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ABSTRACT

Engineering ethics courses aim to improve students’ ethical competence by developing skills
such as ethical sensitivity, awareness, analysis and judgement. We present a type of virtue
engineering ethics that bridges the gap between academic knowledge (in both ethics and
engineering) and its application in engineering practice (particularly design). To clarify why
learning about virtues can enrich students’ ethical thinking and competences, we specifically
consider the virtue of practical wisdom, phronesis. At the core of the paper, we put forward
a theoretical argument for including phronesis in teaching ethics within innovation courses.
Training this virtue will help engineering students in dealing with the various uncertainties that
will emerge from their future engineering practices. With regard to implementing our proposal,
we suggest to integrate practical wisdom in ‘semi-technical’ courses that combine theoretical
in-class learning and practical design experiences. We discuss the structure, aims and assess-
ment methods of an integrated product development course that we deem preferable to and
potentially more effective than stand-alone engineering ethics classes. An engineering virtue
ethics can help engineering students develop a personal reflective way of thinking about
concrete courses of action in engineering practice, and may have beneficial ripple effects on
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their lives, society and the environment.

1. Introduction

The emergence of engineering ethics (Harris et al.
1996; Martin and Schinzinger 2009) attests to the
recognition that engineering is inextricably interwo-
ven with ethical issues (van de Poel and Royakkers
2011; Fleddermann 2012; Peterson 2019; Whitbeck
2011). An assumption is that studying the moral
dimensions of engineering will ensure that young pro-
fessionals will be cognisant of ethical implications in
their engineering practice. More ambitiously, engi-
neering ethicists aspire to spark an interest in the
ethical implications of the profession so that engineers
will be equipped to explicitly promote the public good
and act in moral ways. The Accreditation Board for
Engineering and Technology (ABET) states that ethics
in engineering education should help students develop
‘an ability to recognize ethical and professional
responsibilities in engineering situations and make
informed judgments, which must consider the impact
of engineering solutions in global, economic, environ-
mental, and societal contexts’ (ABET 2019, 5). Codes
of engineering ethics such as that of the National
Society for Professional Engineers establish the engi-
neer’s paramount obligation as protecting public
safety, health and welfare.

Of course, being knowledgeable about the ethical
implications of engineering practice is especially

CONTACT Rafaela Hillerbrand rafaela.hillerbrand@kit.edu

important when engineers face moral problems and
dilemmas in controversial situations. For example,
a team of engineers might have to choose among
different options in the construction of a bridge. The
ramifications of this deliberative act of decision-
making will affect many other individuals over a long
period of time. However, reaching an agreement about
the most suitable solution is not just a technical mat-
ter; it also depends on certain values such as profit,
safety or aesthetic preferences. This is where ethical
knowledge becomes particularly valuable.

How best to instil this knowledge, however, is
debated and there is indeed vast literature on the
pedagogy of engineering ethics. Some of the most
interesting debates revolve around the best ways of
teaching ethics to engineers (i.e. pedagogical methods)
as well as reflective attempts to explore and define the
specific goals of engineering ethics education: What
kind of ethical knowledge should engineers learn?
How should ethics be taught in engineering pro-
grammes? About two decades ago, Haws (2001) sum-
marised 42 papers about engineering ethics,
highlighting the six most common pedagogical tech-
niques used (some of which can of course be com-
bined): moral training according to professional codes
of ethics, analysis of humanist readings, discussions
about ethical theories, ethical heuristics or decision-
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making tools, case studies, and service learning. Of
these methods, the study of ethical theories and their
application to case studies relate directly to our
proposal.

This approach often comprises an overview of the
main branches of ethical theory: consequentialism
(effects-based), deontology (rules-based), and some-
times other approaches such as virtue ethics.
According to Schmidt, deontology ‘encourages adher-
ence to rules and fulfillment of duties or obligations’
while consequentialism ‘evaluates morally significant
actions strictly on the basis of their actual or antici-
pated outcomes’ (Schmidt 2014, 985). Common text-
books present the core tenets of the main ethical
theories and then ask students to use them as theore-
tical ‘lenses’ to frame and analyse specific engineering
case studies in order to evaluate options, form judge-
ments and take decisions (van de Poel and Royakkers
2011; Harris et al. 2019). Case studies are typically
concrete examples that are considered problematic
(e.g. the limits of bioengineering), paradigmatic (e.g.
the 1986 Space Shuttle Challenger disaster), or con-
troversial (e.g. the Three Gorges Dam in China). These
cases should not only inform students but also chal-
lenge and push them to think ‘outside the box’ about
different perspectives and values. The various princi-
ples, rules and criteria offered by each theory can then
be used to evaluate the moral merit of different actions
and decision-making scenarios (e.g. whether action %’
is good/bad, option ‘y’ is right/wrong, proposal Z’ is
just/unjust and so forth), providing the students with
tools to perform ethical analyses and assessments. For
example, an engineer who understands ethics as pri-
marily following the rules of her country’s professional
code of ethics could be said to embrace a deontological
approach. An engineer who acts in a way that max-
imises the benefits for the greatest number of people
would tend to follow a consequentialist perspective,
that is one focused on the effects. Overall, teaching
ethical theories applied to case studies has the merit to
provide students with a variety of ethical outcomes,
improving their ability to evaluate concrete examples
of decision-making and develop best practices.

However, analysing case studies using ethical the-
ories has a major downside: students learn engineering
ethics primarily, if not exclusively, as a theoretical
discipline. While a theoretical approach might inspire
some students to act ethically in their careers, the risk
is that many will ultimately consider their engagement
with ethics only as a professional affair, a part of their
academic training that is distant from their real lives.
Moreover, such moral tools might not help the future
engineer when she is researching new technologies
and designing new artefacts or processes that may
have unprecedented ethical implications, such as the
recent advances in genome editing or the potential
advent of nuclear fusion. All this raises

a fundamental question for engineering ethics: how
can ethical theories be applied to unprecedented situa-
tions and cases full of uncertainties?

