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Annomayus. Aio6as MHKeHepHasT A€ATEABHOCTh XapaKTePU3YeTCs AUAAEKTIIECKIMI IPOTHBO-
peunsMIL: COIMAABHBIMI — MEJKAY MHKEHEPHBIMI IPOGAEMAMI 1 TEXHIIECKVMI BO3MOSKHOCTSIMI MX
pelenys, a TAK>Ke TEXHOAOTMYECKIMI — MESKAY eCTeCTBEHHBIMY 3aKOHAMM IIPMPOABI M ICKYCCTBEH-
HBIMY MHJK€eHePHBIMI 00beKTamit. B craThe oKa3aHo, 9T0 9TO IPUBOANUT K ITHYECKON AMAEMME MHIKe-
HEPHOJ paGOTHL: [PV CO3AAHNM Y€TO-TO HOBOIO BO3HMKAIOT, KAK PABIAO, COLMAABHO-HPABCTBEHHBIE
¥ SKOAOTHYECKHE IPOOAEMBL. DTO OGBACHIET «ABYAMKOCTS SIHyCa» B MHSKEHEPHOI IIpodeccyys: Ipy
M3HAYaABHOM HaMepeHMH AeAaTh A0GDO, TeM He MeHee, BO3HUKAIOT HeraTyBHbIE IOCAEACTBHSI, KOTO-
pble AOAJKHBI OBITH CMATYeHbI Yepe3 HOBble TexHudeckue pemenns. «Kaarsa AeoHapa0» He TOABKO
[OAYEPRUBAET 9TO OGCTOATEABCTBO, HO ¥ BHICTYIIAET B KAYECTBE OPUEHTHPA AASL Pa3pabOTKY MHKe-
HEPHBIX Y4eOHBIX IPOTPAMM, C TeM YTOGBI OHY TaK3Ke Pa3pabaThIBAANCh CIELMAABHO AAS PELIEHNMS
3TOJ 3aAaun. B KauecTBe MCXOAHOTO ITOAXOAA B CTaThe MPEAAATACTCA MCIIOAB30BATh «TPEYTOABHMUK
YCTOMYMBOCTI» — MOAEAD COIMAABHBIX TPaHC(OPMALMOHHBIX 3((EKTOB B OTHONIEHNMN OIpeAeAe-
HIS IIePEMEHHBIX ¢COIMAABHOE », «9KOHOMMUKA» ¥ «IKOAOTVII» U MX COOTBETCTBYIOIIEI B3aNMO3aBH-
cumoctit. Indposusanys TpeGyer mpesrAe BCero 9KOHOMIMYECKOTO, 4 He SKOAOTMYECKOTO IOAXOAL
¥ IOTOMY He pelnaer (hyHAAMEHTAABHOM IPOGAEMBL: yyacTie B OpMUPOBaHMH OGIIECTBA C LEABIO
AOCTIIREHNS COLMAaAbHO-KOAOTMYECKOTO 6aAaHCa CTAAKMBAETCS C ABOVICTBEHHOCTBIO MESKAY ITHYE-
CKOJ1 HEOOXOAMMOCTBIO (POpMIPOBaHNS 6araHCa M HEBO3MOKHOCTBIO €10 PEAABHOTO AOCTIKEHIS.
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What does "Janus-Headedness" mean?

The following is based on the thesis that engi-
neering work is fundamentally characterized by
an ethical dilemma:

* on one hand, the results of engineering
work influence our lives like hardly anything has
done before, because neither modern medical
diagnostics nor global multimedia communica-
tion nor the possibilities by which the connec-
tion of private and working life can be shaped
by mobility offers are conceivable without prior
engineering work;

¢ on the other hand, the format of work, i.e.
what we work with and how we work, is directly
influenced in an industrially shaped society by
the possibilities created and the predetermined
technical prerequisites, which in turn leads to a
constant change of professions: anyone who was
a specialist in machining technology who was
able to operate a lathe with precision using his
highly developed motor skills must now be able
to manage and edit data packages for control-
ling the machine and will, in future, train expert
systems which in turn automatically determine
machine use and production data.

The above example of changing professions
already gives an indication as to where the
ethical dilemma of engineering work arises [1].
Thus, to create something new with good inten-
tions (efficient production processes, focused
use of resources by reducing scrap production,
demand-based production without production
surpluses), a concurrent follow-up effect com-
mences, which in turn raises a significant num-
ber of questions: Who can do that? What hap-
pens to those who are unable to keep up? Where
does the right of the engineer to radically change
the content of work and thus to intervene in the
content of life and life plans come from?

