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Future engineering professionals are expected to be technically and scientifically sound, work in
international and interdisciplinary teams and, above all, be able to systematically adopt sustain-
able and ethical design and development practices. These are the challenges faced nowadays by
engineering undergraduates and engineering programmes. The European Project Semester (EPS)
is a capstone programme offered by a network of European universities to engineering, project
design and business undergraduates. Its goal is to prepare engineering undergraduates for their
future profession by exposing them to one semester of project-based, multicultural and multidisci-
plinary teamwork where both hard and soft skills are matured. The Portuguese programme, which
is run by Instituto Superior de Engenharia do Porto (ISEP) since the academic year of 2010-2011,
emphasises additionally on the ethical and sustainability dimensions of engineering project devel-
opment. This paper describes how EPSQISEP achieves this goal by introducing the programme,
defining and applying an analysis framework to illustrative robotic projects developed within the
programme, identifying and collecting evidences of ethical design and development practices.
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1. Introduction

The challenge faced by engineers is to design ingenious solutions to problems afflicting
individuals or the society, improving the overall well-being (ethical design) and minimising
the usage of the planet’s resources (sustainable design). However, engineering professionals
must decide and act based on what is known, and what is known is incomplete. To make fair
decisions, engineers must use ethics when knowledge is unavailable — ethics can, therefore,
be seen as a behavioural code to handle difficult or conflicting scenarios. The set of moral
values — ethics — of any culture, namely the notion of right and wrong, are imprinted by
family, school and society since infancy. Professional ethics tend to be mostly an extension
of personal ethics.!

Ethics, as a whole, deals with the personal moral choices made when interacting with
others, including those made while practising engineering. Specifically, engineering ethics
encompasses not only all decisions taken within the engineering practice. Thus, engineering
ethics is a body of philosophy indicating how engineers should conduct themselves in their
professional capacity.? Whether working on multinational project teams, navigating geo-
graphically dispersed supply chains, or engaging customers and clients abroad, engineering
graduates encounter worlds of professional practice that are increasingly global in charac-
ter.? In this context, the global engineer needs to be aware of effective ways to navigate
these cultural differences, which is crucial for achieving their common goals.* This makes a
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strong case in favour of using multinational team work as a set up to learn socio-professional
ethics. When students communicate, discuss or organise their project work, they learn to
respect the values of others and develop global engineering competency.?

Development of ethical behaviour skills in future engineers is a key competency for
engineering schools as ethical behaviour is a part of the professional identity and practice
of engineers.> The problem is that standard engineering degrees assume that knowledge
is complete, i.e., students are provided with all the formulas, techniques and procedures
to solve the given problems. This is still the case of typical professional internships and
capstone projects where all requirements, tools and tasks are pre-defined. However, when
developing open-ended projects, students are frequently faced with lack of expertise and
incomplete domain knowledge. This latter scenario is what is expected of future engineering
professionals — solve complex unknown problems on behalf and for the well-being of mankind.
Consequently, higher education institutions need to train engineering undergraduates to
ethically address these future challenges.

Capstone projects, in particular, allow engineering students to apply and expand their
knowledge and soft skills collaboratively, while addressing a real world problem. In a closed
project there is already the definition of what will be done and the tools that will be used,
only the details are missing. On an open project there is the need to define what will be
done, how it will be done, and also why it will be done. This way it will be an ethical and,
not only, a technological decision.

From a different perspective, ethics is also needed to provide engineering education for
sustainable development. The society is becoming aware that resources are finite — if they
were infinite, they could be used without further concerns; however, since they are finite,
they need to be used in a sustainable way. Moreover, since the type and amount of resources
needed in the future are unknown, it is impossible to make decisions solely based on scientific
grounds — ethics must also be used. Therefore, education for sustainable development fosters
the development of ethical practices.

Given these ideas, after this introduction, Section 2 introduces the requirements of En-
gineering Education, in particular in the area of Ethics and Sustainability. Next, section 3
briefly introduces the European Project Semester and is followed by Section 4 that describes
the implementation of the programme at the School of Engineering of the Polytechnic of
Porto (EPSQISEP). Section 5 introduces some examples of projects in robotics developed in
the scope of EPS@QISEP and is followed by Section 6 where is discussed how the EPSQISEP
students consider the ethical aspects during the development of their projects. The paper
ends with some concluding remarks on Section 7.