Although we acknowledge the pedagogical poten-
tial of teaching moral knowledge through ethical the-
ories and case studies, we contend that, in order to be
capable of responding to the above question, engineer-
ing students must not only learn about ethics theore-
tically but also experience it in more applied, dynamic
and intimate ways. So, how can we ensure that ethics
speaks to young engineers as a concrete and pivotal
aspect of their lives and their future professional prac-
tice? We argue that an engineering ethics must bridge
the gap between theoretical considerations of philoso-
phical ethics and the practical, real-life problems the
prospective engineer will encounter both as a person
and as a professional. We maintain that virtue ethics
may prove particularly useful for this purpose, but
only if it is not merely taught as an ethical theory.
More specifically, we suggest that a virtue-based engi-
neering ethics should be understood and taught as
a mixture of theory and practice that aims to
strengthen the notion of the ‘good engineer’' (Harris
2008). In line with Aristotelian thinking, we envision
(the teaching of) engineering ethics as a balancing act
that rejects deficits and excesses. That is, we oppose
the notion of engineering ethics as the bare-minimum
compliance to codes of ethics but also remain wary of
hyperbolic formulations such as ‘heroic engineers’
(Broome and Peirce 1997; Madhav 2014). Instead, we
propose that engineering ethics should strive for
moral standards of ‘goodness’” with the ambitious but
achievable goal of training virtuous engineers.

In considering the benefits of a virtue-based engi-
neering ethics, our first hypothesis is that learning
about the Aristotelian virtue of phronesis -
a particular kind of practical wisdom - will help engi-
neers in addressing intellectual aspects of their work as
well as in making moral choices. Following a review of
contemporary approaches that explicitly or implicitly
highlight virtues in teaching engineering ethics (sec-
tion 2), section 3 makes the case for teaching phronesis
as an ‘ethical mediator’ that enables engineers to face
a central issue in engineering practice: uncertainty. In
section 4, we present how engineering ethics is inte-
grated in a current course at the Karlsruhe Institute of
Technology (KIT). We then propose in section 5 an
updated version of an Integrated Product
Development (or IP, Integrierte Produktentwiklung)
course promoted by the Institute of Product
Engineering at KIT (IPEK). Our secondary hypothesis
is that because such semi-technical course mimics
decision-making in industry, it is a good context
where students can exercise the complex virtue of
phronesis. As part of the mission of the newly estab-
lished Academy for Responsible Research, Teaching
and Innovation (ARRTI) at KIT, we propose an



updated version of such IP course, describing its struc-
ture, pedagogy and assessment methods. While the
first hypothesis is conceptual, the second requires
empirical validation that will be part of future research
given that the course implementation is scheduled for
the winter semester 2021/22.

2. Virtues in engineering ethics

In recent years, within both ethical theory and applied
ethics there has been a revival of virtue ethics as an
alternative to deontological and consequentialist (pre-
dominantly utilitarian) approaches. A traditional cate-
gorisation of these three branches of ethical theory
posits an important distinction between virtue ethics
on the one hand and deontological and consequenti-
alist theories on the other: scholars who embrace the
latter tend to focus on determining the ‘right actions’
that an engineer should perform in specific situations
and various contexts, while those who support the
former focus on a person’s character. Virtue ethics is
concerned with determining good qualities or charac-
teristics of an individual, that is, the kind of person
a virtuous engineer should be(come). It stresses the
character of individuals who are concretely affecting
the lives of other people. The assumption of any virtue
ethics, then, is that a virtuous engineer will likely per-
form a moral or virtuous action when needed.
Although we are aware of the possible criticisms of
this assumption, we maintain that in most cases
a virtuous person will exhibit virtuous conduct.

Defending a virtue ethics approach in teaching
engineering ethics, Schmidt (2014) listed at least
three reasons why a virtue ethics approach would be
preferable in engineering ethics. First, deontological
and consequentialist approaches ‘attempt to impose
universal principles that are supposed to govern
actions in every situation, while virtue ethics is more
heuristic and focuses on developing attitudes’ (992).
Second, deontological and consequentialist ethics are
‘preventive,” that is, they have a negative orientation
whereas virtue ethics is aspirational. Third, deontol-
ogy and consequentialism tend to be impersonal,
thereby exacerbating the disconnect between engi-
neering work and actual people. Schmidt affirms that
‘sensitivity to context and practical judgment are
indispensable in particular concrete situations’ (985).
On a similar note, Pierrakos et al. (2019) point out that
‘engineering ethics education places a heavy emphasis
on compliance or rule-following, which provides
fewer opportunities for internalizing moral values
and virtues’ (1). They also stress that virtue ethics
and character education deserve more consideration
in engineering ethics. Virtue ethics, they assert,

focuses on the more ordinary and habitual actions,
motivations, and virtues that ultimately play a role in

everyday life and prepare us for difficult situations.
Ethics should inform not only what engineers decide
in rare, extreme moments, but also how they orient to
daily problems, treat their colleagues and clients, and
relate to various stakeholders in the community. (4)

These recent investigations about the role of virtue in
engineering education are in line with what Harris
wrote more than a decade ago in one of the seminal
papers about the professional virtues of engineers.
Discussing virtues such as sensitivity to risk, aware-
ness of the social context of technology, respect for
nature, and commitment to the public good, Harris
(2008) stressed that ‘virtue ethics is a more appropriate
vehicle for expressing these aspects of engineering
professionalism’ than negative or precautionary
accounts, which he labels ‘preventive ethics’ (153).
Moreover, he stated that an educational approach
based on virtues is better suited to address issues of
‘discretion and judgment and also for inner motiva-
tion and commitment’ (153), blurring the lines
between professional and personal virtues and, thus,
ethics. Similarly, we suggest that an engineering ethics
approach that is directly focused on becoming virtu-
ous in an Aristotelian sense — whereby virtues can be
acquired through learning (intellectual virtues) and
habituation (moral virtues) - can be both fruitful
and innovative.

