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Abstract. This paper focuses on the justification and incorporation of sustainable development
course into the certified training of engineering educators.

Under the ERASMUS+ Project ENTER, a consortium was set up to build the capacity of engi-
neering HEIs by strengthening engineering educators’ preparation by an innovative kind of engi-
neering pedagogy. One of the project tasks is to create a novel multicultural and international ap-
proach for formal post-graduate professional and pedagogical education of engineering educators.

After a thorough educational market analysis, study of HEIs requirements and educators’ needs,
a formal training program was designed. One of the core courses of that program is the course on
Sustainable Development. The main aim of this course is to help educators to develop a strategy how
to integrate sustainable development principles into engineering education at large.
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Introduction

The ERASMUS+ ENTER (EngineeriNg edu-
caTors pEdagogical tRaining)' project was set
up by a consortium of HEI’s and Accreditation
Agencies from Europe, Russia, and Kazakhstan.
The main idea of the ENTER project is to build
the capacity of engineering HEIs due to the
strengthening of engineering educators’ prepa-

U ENTER Project official website. Available at:
http://erasmus-enter.org

ration with innovative engineering pedagogy.
Because of this particular sort of educator’s con-
cerns to such a specific field that has a high impact
on scientific progress and innovative development
of humanity it is very important how the teaching
and learning processes are organized and what is
the content and teaching methodology. That has
a great impact on the potential quality of learning
outcomes of future engineers and consequently
on the industry and economic development.
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The innovations of the 3-tiered training pro-
grams (i-PET programs) meet the needs of the
engineering educator’s pedagogical develop-
ment. It is intended that ENTER outputs and
outcomes innovations will concern to:

Content. The 21st century Engineering HEI
Teacher must be some kind of coach with very
strong psychological, sociological and methodo-
logical basic competences[1]. But now tradition-
al engineering pedagogy content like delivered
by IGIP has to be upgraded to meet modern
society demands. Engineering Teachers have to
be collaborative problem-solvers themselves
and lifelong learners (be willing to learn always).
Novelty skills, which they need are: ethical skills,
cross-cultural communication, psychological
sustainability under the stress factors of the mo-
dern environment, marketing and management
skills, including their e-formats. Also, the social
networking, ICT literacy, found raising and fi-
nancial accounting, linguistic skills, methods of
productivity meaning ability to writing world-
class reports, articles, teaching materials, and
guides make part of engineering educator’s needs
list. Such as an MBA for Engineering teachers.

Methodology. Another innovative aspect
of iPET content and methodology is a series of
subjects dealing with the development of crea-
tivity: TRIZ-methodology, mind-mapping, and
such evergreen creativity conducting as brain-
storming, case study, and business games and
different sorts of training.

Ways of pedagogical teaching and learning
outcome delivery. Some kind of blended-learn-
ing integrated off-line and on-line facility using
advanced networking systems also in on-line and
off-line formats as a powerful means in partner
countries are considered. The main objective
of the Consortium is to develop a multi-level
modular system for pedagogical training of en-
gineering educators based on international net-
work cooperation.

According to the ENTER Case Analysis Sur-
vey’ data, the following common aspects influ-

? Enter Project deliverable: Best practices of peda-
gogical education for engineering teachers. Avail-

encing the state of engineering educators’ peda-
gogical training in Kazakhstan and Russia may
be highlighted:

¢ globalization of knowledge based on the
Internet. Formation of a global market of edu-
cational services;

¢ development of e-learning tools for dis-
tance learning and mixed technologies;

* narrow specialization of engineering uni-
versities’ graduates;

o growth of the high technology component
of production processes, robotization, and digi-
talization of processes and equipment;

* non-formal education recognition, that
complements formal institutional education;

o the sectoral orientation of the universities
related to the structure of the productive sector
of the industrial society.

