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The master’s seminar “Competencies for Social and Sustainable Engineering Design” at RWTH Aachen University is
part of the study programs Environmental Engineering, Civil Engineering and Industrial Engineering. Focusing on
Education for Sustainable Development (ESD), this course covers, teaches and reflects relevant competencies for socially
responsible and sustainable engineering design. Following a research-orientated focus, the following research question
was addressed: ‘“Which competencies are considered relevant by future engineers in the context of sustainable and socially
responsible engineering design?”’. The purpose of this paper is to present this approach and, on the basis of the seminar, to
explain how relevant competencies for socially responsible and sustainable engineering design can be acquired by
engineers. Moreover, the seminar concept is explained and a methodology for teaching the aforementioned topics is
described that can also be transferred to other courses. The evaluation of course-specific feedback allows to present both
conclusions and corresponding solution approaches, as well as challenges associated with the concept. Results show that
engineering students call for competencies which go beyond pure technical knowledge, and, at the same time, determine
that these competencies, like social competencies, are missing in their studies. Accordingly, this leads to implications for

future curricula development.
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1. Introduction

Regarding their impact on society and environ-
ment, engineers are jointly responsible for transfor-
mations and innovations and thus, need to reflect
upon this responsibility [1-4]. Accordingly, relevant
competencies to reflect on their responsibility as
engineers are required and must be embraced and
enabled by education [1]. In the last years discus-
sions about competencies of engineers needed to
meet challenges of the 21st century have arisen [1,
3-5]. As stated in the SEFI position paper [1]
“engineering is a collaborative, complex activity
that demands socio-technical, societal and systems
perspective.” Thus, engineering graduates must
cope with challenges and complex problems affect-
ing society. Understanding environmental context
and planning for sustainable development are rele-
vant aspects here, therefore future engineers should
be enabled to create sustainable and socially
responsible solutions [2, 3].

The fourth goal for sustainable development of
the United Nations states, by 2030, “ensure that all
learners acquire the knowledge and skills needed to
promote sustainable development, including,
among others, through education for sustainable
development and sustainable lifestyles, human
rights, gender equality, promotion of a culture of
peace and non-violence, global citizenship and
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appreciation of cultural diversity and of culture’s
contribution to sustainable development.” [6]
Accordingly, education for sustainable develop-
ment (ESD) also has a significant role in engineer-
ing education. The increasing debate on
competency-based teaching in engineering is there-
fore accompanied by a stronger integration of
competencies for sustainable development as well
as ethics, social responsibility and intercultural
cooperation [3, 7-13].

For this reason, the Faculty of Civil Engineering
at RWTH Aachen University offers the master’s
seminar “Competencies for Social and Sustainable
Engineering Design” as part of the degree programs
Environmental Engineering, Civil Engineering and
Industrial Engineering. In this seminar, relevant
competencies for socially responsible and sustain-
able engineering design are presented, taught and
reflected upon. Together with the students, the
research question “Which competencies are con-
sidered relevant by future engineers in the context
of sustainable and socially responsible engineering
design?” is answered in the course of the seminar.

The aim of this paper is to present this research-
oriented teaching approach in terms of a case
report. It elaborates how engineering students can
acquire competencies for a socially responsible and
sustainable engineering design by letting them do
research relating thereto themselves. For doing so,
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a case report based on Malmi et al. [14] was chosen
in order to propose a novel educational setting and
teaching concept and to improve practice [14].
Thus, the focus of this paper is in describing this
concept and in reporting student’s results and feed-
back. In the following, first, the theoretical back-
ground is described, based on discourses on ESD
and the relevance of competencies for socially
responsible and sustainable engineering design.
Afterwards, section 3 presents the seminar concept
and a methodology for teaching the aforemen-
tioned topics that can also be transferred to other
courses. The methodology is based on the analysis
of 24 students-led interviews, which results are
presented in section 4. For this purpose, a deductive
category system is used, which is based on a pre-
given interview guide. The evaluation of course-
specific feedback allows to present both conclusions
and corresponding solution approaches, as well as
challenges associated with the concept.

2. Theoretical Background

2.1 Competencies for Sustainable Development

The concept of Education for Sustainable Devel-
opment (ESD) is internationally framed by
UNESCO [15-17]. ESD “empowers everyone to
make informed decisions for environmental integ-
rity, economic viability and a just society for pre-
sent and future generations, while respecting
cultural diversity.” [17] and thus, requires compe-
tencies like critical thinking, system thinking,
future-oriented thinking or taking action for sus-
tainable development [15, 16]. As Higher Education
Institutions (HEIs) have an expanding influence on
ESD by value and impact of their teaching and
research both on local and global level, they are
particularly relevant in promoting competencies for
ESD [15].

In an educational context, competencies describe
desired educational outcomes [18, 19]. They can be
defined as a combination of knowledge, skills and
attitudes appropriate to the context [19] or more
precisely they describe “a potential for the pre-
sumed ability of a person to act intentionally,
purposefully and successfully” [18, p. 10].

In the last decade, the scientific discourse around
competencies for Sustainable Development (SD)
has become increasingly important. There are sev-
eral lists of competencies and definitions regarding
education for sustainable development, proposed
by different authors [20]. Wiek et al. [21] summar-
ized and categorized SD competencies in a broad
literature review. This resulted in five key compe-
tencies: systems-thinking, anticipatory, normative,
strategic and interpersonal competence. Barth et al.
[22] analyzed the implications for different learning

settings regarding the development of key compe-
tencies in higher education. Lozano et al. [20, 23]
connected competencies and  pedagogical
approaches for SD in higher education.

