor’s degree in Engineering and Management should
know the fundamentals of the natural sciences, engineering and management.
This knowledge enables them to not only understand how a business works

38  Cf. Europiisches Parlament / Rat der Europiischen Union: Empfehlung des Europiischen Parlaments und des Rates
vom 23. April 2008 zur Errichtung des Europiischen Qualifikationsrahmens fiir lebenslanges Lernen. In: Amtsblate
der Europiischen Union, C111/1-7. Brussels, 2008.
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and the types of issues they will be confronted with there, but also the skills to
be able to manage these issues and everyday tasks in a methodical manner. Stu-
dents gain a background in both engineering and management as well as the
interface between the two areas. This interface is developed in the integration
courses, which provide a cross-disciplinary interlinking of course content while
promoting a methodical work approach.

The following provides an overview of the academic and technical knowl-
edge and skills that graduates from Engineering and Management bachelor’s
programs should aquire during their studies:

Broad-based background in specific areas of mathematics, computer science,
natural sciences and engineering sciences with an individual specialisation
in theory and practice (knowledge of the STEM subjects: Sciences, Tech-
nology, Engineering, Mathematics, as well as Computer Science).

The fundamentals and principles of the selected engineering disciplines as
well as the research methods used in these disciplines.

The ability to identify, summarize and conceptualize scientific content in
the STEM areas (models, methods, rescarch literature, technological struc-
tures and processes).

Sufficiently broad knowledge of the fundamentals of information technology.

The fundamentals, theories and methods used in the fields of business, eco-
nomics and management, as well as individual specializations. Students are
able to explain these concepts and classify them in the context of a company.

Knowledge of the essential tasks and responsibilities of different company
departments, as well as an understanding of operational, management-re-
lated processes and their possible interactions.

Background in the legal basics of business administration and management
and the ability to classify these in regard to a company’s business decisions.

Broad-based background in selected integration subjects which connect
economic, technological, as well as social aspects and processes.
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The ability to compare and classify techniques and methods used in inter-
disciplinary topics.

They are familiar with technological, economic, ecological and social con-
texts and their interrelationships.

They have an understanding of concepts and methods from different fields
and are able to integrate them.

3.2.2 Application and Transfer

Graduates with a bachelor’s degree in Engineering and Management can apply
their specialist knowledge to professions in the STEM fields, business or inte-
grated fields, and develop or improve solutions to problems in their areas of
specialization. According to the process model described in Chapter 3.1, a dis-
tinction is made between the skill areas of “Apply and Analyze”, “Evaluate and
Design” and “Organize and Lead”. These are described below:

Apply and Analyze:

Graduates from bachelor’s programs in Engineering and Management are
able to:

Use the STEM-related fundamentals, theories, methods and tools to deal
with technological issues.

Evaluate, differentiate and categorize STEM-related problems in business
contexts.

Use modern information technologies in an effective manner.

Make use of economic and management-related fundamentals, theories,
methods and tools to deal with company-related issues.

Evaluate, differentiate and categorize business, economic and manage-
ment-related issues in business contexts.

Apply legal knowledge to business-related issues.
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Identify and classify business and technological problems.

Interpret and analyze activity fields with complex correlations and interde-
pencendies between business, technology and social aspects.

Systematically engage with, analyse and evaluate structures and processes.

Use integrative, cross-functional and interdisciplinary concepts and models
to develop integrated solutions to deal with interdisciplinary problems.

Evaluate and Design:
Graduates from Engineering and Management programs are also able to:

Interpret and evaluate business / management and/ or technological prob-
lems in a company-related context.

Assess, plan and select complex business / economic and/or technical
systems.

Initiate and develop business / economic and / or technological solutions in

a company-related context.
Interpret and evaluate legal problems in a company-related context.

Interpret, evaluate and prioritise influences and interrelationships in com-
plex business, technological and social fields of application.

Conceive, design, implement and evaluate scientifically sound models,
concepts and approaches to solve cross-functional and cross-disciplinary
problems.

Recognize complex problems in a technological and business/economic
context and to develop initial interdisciplinary, holistic and methodical
measures to improve the situation (problem-solving skills and the ability to

take action).

Develop and implement application-oriented solutions based on specified

process and data analyses.
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Organize and Lead:
Finally, graduates are also able to:

Make rational and ethical decisions and to think critically in order to find
effective solutions for interdisciplinary and general problems (critical think-

ing skills).