The need to improve pedagogical training of
engineering educators to prepare highly quali-
fied engineering personnel is consistent with
national priorities of the modernization of edu-
cation both in Kazakhstan and Russia and can
be traced in the regulatory documents of these
countries.

Importance of Sustainable Development

in Engineering Education

Back in 2002, at the World Summit on Sus-
tainable Development (WSSD) in Johannes-
burg’, the idea was expressed that it is an insuf-
ficient level of education and public awareness
on sustainable development (SD) that can cause
problems in the environmental, social and eco-
nomic spheres.

On September 25, 2015, 193 State Members
of the United Nations adopted the Agenda for
Sustainable Development until 2030. It propos-
es 17 Sustainable Development Goals that await

able at: http://erasmus-enter.org/files/r_1.3_-_ best_
practices_of pedagogical education_for_engineer-
ing teachers _(e-book).pdf

3 Report of the World Summit on Sustainable De-
velopment (Johannesburg Summit), Johannesburg,
South Africa, 26 August — 4 September 2002. Avail-
able at: https;// sustainabledevelopment.un.org/ mi-
lesstones/wssd
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joint efforts of the governments, private sector,
and civil society to be achieved. This Agenda
also considers education to be one of the leading
influencers and drivers of a sustainable future
[2; 3]. Professional actions of engineers influ-
ence directly the quality of life of the mankind,;
therefore, engineering education should play
a crucial role in preparing students to become
responsible engineers, to act following ethical,
social, environmental standards, be responsi-
ble for the technical decisions they make. As a
consequence, they should be able to cope with
the challenges of sustainable development, to
have specific attitudes and mindsets, knowledge
and understanding, capabilities and skills and to
work in such interdisciplinary or transdiscipli-
nary settings.

Today, researchers are discussing the impor-
tance of the SD concept and its reflection in the
realities of engineering education around the
world [4-12].

Despite the recognition of the importance
of reforming education systems for ensuring
sustainable development, the efforts are not
successful enough: insufficient and sometimes
low level of knowledge and understanding in
the field of sustainable development among
decision-makers, educators, students, soci-
ety at large. This is partly because pedagogical
traditions are based on the transfer of exist-
ing knowledge, the reproduction of real con-
nections and attitudes reflected in the public
consciousness. That is why the ENTER Project
consortium decided to take a step forward in
the establishment of fundamentally new peda-
gogical and management tasks related to the
formation of a sustainable development com-
petence among engineering educators includ-
ing the Sustainable Development course in the
i-PET program.

The key factors ensuring the formation of
required competencies within the educational
process are the teaching and learning methods
and conditions for their implementation (in-
cluding the potential and qualification of facul-
ty) and the specific university environments that
support fostering of competences.

The analysis revealed the need to seriously
change approaches to the organization of the
traditional learning process. Certain stages and
elements of SD will have to be implemented
with the involvement of other stakeholders.
Therefore, it is necessary to learn how to organ-
ize this component of the continuous learning
process and extra-curricular activities in such
a way that all target groups can apply and sup-
plement knowledge and skills in the field of SD
in the practice of their professional activity and
everyday life. By including SD course in i-PET
Program the ENTER project intends to pro-
vide all the support to deepen the knowledge
and understanding how SD principles could be
integrated into the engineering curricular to
create a required core of academic staff with an
open-minded view, SD mindset and readiness to
implement changes focused on SD education at
their HEIS.

ENTER Sustainable
Development course description

This course is designed within ENTER Con-
sortium to help engineering educators to im-
prove and develop their knowledge, under-
standing, skills, and abilities to teach students
to recognize that engineers operate in a broad
societal context and to take that context into
account in their professional activity.

The main aim of the course is to develop the
strategy to incorporate sustainable develop-
ment principles into engineering education at
large, including specific engineering courses.