In Germany, “Gestaltungskompetenz’ (shaping
competence, [24]) has been discussed as a central
educational objective of ESD [22]. This means
“having the skills, competencies and knowledge to
enact changes in economic, ecological and social
behaviour without such changes always being
merely a reaction to pre-existing problems.” [24,
p- 22]. “Gestaltungskompetenz” in this context
comprises eight sub-competencies that are central
to the design of educational standards: competen-
cies in foresighted thinking, interdisciplinary work,
cosmopolitan perception, transcultural under-
standing and co-operation, participatory skills,
planning and implementation, capacity for empa-
thy, compassion and solidarity, self-motivation and
motivating others, and distanced reflection on indi-
vidual and cultural models.

This also goes along with the understanding of
“Change Agents” [25]. Change agents have, for
example, the skills to engage in self-assessment,
self-reflection and analysis, engage in civil discourse
and debate or to recognize the global implications
of their actions. These skills should enable students
to create a sustainable future.

Those understandings of “Gestaltungskompe-
tenz” and “Change Agents” and the underlying
key-competencies were used as the basis for the
seminar described in this study.

2.2 Competencies for SD and Responsibility in
Engineering Education

With regard to the relevance and impact of their
work, the previously described competencies are
correspondingly relevant for future engineers who
need to be sensitized to topics such as sustainability,
ethics and responsibility as part of their education
[8,9, 11, 13].

In their multi-year project, the American Society
for Engineering Education (ASEE) studied attri-
butes needed by engineers to live and work effec-
tively in a global context [26]. The Attributes of a
Global Engineer project identified several relevant
competencies. Attributes of a global engineer are
for example communicating effectively in a team,
thinking critically and creatively, possessing a
global perspective or embracing an interdisciplin-
ary perspective. Downey et al. [27] also stated that
one important aspect regarding global competence
is to understand that working effectively with
different cultures means to work with people who
define problems differently. In 2004, the National
Academy of Engineering [4] published attributes
engineers should have in 2020. In their literature
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review, Guerra et al. [28] compared NAE attributes
to the Attributes of Global Engineer project and
found few differences.

Referring to Europe, the engineering education
initiative CDIO (Conceive, Design, Implement and
Operate) has developed a syllabus of knowledge,
skills and attitudes engineers should acquire during
their study programs [2, 3]. In the updated version,
the syllabus includes a category referring to roles
and responsibilities of engineers, impact of engi-
neering on society and the environment, develop-
ment of a global perspectives and sustainability and
the need for sustainable development.

The Association of Engineers in Germany (VDI),
which is the largest technical-scientific association
in Germany, regularly publishes standards for
technical regulations. In 2002, the VDI published
the “Fundamentals of Engineering Ethics” [29] in
order to contribute to raising awareness about
engineering ethics and engineering responsibilities.
These fundamentals state that for example, engi-
neers are responsible for their professional actions,
are committed to developing sensible and sustain-
able technological systems, are aware of the
embeddedness of technical systems into their socie-
tal, economic and ecological context, and their
impact on the lives of future.

However, research with students showed sub-
stantial knowledge gaps regarding sustainability,
responsibility and ethics in engineering programs
[8, 11, 13, 30, 31]. Even though there is agreement
on the necessity and relevance of these topics in
engineering education, their concrete implementa-
tion in curricula remains a major challenge.

3. Course Framework

3.1 Course Description and Learning Outcomes

The seminar “Competencies for Social and Sustain-
able Engineering Design” takes place annually in
the winter semester and addresses master students
of the study programs Environmental Engineering,
Civil Engineering as well as Business Administra-
tion and Engineering specializing in Civil Engineer-
ing at RWTH Aachen University, one of the
leading technical universities in Germany.

In the winter semester 2020, the seminar was
restructured in a research-oriented way. Together
with the students, the following research question
had to be answered: “Which competencies are con-
sidered relevant by future engineers in the context of
sustainable and socially responsible engineering
design?”’

Following the concept of constructive alignment
[32], the intended learning outcomes were orien-
tated on the research question. They included in
particular the reflection of responsibilities of engi-

neers and the relevance of sustainable engineering
design, the relevance of interdisciplinary thinking
and acting, the assessment of competencies for a
social and sustainable engineering design, the devel-
opment of problem solving competencies with
regard to the integration in the university context
as well as the evaluation of self-generated research
results referring to the previously defined research
question.

Active participation, independent learning, curi-
osity and reflection are necessary for the success of
the teaching and learning concept. For this pur-
pose, the sessions were structured according to the
think-pair-share principle, which is well received in
literature [33]. Accordingly, students first had to
read a paper independently and assess it with regard
to a question and then discuss the results together
with others. At the end, the group results were
presented to the plenary. The group work was
organized in breakout sessions via the online
video-conference tool Zoom and the creative mind
mapping tool Miro was used for collaborative
work. Moreover, students were able to voluntarily
submit a critical reflection related to each session.

To meet the intended learning outcomes, the
seminar was divided into five topics that addressed
the following competencies and guiding questions:

Shaping competence: Why are topics such as
sustainability, engineering ethics and responsibility
relevant for engineers? Which key competencies are
relevant for shaping a sustainable future in the
context of shaping competence?