2. Undergraduate Engineering Ethics

Traditionally, professional ethics instruction in engineering is commonly conducted by ex-
amining case studies in light of the code of conduct of a suitable professional body.! In the
last decade, the development of ethical and sustainable design and development practices
in engineering undergraduates has become a pervasive goal of engineering education due
to pressing environmental and ethical problems such as global warming and autonomous
intelligent systems. Several academic societies like the Institute of Electrical and Electronics
Engineers (IEEE), the Association of Computing Machinery (ACM) or the American Asso-
ciation for the Advancement of Artificial Intelligence (AAAT) have been actively working to
define references and guidelines for the promotion of ethically aligned professional practices.
Professional engineering bodies like the Royal Academy of Engineering and the Engineering
Council joined efforts in 2017 and defined a common Statement of Ethical Principles for
the engineering profession to clarify “what it means to behave in an ethically responsible



way”. The identified principles are “embedded at all stages of professional development for
engineers and those technicians, tradespeople, students, apprentices and trainees engaged
in engineering. It is equally important for anyone who manages or teaches engineers to be
aware of these principles, even if they themselves are not an engineer”. They state that
“Engineering professionals work for the well-being and safety of our society so it is vital
that they maintain and promote high ethical standards. They also have a responsibility to
challenge unethical behaviour wherever they see it”.%

Several national and international engineering accreditation organisations and engineer-
ing professional bodies around the world have disclosed the criteria that should be followed
by high education institutions graduating engineers, including ethics. The EUR-ACE®)
Standards and Guidelines for Accreditation of Engineering Programmes, from European
Network for Accreditation of Engineering Education, claims that judgement making en-
ables the “ability to gather and interpret relevant data and handle complexity within their
field of study, to inform judgements that include reflection on relevant social and ethical is-
sues, to identify, formulate and solve engineering problems in their field of study as well as to
manage complex technical or professional activities or projects in their field of study, taking
responsibility for decision making”.” The Engineering Council defines, for an engineering
degree to be accredited in UK, six broad areas of learning: (i) science and mathematics;
(#) engineering analysis; (44) design; (iv) economic, legal, social, ethical and environmental
context; (v) engineering practice; and (vi) general skills.®* ABET in the United States defines
a set of standards, called the Engineering Criteria 2000 (EC2000), for engineering degrees.
EC2000 shifted the basis for accreditation from inputs — what is taught — to outputs — what is
learned — with the introduction of programme outcomes criteria.'® The aim of these criteria
is to ensure that students attain an understanding of professional and ethical responsibility
as well as the broad education necessary to understand the impact of technical solutions
in a global, economic, environmental and societal context. Engineers Australia, defines that
engineering graduates must demonstrate at the point of entry to practice, among other set
of competencies, ethical conduct, professional accountability and professional management
and conduct.!?

3. The European Project Semester Framework

The European Project Semester is a one semester student-centred international capstone
programme started in 1995 by Arvid Andersen.'? EPS provides an integrated framework for
undertaking engineering capstone projects, which adopts a project-based learning methodol-
ogy, focuses on teamwork and exposes students to cultural, scientific and technical diversity.
In fact, it was designed for the capstone semester of engineering, product design and business
degrees. EPS aims to prepare future engineers to think and act globally.'?

Currently it is offered by a group of 19 higher education institutions (the EPS providers),
as part of their student exchange programme portfolio®. EPS Providers have the freedom
to implement the programme with distinct “flavours”, while complying with the EPS 10
Golden Rules a, which include: English is the working language; teams must be formed by
students from different countries; it is worth 30 ECTU credit units (ECTU), consisting of
a multidisciplinary project and a set of project supportive courses, devoted to soft skills
(languages, team building, project management).

EPS is a package organised around one central module — the EPS project — and a set of
complementary support modules. The project proposals refer to multidisciplinary real world
problems, i.e., draw on knowledge from diverse fields, and are open-ended, i.e., specify ex-
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clusively top level requirements such as the compliance with the applicable directives/norms
and the budget. According to the EPS 10 Golden Rules, the teams, which are composed of
four to six students from different scientific backgrounds and nationalities, are fully responsi-
ble for the development of their projects.'* Multicultural and multidisciplinary educational
backgrounds contribute to product development and innovation, development of communi-
cation skills and catalyse collaborative learning among team elements.

EPS prepares students for lifelong learning by offering complex multidisciplinary
projects, facilitators rather than supervisors, and by fostering student autonomy, multicul-
tural teamwork, multidisciplinary problem-solving and critical thinking. In particular, the
structure of the programme allows students to focus and reflect on an open-ended project
from different perspectives, including the technical-scientific state of the art, ethics, sus-
tainability, marketing, communication and project management. The acquisition of ethical
and sustainable development competencies is achieved by offering challenging sustainability-
driven projects, seminars and activities to raise students’ awareness and promote knowledge
regarding the adoption of sustainable perspectives adapted to the specificities of each project.
Considering that sustainable thinking was identified as one of the key transversal competen-
cies that an engineer must acquire, a programme like this one can contribute to arousing this
sensitivity among engineering students, by encouraging them to develop projects related to
sustainable issues and to approach this multifaceted concept from a variety of perspectives.

