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Complexity as new normality: What is going on?

A response collected at SEFI 2019

In this paper we aim at presenting SEFI Annual Conference 2019 from the the-
matic point of view. Authors have creatively reacted to the main theme ‘Com-
plexity as the new normality’ by targeting different areas of education where
complexity arises: project work, curricular changes and connection to the job
market are just few examples. The importance of soft skills alongside the core
engineering background has motivated an intense discussion on the role of
teaching in developing students’ skills. We identified the most represented
topics at SEFI 2019 and we reflected on the importance of less represented
topics such as Lifelong learning, Talent management, Sustainability and 4th
Industrial Revolution. We based our decision on the relevance of such topics
for shaping the future engineering education practices. We hope to spark the
readers’ interest and motivate to explore the articles in this thematic issue as
well as the Proceedings of SEFI 2019 Conference.
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1. Introduction

1.1. What is SEFI

SEFI (European Society for Engineering Education) is a non-profit interna-
tional organization and the largest network of engineering education profes-
sionals in Europe. Established in 1973, SEFI aims at improving engineering
education and strengthening the image of the engineering education profes-
sionals.

The network comprises academics, teachers, students and engineering ex-
perts from institutions, associations and corporate partners.

SEFI organizes a scientific annual conference, activities for the deans of
Engineering Education, ad hoc seminars/workshops led by SEFI Special In-
terest Groups. SEFI society is involved in scientific publications such as the
European Journal of Engineering Education and participates in ERASMUS+
and Horizon2020 projects. In addition, SEFI cooperates with partner and sis-
ter engineering organizations in Europe as well as worldwide.

Several SEFI sister organizations were indeed represented at SEFI 2019:
ASEE (American Society for Engineering Education), IGIP (International Socie-
ty for Engineering Pedagogy), BEST (Board of European Students of Technolo-
gy), CSEE (Chinese Society for Engineering Education) and ASIBEI (Asociacion
Iberoamericana de Instituciones de Ensefianza de la Ingenieria).

The SEFI annual conferences focus on how to teach, educate, motivate and
help the engineers of the future to succeed. SEFI is strongly committed to keep
up with the ever-changing trends in the society and culture by adapting the
targets of the conferences according to the new roles and expectations set up
by the universities.

1.2. SEFI 2019

At SEFI 2019 there were 393 participants from 41 countries, where Hungary
and The Netherlands were the most represented. The conference programme
consisted of four keynote lectures, 1 plenary session focused on the relation
between industry and academia, 47 paper sessions, 32 workshops, 11 Spe-
cial Interest Group meetings with plenary pitches and 1 poster session with
plenary pitches. The paper, poster and workshop sessions were organized to
accommodate a high number of accepted contributions: 128 Concept Papers,
61 Research papers and 32 Workshops. These publications were accepted at
the end of a strict evaluation process, based on a double blind peer review
process.

While submitting their contribution, authors were asked to characterize it
by choosing a maximum of two topics.
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At the 2019 conference, the following topics were suggested:

» Diversity in Engineering Education?

* Fundaments of engineering education: mathematics and physics

* Gender, inclusion and ethics

* How to detect and attract talents with new generations of learning tech-
nologies and networks?

* Impacts of demographics in tertiary education

* Integrated learning environments for the digital native learners

* Lifelong learning

» Network Capital (in the production of knowledge and the popularization
of science)