Engineering work in particular is therefore
characterized by a high design potential, which
also means that whoever designs make settings
[2]. And these settings, in turn, have conse-
quences for people and the environment, result-
ing in the Janus-headedness of the engineering
profession: with the intention of doing good,
consequences nevertheless arise which must be

endured and mitigated — through new technical
solutions, which in turn have the effect of gene-
rating improvements and consequences.

No decision: the “non-moralistic engineer”

It can actually be said that engineering work
often relies on the fact that the result of the work
is only one potential possibility — the engineer
does not even get to decide on its use. For this
reason, conceptual engineering work is primar-
ily “non-moralistic”, i.e. it is limited to proof of
viability. Let us assume this position as an exam-
ple with the CDIO approach, which reduces en-
gineering work to the phases of designing (plan-
ning, drawing, algorithms), implementing (manu-
facturing, coding, testing validation), operating
(servicing evolving) and conceiving (customer
needs, technical/regulation concept, business
plan) and thus does not explicitly(!) take into ac-
count the perspective effects of design work in ei-
ther the ecological or social dimensions 3, p. 26].

A reason that is frequently cited within engi-
neering didactics is that application-oriented en-
gineering work, i.e. the actual creation of a pro-
duct or the provision of a service, is always pre-
ceded by a discursive process, at the end of which
the decision for realization was made — this also
removes the need for the engineer to evaluate his
work ethically. Both these assumptions must be
considered as being essentially incorrect:

1. The effects of the concept can be so ex-
tensive that the engineer may still have a broad
overview of them though this will never be com-
prehensive.

Here an example is provided: the architects
and creators of the social media outlets had the
vision, through more communication, of a soci-
ety growing together. Consequently, they did not
employ any means of control — and thus, in so
doing, they created a portal for hate speech. As
it was specifically their goal to create meaningful
user interfaces for everyone, they had to be aware
that everyone would use it for their own purpos-
es. Conversely, wider “society” with its intended
role as a controlling authority, was not aware for
a long time that social-media was striving for pre-
cisely this opening of powerful communication
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channels in the sense of opinion-forming commu-
nication channels; society believed in expert tools
in the hands of a few. Mutual speechlessness, re-
sulting from a lack of interest in communication
on the part of engineers and the social inability
to communicate about it, thus undermines social
control over these communication systems — and
turns them into powerful tools of neo-dictatorial
political systems.

2. The previously diagnosed lack of inter-
est on the part of engineers in communicating
about their own design work is often justified
with the argument of “technically sweet”: eve-
rything that is feasible will at least be conceptu-
alized in engineering science, with which inves-
tors will then also be brought into play. Since I
consider myself morally impeccable as an engi-
neer, it is therefore much better for me to do it
and retain control of the concept and realization
than someone else.

It was with this very argument that Robert
Oppenheimer defended his work and the work
of his team (and therefore of the engineers in-
volved) in the construction of the hydrogen
bomb. According to him, it was clear to him
that the basic functioning of such a bomb was
clear to many — but not yet the actual function-
ing of the construction. So, a feasible concept
had to be formulated and then actually realized.
And, as long as he did not accuse himself and his
clients of having any dishonorable intentions,
it was clear to him: “As long as my team is the
first to realize the thinkable and feasible, the
technically sweet, it will remain sweet because
it can be controlled. The possibility that others
in completely different settings would do the
same thing yet with the same justification and
thus the arms race would “only” reach a new
level overall, but would not end the principle of
deterrence, he did not see, could not see, no one
wanted to make available to him as an adequate

discursive level of reflection”!.

! To understand the meaning of the phrase
“technically sweet” see: Robert Oppenheimer —
Vater der Bombe? Available at: https;//www.
menscheinstein.de/biografie/biografie_jsp/
key=1542.html (accessed 10.12.2020).

These two examples above demonstrate that
retaining control over technical developments
and their related consequences is a task that is as
necessary as it is difficult. Firstly, it must be stated
that the person who creates must also actively
participate in shaping this process. Engineers, like
doctors, have the task of justifying their actions
in a self-determined and external manner. Self-
determined by a work ethic conveyed to them as
part of “engineer-pedagogical education”, exter-
nally determined by active participation in social
discourse through complete (meant in the sense
of presenting the maximum possible overview
from their perspective) disclosure of the overall
effect of their conception and realization work.
Instead of waiting to see whether social doubts or
even resistance will ensue, it is important to take
the initiative and demand the necessary dialogue
to ensure one’s own security.