As described in the theory section, “Gestaltungs-
kompetenz” is a key competence regarding sustain-
able development. Students had to prepare the
session by reading and answering questions to the
paper of Wiek et al. [21]. In addition, this session
required students to act as “‘change agents” [25] in
group work by reflecting on what competencies and
characteristics change agents must have in order to
promote sustainable development.

Engineering competencies: What factors define
technology science/engineering? Which competen-
cies are addressed in the scientific discourse and to
what extent are ethics and responsibility mentioned
as such?

Based on the study of Rulifson and Bielefeldt [13]
students had to reflect on social responsibility of
engineers and what does that mean to themselves.

Global competence: Which global challenges are
relevant for engineers and why? Which competen-
cies are necessary for these?

Students had to prepare this session by reading
Downey et al. [27] in order to reflect on competen-
cies that are relevant for effectively global working
of engineers. Again, students had to act as change
agents reflecting on relevant aspects regarding
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intercultural teamwork and communication in a
fictive case of construction and implementation of
a water supply system.

Academic competencies: What does competence-
oriented teaching mean? Which competencies
should engineers acquire during their studies?

In this session, students gained knowledge about
competence-orientated teaching and learning and
the underlying models in Germany for this in order
to reflect upon their own acquired competencies in
their study programs.

Finally, a transfer into practice took place: With
the involvement of the student initiative ‘““Technol-
ogy without Borders™, a workshop on the topic of
“Intercultural Competence” was held, in which the
students were to independently work on an applica-
tion-related practical example from a water project
in Ecuador. They learned about challenges of inter-
cultural working and communication and reflected
upon their specific role as engineers.

3.2 Method: Guideline-Based Interviews

Qualitative interviews and their evaluations were set
as both examination and an appropriate means to
answer the above-mentioned research question. On
the one hand, the students thereby become
acquainted with a social science-oriented research
process, and on the other hand, they enter into an
exchange with other students and learn new perspec-
tives that are intended to promote self-reflection.
The students had to independently conduct inter-
views with master students of engineering pro-
grams, which were then evaluated and presented
using a qualitative content analysis, based on
Mayring [34, 35]. The guideline for the interviews

Table 1. Summary of the interview questions

was based on the topics of the seminar and was
provided by the lecturer. Interview questions were
categorized in four groups, namely covering the
topics studies and engineering identity (1), engi-
neering competencies in general (2), sustainability
and responsibility of engineers (3) and competen-
cies regarding sustainability and responsibility of
engineers (4). Table 1 provides an overview of these
questions.

Questions 3e and 3f are adapted from the study of
Rulifson and Bielefeldt [13] who performed long-
itudinal interviews with engineering students
regarding social responsibility.

The students had to conduct qualitative inter-
views individually and then evaluate them in groups
of four or five. In total, 24 students participated in
the seminar in winter semester, which, accordingly,
results in 24 interviews. For each group, the subjects
of the conducted interviews were to be as hetero-
geneous as possible with regard to course of study,
age and gender.

4. Results and Discussion

First, it is important to mention that none of the 24
students in the course had any pre-experience
regarding interviewing or qualitative content ana-
lysis. Students in technical fields in Germany sel-
domly have subjects or courses in social sciences.
Therefore, the basics of interviewing and analyza-
tion, based on Mayring [34, 35] were presented and
explained beforehand in the seminar in order to
introduce the students in methods of social sciences.

Since the students only evaluated and presented a
maximum of five interviews in their groups, the

Studies and Engineering Identity (1)

Are you satisfied with your studies so far? la
Are you missing something in your studies? 1b
What does it mean to you to be an engineer? lc
Regardless of your own previous education, how should engineers be trained in the future? 1d
Should certain emphases be set in the course of study? What would these look like?

Engineering competencies (2)

Which competencies do you see as particularly relevant for future engineers? 2a
Would you say that you are acquiring the competencies you mentioned as part of your studies? Which competencies are you | 2b
missing?

Do you think that the demand for competencies has changed in the last 20 years for future engineers? 2¢c

Sustainability and Responsibility (3)

Are you familiar with terms like sustainability and engineering ethics? 3a
Did your studies cover topics such as sustainability or engineering ethics? 3b
Do you think these topics are fundamentally relevant for engineers? 3c
Do you know the Ethical Principles of the Engineering Profession from the Association of German Engineers (VDI)? 3d
What are the responsibilities of an engineer? 3e
For whom? In which area or context and why?

What do you think is the role of an engineer in society? 3f
To what extent do engineers influence society, or to what extent should they do so?

Competencies for a Sustainable and Responsible Engineering Design (4)

What competencies are necessary for engineers to assume responsibility in the sense of the Ethical Principles? 4a

Would you say that you have acquired these skills as part of your studies? 4b
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Fig. 1. Overview and number of master’s degree programs of engineering students surveyed.

results of the total of 24 interviews were analyzed
afterwards by the lecturers as presented below. The
transcripts written by the students were once again
compared with the audio recordings. Subsequently,
based on the interview guide described above, a
deductive category system was developed, which is
based on the four groups of the interview guide.

In total, 19 persons were male and five were
female. 23 of the interviewees were between 22
and 28 years old, one person was 32 years old.
Twelve different engineering study programs were
identified, two of which represent specializations of
a study program (see Fig. 1).

In the following, the results of the four categories
are briefly presented and discussed.