The course is of 1 ECTS and could be deliv-
ered in different modes (face-to-face classes,
blended or e-learning format only). At the same
time, in any mode, the main focus is given to ac-
tive learning methods allowing to increase the
level of engagement in the learning process and
ensure that engineering educators practice as
much as possible such methods to be later wide-
ly implemented in their teaching routine with
students. The list of teaching and learning me-
thods proposed by course developers includes
the following: project-based learning, forum
theater, jigsaw, team-work, case study.
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Specific Course Aims

Develop SD mindsets, both on a profes-
sional and personal level. The most important
mindsets in the domain of SD for engineering
are critical thinking, holistic, systems thinking,
entrepreneurial thinking, global mindset, cul-
tural agility, and valuing learning over knowing.
These are thinking modes that cannot be imitat-
ed by (networks of) intelligent machines and are
unique for people i.e. social responsibility.

Design learning for buman needs. A major
goal of higher education in the 21st century is to
shift the learners’ mind that learning is not just the
acquisition of knowledge and skills, but a human
quality and dispositions to cope with the uncer-
tain world, complex life and a changing work en-
vironment, and to tackle the big challenges such
as the UN SDG [13; 14]. It requires pedagogies
that focus on gaining skills to learn and relearn,
and the agility to change perspectives. It implies
that the current faculty-centered curricula (an-
chored by existing physical spaces, staff resour-
ces, time-bound schedules) have to be transformed
into (more) learner-centered and meaningful cur-
ricula with freedom of choice for the students.

Promoting impact-focused education. Im-
pact-focused education accentuates experien-
tial learning and that has meaning for students.
It requires the accentuation of the relationship
between engineering and society, where societal
relevance should be the center of engineering.
Increasingly curricula have to involve thematic
studies across disciplines, human-centered and
project-based learning with real-world connec-
tions and integrate work-based learning. Learn-
ing in randomness outside the academic cloister
is the most effective teacher, but only when it
is combined with student self-reflection and self-
awareness.

Substantiate the necessity of the analysis
through the prism of a green society. How edu-
cation and green education program can help
technologies more sustainable by counting and
promoting green elements to evade ecological
depletion and rehabilitated green technology to
endow with the uncontaminated and unpolluted
world for the next generation.

Nurture a culture of experimentation
and innovation. Educational change has to be
drawn on feedback, evidence and ideas from
across the university hierarchy, and beyond
the university. The educators should nurture an
educational culture of continuous experimenta-
tion and innovation and be prepared to accept
failure [15]. Be prepared for a future deregulat-
ing education environment (flexibility in rules
and regulations), where the staff experimenting,
and innovating education are important ena-
blers of changing educational culture. It’s not
the institution that causes change, but it is the
people.

Ensure scientific and professional integrity
in the curricula. The role, responsibilities and
ethics of engineers in society (solving human
challenges and problems facing society) should
be the focus of the SD engineering education.

Strengthening university-industry collabo-
ration. Universities have to aggressively engage
with industry to co-design curricula and course
content, collaborate on applied research, and
offer work-integrated learning [16]. Especially
in this age of acceleration and digitalization, this
requires a strong and enduring partnership be-
tween industry and academia.

Empower students to foster leadership
and ethical behavior. The changing paradigms
mean that engineering professionals have to be
agile and resilient, and need skills that go beyond
the ‘traditional” engineering skills, thus the stu-
dents must be trained with holistic thinking, the
ability to work in interdisciplinary global teams
and exert ethical leadership [17].

As the course syllabus is developed under the
ENTER Project where special attention is paid to
quality assurance and international accreditation
and recognition, the outcome-based approach
became the main pillar in the course design ac-
cording to the EUR-ACE Framework Standards’*
applied by international accreditation agencies
to engineering education programs.