We also maintain that the moral obligations of
engineers should not derive solely from a code of
ethics. In fact, their duties are defined by the depen-
dence of the whole society on their work, at least for
acts of technical design. Engineers thus bear a heavy
responsibility towards clients as well as employers,
neighbours as well as co-workers, end users as well
as all animate and inanimate beings who are trans-
formed, in one way or another, by their technical acts
(Brodeur 2013). Although it is ambitious, we view this
path as promising because an education that focuses
on character ‘can assist the end of protecting the pub-
lic in ways that no list of required courses of action can
specify’ (Pritchard 2001, 394).

2.1. Virtues and the goals of engineering ethics
education

Since at least the mid-1990s various authors have
attempted to list the desirable learning goals and out-
comes of an ethics education for engineers (Harris
et al. 1996; Davis 2006). In a recent survey of engineer-
ing ethics programmes throughout the United States,
Hess and Fore grouped the main learning goals
described across these programmes into three main
categories: (1) ethical sensitivity and awareness; (2)
ethical judgement, decision-making and imagination;
and (3) ethical courage, confidence and commitment
(Hess and Fore 2017). The general agreement on the
importance of these basic ethical competencies seems



to extend to the fact that ‘active learning’ techniques
are more effective than ‘traditional’ methods (Freeman
et al. 2014). Moreover, many authors stress the impor-
tance of students not just being taught ethical compe-
tencies, but also being systematically assessed and
evaluated in their proficiency.

It is interesting that these goals comprise, suggest or
imply personal qualities, dispositions or virtues that
engineers are expected to acquire through their aca-
demic ethical training. The literature on teaching vir-
tue ethics discusses a variety of instructional
techniques (e.g. Mintz 1996), including the use of
case studies, collaborative and cooperative learning,
examples from video presentations, or the technique
of role-playing. This latter is often highlighted as pro-
viding a particularly fruitful environment for the
development of critical thinking, a core component
of developing Responsible Research and Innovation,
or RRI (Simkins and Steinkuehler 2008). As antici-
pated above, we are of course not the first scholars to
advocate for the use of virtues in engineering ethics.

A virtue ethics approach has already been proposed
in the context of scientific research generally (Resnik
2012) and engineering ethics specifically (Harris 2008;
Robinson and Dixon 1997; Carbajal and Chavez 2007;
Hillerbrand 2006). Zagzebski’s foundational work
established a theory of knowledge based on the
model of virtue theory in ethics, stressing the impor-
tance of both intellectual and moral virtues (Zagzebski
1996). In her proposal to develop mentoring for young
adults concerning the development of social responsi-
bility, Brodeur (2013) stresses cooperative and service
learning as ways to enhance social responsibility.
Framed in terms of ethics of care (indeed often related
to virtue ethics), her list of principles of social respon-
sibility can be understood as virtues: compassion, soli-
darity, charity and care for the poor are traits that for
Brodeur should be central in engineering education.
In an article reflecting many of the elements that will
be explored below, Schmidt (2014) distinguishes
between moral and intellectual virtues in engineering
and provides ‘a comprehensive framework for imple-
menting virtue ethics within engineering’ (985). Han
(2015) argues for a ‘New Model of Science and
Engineering Ethics Education’ wherein students
experience moral modelling and involvement in real
moral activity in science and engineering ethics classes
based on a conceptual framework that merges virtue
ethics and positive psychology. In particular, we agree
with his claim that ‘the most important way to develop
a person’s morality in terms of virtue ethics is the
cultivation of moral virtue through the early habitua-
tion and internalisation of moral virtue’ (451). This
accords with the Aristotelian notion that developing
a virtuous character requires the habitual repetition of
virtuous acts. This emphasis on knowing what virtu-
ous conduct is in order to do it repeatedly

underscores, again, that a virtue-based engineering
ethics should combine theoretical and practical
aspects. Moreover, Sand has scrutinised the virtues
and vices of technological pioneers and their signifi-
cance for innovation processes (2018). For Pierrakos,
virtue ethics ‘is the theoretical foundation of character
education, a theory of moral education that focuses on
helping individuals develop stable and enduring vir-
tues of character that dispose them to think, feel, and
act in morally appropriate ways’ (Pierrakos et al.
2019, 4). This innovative emphasis on the role of
emotions has also been proposed in the context of
RRI (Steinert and Roeser 2020) and within engineer-
ing practice specifically (Roeser 2012). Similarly,
a proposal to focus on ‘empathy and ethical becoming
in biomedical engineering’ has been proposed by Hess
et al. (2020), who suggest that the ethical training of
biomedical engineering students should include ‘ethi-
cally sensitive, emotionally powerful, and visceral
experiences’ (1). Vallor (2016) has proposed an
approach to ethics of technology based on what she
calls ‘technomoral virtues’. While her take on phron-
esis differs from ours, she considers it a central virtue
too. Specifically, in her proposal to create ‘a techno-
moral virtue ethic of global scope’ (2016, 64), practical
wisdom plays a central role by guiding both individual
and collective decisions. Koehler et al. (2020) offer
a literature review of ‘four prominent virtues in engi-
neering education,” namely ‘(1) critical thinking (an
intellectual virtue), (2) empathy (a moral virtue), (3)
service (a civic virtue), and (4) teamwork (a perfor-
mance virtue) (2).

2.2. Phronesis in engineering ethics

English translations of Aristotle’s Nicomachean Ethics
(NE) render the term phronesis (Ancient Greek:
@povnoic, Latin: phronésis) in various ways. Here,
we will adopt the expression ‘practical wisdom’
because it conveys a type of reflective reasoning con-
nected to concrete courses of action and their possible
effects. Phronesis is an intellectual virtue (i.e. learned
through instruction) that is very closely connected to
the moral virtues because it helps practice them prop-
erly. The Aristotelian phronesis directs, modulates and
helps actualise a person’s moral virtues, adjusting their
expression according to the unique moral demands of
each situation. A fully virtuous person, then, is never
blindly or reactively courageous or benevolent. Rather,
her virtues are expressed intelligently, in a manner
that is both harmonious with her overall character
and appropriate to the concrete situation with which
she is confronted (NE 1134b10-17). Similarly, we
argue that the virtue of phronesis can provide useful
guidance in the uncertain landscape of responsible
engineering. Furthermore, virtue ethics stresses the
existence of an intimate connection between being



virtuous and a personal state of fulfilment or happi-
ness (eudaimonia). Phronesis plays a fundamental role
here: it develops constructive engagement with the
available options and boundary conditions of one’s
actions, mediates between extreme positions (vices),
enables one to choose the right action, and hones the
ability to choose wisely, that is, in a balanced and
reflective way (see also (van de Poel and Royakkers
2011, 98). This, in turn, would practically benefit the
individual agent because the person who acts in
a virtuous manner is also more likely to be more
fulfilled and accomplished.