4.1 Category 1: Studies and Engineering Identity

In general, most of the students (20) showed satis-
faction with their study programs (1a). The reasons
given for this were, for example, fulfilled expecta-
tions, sound basic knowledge and general enjoy-
ment of the study program. Only two people made
negative comments on this, the reason given being a
lack of practical relevance. Although the majority
expressed basic satisfaction, some aspects were
mentioned that were lacking in their study pro-
grams (1b). The lack of practical relevance was
mentioned by 13 students, and the strongly theore-
tical content was also often criticized. These results
go along e.g., with the study of Miranda et al. [36]
who highlighted the need for problem-based and
active learning methods for engineering students in
order to address the lack of practical experiences.
Moreover, five students commented on the lack of
social and ethical topics.

Regarding engineering identity (lc) results
showed that 18 students mentioned “problem sol-
ving” as a key attribute of engineers, which in
literature is also described as a key competence

for engineers [1, 2, 37, 38]. Some students described
this also as “creative” or “complex’ problem sol-
ving. Two students explicitly addressed “Identify
and solve problems in the society” as relevant
qualities of engineers. The second most frequently
cited factor was technical knowledge. This includes
practical experience and qualifications, technical
and logical understanding as well as technical
aptitude. Other aspects mentioned were frustration
tolerance, perseverance, analytical and structured
thinking, sense of responsibility, impact assess-
ment, construction, dealing with complexity, crea-
tivity, communication, learning ability, and helping
society. These were each named only once.

The answers to question 1d went along with the
previous ones. According to the students, future
engineering education should not only have a
stronger practical orientation, but also social and
personal competencies, such as taking responsibil-
ity and impact on society should become more
prevalent. Furthermore, interdisciplinarity and
data literacy were mentioned as relevant topics for
future engineering education. The results coincide
exactly with the demanded competencies in theory,
as described in section 2.

4.2 Category 2: Engineering Competencies

As particularly relevant competencies for engineers,
three were mentioned most frequently: professional
competence, problem solving and social compe-
tence. At the same time, social competence stood
out as a missing competence in studies. Table 2
shows an overview of the number of competencies
mentioned as both relevant and as missing in
studies (2a-2b):

Regarding the development of acquired compe-
tencies for engineering students, students thought
that especially digitalization, globalization and
intercultural cooperation, teamwork and social
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Table 2. Competencies mentioned by students as relevant for engineers and competencies missing in studies

Number of Number of
Relevant competencies for engineers (2a) mentions Competence missing in studies (2b) mentions
Professional Competence 13
Problem Solving 12 Problem Solving 2
Social Competence 9 Social Competence 11
Communication 7 Communication 3
Teamwork 6 Teamwork 3
Analytical Thinking S
(Self-)Learning 4 (Self-)Learning 1
Methodological Competence 4
Ethical Behavior and Understanding 3 Ethical Behavior and Understanding 1
Impact and Risk Assessment 3 Impact and Risk Assessment 1
Personal Competence 2
Willingness to Perform 2
Creativity 2
Sympathy and Empathy 1
Responsibility 1 Responsibility 1
Interdisciplinarity 1 Interdisciplinarity 2
Openness 1
Holistic Thinking 1 Holistic Thinking

Presentation Skills

Leadership

Intercultural Competence

competencies in general have become much more
relevant in recent years (2c). This question was
included in the guide primarily to help students
reflect on the changing demands and developments
of the engineering profession.

It is important to note that the competencies
listed above were named by the students them-
selves. For example, teamwork and communication
could also be listed as “‘social competence”. Of
course, there are several options to define and
formulate competencies [10, 39, 40], but the pur-
pose here was to investigate and reflect the students’
points of view and not to categorize the freely given
answers.

4.3 Category 3: Sustainability and Responsibility

23 students stated that they know the term sustain-
ability and could explain it (3a). Only 12 people
were able to confirm this for the term engineering
ethics, 11 had not heard this expression before.
However, when students were asked to explain the
term sustainability in their own words, only a few
were able to clearly delineate it. After the respective
question, sustainability and engineering ethics were
explained to each participant, in order to create a
common understanding of the terms for the sub-
sequent interview. The focus here was on the
presence of these topics in engineering studies
(3b). 16 students stated that sustainability had
already been addressed in some form in their
studies, while eight denied this. Engineering ethics

was assessed by eight students as being represented
in their studies, 15 could not confirm this. A lack in
the understanding about the relevance on ethics for
engineers was similarly found by Valentine et al. [§]
in their study on ethics in engineering.

With regard to the relevance of sustainability and
engineering ethics (3¢), 19 students thought that
these topics were definitely relevant. One person
each only considered sustainability and engineering
ethics to be relevant. Two people did not make a
statement and one person was unsure.

As formulated in the theory section, the Funda-
mentals of Engineering Ethics formulated by VDI
state duties and responsibilities of engineers [29].
Although engineering students in Germany are
often confronted with VDI standards, for example
regarding boundary conditions or building compo-
nents, 22 students have never heard of the stan-
dards, two persons were not sure (3d). This result
was also mirrored within the course, where none of
the participants declared to had heard of the VDI
Fundamentals of Engineering Ethics before.