* New Complexity quest in engineering sciences

* New notions of interdisciplinarity in engineering education

* Open and online teaching and learning

» Strong demand for democratic involvement in educational processes

» Sustainability reflecting the complexity of modern society

* Talent management

* 4th Industrial Revolution

One of the ideas behind these topics was to show that through the utilization
of data derived from simulations and the production of resources for work-
based practical learning as well as the integration of the human-machine in-
telligence model for the purpose of continuous knowledge enhancement, the
development of industrial automation and info communication technologies
opens up opportunities for lifelong learning. For the improvement of efficien-
cy and access to the most varied new sources, and in order to provide such
sustainable services that reflect the complexity of modern societies, high ex-
pectations and pressure are posed on education. In our ’fragmented age’, the
operational environment is characterized by turbulence, interdependence
and complexity. For the transforming world of engineering education, more
recent challenges increasingly come from the complex sociocultural, econom-
ic, structural and political sectors. It is an expectation towards university sci-
ence and technology to develop excellence, explore and attract talents and
collect the inputs of practicing experts, resulting in cooperation surplus. In the
meantime, we also witness the specialization of education and the emergence
of new skill sets. Our pragmatic and creative education experts are capable of
efficiently promoting the diversity profiles of the education of scholars with
new insights and intelligence, combining the entrepreneurial mindset with
mental agility, mobility, flexibility and curiosity.

Laszld Abraham, CEO of National Instruments Debrecen, intervened at
SEFI 2019 with a workshop specifically devoted to present successful cases of
cooperation between academia and industry. At this session representatives
of LEGO, Knorr-Bremse, Continental, Ericsson and Schaeffler were also invit-



ed to present the outstanding Hungarian industrial practices and promote a
panel discussion on how to support higher education innovation in Hungary.

SEFI 2019 Annual Conference has explored a wide range of the current
available methods for teaching engineering subjects in our increasingly digi-
talized world.

Figure 1 shows the topics proposed at SEFI 2019 and how many times au-
thors have chosen them. As the conference motto was ‘Varietas delectat’, au-
thors were encouraged to submit contributions also pertaining to other topics
than the ones suggested. As a result, ‘Another topic’ was the most frequently
chosen topic. ‘New notions of Interdisciplinarity’, and ‘Diversity in Engineering
Education?’ were also widely picked. The choice of the first topic reflects the
understanding that today’s engineering problems can only be solved by a mul-
ti-disciplinary approach, the second that institutions are focusing on different
equally important priorities. ‘Lifelong learning’ was also a popular topic, re-
flecting the importance of continuous professional development after studies,
hence the necessity to build a culture of lifelong learning during studies.

On the other hand, none of the authors chose the topic ‘Network capital’
in the sense of social capital. This may be explained in different ways. It is
possible that the authors have not found any correlation with their current
research. It is also possible that it is somehow given for granted and already
present in the discussion, but not explicitly addressed.

Topics at SEFI 2019
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Figure 1. Number of times each topic was picked at SEFI 2019 in concept papers
(yellow bars), research papers (dark blue bars) and workshops (light blue bars).
Authors could choose maximum two topics per contribution.

All articles - except for the ones presented as posters - were grouped ac-
cording to their topic into sessions of 60 or 100 min each. Workshops (100 min
each) were not classified into topics in the conference programme and were
running in parallel to the paper sessions.
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Figure 2 shows how many sessions we offered in the different topics. ‘Mixed
topics’, ‘Interdisciplinarity’ and ‘Diversity’ sessions were the most represented
topics, in accordance to the topics assigned by the authors to their contribu-
tion. Note that Figure 1 reflects the topics assigned to all contributions, while
Figure 2 does not include workshops and papers presented as posters.

Sessions at SEFI 2019
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Figure 2. Number of sessions at SEFI 2019 per topic. In each session papers were
presented in one of the following formats: discussion, do-it-in-practice,
oral presentation.

We recognize that each paper touches upon a larger number of topics and
we miss from the analysis a deeper classification of all papers that fell into the
categories ‘Another topic’ or ‘Interdisciplinarity’.

In order to infer which are highly discussed topics we chose to address
directly the full text of the SEFI 2019 Conference Proceedings. We present the
most mentioned terms in the text based on a word cloud analysis (Figure 3).
The cloud shows that the authors’ interests revolved primarily on engineer-
ing skills, curriculum/course design, project-based (group) work and learning
process and methods, which is expected from a conference in engineering
pedagogy.