Some authors have already proposed that phronesis be
adopted in professional ethics. For example, Hillerbrand
(2008) discusses dianoetic virtues, among which phron-
esis, in the context of geneticallymodified organisms.
Marcum (2009) explores the role of both theoretical
(intellectual) and practical (moral) virtues in shaping
the character of the ‘epistemically virtuous clinician™
intellectual and moral virtues contribute to practical wis-
dom, described as ‘the wise and judicious application of
the fruits of theoretical wisdom to decisions about actions
or commitments in specific, concrete situations’ (2009,
262). About phronesis in engineering, Moriarty (2009)
asserts:

It is through phronesis that we discern and choose
appropriate goals of ethical virtue. Thus, ethical virtue
without phronesis remains directionless. But discern-
ment of the good and perfection of deliberation are
dependent on having a good character. Hence, with-
out ethical virtue, one might be able to Wgure out an
appropriate end, but one would not be able to choose
the proper means. And without phronesis, one might
be able to choose the appropriate means but not the
right end. Excellence of character, then, and practical
wisdom together form a unity. (136)

Itabashi-Campbell, Perelli, and Gluesing (2011) discuss
how phronesis can also become instrumental in engi-
neering problem-solving as part of a specific ‘engineering
epistemology’ (See also, Itabashi et al. 2012). In his com-
prehensive framework for implementing virtue ethics
within engineering education, Schmidt (2014) states
that phronesis resembles the critical competence of ‘engi-
neering judgement’ and is ‘knowledge-how to behave in
a manner that is contextually sensitive and appropriate’
(987). Hillerbrand and Roeser (2016) suggest that emo-
tions related to risk perception and art can constitute two
alternative ways of learning and practicing phronesis.
Finally, Costello has devoted several articles to how
phronesis can be developed in educational practice, spe-
cifically in the curricula of management, engineering and
business students (Costello 2018, 2019). Concerning
teaching tools and methods, Costello illustrates
a compelling case study about how to embed the concept
of phronesis in an educational module at the Galway-
Mayo Institute of Technology. He discusses a course
where cross-functional teams of engineering and

business students worked together on an entrepreneurial
project, with the goal of tapping into the potential for
turning entrepreneurial ideas into commercial businesses
while exercising phronesis. Costello’s example resembles
our idea of integrating phronesis into an innovation
course, as we will detail in our proposal below (section 5).

3. Two arguments for the empowerment of
phronesis in engineering ethics

Authors who argue for a revival of virtue ethics often
claim that, especially after the Enlightenment and its
focus on scientific rationality, the notion of phronesis as
a judgement concerned with moral goodness lost its
importance. Hoffe (1993), for example, argues that with
Kant judgement was decoupled from ethical reasoning.
According to him, the notion of phronesis as genuine
ethical reasoning is replaced by that of cleverness or
smartness, the latter being at best morally neutral (260--
266). Luckner (2005) also suggests this when he considers
that, with Kant, phronesis loses its moral function and
becomes a ‘private matter. In this sense, the goal of
morality is no longer the realisation of the morally good
(Aristotelian eudaimonia, happiness or fulfilment), but
instead becomes concerned with individual autonomy or
the rational justification of individual purposes. In this
way, phronesis resembles a personal technique about luck
and cleverness.

However, in the following, we contend that in order
for an ethics of engineering to be fruitful, this decoupling
of the rational from the moral must be revised and the
two aspects reunified. This would mirror the recognition
that many engineering problems often imply both epis-
temic and moral dimensions. What must become central
in teaching engineering ethics is a notion of phronesis as
a type of practical wisdom that is a priori focused on the
morally good. In the following, we offer two reasons for
this: One is based on the creative nature of engineering
practice in general and becomes visible in the mediating
power of phronesis (3.1). The second reason depends on
the necessity for engineers to deal with uncertainties and
suggests that phronesis can indeed play a key role in
engineering creativity (3.2).

3.1. Phronesis as an ethical mediator

The essence of engineering practice is to create new
knowledge or artefacts; by its very nature, this character-
istic necessitates fairly vague ethical principles that in turn
need to be connected to concrete engineering practice.
Following Hofte (1993) and Hillerbrand (2006), we argue
that phronesis fulfils this mediating role. Moreover, prac-
tical wisdom serves a second function: it performs
a ‘balancing act’ in accordance with Aristotle’s advice to
adopt a middle way between extremes (vices), sometimes
also known as the rule of the ‘golden mean’.



Both the creation of engineering knowledge and the
design of artefacts or processes are aimed at changing
our living environment and enhancing the convenience
and beauty of our everyday lives (Martin and
Schinzinger 2009). In this, engineering and scientific
practices are always creative. General references to
moral duties or moral values are of limited use as
engineers and scientists typically create new decision
situations that have few, if any, analogies in the past.
This holds particularly, but not only, for so-called dis-
ruptive technologies.” Note that in contrast to medical
ethics (Beauchamp and Childress [1979],2012), in engi-
neering ethics, there is not even an agreed-upon set of
accepted mid-level ethical principles.” Here phronesis
could act in its mediating role of applying general rules
to specific design or research requirements. For exam-
ple, a virtuous engineer may ask whether a proactive,
risky approach or a precautionary one is more appro-
priate in a specific decision situation. This involves an
epistemic component (i.e. judging the available prob-
abilities), and an ethical component (i.e. reasoning
about what is at stake morally). Both are tasks per-
formed by phronesis, whose role is of central impor-
tance in, for example, sustainability analysis, where
engineers must question assumptions held as facts by
the general public concerning the evolution of certain
technologies, such as a seemingly sustainable technol-
ogy that may turn out to be in fact unsustainable.