All students named areas of responsibility of
engineers (3e) in the course of the interviews.
Safety-related aspects were frequently listed, such
as in construction and building planning. Accord-
ing to the students, engineers are also seen to have
the responsibility to provide technologies that are
accessible and user-friendly to as many people as
possible. Moreover, they are responsible for asses-
sing consequences, which results in a responsibility



606

Ann-Kristin Winkens and Carmen Leicht-Scholten

for society. As one student noted: “Engineers are
people who develop tools, products and solutions,
not only for today, for our generation, but also for
the generation after 100 years. And accordingly,
they have an enormous responsibility to think not
only about themselves and their current generation,
but also about the future.” (translated by the
authors)

This goes along with question 3g referring to the
role of an engineer in society. Answers of students
could be categorized in two topics: relation to
society and areas of responsibility. In terms of
relation to society, engineers were often described
as “driving forces” who improve and shape people’s
lives. They were seen as both the foundation and the
center of society. Furthermore, engineers in Ger-
many are seen to enjoy a high standing in society.
Only two people did not see any relevant role of
engineers in society. With regard to the areas of
responsibility, the development of technologies and
products was mentioned above all, on the basis of
which added value could be created. Engineers are
also seen as responsible for preventing hazards,
developing solutions for everyday life and meeting
the needs of society, as one student noted: “I think
engineers have the task of simplifying the world or
life, precisely through possible developments, and
somehow also making life more worth living.”
(translated by the authors)

4.4 Category 4: Competencies for a Sustainable
and Socially Responsible Engineering Design

After having talked and thought about basic com-
petencies of engineers as well as about sustainabil-
ity, engineering ethics and responsibility of
engineers, the focus at the end of the interviews
was specifically on competencies that are relevant
for social and sustainable engineering design (4a).
The interviewed students had to connect the afore-
mentioned topics in order to derive implications for
relevant competencies. The competencies men-
tioned in this context are listed in the following
table, which also compares the results with the
competencies mentioned in chapter 4.2.
Analogous to 2b, most respondents reported that
these competencies — with the exception of technical
or professional competencies — are not taught in
their course of study (4b). Two persons pointed out
that this was not the function of the university.
Contextualizing Table 3, it clearly shows an
ambivalence regarding relevant competencies
from students’ point of view and missing compe-
tencies in their study programs. Especially regard-
ing “social competence” it becomes clear that
students define this as a relevant competence in
general for engineers, but named this competence
as not represented in education. However, some

students noted that the reflection process regarding
relevant competencies has developed during the
interview. The majority had never dealt with the
treated topic before and only after the competencies
of engineers or the responsibility of engineers had
been discussed in the course of the interview, they
were able to see the connections more clearly in the
last block (4). Accordingly, biases cannot be
excluded. However, the aim of the study was to
see students’ thoughts and just in time answers in
order to get a precise impression of their mindset
towards topics of sustainability and ethics.

Comparing the competencies mentioned from 4a
to Wiek et al. [21], all competencies can be found in
their study. Of course, it cannot be ruled out that
the understanding of the competencies mentioned
by the students does not coincide with those of the
authors, as it is possible that the same competence is
meant, but formulated differently [10]. Referring to
“Gestaltungskompetenz” [24], students addressed
its sub-competencies foresighted thinking, interdis-
ciplinary and intercultural work as well as social
and personal competence (like empathy, compas-
sion and solidarity).

4.5 Evaluation and Acquired Competencies

In order to evaluate the seminar concept, a total of
three different types of feedback were offered. On
the one hand, students were able to give anonymous
feedback after each session by naming particularly
positive or negative aspects as well as making
suggestions for improvement. The weekly feedback
made it possible to implement the negative feedback
or suggestions for improvement directly in the next
session. However, these were mostly aspects regard-
ing the technical implementation of the seminar. In
addition, a central evaluation was conducted at the
end of the semester. As a third feedback option, the
students had the opportunity to exchange ideas
among themselves in small groups during the last
session and to reflect on the competencies they had
acquired.

The seminar concept was rated “very good”
overall. The main negative aspect was the lack of
personal exchange, as the seminar had to be held
online due to the COVID-19- pandemic. Further-
more, the time for group work in the sessions was
considered too short. With regard to conducting the
interviews, the students would have liked more
introduction to qualitative content analysis, since,
as previously described, they had no experience in it.

The following aspects were overall positively
highlighted: interactivity and group work, ability
to work in a team, discussions, communication with
other students, exchange with different courses and
characters, active participation, creativity, regular
feedback opportunities and the use of Miro as an
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Table 3. Competencies mentioned by students as relevant for engineers, competencies missing in studies in comparison to relevant
competencies for sustainable and socially responsible engineering design

Relevant competence for
sustainable and socially
Relevant competencies for Number of Competence missing in Number of responsible engineering Number of
engineers (2a) mentions studies (2b) mentions design (4a) mentions
Professional Competence 13 Professional Competence 5
Problem Solving 12 Problem Solving 2 (Ethical) Problem Solving | 2
Social Competence 9 Social Competence 11 Social Competence 5
Communication 7 Communication 3 Communication 2
Teamwork 6 Teamwork Teamwork 2
Analytical Thinking 5 Analytical Thinking 2
(Self-)Learning 4 (Self-)Learning 1 Learning Ability 2
Methodological 4 Methodological 1
Competence Competence
Ethical Behavior and 3 Ethical Behavior and 1 Ethical Behavior and 3
Understanding Understanding Understanding
Impact and Risk 3 Impact and Risk 1 Impact and Risk 4
Assessment Assessment Assessment
Personal Competence 2 Personal Competence 1
Willingness to Perform 2 Willingness to Perform 1
Creativity 2
Sympathy and Empathy 1 Sympathy and Empathy 4
Responsibility 1 Responsibility Responsibility 4
Interdisciplinarity 1 Interdisciplinarity 2 Interdisciplinarity 1
Openness 1 Openness 2
Holistic Thinking 1 Holistic Thinking 1 Holistic Thinking 5
Presentation Skills 3
Leadership 1
Intercultural Competence 1 Intercultural Competence | 1
Diversity 1
Usability 1
Adaptability 1
Honesty 1