Based on these initials considerations we reflect upon what is the State of
the Art in Engineering Education and what is needed to achieve in the next 10
years in Engineering Education. Graham’s report (2018) contains a compre-
hensive overview of both challenges and constraints of the sector, along with
selected case studies from the top-rated engineering programmes. Important
barriers identified by the study were the difficulty of alignment between gov-
ernment and higher education goals and the little reward attributed to teach-
ing achievements in university career development. These topics were not
strongly developed during SEFI 2019.
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Figure 3. Word cloud containing the most mentioned words in the SEFI 2019 Con-
ference Proceedings after excluding the following words: ‘engineering’, ‘engineer’,
‘educatiorn’, ‘university’, ‘student’, ‘Budapest’, ‘Hungary’, ‘47th’, ‘annual’, ‘conference’,
20th’, ‘16th’, ‘September’, 2019’

The Nordic Engineering Hub - as mentioned by Gumaelius and Kolmos
(2019) - pointed at sustainability, employability and digitalization as the three
major challenges to meet in the years to come. In agreement with these re-
flections, we selected the following SEFI 2019 topics: Lifelong learning, Talent
management, Sustainability reflecting the complexity of the modern society,
4th Industrial Revolution, that are closest to challenges mentioned by Gu-
maelius and Kolmos.

The first two selected topics — Lifelong learning and Talent Management
— were widely discussed by the contributors to SEFI 2019 (even when not ex-
plicitly chosen). Addressing these topics may represent one response to the
challenge of employability. Within Talent Management, we identified a sub-
topic that we call ‘Engineering skill set’. Despite the topic itself was not explicit
at SEFI 2019, the word ‘skills’ is dominating the cloud in Figure 3, denoting the
intense discussion around competences needed by the future engineers. The
findings in Graham’s report confirm the importance of employability (meas-
ured as time needed for students to find a job after studies) as a key indicator
of high performing institutions.

Educators are well aware that a multidisciplinary approach is needed
to shape the professional figure of the future engineer, who can deal with
multidimensional problems such as sustainable development and the chang-
es brought by the 4th Industrial revolution. This is reflected in the frequent
choice of the topic ‘Interdisciplinarity’. Despite authors frequently mention
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the necessity of multidisciplinary curricula, we perceive the presence of con-
tradictions and barriers in actually facing them with concrete actions. As
shown by Gumaelius and Kolmos (2019) - the educators have reservations
concerning changing the curricula in favor of a more generalist approach,
where core skills may risk to be learnt more superficially. Another typical bar-
rier is the need for harmonizing theory and practice, in order to support a
proficient dialogue between academia and industrial partners.

We then perceive these two topics - Sustainability reflecting the complexity
of the modern society, 4th Industrial Revolution - as quite vulnerable, despite
their importance. Hence, in the following sections we aim at survey some of
the papers presented at SEFI 2019 in order to detect the response of the au-
thors to these crucial themes.

2. Overview of selected topics

2.1. Lifelong learning

»Without continual growth and progress, such words as improvement, achieve-
ment and success have no meaning”. (Benjamin Franklin)

Tun Zaw and Kalman (2019) collected a number of definitions of lifelong
learning present in literature, one of which is: ‘the accumulation of skills and
qualifications as a means of coping with changes and uncertainty in profes-
sional practice’.

Indeed many papers that were classified under the topic ‘Lifelong learning’
focused on how to build and support a culture of continuous learning, that
may enable students to cope with future challenges, for instance employabili-
ty. Authors have discussed methods of teaching as well as ways of developing
students’ soft skills.

In addition, authors presented how specific software can support teaching
and learning.

Among the discussed methods, PBL (problem- and project- based learning)
is an evergreen model. Through PBL, students are able to personalize their
learning and memorize deeply for a longer time.

Self-directed learning is an important method, mentioned by a number of
authors. By self-managing, self-monitoring and self-reflecting, not only stu-
dents, but also educators can get a deeper vision of what needs to be done and
corrected in their practices and behavior. The method builds on the idea that
reflective practices are essential to the lifelong learner. Tun Zaw and Kalman
(2019) present a concise literature review on this topic.