4 EUR-ACE® Framework Standards and Guide-
lines (Electronic resource). Available at: https;//www.
enaee.eu/ eur-ace-system/standards-and-guidelines/
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Table 1
Learning outcomes of the Sustainable Development course
o f(ﬁll;zlcl)[r)nes Outcome (number & name)
K O1 — Nurture mindsets and meanings in curricula;
nowledge and | 5, _ yevelop agile curricula with flexibility and freedom of choice for th

Understanding 2 — Develop agile curricula with flexibility and freedom of choice for the
students;

Engineering O3 — Substantiate the necessity of the analysis through the prism of green

Analysis technologies;

Engineering 04 - Promot.e impa.ct—foa.lsed education through in.terdisciplinary §tudent—

Design centered projects with societal relevance (where societal relevance is the center
of engineering);

Os5 — Nurture a culture of experimentation and innovation in education on

Investigations | a limited scale, within a strategy for implementing more widely successful
innovations;

O¢ — Integrate scientific and professional integrity and business ethics in

Engineering engineering'curricula; o '

Practice O7 — Intensify the collaboration with industrial partners and create more
opportunities for engineering practitioners in the classroom, engineering
projects, and internships at companies;

Transferable Os — Empower students (intra- and extracurricular) to foster leadership,

Skills ethical behavior, deep collaboration, interdisciplinarity, and creativity.

The Sustainable Development course for
engineering educators has 8 main outcomes
grouped according to the EUR-ACE require-
ments as demonstrated in Table 1.

To achieve the above-stated outcomes the
course developers propose the set of compul-
sory content units:

1. Introduction to Sustainable Development:
17 Sustainable Development Goals. This unit
presents UN Sustainable Development Goals
from an engineering education perspective. The
2030 Agenda encompasses 17 broad and inter-
related Sustainable Development Goals (SDGs).
The focus is made on the transformation of out-
comes and results from engineering education
and research into real life: notable impacts are
fundamental for improving quality of life, in-
creases in productivity and the associated growth
in trade and access to education and work at re-
gional, national, and global levels.

2. Engineering Curriculum and Education
for Sustainable Development. Sustainable de-
velopment is a complex concept which concerns
a wide range of social, techno-economic and en-

vironmental issues. Without addressing all these
dimensions, the teaching course on sustainable
development would not be complete. This unit
intends to provide deep understating and de-
velop competencies on how to integrate spe-
cific sustainability topics in courses and to have
a separate course in sustainable development
(where it is appropriate) to ensure those general
SD aspects are included and that a team of fa-
culty takes full responsibility for this. Complete
lifecycle of products and systems projects are
shown to be suitable tools for integrating teach-
ing and learning of sustainable development.

3. Pedagogical strategies for learning sus-
tainability in engineering education. This unit
conceptualizes learning and education for sus-
tainable development, analyzes the shift and
transformation in the pedagogy used in Engi-
neering Education Institutions needed to train
engineers for sustainability. Learning strategies,
techniques and activities dominate and their
role to facilitate the shift to Education for Sus-
tainable Development in Higher Education In-
stitutions is analyzed.
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4. SDG Challenge as the capstone project.
This unit is dedicated to developing guidelines
on how to integrate sustainability aspects in stu-
dents’ engineering projects, finalizing by intro-
ducing SDG Challenge as the capstone project.

5. Extra-curricular activities to foster SD
ethos. This unit is aimed at developing a specific
university environment required to train engi-
neers of the 21st century, focusing on the set of
possible extra-curricular activities that needed to
be organized and implemented to foster SD ethos.

As with any other syllabus, the Sustainable
Development course provides a well-defined
evaluation method to be implemented within
the course. The assessment procedure consists
of self-assessment realized in the form of an
initial diagnosis of the SD ethos of enrolled stu-
dents, not impacting the course evaluation. It is
required to understand the initial competence
level of engineering educators in the field of sus-
tainable development for engineering education
and allows them to make adequate changes in
learning and teaching adapting to the specific
needs and professional level of each group en-
rolled on the course.