interactive collaboration tool. On the content level,
the following aspects were highlighted: learning
something new (“very interesting topics through
which you can broaden your horizons and could
definitely learn more skills”), learning social science
methods, relevance of ethics and social competen-
cies for engineers (““The subject matter around the
seminar are more important than you think at the
beginning. So I liked how they were able to get me
excited about it.”’) and self-reflection even beyond
the seminar. Furthermore, the critical reflections
were singled out: “In fact, the most interesting part
was writing a critical reflection. [...] By writing a
text, I was able to broaden my point of view.”
(translated by the authors)

In addition, a survey on the acquisition of
competencies was conducted once at the beginning
of the semester and again at the end. In this survey,
the students were able to provide information on
professional, methodological, social and personal
competencies. By the end of the seminar, the
majority reported progress, for example with

regard to the statement “I know different compe-
tence models and can explain them independently.”
or “I know my way around qualitative research.”
(translated by the authors) Furthermore, the stu-
dents were able to describe in their own words
which competencies they thought they had acquired
through the seminar. Here, teamwork, communica-
tion, conflict management, adaptive thinking,
methodological competencies, flexibility, critical
reflection and social competencies were mentioned.

The feedback from the students is thus overall in
line with the intended learning outcomes defined in
advance. Suggestions for improvement, such as
detailed explanations of the qualitative content
analysis, will be incorporated and implemented in
next semester.

5. Implications

Results showed that competencies which are men-
tioned by the students as relevant for social and
sustainable engineering design are also included in



608

Ann-Kristin Winkens and Carmen Leicht-Scholten

the literature review by Wiek et al. [21] and some of
those are sub-competencies of “Gestaltungskompe-
tenz” [24]. Students named some competencies that
they consider relevant for a social and sustainable
engineering design, but which are missing in their
studies. Moreover, they frequently criticized the
lack of practical orientation in their education
which goes along with the theoretical-based focus
of engineering education [36]. Accordingly, this
results in implications for the curricula in order to
also meet the required demands on future engineers
[1-3]. There are several teaching and pedagogical
approaches which go along with teaching compe-
tencies for sustainable development [20, 23]. These
approaches are relevant for engineering curricula,
in order to promote sensitization and reflection on
those topics and their importance for future engi-
neers. For example, an effective step could be the
application of the Sustainability Literacy Test
(Sulitest, [41]), the idea of which emerged within
the framework of the United Nation’s Rio+20
world sustainability summit and goes along with
the Sustainable Development Goals. The test aims
to enable higher education teachers to assess their
students’ knowledge, skills and awareness on sus-
tainability. Karvinen et al. [7] tested the tool for
integrating sustainability into engineering curricula
in Nordic universities which could be also adapted
to German technical universities.

Regarding the methodology used, it is again
important to mention that this paper is by nature
a case report and aims to propose and present a new
educational setting and teaching concept within
engineering education. Thus, the focus of the
paper was in describing the aforementioned con-
cept and to present student’s results, feedback and
learning outcomes. This is also reflected in the
presentation of a course of 24 participants, or 24
interviews as a result, as the sample. As previously
described, the students had no prior experience in
conducting interviews or analyzing them. The
results presented here are based on the audio
recordings of the student-conducted interviews.
At one point or another, the students interviewed
were primed, for example, by leading questions.
Furthermore, the interviews portray a snapshot in
time. Some of the students interviewed also stated
that they had not previously dealt with the topic.
Accordingly, naming as well as definitions of the
respective competencies are difficult and it remains

References

unclear what exactly students e.g., understand by
“social competencies”, which poses further chal-
lenges [10, 39, 40, 42]. The results were also eval-
uated in the overall context. In the future, it would
be interesting to analyze the extent to which there
are differences in the respective study programs. To
further validate the interview results presented here,
a next step would be to conduct these statements as
a quantitative survey to represent a larger group.
Moreover, critical reflection papers by the students
could be analyzed regarding to their self-reflection
process in order to evaluate how they understand
and reflect the topics.

6. Conclusions

The goal of the seminar was to find out, together
with the engineering students, in a research-
oriented way, which competencies are relevant for
a social and sustainable engineering design. The
special feature of the seminar concept was, on the
one hand, to regularly talk to the students about
and discuss various competencies of engineers and,
on the other hand, to let them talk about them
independently with other students by means of
interviews. By putting the students themselves in
the situation of explaining competencies, sustain-
ability or engineering cthics in the seminar, the
understanding as well as the reflection for these
topics could be strengthened. This is also reflected
in the evaluation results. The research and applica-
tion-oriented approach enabled the students to
learn new scientific methodological skills, which
are often less represented in engineering study
programs in particular.

The seminar concept, consisting of think-pair-
share, critical reflection and acquisition of compe-
tencies, can be transferred very well to topics other
than sustainability and ethics. It is important to build
up the seminar concept in the sense of constructive
alignment, so that the specific content, intended
learning outcomes and examination performance
are coordinated. By independently carrying out a
research process and active learning, students
acquire new knowledge and skills, which in this
case particularly promote competencies for sustain-
able development, such as shaping competence.