Another frequently mentioned method at SEFI 2019 has been Agile learn-
ing. This learning concept is widely used in companies for transferring the



required competencies to employees. Through this method, skills are learnt
directly while dealing with real-life problems, with coaching from more expe-
rienced employees.

Several authors at SEFI 2019 (Longmuss and Hoehne; Sten et al.; Velicho-
va and Gabchova) applied and discussed methods based on the principles of
Agile learning, customizing it to their own view and experiences. Longmuss
and Hoehne (2019) suggest two successful methods to support agile learning:
Learning cards and Kanban board. Learning cards are designed by the teach-
ers in order to guide the learning process and save time used to search the lit-
erature. The well-known Kanban principles of dividing the work into smaller
tasks and visualize them into four groups (To Do, In Progress, Check, Done)
is used to sort and keep track of the learning cards, that are then integrated
and sorted as tasks. In this way the students’ learning path is facilitated and
monitored.

Velichova and Gabchova (2019) investigated the level of knowledge acqui-
sition and ability to solve problems of students who were taught Mathemat-
ics with eduScrum method. In parallel, Mendonca, Pinto and Nicola (2019)
obtained a strong positive feedback from Mathematics students who were
taught with this method.

Sten et al. (2019) focused on Scrum - widely used in Agile learning - and pro-
posed a combined approach between Agile Scrum and Lean Kanban (Scrum-
ban). The authors received very positive feedback especially on the formative
evaluation in the Scrumban process: students appreciated assessment during
the course rather than just at the end.

Formative assessment is typical in online learning where virtual coaches
and tutors can also regulate learning and certainly support students’ continu-
ous assessment, while relieving some of the teachers’ workload.

The use of peer assessment is also quite popular in order to relieve teach-
ers’ workload and engage students more. IPAC (Individual Peer Assessed Con-
tribution) by Grammenos at al. (2019) serves as a pedagogical tool to train
graduates to give professional feedback to each other within group projects.
Seatwo (2019) showed that the use of this tool increased engagement and mo-
tivation of students to learn.

All these methods should guide students to become self-motivated individ-
uals, constantly seeking for personal development.

Concerning development of the teachers, the Chinese Academy of Sciences
observed that knowledge is updated at high speed and researchers of its net-
work needed a platform for learning the required skills in short time. Zhao et
al. (2019) described in detail how the Chinese Academy of Sciences developed
a special learning environment - CASmooc - with the purpose of connecting
the scientists of the CAS and allowing them to learn new skills, for instance
through micro courses.

The content of this platform was built on the basis of other worldwide suc-
cessful platforms and by surveying the needs of 872 researchers of different title
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level. These researchers identified in particular the following needs: tolearnin a
short time about interdisciplinary content, to gain knowledge beyond their own
field of expertise, and to acquire skills in scientific management and literacy.

Online platforms such as the one created by the CAS are being developed
and updated continuously as a response to support and nurture the lifelong
learning mentality both in students and educators.

2.2. Talent management

At SEFI 2019 the concept of ‘talent’ has been present in two topics, containing
the questions:

— How to attract talent?
— How to manage talent?

In today’s increasingly growing world, recruiting and nurturing talent is
challenging. There are already steps taken to help individuals along their ways
from elementary school all the way until the end of university. First, these pri-
mary institutions need to find enough dedicated and passionate people for the
given science. Second and most importantly, secondary schools, workshops
and workplaces need to make sure that whenever students are ready to join
them, they feel welcome and are offered up-to-date opportunities.

For maintaining the quality of both recruitment and development, lower
ranking universities should highly focus on building a reputation of excel-
lence. Engineering universities are building the right environment for the stu-
dents by creating professional education system in engineering specialization,
extracurricular and networking activities, offering exceptional employability
perspectives with access to highly recognized positions. In order to achieve
such target, engineering schools shall learn from other highly ranked attrac-
tive environments (Moulignier et al. 2019).