Take different perspectives into consideration when developing and imple-
menting solutions for problems in a company-related context.

Achieve synergy effects by cooperating with stakeholders in both busi-
ness-technological and social contexts.

Select and apply strategies in everyday business situations (strategic think-
ing and leadership skills, being able to take action).

Work both independently and as a member of international and / or inter-
disciplinary groups, to organize and implement projects effectively, as well
as to grow into a professional capable of handlingleadership responsibilities.

3.2.3 Scientific Innovations

Engineering and Management programs provide graduates with the skills
needed to be able to do scientific work. They have the ability to carry out a
literature research and search for a topic using electronic media, plan, carry out
and evaluate experiments, and collect and evaluate empirical data using quanti-
tative and qualitative methods. This scientific background gives them the tools
to investigate real-world research questions.

The following section summarizes the research-based knowledge and skills
g g

graduates acquire during their studies in Engineering and Management. Grad-

uates from these programs can:

Make use of basic knowledge in the field of exploratory and confirmatory
empirical research, and are familiar with the scientific process.



45

Understand and apply different research approaches and perspectives used
in technological, business / economic and integrative contexts.

Conduct literature researches and use specialist information sources for

their work.

Collect, structure, evaluate and interpret relevant primary and secondary
data sources in technological and business areas based on scientific methods.

Plan, carry out and evaluate experiments.

Understand and communicate research results and take them into account
in their everyday work.

Apply relevant scientific methods and new results from the areas of engi-
neering, business or economics to practical problems, taking management,
ecological, technological and social requirements into account (scientific

transfer competence).

Select and apply suitable modelling, simulation, planning and design
methods.

3.24 Communication and Cooperation

Graduates from Engineering and Management programs face a wide range of
challenges in the professional world. These include the knowledge economy,
digitalization and other regular changes at the workplace. In order to carry
out these tasks responsibly, it is essential that they are able to communicate
in a goal-oriented manner and work collaboratively with different people and
groups. Teamwork and communication skills play a particularly decisive role
in the interdisciplinary work environment in which Engineering and Manage-
ment graduates are employed. This skill set is also the basis of working at the
management level, which Engineering and Management graduates are particu-

larly well prepared for.

During their studies, graduates acquire essential communication qualifica-
tions. They possess:
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Oral and written communication techniques and can apply them in case
studies and project work.

The ability to articulate themselves logically and rationally both orally and in
writing, communicate with colleagues about business content or problems,
even in foreign languages and across cultures (communicative competence).

Communication skills in foreign languages (primarily English) involving
technological and business content both inside and outside the company.

Basic knowledge about team structure and teamwork, and an ability to form
effective teams.

The ability to work effectively with different types of people in a variety of
situations and international environments in an interdisciplinary and con-
structive manner (cooperation and teamwork skills).

Basic knowledge in the areas of intercultural engineering and intercultural
communication, and can explain and highlight intercultural differences in
business situations.

The ability to work in international teams.

The prerequisites to assume leadership responsibilities.

3.25 Professional and Personal Skill Development

One of the key goals of higher education is, beyond imparting specialist tech-
nical knowledge and scientific-methodological skills, to encourage the devel-
opment of the complete person. This is particularly true in Engineering and
Management programs, which train students to be able to take on manage-
ment tasks and make business decisions. Programs consider an ethical attitude,
self-reliance and professionalism as central foundations for being able to take
responsible action in one’s profession and in society in general. Therefore, grad-
uates are also be able to:
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Carry out professional activities based on well-founded theoretical and
scientific-methodological knowledge in the core areas of Engineering and

Management.

Build a professional self-image based on goal orientation, interdisciplinarity

and a pronounced focus on providing solutions.

Take the principles and values of business ethics into consideration when

making decisions.

Understand and assess the business, political, social and legal framework of
the economy (assessment competence in the social environment).

Perform intercultural engineering and intercultural communication and
can explain and highlight intercultural differences in business situations.

Work in international teams.

Assume leadership responsibilities.

3.3 Master’s Programs

Master’s programs in Engineering and Management build upon a completed
bachelor’s degree and target the acquisition of in-depth analytical and meth-
odological skills, while, at the same time, expanding on the specialist technical
and professional knowledge gained in the first degree.