“Leonardo’s Oath”

The previous examples illustrate that doing
engineering work not only means taking on a
high degree of responsibility for the function-
ing of a technical system, but also simultane-
ously means recognizing the social (re)design
potential intrinsic in technology. Moreover, it
also shows that engineering work that creates
technology also creates and intensifies a view of
the consequences of applying technology, even
if this is then also risked. To risk this, in turn,
means taking responsibility, be it:

* by means of justified and widely published
(and thus public) refusal of the individual to par-
ticipate in the project (turning away from the
principle of "technically sweet"), which s/he will
in turn have to do and for which s/he will need
as a precondition to be able to do so because of
his/her engineering studies, or

* through "contextual follow-up", which
means that it is part of engineering work to re-
duce the unseen consequences of the use of tech-
nology to a remainder that can be defined as
harmless. This then requires that the engineers
contribute to a discussion in society as a whole,
in which a compromise must be found as to how
to preserve what is desired and to minimize what
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is undesirable. Such a process can be observed
especially in the further development of the
social network, where the desire for freedom
of opinion as a high social good collides with
the strong mechanism of fake news, which then
leads to the uncertainty as to which type of fil-
ter should warn against which posts or whether
they should be deleted immediately.

"Leonardo’s Oath" should not only empha-
size this necessity, that especially those who
initiate social design processes through their
engineering work must, at the same time, also
take part in the debate on this design (!), but
should also act as a benchmark for engineering
curricula, so that these also prepare specifically
for this task. It reads:

Every study-course of Engineering must be
based on the idea, that engineers will be educated
to use their technical knowledge with their design-
responsibility oriented towards the principles of

* ethical legitimacy,

* sustainability,

* societal checkability [4].

Reflective Project Work

as an Engineering-Pedagogical Principle

In accordance with the formulation set out
above, the “Leonardo’s Oath” calls for the pro-
fessionalization of engineers as a core task of
engineering science teaching, which must be
geared towards ensuring that students are per-
manently given the opportunity to develop an
understanding of the fact that:

* engineering work is a transformational
task of technology through to engineering [5,
p. 81], which undoubtedly needs to be mastered
and which requires a high degree of scientific
knowledge on the one hand and design knowl-
edge for implementation on the other hand (di-
mensioning, production process planning);

* itis also a permanent examination of the
transformational process that technology caus-
es in society through its use (resource consump-
tion, lifestyle, presentation of impact scenarios
during use) [6].

This means that the two transformational
processes must therefore not be viewed individ-

ually (technology development here, techno-
logy assessment there), but rather as a joined-up
process:

— at the beginning of which is a process of re-
flection (goal and purpose: What do I want and
why?);

— followed by the assessment (conception
phase through to examination of technological
knowledge);

— the recognition of what is achievable (re-
alization phase through to implementation in
technology);

— the final assessment of what has been
achieved, including whether and to what extent
the objective, and above all the purpose, has
been achieved.

The “Triangle of Sustainability”
as a basis for reflection

From what is described above it is clear that
engineering work means transformational work
in two ways:

e on one hand, the transformation of tech-
nology, i.e. the exploitation of recognized sci-
entific phenomena as reproducible effects into
applicable technology in the form of products
and services as application-oriented transfor-
mation (which corresponds to the common idea
of engineering — e.g. the transformation of re-
sistive or capacitive effects into a touchpad for
smartphones), and

¢ on the other hand, the description of the
transformation process which the application
of this technology provides for society — i.e. the
disclosure of both its purpose (in terms of the ex-
pected benefit) and its effect on coexistence (as
regards the possible risks based on the limitation
of the system) as social transformation work.

It has also already become clear that while
social transformation work is as much a task of
engineering as application-oriented transforma-
tion, it nevertheless seems much more difficult
to accomplish it. For while application-oriented
transformation engineering work can fall back on
the principles of empirically supported develop-
ment work (with clear parameters, results and
often also interpretation procedures), it is much
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more challenging to estimate the social impact,
especially since there isalso a lack of a clear speci-
fication here of what is to be taken into account
or where this transformational hermeneutical (!)
interpretation work should be carried out.