Acknowledgments — The authors are grateful to the students who
took part in the course and those who participated in the
interviews.

1. M. Murphy, K. Hawwash, M. Vigild and X. Fouger, Position Paper on Engineering Skills — Developing Graduate Engineering Skills,

2016.

2. E. Crawley, J. Malmqvist, W. Lucas and D. Brodeur, The CDIO Syllabus v2.0. An Updated Statement of Goals for Engineering
Education, Proceedings of the 7th International CDIO Conference, Copenhagen, Denmark, 20-23 June, 2011.



Teaching Essential Competencies for Social and Sustainable Engineering Design 609

15.
16.
17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. E. Crawley, J. Malmqyist, S. Ostlund, D. Brodeur and K. Edstrdm, Rethinking Engineering Education. The CDIO Approach,
Springer, Switzerland, 2014.

. National Academy of Engineering Education, The Engineer of 2020. Visions of Engineering in the New Century, The National
Academy Press, Washington, DC, 2004.

. UNESCO, Engineering: Issues, Challenges and Opportunities for Development, UNESCO publishing, Paris, 2010.

. UN, Sustainable Development Goals: Quality Education, https://www.un.org/sustainabledevelopment/education/, Accessed 22
March 2021.

. M. Karvinen, T. S. Grindsted, A. Kerénen, J. E. Hermansen, L. K. Selbekk, S. Sohlo and J. Sorvari, Sustainability literacy and
engineering: Experiences from a literacy test as a teaching and assessment tool in Nordic universities, Proceedings of the 45th SEFI
Annual Conference 2017: Education Excellence for Sustainability, Azores, Portugal, 18-21 September, pp. 49-62, 2017.

. A. Valentine, S. Lowenhoff, M. Marinelli, S. Male and G. M. Hassan, Building students’ nascent understanding of ethics in
engineering practice, European Journal of Engineering Education, 45(6), pp. 957-970, 2020.

. M. Rico-Garcia and L. V. Fielden Burns, Intercultural communication in engineering studies: a key competence in global labour
markets, European Journal of Engineering Education, 45(6), pp. 833-853, 2020.

. J.Segalas, D. Ferrer-Balas, M. Svanstrom, U. Lundqvist and K. F. Mulder, What has to be learnt for sustainability? A comparison of
bachelor engineering education competences at three European universities, Sustainability Science, 4(1), pp. 17-27, 2009.

. E. Conlon, The New Engineer: Between Employability and Social Responsibility, European Journal of Engineering Education, 33(2),
pp. 151-159, 2008

. M. Arsat, J. E. Holgaard and E. de Graaff, Effectiveness of Sustainability in Engineering Education: Research Methods, paper
presented at SEFI 40th Annual Conference, Thessaloniki, Greece, 23-26 September, 2012.

. G. Rulifson and A. Bielefeldt, Learning social responsibility: Evolutions of undergraduate students predicted engineering futures,
International Journal of Engineering Education, 35(2), pp. 572-584, 2019.

. L. Malmi, E. de Graaff, T. Adawi, R. Curmi, G. Duffy, C. Kautz, P. Kinnunen and B. Williams, Developing a Methodological

Taxonomy of EER papers, paper presented at SEFI 40th annual conference, Thessaloniki, Greece, 2012.

UNESCO, Shaping the Future We Want. UN Decade of Education for Sustainable Development (2005-2014 ). Final Report, Paris, 2014.

UNESCO, Education for sustainable development: An expert review of processes and learning, Paris, 2011.

UNESCO, Education for Sustainable Development (ESD): A Sound Investment to Accelerate African Development, https:/

en.unesco.org/events/education-sustainable-development-esd-sound-investment-accelerate-africandevelopment,  Accessed 22

March 2021.

. U. Bartosch and A. Hiller, Higher Education with Competence. A Handbook on the Qualifications Framework for German Higher
Education Degrees ( Framework for Higher Education: HQF), HRK, 2019.

. Commission of the European Communities, Towards a European Qualifications Framework for Lifelong Learning, Brussels, Belgium,

2005.

R. Lozano, M. Merrill, K. Sammalisto, K. Ceulemans and F. Lozano, Connecting Competences and Pedagogical Approaches for

Sustainable Development in Higher Education: A Literature Review and Framework Proposal, Sustainability, 9(10), 2017.

A. Wiek, L. Withycombe and C. L. Redman, Key competencies in sustainability: a reference framework for academic program

development, Sustainability Science, 6(2), pp. 203-218, 2011.

M. Barth, M. Adomssent, J. Godemann, M. Rieckmann and U. Stoltenberg, Developing key competencies for sustainable

development in higher education, International Journal of Sustainability in Higher Education, 8(4), pp. 416-430, 2007.

R. Lozano, M. Barreiro-Gen, F. Lozano and K. Sammalisto, Teaching Sustainability in European Higher Education Institutions:

Assessing the Connections between Competences and Pedagogical Approaches, Sustainability, 11(6), 2019.

G. de Haan, The BLK 21’ programme in Germany: a ‘Gestaltungskompetenz’-based model for Education for Sustainable

Development, Environmental Education Research, 12(1), pp. 19-32, 2006.

M. Svanstrom, F. J. Lozano-Garcia and D. Rowe, Learning outcomes for sustainable development in higher education, International

Journal of Sustainability in Higher Education, 9(3), pp. 339-351, 2008.