Graduates from master’s programs have further developed the objectives of
bachelor’s programs in a longer process of professional maturity and have
acquired greater confidence in their abilities to apply and implement specialist
as well as non-technical skills. Thus, they are capable of carrying out scientific
work and taking responsible action in their professional careers and in society

in general.

Master’s programs in Engineering and Management are designed to focus on
new, complex tasks derived from practice and research. The studies should pre-
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pare the students for the complexity of value creation networks and to deal
with frequent, and often, unpredictable changes.

According to the structural specifications of the KMK regulations®, master’s
programs can be designed as either a more “research-oriented” or “applica-
tion-oriented” program.

The learning outcomes listed in the following sections describe the compe-
tences and skills for graduates from both types of Engineering and Manage-
ment programs. The competences and skills described below are more or less
developed, depending on the particular department’s research or application
orientation. Regardless of their orientation, all master’s programs incorporate
the latest research findings into their respective curricula.

3.3.1 Knowledge and Understanding

Master’s programs in Engineering and Management build upon the knowledge
acquired at the bachelor’s level, significantly expanding their students’ knowl-
edge in line with the specific orientation of their particular master’s program.

The following provides an overview of the academic and technical knowledge
and skills that graduates from Engineeringand Management master’s programs
acquire during their studies:

In-depth theoretical and practical knowledge in selected areas of the natural
and engineering sciences that build upon a broad-based knowledge of the
fundamental concepts.

Strong theoretical and practical knowledge about essential business and
economic topics that also build on a broad-based knowledge of fundamen-
tal concepts.

39 Cf. KMK: Musterrechtsverordnung gemifd Artikel 4 Absitze 1-4 Studienakkreditierungsstaatsvertragon 01.01.2018
(Resolution on 07.12.2017).
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In-depth knowledge about selected integration subjects which function as
an interface between the business, technological and social aspects and pro-
cesses of the studies.

Broad-based methodological knowledge in selected disciplines based on the
latest research findings.

Thorough knowledge of the essential tasks and future challenges that could
be faced by different departments in companies, as well as an understanding
of the operational, business / economic, technological and management-re-
lated processes and their interdependencies.

In-depth knowledge about coordination, communication, methodology

and leadership.

3.3.2 Application and Transfer

Graduates with a master’s degree in Engineering and Management can apply
their specialist knowledge to professions in the STEM fields, in management
or in integrated fields and develop or improve solutions to problems in their
areas of specialization. According to the process model defined in Chapter 3.1,
a distinction is made between the skill areas of “Apply and Analyze”, “Evaluate
and Design” and “Organize and Lead”. These are described below:

Apply and Analyze:
Graduates from master’s programs in Engineering and Management are able to:

Identify, analyse, summarize and conceptualize complex technological
and/or business problems in a broad range of environments containing
partly new and / or unknown influencing variables in order to solve them in
a holistic / integrative manner.

Systematically engage with, analyze and evaluate scientific methods as well
as operational structures and processes and to use them in new fields of
application.
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Apply and promote management techniques in an international and inter-
cultural environment.

Evaluate legal issues in business contexts.

Evaluate and Design:

Graduates from master’s programs in Engineering and Management are also
able to:

Recognise complex problems in a technological and/ or business context
and solve them in an interdisciplinary, holistic, innovative and methodical
manner (problem-solving skills and ability to take action).

Independently design and develop complex business and / or technological
systems and to define the conditions to implement them.

Develop, optimise, implement and evaluate complex application-oriented
solutions based on specified structure, process and data analyses.

Plan and control the use of modern information technologies.

Take legal aspects into consideration when developing business and man-
agement-related solutions.

Organize and Lead:

In terms of the area of organization and leadership, graduates with a master’s
degree in Engineering and Management are able to:

Make rational and ethically-oriented decisions in a complex environment
with partly new and / or unknown influencing variables and to think criti-
cally in order to find innovative and effective solutions for interdisciplinary,
qualitative and quantitative problems.

Develop, shape and manage strategies in everyday business practice (strate-

gic thinking skills, taking action and leadership).
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Manage individuals or groups in a target-oriented manner when dealing
with business and / or technological problems in a company context.

Take on the leadership role and act as moderator when developing and
introducing holistically optimised solutions in companies.

Achieve synergy effects by moderating and leading interdisciplinary teams
and cooperating with stakeholders in a business-technical and social context.