The "Triangle of Sustainability” has estab-
lished itself as an initial approach; a model of
social transformation effects the authorship of
which is still unclear today, but which was first
used in the "Brundtland Report" with regard to
the definition of the variables "social", "econo-
my" and "ecology” and their respective interde-
pendence [7, p. 46].

According to this idea, social, ecological and
economic settings influence one other, e.g.

¢ animprovement in "social conditions" means
both economic consequences (poorer competi-
tiveness due to higher wages, but also rising do-
mestic consumption) and ecological consequences
(the acquisition of more sustainable products be-
comes possible; but at the same time, however,
consumption increases with higher resource con-
sumption and increased transport performance);

¢ an increased avoidance of ecological con-
sequences results in an accompanying increase
in the price of resources and products with both
social consequences (reduction of the sense
of prosperity/well-being through lower con-
sumption resulting in personal demotivation)
and economic effects (increased product prices
reduce market opportunities, reduced product
sales reduce overall economic performance);

* focusing on economic advantage in turn re-
sults in a lowering of ecological standards (with
the consequence of more environmentally hostile
production) as well as wage levels, or the reloca-
tion of waged labor to countries with low wage
levels (with the consequence of loss of income and
increased fears relating to livelihoods).

However, these considerations also show
that there can be no ideal solution after this tri-
angle, precisely because the preference for one
setting always has (initially perceived as nega-
tive) effects on the other settings, which are then
no longer settlings but dependent variables.

"Social transformation work" in engineering
work thus means:

1) asafirststep, to be able to identify and de-
scribe settlings and the resulting dependencies;

2) to establish how objective disadvantages
can be absorbed and mitigated. For example,
the shift from fossil fuel to renewable energy
will undoubtedly mean increasing energy costs,
reducing export opportunities and job losses. At
the same time, however, concepts are being de-
veloped beyond the “business as usual” which is
no longer considered possible, and thanks to the
pioneering role, new products (solar cells, wind
turbines, geothermal plants) are emerging for
new export markets and with new jobs;

3) to help shape the discussion on how to
manage this entire transformation process. This
result is a whole bundle of questions that need
to be solved in a reasonable way in the overall
social discourse (although the following list does
not claim to be exhaustive): What is necessary
to mass produce solar cells in an ecologically ac-
ceptable way? How can wind turbines become
quiet? Who is funding the social consequences of
this change? Who is acting as a producer of new
technologies and with what support?

The questions referred to in 3) show that it
is only possible to answer them if the right in-
formation is provided precisely from the engi-
neering work, e.g. regarding the possibility of
realizing ecologically sound solar cells and wind
turbines, the duration of the change (in combi-
nation with the question of whether an overall
reduction in substitution possibilities cannot be
created in parallel by reducing energy conver-
sion into energy and the wise choice of location)
or which conditions must be created for the
mass production of the necessary products. It
becomes clear that sound (!) engineering know-
ledge must be made available to the discourse of
society as a whole, whereby knowledge means
not only preparing facts as singularities, but
above all designing scenarios as to how such
change processes can be initiated and which ac-
companying processes are then necessary (e.g.
provision of bridging aids, responsibly simplified
approval procedures).

For engineering science teaching, two things
follow:
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* arecognition of necessities and a personal
examination of the triangle's settings (What was
prioritized first and why? What follow-up pro-
cesses were defined, which ones were defined
and which were not and why?) presuppose that
students are provided with the opportunity to
work on tasks with scope for design (i.e. pre-
cisely an ambiguous solution) as projects. They
must inform themselves about the task as well
as plan solutions, make and justify their solu-
tions, prove the feasibility of the solution (by
simulation) and present it appropriately to the
specialist and lay audience (see the principle of
the holistic action [8, p. 30]);

* in addition, it is necessary to work out
which secondary transformational processes re-
sult from the solution proposal and how these
can be designed (as a proposal for social trans-
formation work) by reflecting on the solutions
found. The following applies here: only through
this phase of reflection it is possible to actually
conclude the project, since both transforma-
tional processes are now equally the subject of
engineering science teaching. At the same time,
this creates the more fundamental integration of
engineering sciences, which has previously been
recognized as necessary.