The main teachers’ assessment strategy in-
corporated in the course is the portfolio. It is a
formative and summative type of assessment re-
alized alongside the whole course duration in the
form of individual project presentation of previ-
ously delivered portfolio reports. In the final task
of this course, students will need to develop their
strategy in integrating SD in a real course (given
by them at their HEIs) to demonstrate how they
have acquired the skills and knowledge to ensure
SD ethos among engineering students.

An important element of this course is the
portfolio evaluation. Four different moments
are part of this evaluation: 1) Checklist that
ensures that all necessary pieces are included;
2) Evaluate if the work is completed correctly
(mechanics); 3) Evaluate if the work is complete
(information); 4) Evaluate if the work is com-
pleted comprehensively (depth). Each area is
marked on a scale of 1-5. In the scale: 1 = not at
all; 2 = somewhat; 3 = mostly; 4 = entirely, and
5 = above expectations.

Conclusions

The process to incorporate sustainable de-
velopment as one of the core courses into the
certified training of engineering educators was
presented.

The main aim of this course is to help educa-
tors to holistically integrate sustainable deve-
lopment principles into engineering education
at large. With this approach, it is possible to
nurture mindsets and meanings of sustainable
development in the curricula as well as to de-
velop an agile curriculum with flexibility and
freedom of choice for the students.

This core course develops the necessity of the
analysis through the prism of green technolo-
gies while promotes the impact-focused educa-
tion through interdisciplinary student-centered
projects with societal relevance.

While nurturing a culture of experimenta-
tion and innovation in education on a limited
scale, within a strategy for implementing more
widely successful innovations, the presented ap-
proach integrates scientific and professional in-
tegrity and business ethics into the engineering
curricula.

The expected outcomes lead to an intensified
collaboration with industrial partners and the
creation of more opportunities for engineering
practitioners in the classroom, engineering pro-
jects, and internships at companies.

Finally, with this course we expect the engi-
neering educators are able to empower students
to foster leadership, ethical behavior, social
responsibility, deep collaboration, interdiscipli-
narity, and creativity.
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Annomayus. B dannoii cmamwve ob6ocroban u demarvno npedcmabaen npoyecc paspabomiu u
bxmonenus kypca «Ycmotiuuboe pasbumue » 6 cepmupuuupobarnyro mexdynapodnyro npozpammy
nobvienus xbarugpuxayuu npenodabamenren unieneproix Oucyunium.

B pamrax npoexma npozpanmoe ERASMUS + ENTER 6via co3dan xoncopyuym 0an napausu-
banusa nomenyuanra unxeneprvLx 6y306 nymém ycuienus nodzomobxu unxenepuvix nedazozob
¢ NOMOWLIO NPUMEHEHU UHHOBAUUOHHBLX N00X0008 umsxeneproti nedazozuxu. O0nou u3 3aday
npoexma abasemca co3danue 106020 mexdynapodnozo nodxoda x paspabomie mHozoypobrebori
MOOYAvHOU cucmemvt nocaeBy306ckou npogeccuonarvron nedazozu4eckon nodzomobru npenoda-
Bameneti unkenepHvLx OUCUUNIUN.

Hocae mujamervrnozo anarusa poinxa obpasobamervnvix ycayz, mpebobarnusi 6y306 u
nompebnocme npenodabamenet bvira paspabomarna gopmarvran npozpamma obyuenus. O0num
u3 ocHoBHvIX KYPCOB amoii npozpammor abasemea modyav «Ycemovnuboe pasbumue . Ocnobuan
ueav 3Imozo Kypca — nomouv medazozam paspabomamv cmpamezuro unmezpayuu NPuHUUNOG
yemotiuubozo pasbumus 6 unkeneproe 0bpaszobarue 6 yeaom.

Kaouebuie caoba: npenodabameru unxenepruvix ucuunaun, nobvimenue xbarupurayuu,
npuryunvt «ycmouuubozo pazbumus y 6 unxenepron obpasobarnuu, npoexm ENTER
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