Assume leadership tasks in interdisciplinary and intercultural teams and
organizations.

Take legal aspects into consideration when managing individuals or groups
ina target—oriented manner in companies.

3.33 Scientific Innovations

Graduates from Engineering and Management master’s programs have
expanded the methodological and analytical skills of their previous education,
in particular thanks to the strong interlinking of research and teaching, and
can now develop research perspectives and use these for their own research
projects as well as for professional work.

Graduates from these master’s programs are able to:

Apply in-depth knowledge in the field of empirical research, familiarity
with independent scientific methods as well as methods of inductive and
deductive modelling.

Collect, structure, evaluate, interpret and critically reflect on relevant pri-
mary and secondary research data according to scientific methods in both
the engineering and business fields.

Critically analyse and evaluate research results and develop further research
questions.

Select, apply and further develop suitable modelling, simulation, design and
implementation methods.
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Apply and further develop scientific methods and new results in engineer-
ing and business to problems in research and practice, taking into account
business / economic, ecological, technological and social aspects.

Contribute to the practical, methodological and scientific development of
business / economic engineering topics, pursue and advance these through
their own work.

Participate in research projects, independently develop new research out-
comes and derive new research questions.

3.34 Communication and Cooperation

Graduates from master’s programs in Engineering and Management also have
well-developed skills in the areas of communication, cooperation and leadership.

Complex, integrative solutions to existing problems require experts from
different fields and disciplines, each providing their professional, situational
expertise. It is therefore necessary for Engineering and Management gradu-
ates to be able to communicate in a professional manner in interdisciplinary
groups, and to be able to coordinate or lead such groups effectively.

For these purposes, graduates are trained to:

Articulate themselves logically, rationally and persuasively orally and in
writing at all times, and to communicate about the content and problems
within their discipline both with colleagues at all hierarchical levels as well
as with the general public, even in foreign languages and intercultural con-
texts (communicative competence).

Work effectively, efficiently, constructively and in a solution-oriented man-
ner with other individuals in decision-making situations, in an international
environment, and across disciplines (cooperative competence and team-

work skills).

Identify and discuss facts and problems from their field keeping intercul-
tural contexts in mind.
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Apply and promote management techniques in an international and inter-
cultural environment.

Effectively coordinate interdisciplinary and intercultural teams and assume
leadership tasks in teams and organizations.

Organize, manage and lead teams (independently).

3.3.5 Professional and Personal Skill Development

Graduates with a master’s degree in Engineering and Management possess
additional non-specialized skills that are indispensable for successful pro-
fessional work in an interdisciplinary environment. They have the ability to
self-critically reflect on their professional actions, make use of their creative and
decision-making freedom, and identify and evaluate alternative approaches, all
based on sound functional and methodological knowledge.

The skills acquired here include the ability to:

Independently identify and assimilate the economic, political, social and
legal framework of the economy and take these into account when making
business decisions (assessment competence in the social environment).

Use and promote the possibility of shaping social relationships and assuming
social responsibility in the professional environment (social competence).

Act in a flexible manner according to the changing requirements in today’s
dynamic, globalized business world (change management competence).

Reflect on their professional and research actions critically, find alternatives,
evaluate them and justify decisions responsibly and rationally.

Keep themselves up to date with the latest developments in science and
rescarch through independent learning (competence in independent, life-
long learning).

Meet team members’ training needs.
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3.4 Doctorate / PhD Program

After completing an interdisciplinary master’s degree at the interface of mul-
tiple disciplines, students have the option of pursuing a PhD degree in Engi-
neering and Management. When making the decision whether to continue on
for the PhD, students should keep in mind both the intellectual challenge of
doctoral programs as well as the considerably higher starting salaries for appli-
cants with this advanced degree.

Traditionally, both graduates with a master’s or the older German “diploma”
degree in Engineering and Management could pursue a PhD degree. However,
itis currently not possible for graduates with a degree in Engineeringand Man-
agement to enter a doctoral program. This is due to the fact that there is no
clear consensus as to what can truly be regarded as Engineering and Manage-
ment-oriented research. However, there are preferred disciplines and research
questions which Engineering and Management graduates can use as orienta-
tion for their doctoral projects.