The tasks of phronesis, however, extend well
beyond this mediating role. For example, in complex
engineering settings such as the CRISPR/Cas method
in genetic engineering, the boundaries of our knowl-
edge are pushed beyond existing frontiers. In such
specific context, phronesis would help identify certain
decision situations and actions as ethically relevant. As
such, phronesis is not ethically neutral but normative
in prescribing morally appropriate decisions and
courses of actions. As engineering ethics often deals
with (at least partially) new decision options that only
become available through technological progress,
phronesis may serve a further function in a role of
detection. Only by identifying ethically relevant deci-
sions and situations in specific engineering practices
can an ethics of technology identify and determine
ethically relevant situations as such (Cf. Mathwig
2000). In this sense, new research can create new
issues, but we should not wait for these issues to
become political problems. Engineers can play a role
here by gaining some expertise in ethics in order to
identify and address ethical challenges already in the
early design stages. Without this familiarity with
moral standards, any ethics of technology or engineer-
ing ethics is doomed to simply accept and follow what
the general public identifies as an ethical problem,
which typically happens after a new technology has
been developed (as many consequentialist would do).
So far, we have focused on engineering design and

technological reasoning as a general creative practice
and argued that it is therefore crucial firstly to mediate
between more general ethical rules and concrete engi-
neering practices, and secondly to identify decision
situations as morally relevant. Both tasks are far from
straightforward and the Aristotelian concept of
phronesis may allow to capture only some of the
intellectual and ethical challenges that emerge.

3.2. Phronesis in dealing with uncertainties

Another prominent manifestation of engineering
creativity consists in the way engineers deal with the
various uncertainties they face in their practices (Cf.
Poznic et al. 2020). Designing complex products
involves working with uncertainties as the product,
its requirements and the environment in which it is
used co-evolve, and designers and external stake-
holders make decisions affecting the evolving design.
All too often the presence of uncertainties regarding
the final product and its concrete implications is used
as an excuse to not address ethical considerations in
the early design phase. However, this is the appropri-
ate time for amending the product according to ethical
standards. Given this issue, an approach based on
virtue ethics allows a shift in focus from evaluating
actions to evaluating the agent, specifically, the char-
acter traits that result in certain types of actions.

Phronesis may also be able to help in addressing
uncertainties. Before we delve into that, let us briefly
consider some typical examples of how uncertainty
may hamper ethical evaluation in engineering practice
and how classical risk or uncertainty analysis has been
so far unable to deal with these problems. In reasoning
about the safety of the civil use of nuclear power, risk
is commonly defined as average harm, i.e. harm times
the probability of its occurrence. For example, we may
know the probability that a certain valve in a nuclear
power plant will start leaking after 10 years. We can
then estimate the risk of an accident. But suitable
probability estimates are not always available, as in
the case of the risks associated with the disposal of
nuclear waste from a reactor. We may be able to assign
some probability to the stability of the rock formation
over the next hundred years or so. But when it comes
to longer time scales (e.g. 24,000 years, the half-life of
a plutonium isotope, or 1 million years, the time span
the German government requires nuclear waste dis-
posals to be safe), there are certainly no reliable prob-
abilities in the form of relative frequencies. In
technology assessment or decision theory, one refers
to these types of decision situations where no reliable
probability estimates (in terms of frequencies) are
available as ‘decisions under uncertainty’, which also
raise fundamental questions about ‘unknowable ceil-
ings of safety’ (Downer 2015) and ‘moral experiments’
(van de Poel 2015).



In engineering practice, the acceptance or the actual
use of an artefact after market release is often highly
uncertain too. However, the ethical evaluation depends
exactly on addressing these uncertainties as soon as pos-
sible. So, decisions under uncertainty are typical of engi-
neering practice, particularly where the long-term or
long-range after-effects of an artefact’s or process’s use
are concerned. This highlights yet another challenge for
engineering ethics in practice, namely how to frame
‘decision making with an indeterminate decision hori-
zon’ ((Hansson 1996, 371). Consider another example: in
assessing the sustainability of a product, engineers typi-
cally employ so-called Life Cycle Assessment (LCA), or
more recently also the S(ocial)LCA or LCS(ustainability)
A. The outcome of these evaluations is highly dependent
on how the system boundaries are chosen. While there
are general regulations on how to perform a LCA (e.g.
ISO 14,040 and ISO 14,044), there is not much guidance
on how to establish system boundaries. Similarly, while
there is general agreement about how to decide under
risk, decision-making under uncertainty derived from
setting systems’ boundaries give rise to much disagree-
ment among experts. Indeed, there is not even an estab-
lished terminology for referring to these uncertainties
(Cf. Hansson and Hadorn 2016). Suggested terminolo-
gies include ‘non-normal science’ (Funtowicz and Ravetz
1993), ‘wicked problems’ (Rittel and Webber 1973), ‘great
uncertainty’ (Hansson 1996) or ‘deep uncertainty’
(Lempert et al. 2004). Nonetheless, and despite great
advances in formal approaches to uncertainties, there is
a growing consensus that these approaches and terminol-
ogies have reached their limits and are in need of some
kind of supplement. As the intellectual virtue capable of
navigating uncertain landscapes, phronesis may provide
a useful way to address the challenges of uncertainties
emerging from engineering practice (Hillerbrand and
Roeser 2016).

4. Current engineering ethics in an integrated
product development course

Having established the potential usefulness of phron-
esis and a virtue-based approach to engineering ethics
education, we now turn to our case study. This section
describes the Integrated Product Development (IP)
course promoted by IPEK - Institute for Product
Engineering at Karlsruhe Institute of Technology
(KIT) and why we hold that this is an ideal context
to integrate a virtue approach and facilitate the
engagement of engineering students with phronesis.