Recruiting talent may start at a very young age. In order to foster the in-
terest in STEM studies in future generations, there are several universities
in the world that organize the so-called ,,Children’s University Programmes”.
These programmes are mostly summer camps, even if sometimes they last for
a whole academic year. The objectives are to offer insights and to broaden
the kids’ interest in scientific fields at a very young age (8-14). Through these
camps kids are often advised and guided by actual university students around
campus. In addition, the kids need to fulfill some teamwork projects’ require-
ments that help them develop cooperative skills (Dallos et al. 2019).

The quality of higher education has been developing but still it is not devel-
oping fast enough to keep track of the scientific advancements in research. This
gap requires both the students and the teaching environment to expand the
curriculum with workshops, camps, internships and insights into the profes-



sion, research involvements. These are key assets to become a true profession-
al in the field of studies with quality and up-to-date knowledge. Indeed newly
graduated students may get lost when their acquired skills are not in line with
those required by the job market. This issue has created discussion and constant
attention to study programme building. In the view presented at SEFI 2019, the
choice of subjects and field work should both support the role and job but most
importantly the skills that students will later on use in their future career.

2.2.1. Engineering skill set

Inclusion of soft skills into degree programmes has become increasingly im-
portant during the past 20 years all over Europe since employers started put-
ting more emphasis on graduates’ soft competencies such as team working,
leadership and communication (Pyrhénen et al. 2019).

Hence, some engineering curricula are adapting and hosting multi-discipli-
nary as well as cross-cultural projects in response to these needs. Even though
the importance of such competencies (next to the knowledge of core engineer-
ing subjects) has been largely recognized, there are differences in how univer-
sities have incorporated them into their curricula and how competencies are
valued in degree programmes (Pyrhonen et al. 2020, p. 71). Leandro Cruz et al.
(2019) - that was awarded the Best Student Paper at SEFI 2019 - have addressed
this topic with a special focus on communication skills. Engineers are prompted
to refine their communication skills in order to manage the human resources
and handle more successfully the relations with customers and suppliers.

Today’s students can learn by themselves a lot easier with all the data
available online for them. More individuality is being involved everyday into
self-development, just because there is decreasing need to transfer the infor-
mation from teacher to student. This makes a huge difference in higher edu-
cation systems as well as in post-studies learning. Nevertheless, students need
to be guided through an increased amount of available material and deep
research is needed to prove whether the data sources are valid. Critical mind
set is therefore an essential skill for future engineers.

Craps et al. (2019) explored congruency between career choices compared
to students’ competencies and interests. The authors found that circa 20% of
the students do not have a clear self-perception and only half of the students
that are aware of their capabilities can align themselves with the job roles. A
deeper self-insight and awareness of the professional role are therefore clear-
ly envisioned.

Introducing and practicing entrepreneurial skills is a powerful strategy to
train future engineers. The Swiss DTI (Department of Innovative Technologies)
Startup Garage created an opportunity for young students to develop, try and
take advantage of their entrepreneurial skills (Citraro et al. 2019). The ideas are
collected through an innovative App (PingelApp) that matches students’ ideas
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with potential mentors. A dedicated committee evaluates the ideas and choos-
es the students who will have the opportunity to develop their idea into a Start-
up. After each academic year, a supervising crew decides whether students
can maintain their status as ‘Idea Startupper’. The main objective is to create
an innovative and ever-developing teacher education and teaching practice.
The programme’s number one advantage is to help young students to experi-
ment themselves as entrepreneurs without any risk and learn to become one.

2.3. Sustainability reflecting the complexity of modern society

We support the idea that achievement of the Sustainable Development Goals
requires a complex, multidisciplinary approach, where experts representing
different fields are able to collaborate and negotiate.

Zilahy and Zsoka (2019) - that was awarded the Best Concept Paper at SEFI
2019 - believe that the focus of future trends in engineering education should
shift from the content of teaching to methodology. The authors presented and
advocated the use of three major methods: 1) role plays; 2) social innovation
labs; 3) consultation projects with the participation of civil sector organizations.