4. The European Project Semester at ISEP

The EPSQISEP programme — the EPS provided by the School of Engineering — Insti-
tuto Superior de Engenharia do Porto — of the Porto Polytechnic — welcomes engineering,
business and product design students since 2011. It is a 30 ECTU engineering capstone
programme, 15 weeks long, composed of six modules: Project, Project Management and
Team Work, Marketing and Communication, Foreign Language, Energy and Sustainable
Development and Ethics and Deontology. The two ECTU modules are project supportive
seminars oriented towards the specificities of each team project. In particular, the Ethics
and Deontology module, which runs in weeks two to seven, coaches the students through the
study, selection, application and reporting of applicable codes of ethics in order to derive
product requirements and marketing plan. The results are presented in the chapter “Ethical
and Deontological Concerns” of their project report.

As far as project supervision is concerned, EPSQISEP adopts a unique model where
a panel of multidisciplinary expert advisers acts as a coaching and consulting committee.
Concerning communication, the panel is aware that it is interacting with students from
diverse scientific and cultural backgrounds. Furthermore, in the weekly supervision meeting
only the topics previously specified by the team in the wiki agenda are discussed. Another
very important aspect of the coaching methodology is the prompt feedback given to the
students. Students meet with the panel once a week to discuss the topics the team has
previously posted in the wiki agenda. During the semester, the teams maintain the project
wiki and produce several deliverables, including the report, video, paper, manual, brochure
and proof of concept prototype.Figure 1 illustrates this process.

EPSQISEP contributes to the development of: (i) critical thinking € problem solving
by specifying open-ended project proposals, promoting inner team brainstorms and weekly
meetings with a group of multidisciplinary coaches; (ii) effective communication by fos-
tering inter-cultural and professional communication skills — the preparation of multiple
textual and media deliverables during the semester and the definition of the agenda, lead-
ing, reporting the achievements and writing the minute of the weekly project meeting with
the panel of advisers; (4i) collaboration and team building by working together in multi-
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Fig. 1. EPSQISEP learning process'®

cultural and multidisciplinary teams; (iv) creativity & innovation by being expose to ill
defined open-ended problems, i.e., with very general requirements such as the budget, the
applicable European Union (EU) directives and the adoption of the International System
of Units; (v) socio-professional ethics by tackling the related aspects of the project within
the ETHDO module, with the writing of a dedicated report chapter, and PROJE module,
with the establishment of associated project requirements; and (vi) sustainable development
by addressing all aspects related within the ESUSD and PROJE modules, resulting in the
writing of a dedicated report chapter and the identification of related project requirements,
respectively.

5. Examples of Robots Developed During the EPSQISEP

In this section are presented three examples of biological inspired robots developed by teams
of students enrolled on EPSQISEP. The design and development of biologically inspired
robots allows the students to fulfil the previously described requirements and objectives
and, as a result, is common the adoption of these projects within the EPSQISEP project
capstone module for the benefit of engineering students. The ethical aspects considered by
the students during the development of these projects are discussed in the following section

5.1. Flying Bird

During the EPSQISEP spring of 2014 edition a team composed of four students, with dif-
ferent nationalities and backgrounds developed an ornithopter (a biological inspired flying
robot). The main goal was to create a robot that could fly up and land safely without a
propeller, within a budget of 250 €.



During the state of the art study the team identified a number of different solutions to
make the ornithopter fly and it was decided to implement a biplane.'® After some conceptual
studies, the complete ornithopter (including the wings, mechanical structure, and detailed
actuation system) was designed in SolidWorksTM, as depicted in Figure 2a (left), and were
performed some detailed computations regarding the lift and drag forces involved in the
flight of the apparatus.'® These studies lead to the implementation of “MyBird”, depicted
in Figure 2b (right), with the following characteristics: (i) a body 30 cm long by 7 cm wide (in
the widest section); (i) a wingspan of 50 cm (when the wings are positioned horizontally);
(7i7) a flapping frequency of 11 flap/s; (iv) a weight of approximately 100 g; and (v) a power
autonomy of 10 min.'6
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(a)
Fig. 2. Image of the biological inspired Flying Bird.®

5.2. BroFish

Another biological inspired robot project developed during the EPSQISEP spring of 2014
edition was the BroFish. This swimming robot project was also developed by a team of four
students, with different nationalities and backgrounds.