What they have in common is being at the interface between technology, man-
agement and their socio-economic design, e.g. through an innovation and
technology policy. PhDs in Engineering and Management are therefore usu-
ally carried out at the interface between the engineering sciences, quantitative
methods as well as the fields of business administration and economics.*’ This
corresponds to the principle of the integration core area, which is a unique
characteristic of the degree programs in Engineering and Management.

The thesis is focused on investigating new research questions and / or unclear
issues that have not yet been scientifically dealt with. The focus is on develop-
ing new knowledge and, if necessary, new methods in the student’s chosen field
of specialisation and /or new forms of understanding contexts. The latter is
particularly relevant for Engineering and Management graduates due to their
interdisciplinary education. Doctoral students are expected to design, assess

40  Cf. Schuh, Giinther / Warschat, Joachim (Hrsg.): Potenziale ciner Forschungsdisziplin Wirtschaftsingenieurwesen.
Munich, 2014.



55

and evaluate their results and solutions holistically and to reflect on them in
multiple cycles.

One of the professional requirements of doctoral candidates is to derive their
own teaching/learning theory in the chosen area of specialisation, so that
the knowledge acquired can be passed on in a well-founded manner. Doc-
toral students develop and expand their teaching competences by imparting
their knowledge to other students as well as training practitioners in this field
of knowledge. In order to generate scientific innovations, doctoral students
also acquire skills in how to prepare and successfully submit research grant
proposals.

In terms of the issues of leadership, Communication and Cooperation, PhD
students additionally develop additional competences, such as leading inter-
disciplinary research teams or practically oriented teams in order to implement
holistic solutions. They also lead working groups on innovative research topics
and challenge and support their team members within this context. As part of
their scientific self-image, they successfully publish their research findings at
regular intervals in relevant journals in the field.
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4 Summary and Outlook

This QF E&M describes the qualifications that students acquire from stud-
ying Engineering and Management in a systematic way. It is intended to be
transparent and to make it easier to compare national and international degree
programs. Furthermore, it provides the reader with an orientation of the essen-
tial academic content and clarifies the structure of the Engineering and Man-
agement studies at both the bachelor’s and master’s level. The aim is to present
the target qualification profiles for graduates from bachelor’s and master’s pro-
grams in a general form, regardless of the attended type of university.

The explanation is based on thorough, detailed discussions with a large num-
ber of Engineering and Management program directors covering a wide variety
of specialisations. The authors of this qualification document represent many
different universities and colleges. The QF E&M was discussed and adopted
at the annual conference of the International Council of Academic Depart-
ments in Engineering and Management (FFBT W1 e. V.), representing almost
60 departments. Thus, the QF E&M reflects FFBT WI's shared understanding
of Engineering and Management as an innovative field of study, characterized
in particular by the core area of integration.

The QF E&M formulates the required competences in the form of a quality
seal. It is an important element for the quality assurance of teaching and stud-
ies in the field of Engineering and Management, which is considered an inde-
pendent scientific field. The idea behind the standards defined in the QF E&M
are that a degree in Engincering and Management based on these standards
would offer graduates the best career opportunities.

The standards contained herein are regularly discussed and further developed
as part of a continuous improvement process. The circle of “stakeholders”
involved in this process will be continually expanded in the future.

This type of degree program is referred to in various ways in other countries.
y g g Y
Similar degrees are known as “Business Administration and Engineering’,
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“Industrial Engineering”, “Engineering and Economics” or “Business Engi-
neering”. It should be noted that the English term “Industrial Engineering’,
with its focus on industrial production, represents only part of the broad spec-
trum of courses covered in the Engineering and Management program. The
International Council of Academic Departments in Engineering and Manage-
ment (FFBT W1e. V.) decided to use the title “Engineering and Management”
exclusively in English for the degree program described in this book.

In addition to Central European universities used as a means of comparison,
other European universities (e. g. in Northern and Southern Europe) and uni-
versities on other continents, e. g. from North and South America, Asia or
Oceania, should also be included in future editions. The aim is to learn from
cach other and thus further strengthen the field of Engineering and Manage-
ment in an international context. The English version of the QF E&M was
prepared with this in mind - to ensure international quality standards and at
the same time make the successful concept of Engineering and Management
studies even more well-known internationally. The International Council of
Academic Departments in Engineering and Management (FFBT W1 e. V.)
plans to further expand its international contacts and admit more foreign uni-
versities over the next few years.
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