4.1. Overview of the project: KalLeP, IPEK and
ARRTI

KIT is part of a group of nine German technical uni-
versities (TU9). Part of the ethics education takes place
at the IPEK, an institute whose fundamental research

concept is the parallel research on methods and pro-
cesses of product development regarding concrete
technical systems. In this context, product develop-
ment is combined with research on the synthesis and
validation of new technical systems. An instructional
approach that has proven very useful is the so-called
Karlsruhe Education Model for Product Development
(KaLeP), which has been implemented at KIT since
2006 (Albers, Burkardt, and Tobias 2006; Niever et al.
2020). It originally aimed at an integrated acquisition
of technical, systematic, methodological and profes-
sional competencies that are difficult or impossible to
teach in typical seminar, lecture or laboratory class
settings alone. A course on integrated product devel-
opment combines various educational elements: lec-
tures, workshops, exercises and team projects.

4.2. Overview of the current integrated product
course structure

The Integrated Product Development (IP) course® is
a semi-technical course on product design and devel-
opment that aims to integrate innovation into engi-
neering teaching and provide students with hands-on
competences. Before the course begins there are two
preliminary organisational steps: first, finding an
industry partner and second, selecting the students
who will take part in the programme. Students are
selected based on individual interviews and merit
demonstrated in previous classes along with a letter
of motivation and a test.

Since 2016, the course has included a module called
‘Responsibility of Engineers,” in which students learn
the relevance of ethical thinking with regard to actions
through various examples from engineering practice
(e.g. ethical problems associated with autonomous
driving). The course includes 20 lectures of 90 minutes
each. Of these, one and a half are currently dedicated
to ethics. The instructor is an engineer with compe-
tence in ethics. Overall, the goal is to highlight and
make tangible the potential ethical implications of the
product as early as possible in the development
process.

Each cohort consists of up to 42 students, divided
into six teams (7 people/team). The teams are formed
by master students from different fields of study
(mechanical and industrial engineering, informational
technologies and mechatronics). In terms of organisa-
tional integration, every team member has a clear role
and specific tasks: spokesperson, method engineer,
validation engineer, system engineer, construction
engineer, and product engineer. Each team maintains
the same composition throughout the term and works
collaboratively on the design and development of
a specific product.

The main goal of the course is to develop concrete
solutions in collaboration with a specific industrial



partner (e.g. ThyssenKrupp, Diehl Metering, AVL,
Daimler Trucks, Bosch, Siemens, Mercedes-Benz).
The industry partner changes every year, defines the
problem to be solved, and has an active pedagogical
role in the educational process. Every three to five
weeks, teams set milestones with the industry partner
to polish and guide their specific projects. It is impor-
tant to note that all teams receive the same assignment
at the beginning (see below, section 4.3), but they are
asked to find their own way of completing it. In addi-
tion to performing an individual and team evaluation
every four weeks, the industry partner also provides
a mentor for student advising.

The collaboration between the university and the
industry project partner offers mutual benefits and
opportunities: companies have access to potential
new employees as well as intellectual knowledge, espe-
cially about methods in engineering (e.g. analysis);
students benefit from direct contact with real-life busi-
nesses and get hands-on experiences and potential
internships; IPEK is able to perform research on meth-
ods; and the university accomplishes its mission of
educating professionals and linking them to the job
market while receiving funding for such projects from
the companies. The teams work for five months to
implement development tasks under realistic condi-
tions. At the same time, the students work in
a research environment that is designed to explore,
develop and evaluate processes and methods of pro-
duct engineering. The setup of the lab environment
where the students work combines the positive aspects
of laboratory studies (i.e. a made-up problem the
students investigate) with the benefits of field studies
(i.e. applied product development).

We hold that the mimicking of the industrial prac-
tice (i.e. the student teams simulate real working
groups in industry) make this course an ideal place
for implementing ethical reasoning in the form of
practicing virtues. As the students simulate engineer-
ing industrial projects they have to deal with the
uncertainties emerging from the concrete process
from brainstorming to final product. Integrating ethi-
cal reasoning in the early stage of the design process as
well as discussing the entanglement of ethical and
epistemic aspects can be further improved by training
virtues such as phronesis.

In the current format, the ethics module takes place
at the beginning of the course and then again at a more
advanced stage. First, it is integrated in a three-day
workshop and consists in applied ethical examples
related to the current industry partner. The students
are encouraged to address ethical questions arising
from their collaborative design work within their
respective teams. However, in our experience students
do not immediately recognise the relevance of these

questions for their industry project. But because ethi-
cal questions remain nonetheless central, there is
room for improving students’ intrinsic and extrinsic
motivations.

Currently the assessment of progress is defined
together by the teams and the instructor by regularly
establishing and updating milestones. During the
term, teams have reflective discussions where they
evaluate what has gone wrong in different parts of
the process and who is responsible for it, including
ethical aspects. At the end of the IP course, a 60-
minute oral exam offers another occasion for evaluat-
ing controversial cases. Presently, this is the only indi-
vidual assessment in the course as all other
assignments and tasks are performed by the teams
and evaluated as such.

4.3. A concrete example of ethical training of
a team of students in the IP course

The following is a description of a product develop-
ment case that was part of a previous IP course carried
out according to the description above.

Project: water metres, in collaboration with com-
pany partner ‘Diehl Metering’, Germany.

Guiding questions:

(1) What does the water metering of the future
look like?

(2) What influence does water metering have on
the consumption of water in general (in terms
of users’ behaviour)?

Working Assumption: As a response to the second
guiding question, it is assumed that in the perception
of users, water consumption is distinct from water
measurement. It is assumed that people are not inter-
ested in or committed to knowing about their water
consumption (i.e. they do not check the water metre
systematically, on a regular basis).

Task: Is there potential for ethics-driven innovation
in this context?

Product Ideas and Actual Product Development by
Two Teams of Students:

Team #1 designed and produced a small device that
can be placed at the outlet of a bathtub faucet. This
device changes colour (from green to red) as water
consumption increases. According to the students,
this solution provides users immediate knowledge
about actual consumption and insights into how to
reduce it.