A new challenge: digitalization
as a balance of social-ecologic responsibility

The examples chosen in advance were mainly
the result of the desire that has shaped the past
decades to set strong ecological priorities in the
face of objectively recognized needs. The pur-
suit of “sustainability” is therefore often equat-
ed with ecologically sensible behavior or deci-
sions that respect ecological processes [9]. The
starting point in the triangle of sustainability is
therefore always the setting of “ecology”.

However, the trend towards the digitaliza-
tion of work is now also producing a return to
the “economy” setting. For digitalizing work
means, first of all, making it more efficient — ei-
ther by enabling people to work faster or by re-
placing human labor with automation (both of
which in turn explain the proclamation of a new
industrial revolution). An example follows here:

1. Sensors replaced a previously manu-
ally controlled bending machine, each of which
noted what was being bent by the skilled work-
ers (material, wall thickness, profile, bending
radius, number of bending operations).

2. After approximately one year, the com-
pany was ready to generate a simple data pool
from this data, which covers 90% of all machine
applications. The machine was now equipped
with actuators and could therefore be con-
trolled automatically.

3. Incombination with a robotized feeder sys-
tem, the number of workplaces could be reduced
from 4 people (2 per shift; one responsible for the
material flow, one to operate the machine) to
one workplace (expert for special cases).

4. Thanks to the fact that the special cases
continued to be recorded, the automation could
be increased to 99%, for the remaining 1% an in-
terpolation algorithm is being worked on very
successfully.

5. The machine is now regarded as a classic
example of SME, how experience knowledge
(in this case: the control of the machine) can be
captured and algorithms can be used and is also
conceivable for a variety of other sheet metal
processing machines.

6. The principle that the skilled worker must
necessarily give up his specialist knowledge
as his capital for the labor market via the sys-
tem, in order to then make himself obsolete, is
described as justifiable, since this also prevents
“brain drain” (i.e. someone takes his experience
knowledge with him into retirement and into
the grave).

Digitalization must therefore be understood
as a development that first changes the setting
“economy” in the triangle of sustainability —
which inevitably leads to consequences for the
now dependent variables “social” (here: job
loss) and “ecology” (here: job loss): saving of
resources and energy by reducing production
errors and eliminating the commute to work).
The following Table 1 shows (in an incomplete
yet illustrative way), which social and ecological
consequences can result from which economic
settings.
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Table 1

Social-ecological consequences of digitalization

Setting Economy Dependent variable Social

Dependent variable Ecology

Takeover of process

control press controls

Elimination of simple skilled work on the

Higher assured process efficiency with lower scrap
production and optimized energy conversion

Loss of high-quality skilled work /
management work

Taking over process
decisions

Less machine downtime due to mutual optimal
utilization, at the same time, more (regional) freight
between production sites

Recognition of cus-

Demand-oriented products with a high

Avoidance of unnecessary overproduction, reduction

tomer needs market value; of production waste;
Desire in the face of falling prices at the same time: reduction of product costs and
promotes the possibility of comfort increase of quantities and consumption of resources
shopping by turning away from the purchase for a specific
purpose
Algorithms of digital | Creation of new, demanding work con- | Positive effects are possible as well as negative effects

processes as a competi-
tive feature

responsibility

tent with high potential for design and

depending on the goals of the algorithms;

Table 1 shows that an increase in the ef-
ficiency of the production of goods resulting
from the technical possibilities of digitalization
does not necessarily mean a reduction in social
and ecological standards. Instead, Table 1 shows
that even that direct positive effects are likely,
especially for the “ecology” variable.

What appears to be more decisive is the ob-
jective with which digitalization is pursued —
and which social control mechanisms are intro-
duced for this purpose:

* for example, a price for disposal included
as part of the purchase price allows for more
conscious consumption without reducing the
economic result and competitiveness — the
product remains equally expensive, but the
pleasure/comfort purchase becomes increas-
ingly unlikely while at the same time a more di-
rect participation of the consumer in the overall
task of recycling the product at the end of the
product use takes place;

¢ simultaneously, the increase in production
efficiency through digitalization can (or better,
must) be used to compensate for the inevitable
reduction of jobs with previous work content,
as shown in Table 1, by turning business ma-
nagement resources into economic resources,
by financing the requalification or upgrading
of skills, by the foreseeable need to restructure
the education system and (compared to society
as a whole) by providing adequate provision for

those who do not manage this process of per-
sonal change.