S. Hundley, The Attributes of a Global Engineer: Results and Recommendations from a Multi-Year Project, paper presented at 2015

ASEE International Forum Seattle, 14 June, 2015.

G. L. Downey, J. C. Lucena, B. M. Moskal, R. Parkhurst, T. Bigley, C. Hays, B. K. Jesiek, L. Kelly, J. Miller, S. Ruff, J. L. Lehr and

A. Nichols-Belo, The Globally Competent Engineer: Working Effectively with People Who Define Problems Differently, Journal of

Engineering Education, 95(2), pp. 107-122, 2006.

A. Guerra, R. Ulseth, B. Jonhson and A. Kolmos, Engineering grand challenges and the attributes of the global engineer: a literature

review, Proceedings of the 45th SEFI Annual Conference 2017: Education Excellence for Sustainability, Azores, Portugal, 18-21

September, pp. 1222-1235, 2017.

VDI, Fundamentals of Engineering Ethics, http://www.gender-curricula.com/fileadmin/media/media-curricula/Dateien_ PDF_/

VDI _ethical_standards.pdf, Accessed 22 March 2021.

R. Milcarek, R. Falkenstein-Smith, M. Garrett and J. Ahn, The Development and Evolution of the Engineering Design Process in

Engineering Education: From Sustainability towards Resilience, ASEE St. Lawrence Section Conference, Ithaca, NY, 08-09 April,

2016.

A. Azapagic, S. Perdan and D. Shallcross, How much do engineering students know about sustainable development? The findings of

an international survey and possible implications for the engineering curriculum, European Journal of Engineering Education, 30(1),

pp. 1-19, 2005.

J. Biggs and C. Tang, Teaching for Quality. Learning at University. What the Student Does, The Society for Research into Higher

Education, 2007.

A. Kothiyal, R. Majumdar, S. Murthy and S. Iyer, Effect of think-pair-share in a large CS1 class: 83% sustained engagement,

Proceedings of the ninth annual international ACM conference on International computing education research, San Diego, USA, pp.

137-144, 2013.

P. Mayring, Qualitative Content Analysis: Demarcation, Varieties, Developments, Forum Qualitative Sozialforschung/Forum.

Qualitative Social Research, 20(3), 2019.



610 Ann-Kristin Winkens and Carmen Leicht-Scholten

35. P. Mayring, Qualitative content analysis. theoretical foundation, basic procedures and software solution, Klagenfurt, 2014.

36. M. Miranda, A. Saiz-Linares, A. da Costa and J. Castro, Active, experiential and reflective training in civil engineering: evaluation of
a project-based learning proposal, European Journal of Engineering Education, 45(6), pp. 937-956, 2020.

37. ENAEE, EUR-ACE®™ Framework Standards and Guidelines, http://www.enaee.eu/eur-ace-system/standards-and-guidelines/
#standards-and-guidelines-for-accreditation-of-engineering-programmes, Accessed 22 March 2021.

38. ABET, Criteria for Accrediting Engineering Programs, https://www.abet.org/accreditation/accreditation-criteria/criteria-for-
accrediting-computing-programs-2020-2021/, Accessed 22 March 2021.

39. M. L. Cruz, G. N. Saunders-Smits and P. Groen, Evaluation of competency methods in engineering education: a systematic review,
European Journal of Engineering Education, 45(5), pp. 729-757, 2020.

40. U. Beagon, D. Carthy and B. Bowe., Graduate Engineering Skills A Literature Review & Call for Rigorous Methodological
Approaches, Proceedings of the SEFI 47th Annual Conference: Varietas delectat. . . Complexity is the new normality, Budapest,
Hungary, 16-19 September, pp. 1387-1394, 2019.

41. S. Nakamura, M. Matsuishi and L. Rynearson, Efficient skills enhancement through continuing education, Joint International IGIP-
SEFI Annual Conference 2010, 2010.

42. H. J. Passow and C. H. Passow, What Competencies Should Undergraduate Engineering Programs Emphasize? A Systematic
Review, Journal of Engineering Education, 106(3), pp. 475-526, 2017.

Ann-Kristin Winkens, MSc, environmental engineer by training, is PhD candidate at the Research Group Gender and
Diversity in Engineering (GDE) at the Technical University in Aachen (RWTH) in Germany. Moreover, she is also
managing director of the interdisciplinary teaching project “Leonardo” at RWTH Aachen University. Her research is
focused on teaching and learning in engineering education, with a specific focus on future skills related to designing
resilient systems and training competencies in engineering sciences.

Carmen Leicht-Scholten, Univ.-Prof., PhD political scientist by training, is director of the RRI Hub at the Technical
University in Aachen (RWTH) in Germany. She is professor for Gender and Diversity in Engineering University (GDE)
at the Faculty of Civil Engineering and professor at the Faculty of Arts and Humanities. The bridging professorship
allows to graduate students and educate PhDs in engineering as well as in Arts and Humanities. Her focus in research and
teaching addresses the embeddedness of social factors in research and innovation processes i.e. the social construction of
science and technology. As director of the RRI Hub of the university she and her team are integrating diverse actors in
society in participatory processes in research and innovation processes to achieve transformations to more sustainable
solutions. She is engaged in integrating those perspectives in engineering curricula on national and international level, i.e.
as deputy member of the German Accreditation Council.