BroFish was envisioned by the team to be a construction kit targeted to kids aged
between eight and twelve.!” It should be used as a learning tool, covering three different
fields (mechanics, robotics and programming) and allowing experimenting with several cus-
tomisable parts (tail, fins and programming packages). In the adopted architecture design,
depicted on Figure 3 (left), the robot has one back fin, two pectoral fins at the side of the
body and an additional fin at the bottom of the robot for steering purposes. The back fin is
used for propulsion — an approach identical to the natural locomotion of fish — rather than
the pectoral fins. In order to propel the robot with an oscillating back fin, the team decided
to transfer the continuous rotation of a Direct Current (DC) motor into a swinging tail
movement rather than using a servomotor. The final architecture design of the biologically
inspired robot was simulated using a 3D design software (Figure 3, left). After selecting
suitable components [26], a prototype was implemented (Figure 3, right). Tests in the pool
revealed the potential of the new tail mechanism to effectively propel the robot forward.'”

5.3. Bubbles

Bubbles is a didactic robotic fish intended to appeal to young children and provide an
appropriate mix of fun and educational learning, allowing to teach young kids the basics of
programming.'®

The body shape is based on that of a typical wider body of ostraciiform fish, such as the
box fish and the puffer fish. It is approximately 150 mm long and with a compartmentalised
interior, designed to house all of the fish’s electronic components (Figure 4a, left). The



(b)
Fig. 3. TImage of the biological inspired BroFish.'”

design was created in Siemens NXTM10. The main body consists of a top and bottom
piece, connected via bolts and separated by a waterproof gasket. The body is 3D printed
using polylactic acid (PLA). The motion of the fish is provided by a servo motor connected
to the rear fin drive axis via springs. The springs dampen the motion and help to prevent
component damage from repetitive stress. The axis, which is split into two sections to allow
for simple disassembly, leaves the interior of the fish through holes water-proofed with O-
rings (Figure 4b, centre). The control of movement is dictated by an Arduino Nano which is
programmed by the user, using a customised block-based programming language developed
from the open source-basis of ArduBlock.'®
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Fig. 4. Image of the biological inspired educational fish robot Bubbles.®

6. Discussion

Many world transformations, which had a positive or negative societal impact unrelated
to their initial scope, were a consequence of engineering acts.'® The main ethical question
facing engineers is, then, how to devise sound technical solutions with limited knowledge,
budget and resources, meeting the needs and expectations of people and preserving resources
and life on Earth.

While attending the EPSQISEP, students have to consider the ethical issues surrounding
their product and their work in the Ethics and Deontology module. There are five critical
points in relation with both ethical and deontological concerns, and are subject of attention
in the Ethics and Deontology module, namely: Engineering, Marketing, Academics, Envi-
ronmental and, finally, Liability ethics. It is essential for the development of the projects
that each one of the topics mentioned are fully taken into consideration by the students
when taking decisions. In addition, the participants are urged to adopt ethically aligned de-
sign and development practices throughout their project work. In some cases they encounter



ethical conflicts and difficulties in the process of developing, launching and selling a new
product. These conflicts can often be complicated, and to be able to find the right solution
and have everyone’s best interests at heart, it is needed to follow a concrete code of ethics.

Regarding the ethical and deontological concerns faced by the students while developing
the Flying Bird, they dealt with engineering ethics, sales and marketing ethics, academic
ethics, environmental ethics, liability aspects, and intellectual property rights.

Concerning the Bro-Fish development, the students considered the ethical issues sur-
rounding their product and other general ethics implications. The ethics and deontological
issues were considered in every decision they made, since the team believed that this would
contribute to create a successful product and brand on the market.

Finally, and in relation to the development of Bubbles, the team considered that it was
vital to follow the codes of environmental ethics and to perform it by carefully selecting the
best available materials that do not endanger the natural world. This could be as simple
as ensuring that every possible measure had been considered to attempt to reuse materials,
and preventing the need for the creation of new components. Furthermore, to complete the
creation of the didactic robotic fish they complied with the Toy Safety (2009/48/EC-2009-
06-30) and the Waste Electrical and Electronic Equipment (2012/19/EC-2012-07-04) EU
directives to ensure that it was legal to place Bubbles on the market and that it met the
safety regulations.

7. Conclusion

This paper described the European Project Semester, a capstone programme offered by a
network of European universities to engineering, project design and business undergraduates,
and how this programme (and in particular its implementations at the School of Engineering
of the Polytechnic of Porto - EPSQISEP), instils the ethical, deontological and sustainability
dimensions of engineering project development in Bachelor students.

By analysing how students addressed the ethical and deontological issues in their robotic
projects developed within the programme, it was possible to conclude they adopted ethically
aligned and sustainability-driven practices in the design and development of their prototypes
and, this way, have acquired sensitivity to these topics.
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