Team #2 created a software application for smart-
phone/watch that allows the user to know how much
water is s/he has been consuming. This product is in



a way similar to apps about monitoring caloric intake
or energy consumption.

5. Proposal for the integration of phronesis
within the IP course at KIT

Although in Germany engineering ethics has a fairly
long history (Downey, Lucena, and Mitcham 2015,
81), the ethical education of engineering students is
not yet standardised or implemented systematically
across German technical universities, not even the
TU9. The recently created Academy for Responsible
Research, Teaching and Innovation, ARRTI, a central
project in the KIT’s strategy to make it one of the
centres of excellence (‘Exzellenzuniversititen’)
among German universities, aims at integrating the
teaching of ethics in all curricula. The explicit goal is
that all students at KIT will have received ethical
training as part of their degrees. This ambitious pro-
ject includes efforts to implement a pilot project about
integrative engineering ethics modules focused on
virtue ethics. The following section describes
a blueprint for such an approach by describing an
updated version of the ethics module within the IP
course presented above. The reason for this is that
ethical considerations of the students in the course as
it has been designed thus far still remain somewhat
distant from both what they perceive to be their job as
engineers and from their lives. Students tend to per-
ceive ethics as an external constraint, and ethics in
engineering is still seen as a matter of duty, following
certain (legal or societal) rules or regulations, rather
than a process of active reflection and direction-
seeking. Therefore, we identified two interrelated
issues within the current setup:

¢ Ethical considerations and engineering enterprise
are perceived as distinct endeavours;

e Ethics is perceived mainly as following external
regulations;

Given these challenges and at the same time acknowl-
edging the generally successful experience of the IP
course as described above, we believe that it represents
an ideal place to experiment with a pedagogical
approach based on virtue ethics. The theoretical con-
siderations outlined in section 3 motivate our proposal
that students should learn and practice virtues such as
phronesis as part of their work on product design and
development.

5.1. Overview of the project

In coming terms, the IP course will be the prototype
for testing integrated teaching modules in which engi-
neers and ethicists jointly teach and advise students
within the newly established ARRTI. In doing this, we

will draw on the various didactic concepts outlined in
section 4. As anticipated above, some steps in the
design process may turn out to be ethically neutral,
while others may have a severe impact on, for exam-
ple, marginalised stakeholder groups, future genera-
tions, or the non-human environment. Given that the
impacts of new technological artefacts or processes are
always fraught with uncertainties, determining
whether to opt for a proactive or precautionary
approach during the design stage is one of the central
aims of ethically guided judgement, the Aristotelian
phronesis. Students need suitable lecture modules to
prepare them for this type of reasoning, without com-
promising the other modules. It is equally important
to assign coursework that also allows them to reflect
on ethical aspects. In this way, developing virtues can
become something personal and more intimate. Our
approach also stresses the important ‘role-model’
function that teaching staff and faculty can embrace.
Suitable role models for teaching virtues can also be
drawn from industry, such as successful engineers
who reflect on their decisions from an ethical perspec-
tive without necessarily being considered ‘heroic’.

While these instructional techniques are valuable
and will be used in the course outlined below, we hold
that in order for students to acquire phronesis, these
techniques need to be expanded. One task of phronesis
is to distinguish the possible impacts of one’s action as
ethically relevant. This is particularly challenging in
research and innovation as there may not be any
previous examples of similar challenges, i.e. there are
no precedents to refer to. It is therefore desirable to
train engineers in such a way that they are themselves
able to point to potential ethical challenges in the early
stages of design and product development. While it is
difficult for a class-based approach to simulate the
highly context-dependent nature of dealing with
uncertainties, this can be achieved more successfully
though a combination of in-class learning and practi-
cal experiences as it already occurs in the IP course.

In the future, the implementation of out-of-class
activities such as internships in the industry partner
may provide further opportunities to experience and
practice ‘ethics as an outcome of out-of-class engage-
ment’ (Polmear, Chau, and Simmons 2020), particu-
larly if related to virtues.

5.2. Overview of the course structure

Although the updated course structure remains largely
similar to the existing IP course, there are three main
differences. First, the new course will be co-taught by
two instructors: an engineer and an ethicist (moral
philosopher). The engineering instructor will have
most of the teaching responsibility and will be present
also during the ethics classes, primarily to facilitate
interactions and help create connections among



topics. Eventually, the course will be able to rely on co-
teaching as well as on informed instructors in every
team. These instructors will be engineers with a more
advanced ethical education. This competence derives
from a specific project within ARRTI that is based on
the ‘train the trainer’ concept. In practice, it establishes
that engineering instructors will take at least three
ethics courses (e.g. ethical theory, role-play, practicing
virtues) consisting of online modules as well as in
classroom discussion sessions. Second, the ethical
component will be expanded, with part of it spread
throughout the term through different events, not only
in-class activities. Third, there will be various assign-
ments that will better assess the ethical component. As
an illustration, consider a standard semester at KIT
which typically has 13 lecture sessions.

First Ethics Module - Week 1, 90 min:

At the beginning of each term, there is a three-day
workshop for new students where the topic of engi-
neering ethics is introduced through a lecture with
interactive examples closely related to ethics (e.g. the
VW diesel scandal). There, students examine case
studies of new product ideas and begin to understand
what it means to think about medium and long-term
ethical implications of product development (for
a source of case studies directly connected to ethical
issues, see, e.g. van de Poel and Royakkers 2011; Harris
et al. 2019). This examination is based on a catalogue
of criteria and evaluation similar to the failure modes
and effects analysis (FMEA) methodology. Basic ideas
of ethical reasoning and normative theories are intro-
duced through the case studies and students are
actively invited to comment on them.

Assignment: The teams of students discuss and
answer ethical questions about case studies.