Naturally, the previously mentioned design
of the tax and social security system is NOT the
task of engineering work — but it is an engineer’s
job to disclose that:

o digitalization enables added value in
business management (and that this is actually
achieved through functioning digitalization);

o if the algorithms are appropriately de-
signed, it is possible to achieve ecological advan-
tages — but also to allow for any disadvantages;

* new work processes designed from engi-
neering work require new work contents and
the elimination of old forms of skilled work, and

e it must be a task of engineering work to
support these new forms of skilled work with new
tools: here specifically editing and simulation
tools (for generating and testing algorithms).

It becomes clear: the aim of the level of reflec-
tion in such educational processes within engi-
neering teaching is not so much to evaluate the
solutions worked out by means of the paradigm
of the all-encompassing, but rather to objectify
(), which consequences arise from the respective
use of technology from an engineering-scientific
perspective (or precisely not in the sense of weak-
ening prejudices about the use of technology,
as is fatally occurring in the field of renewable
energies with the social rejection of wind tur-
bines, PV fields, transmission lines and the like).
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This is precisely why the following applies: that
"Leonardo’s Oath" should not demand the lonely
decision of an individual engineer, but instead
demand that the engineer, with his expertise,
should participate in the social discourse about
which dangers (and non-hazards, but prejudices
and fears) the respective use of technology poses
(or not) or which consequential problems must
be solved technically: "... towards the principles
of[...] ethical legitimation..." (Leonardo’s Oath).

Conclusion

From the examples shown here, two chal-
lenges become apparent which engineering sci-
ence teaching faces:

* The focus on a discussion about the tech-
nology in the course of the decarbonization pro-
cess, which follows an ecological setting with an
ecological-economic-social scheme, must be un-
derstood as a snapshot that has arisen, above all,
from the technically exuberant possibilities for
mobility and consumer goods production. Due to
the question of the existence of planet Earth as we
know it, it takes an absolutely priority position —
but it is not singular, because: the possibilities of
machine-supported process control triggered by
digitalization lead to the economic-social-ecolo-
gical setting. For this process leads not only to the
automation of work but also to the automation of
publication and thus influences the process of so-
cial opinion-forming, precisely because it makes
it possible to disseminate news and fake news,
funny, racist and sexist memes, fact-oriented and
reality-distorting blogs and chats.

¢ The idea underlying the Leonardo’s Oath
assumes that an enlightened society requires
the impetus, but not the fundamental ability, to
develop itself further, to shape itself by means
of the core agreement of scientification. The
principle is thus based on a cognitive (shaped)
society, which does not create itself subjectively
[10, p. 167], but instead strives to objectivize the
individual knowledge of each individual in order
to construct a further development of society as
a whole from the sum of these knowledge build-
ing blocks (referred to here as a design act). The
call of the Leonardo’s Oath is that within the

framework of engineering science teaching, this
ability of design should be:

— active participation (of willingness to con-
tribute),

— authentic emancipation (of wanting to un-
derstand the other) and

— complex anticipation (of weighing up find-
ings),

— promoted, precisely because this creative
capacity [11] is a prerequisite that engineers
must bring to bear so as to at least support the
future development of an irrevocably technolo-
gy-based society.

However, it must also be made clear that it
appears from the point of view of the “now” as
an educational task that can only be (very) in-
complete, because:

¢ itisindeed apparent that social communi-
ties are increasingly moving away from the prin-
ciple of cognitivist-based (and thus non-radical)
constructivism outlined above, as this gives rise
to alternative solutions which are not antici-
pated in their complexity. Instead they are re-
placed by aversively constructed models which
are then discursively irreconcilable and exclude
a consensus solution. The resulting effect of not
controlling technical and social development
can be incorporated into university curricula
(and not only in the engineering sciences), but:

* at the same time, this requires a teach-
ing staff who, in addition to their indisputably
necessary high level of professional expertise,
are able to carry out such reflection work based
on actual project work in a moderating capa-
city and who have also developed a high level of
understanding of how to expose ideology-bur-
dened thought patterns in such a way that they
can be overcome free of animosity on the part of
the students [12].

The final conclusion can therefore be summed
up as follows. Even the effect that digitalization
requires a primarily economic approach instead
of a primarily ecological one does not solve the
fundamental problem. Even participation in the
shaping of society with a view to a socio-eco-
logical balance is confronted with the duality
between the ethical necessity of shaping [1; 13]

SYNERGY — 2020



124 Bricmee o6pasosanne B Poccun. 2021. T. 30. Ne 1.

and the real impossibility of actually achievinga  as a vocational profession who must neverthe-
balance. But it is precisely engineering students  less be enabled to formulate unbiased alterna-
who develop their rational thought structures tives as elements of discourse.