Role plays are simulations where students can assume fictitious roles and
learn to discuss and negotiate solutions to real life problems. The advantage of
applying this method is that students are challenged to understand the com-
plexity of issues such as climate change and draw input from different disci-
plines.

Social innovation labs are learning practices that aim at connecting inno-
vation to the real needs of society and are especially well suited for STEM
universities.

Consultation projects are based on interaction between students and civil
organizations such as NGOs with the purpose of involving students into real
life problems. Such projects are run with the participation of a consultancy
agent.

Integration of such practices into engineering curricula definitely enriches
the learning process.

The software CES EduPack (Granta Design) presented by Fredriksson and
Dwek (2019) and Fredriksson and Fung (2019) represents a unique tool to teach
sustainability concepts to students as well as professionals. This package may
support Materials Education across Engineering, Design, Science and Sustaina-
ble Development. The targeted example at SEFI 2019 has been the issue of plas-
tic waste: as plastic’s durability is threatening our planet, it is very important to
encourage future material engineers to reduce and later avoid the use of plastic
materials and achieve a sustainable product life cycle. Such initiatives certainly
increase critical thinking and awareness in product design and development.

Both experts and students can benefit from the above-mentioned practices
by getting deeply engaged and more motivated to act. The complexity of our



society requires more and more people to look at the sustainability goals as
their own personal objective to unite as one and behave regarding to that.

2.4. 4th Industrial Revolution

Sustainability and Industry 4.0 have been dominating debates as the most
pressing challenges for society in general and for engineering in particular.
Industry 4.0 is a vision on how new technologies will play a key role in the
future. As climate change is such an urgent issue, it is expected that the vision
of Industry 4.0 includes and addresses sustainable development goals by inte-
grating targeted strategies throughout the entire production and supply chain.

Some research shows that Industry 4.0 will fundamentally change the con-
tent and complexity of jobs, because of the different interaction between tech-
nological developments, especially in automation, optics, and big data.

Peters et al. (2019) - that was awarded the Best Research Paper at SEFI 2019
- investigated how Industry 4.0 is affecting academia and which competencies
CEOs and HR directors are actually looking for. As addressed by the authors, it
is crucial to nurture the dialogue with industries and understand which com-
petencies are required. Engineering education shall adopt the new concepts
and prepare students to acquire such competencies.

According to employers, future tech workers need 1) a good understanding
of the business and business processes, 2) the motivation to develop them-
selves continuously in order to stay up to speed with new technologies, 3) the
ability to collaborate with tech workers of other disciplines.

Adjusting to the newest technologies and cooperating with the opportuni-
ties Industry 4.0 is offering people can highly affect efficiency and will lead,
in the long term, into knowledge diversification. The progress in industrial
automation and ICT opens new possibilities for lifelong learning, utilizing
data from simulations, work-based practical learning and integration of hu-
man-machine intelligence models for continuous knowledge enhancement.

Education must be visionary to reach efficiency gains, new sources and to
offer sustainable services that reflect the complexity of modern societies.

The societal implications of topics such as Industry 4.0 and Sustainability
are huge and indeed the public opinion is often pointing at engineers as the
problem-solvers. Therefore we expect that popularity and relevance of these
topics increase also in Engineering Education.

3. Conclusion
Once again SEFI has provided an up-to-date networking forum for interna-

tional engineering experts. Furthermore, SEFI has been succeeding in acting
as a bridge over the gap being created between students and professionals.



COMPLEXITY AS NEW NORMALITY: WHAT IS GOING ON?

The variety of topics at SEFI conferences shows the wideness of the current
interest and the diversified engagement in the field of engineering education.

The increasing instability of the working environment requires engineer-
ing education to continue creating and strengthening students’ skills for deal-
ing with long-term uncertainties.

In parallel, there is need for acknowledging the efforts of teachers by add-
ing value to their profession.
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