Second Ethics Module - Week 5, 90 min:

After a brief review of the content introduced in the
first ethics lecture, the second module focuses on risk
assessment and uncertainties through case studies.
Students are already aware of some ethical theories
from the initial workshop. In this module, they are
further exposed to virtue ethics through examples of
ethical dilemmas and ethically controversial product
concepts (e.g. a safety device with data collection
implications). The instructors will provide a list of
ethical criteria for analysis and evaluation. Students
perform an initial ethical assessment of the case at
hand and discuss the results comparatively. Then the
lecture compares these assessments with a virtue ethics
approach and hence focuses on phronesis. This means
that in this second module students learn about the
opportunity to engage with ethics through a virtue
ethics approach and, firstly, learn about the notion of
phronesis theoretically. Then, through the application
to case studies and various moral scenarios, each team
is encouraged to explore how a virtue ethics approach
would influence their own design idea and product

development process. For this purpose, a specific
workshop challenges each team to perform an ethical
assessment of their own product design by applying
the same criteria given earlier in conjunction with
virtue ethics.

Third Ethics Module - Bi-weekly Lecture Series
(throughout the term weeks 2-14):

Students participate in the lecture series ‘Role
Models in Action and Thinking’ hosted and organised
by ARRTI. The lecture series features external speak-
ers from industry and academia who can be consid-
ered role models of best engineering practices (i.e. they
are successful engineers and entrepreneurs who have
discovered that ethics plays a central role in their
work). In these events, the guest speakers reflect on
their experiences and the ethicist comments on the
presentation, helping students recognise the ethical
dimensions involved. The students are encouraged to
engage in discussion with the speakers. The topic of
this lecture series will be in line with each year’s indus-
try project.

Assignment:

Each team writes a report on the lecture and reflects
on its ethical components. Students are asked to iden-
tify relevant character traits of the speakers, in parti-
cular virtues. Once phronesis has been introduced,
students will also try to show how the role model
displayed phronetic traits in their engineering prac-
tice. This part of the course earns the students addi-
tional credit points as part of liberal arts education at
KIT (‘Schliisselqualifikationen’).

Fourth Ethics Module — Throughout the Term -
Weeks 2-14:

Over the course of the term, each team moves from
prototyping their product ideas to creating real, func-
tional prototypes. As they progress, teams reflect with
their instructors about the evolution of their project
also from an ethical standpoint, addressing whether
their initial ethical assessment at the time of design is
different from that at the production stage. Students
may also be asked to perform ethical reflections on
a personal level, that is, individual reflections beyond
the ethical criteria provided by the instructor. Finally,
an integral part of every team besides the students is
a tutor. This tutor is a PhD student or researcher in the
engineering department. In order to implement the
forth ethics module, the tutors have to be trained in
ethics. This is also done as part of ARRTI’s ‘train the
trainers’ project, described above.

Final Assessment: Oral examination, an individual
test that focuses on the integration of engineering and
ethical aspects.

6. Conclusions and outlook

We have shown that the epistemic complexities engi-
neers typically face in their work often make the



ethical evaluation of individual actions and their out-
comes extremely challenging or even impossible. We
proposed that supplementing approaches focused on
actions by paying more attention to the development
of personal character may help to address some of the
issues faced by engineering ethics. We therefore advo-
cated for embodying virtues in the core curriculum of
engineering. We have illustrated the epistemic chal-
lenges that are intrinsic to engineering design and
research through various types of uncertainties that
engineers face in practice. We have outlined how
teaching virtues can be incorporated in an integrated
course on product development where students are
able to practice phronesis. We suggested that by inte-
grating ethics into a practical lab course and intertwin-
ing the habituation of virtues with the practice of other
central engineering skills, teachers may be better able
to help prospective engineers understand that ethics is
not separate from engineering practice, but an integral
part of it as well as of their lives. We hold that the
necessity of dealing with uncertainties in engineering
practice entangles the epistemic and ethical aspects.
Teachers should begin with the epistemic challenges of
uncertainty management and then point out the
related ethical issues. This strategy would help stu-
dents appreciate how and why ethics is really integral
to engineering practice. Furthermore, exercising
phronesis as a means of integrating the ethical and
epistemic aspects can help bridge the gap between
ethical reasoning and engineering practice.

From an engineering perspective, companies are
striving to improve and maintain a high innovation
strength (Innovationskraft) in order to remain com-
petitive and help solve pressing social and environ-
mental problems. In turn, this requires medium and
long-term research plans as well as virtuous engineers.
We have suggested that ethics instruction can become
more relevant and engaging for students if, instead of
being isolated in a separate class, it is embedded in
‘semi-technical’ courses such as integrated product
development, with both theoretical and practical
ethics modules. In this way, students can learn about
the theory and experience its practical application.
Instead of focusing on the action an engineer ought
to perform in a specific situation, a student who has
learnt about virtues and has had the opportunity to
practice them would attach importance to the type of
character traits that good engineers display. In turn,
students should be more motivated to imitate these
virtuous examples by acquiring and cultivating vir-
tues, not only in light of their social role and respon-
sibilities, but also to improve their personal lives.
Finally, focusing on phronesis as the central virtue in
engineering ethics may also prove useful for addres-
sing other challenges in engineering curricula. First, it
may help connect academic knowledge (both ethics
and engineering) with its application in engineering

practice (particularly design). Second, a perspective on
virtues may help to bridge the gap between engineers’
ethical responsibilities as professionals and their pri-
vate actions as citizens. As mentioned above, the vali-
dation of our hypotheses and the assessment of the
actual effectiveness of our course proposal will require
implementation, adjustments and additional empirical
research.

Notes

1. Interestingly, Bowen (2010) has also explored the
notion of the ‘good engineer’ theologically.

2. See https://ethicsandtechnology.eu/news/4tu-ethics-
bi-annual-conference-thursday-7th-friday-8th-
november-2019-tu-eindhoven/. Consider, for exam-
ple, the European Commission’s recent Guidelines on
Trustworthy AI (2019).

3. Cf. Peterson (2017) for an attempt to formulate mid-
level ethical principles.

4. See also: http://www.ipek.kit.edu/3439.php.
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