10.

11

12.

13.

References

FEANTI position paper on Code of Conduct: Ethics and Conduct of Professional Engineers, ap-
proved by the FEANI GENERAL Assembly on 29 September 2006. Available at: https:// www.
feani.org/sites/ default/files/ Position%20Paper%20Code %200f%20Conduct%20Ethics.pdf (ac-
cessed 10.12.2020)

Dreher, R. (2015). A Benchmark for Curricula in Engineering Education: The Leonardic Oath.
In: 2015 International Conference on Interactive Collaborative Learning (ICL). Florence, pp.
713-715, doi: 10.1109/ICL.2015.7318117

. Crawley, E.F., Malmquist, J., Ostlund, S., Brodeur, D. R., Edstrom, K. (2014). Rethinking En-

gineering Education. The CDIO-Approach. Springer International Publishing, 311 p., doi:
10.1007/978-3-319-05561-9

Dreher, R. (2016). Der Leonardische Eid als Paradigma Ingenieurwissenschaftlicher Curricula:
In: Kammasch, G; Dreher, R. Wie viel (Grundlagen) Wissen braucht technische Bildung?
Wege zur technischen Bildung. Siegen, pp. 78-85, ISBN 978-3-9818728-0-4

Dreher, R., Gornov, A.O., Kondratyev, V.V. (2019). Concept of the Natural Structure of Engi-
neering Education and the Code of Professional Ethics of an Engineer. Vysshee obrazovanie v
Rossii= Higher Education in Russia. Vol. 28, no. 1, pp. 76-85.

Vgl. hierzu die Auffassung von Kath, dass die Basisaktivitit Leben-Gestalten vor allem technisch
dominiert ist; Kath, F.M. (2002). Noch einmal Priifen und Werten beim “Arbeiten mit Projek-
ten”. In: Dreher, R., Spottl, G. (Eds.). Arbeiten mit Projekten. Ein Ansatz fiir mebr Selbstindig-
keit beim Lernen. Bremen, pp. 121-129, ISBN 3-934836-57-7

Rademacher, F.-J. (2006). Leuchtturm in schwerer See. In: Politische Okologie. Re-Vision.
Nachdenken tiber 6kologische Vordenker. Wien, pp. 46-49

Rauner, F., Heinemann, L. (2011). Begriindungsrahmen fiir ein Kompetenzmodell beruflicher
Bildung. In: Rauner, F. et.al. (Eds.). Messen beruflicher Kompetnezen. Band 111: Drei Jabre
KOMET-Testerfabrtung. Miinster, pp. 17-50. ISBN: 978-3-643-11238-5

Quadrado, ].C., Zaitseva, K.K. (2019). New Pedagogical Approaches to Induce Sustainable De-
velopment Goals. Vysshee obrazovanie v Rossii =Higher Education in Russia. Vol. 28, no. 3,
pp. 50-56.

von Glasersfeld, E. (1991). Fiktion und Realitit aus der Perspektive des radikalen Konstruktiv-
ismus. In: Rotzer, F., Weibel, P. Stracgien des Scheins: Kunst, Computer, Medien. Minchen,
pp- 161-175. ISBN-10: 3924963533

Prikhodko, V., Sazonova, Z., Chechetkina, N. (2005): “Yin” and “Yan” of Engineering Creativity.
Vysshee obrazovanie v Rossii=Higher Education in Russia. No. 11, pp. 21-26.

Quadrado, ]J.C., Zaitseva, K.K. Engineering Education: Interdisciplinarity in Global Teams
[Electronic resources]. In: 45th SEFI Annual Conference 2017: Education Excellence for Sus-
tainability: Proceedings, pp. 954-961. Available at: https;// www.sefi.be/ wp-content/uploads/
SEFI_2017_PROCEEDINGS.pdf (accessed 10.12.2020)

Code of Ethics for Engineers. National Society of Professional Engineers. Available at: https;//
www.nspe.org/sites/default/files/ resources/ pdfs/Ethics/ CodeofEthics/ NSPECodeofEthics-
forEngineers.pdf (accessed 10.12.2020)

The paper was submitted 21.10.20
Received after reworking 02.12.20
Accepted for publication 15.12.20

CuHEPrIST — 2020



