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The paper identifies three failures of current engineering ethics and suggests that a post-normal turn may help redesign a more demanding ethics for engineering practice. Finally it outlines some difficulties that such a post-normal engineering ethics may face, especially in the French context. © 2017 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/).

Engineering ethics denotes both a growing academic field and a normative corpus that overall enjoins engineers to "hold paramount the safety, health, and welfare of the public", as phrased by the US. National Society of Professional Engineers (NSPE). In recent years engineering ethics has faced a number of concerns and criticisms, mostly due to its preventive focus, rather than an aspirational one [START_REF] Harris | Engineering ethics: Concepts and cases[END_REF]attention is brought to what can be avoided rather than what should be promoted, to the notable exception of a few authors such as [START_REF] Bowen | Engineering ethics: Outline of an aspirational approach[END_REF] Two features of engineering ethics particularly reinforce this situation: on one hand the focus on disaster ethics, as shown by the number of studies dedicated to the NASA Space Shuttles Challenger, Columbia accidents [START_REF] Pritchard | Beyond disaster ethics[END_REF], and on the other hand the reduction, especially in the US, of engineering ethical issues to a normative and legalized version, as a result of the development of professional codes of ethics, such as the NSPE Code of Ethics.

The very first Engineers Code of Ethics is considered to be Cicero's Creed, with the motto "Salus populi suprema est lex", which can be translated as "the health (or safety, or welfare) of the people shall be the supreme law." Today still, it is expected from the minimal version of engineering ethics to account for the trade-offs between cost, time and product security or quality [START_REF] Baura | Engineering ethics: An industrial perspective[END_REF]. Obviously a lot has changed since Ancient Rome to the engineers of the twentieth century, but [START_REF] Pinkus | Engineering ethics: Balancing cost, schedule, and risk -Lessons learned from the space shuttle[END_REF] considers that modern and sophisticated tools such as risk assessment or failure characteristics of a given technology are just modern additions to that creed, and remain in this regard "low-bid ethics" that need to be surpassed and improved.

Three failures of engineering ethics

I identify three failures of engineering ethics in this standard, low-bid versionthe one that is the basis for most professional codes of ethics and teaching curricula.

First, the current approach to engineering ethics fails to care about the "ordinary". Originating from the deflationist analysis of ordinary language, the focus on the ordinary as an ethical commitment gains a new relevance when discussing technology, as "ordinary familiarity with technology constitutes the background of modern life" [START_REF] Puech | The ethics of ordinary technology[END_REF]p. 61). The problem with disaster ethics is therefore not only that it hinders an aspirational ethics, focusing on what should be encouraged rather than prevented, but also that its scope is limited to "Big Technology", the one resulting from "Big Science" [START_REF] Weinberg | Impact of large-scale science on the United States[END_REF], and ignores ordinary technology, even though there is a strong need for practical guidance that emerges from the pervasiveness of ordinary technology: Technology as the texture of our everyday life demands practical guidance. This situation suggests a more pragmatic approach than "principle ethics". In ordinary parlance, when people say "in principle, we should . . . " they mean that the principle does not help much." [START_REF] Puech | The ethics of ordinary technology[END_REF]p. 12). This suggests a link between the focus on disasters ethics and the prevalence of a deontological approach through professional codes of ethics. Maybe one cannot be given up without also giving up on the other.

Second, current engineering ethics fails to involve the public as a relevant partnera need that is growing more and more as we move towards a peer-to-peer society [START_REF] Wildschut | The need for citizen science in the transition to a sustainable peer-to-peer-society[END_REF] -without having a paternalistic bias. An engineering ethics textbook from 2006 actually writes: "As engineers, we are involved in so many projects that touch people's lives. It is important that we protect the consumers of our technologies." [START_REF] Baura | Engineering ethics: An industrial perspective[END_REF]6). If many case studies in engineering ethics request the student to consider issues of public health or public safety, asking the public itself is never the favored solution.

Last but not least, engineering ethics fails to take into account power relations. As early noticed and denounced by philosopher of technology Langdon Winner, "so-called ethics case studies usually point students toward specific troubling incidents within what are assumed to be otherwise harmonious patterns in ongoing institutions. ( . . . ) the tacit premise of the case study approach to professional ethics is that as one enters a profession, one simply embraces the existing commitments, institutional patterns and power relationships the profession contains" [START_REF] Winner | Engineering ethics and political imagination[END_REF]) so that they can never get questioned afterwards.

These three failings call for a profound rethinking of the outdated normative view of engineering ethics which seems particularly unfit for the post-normal age, characterized by high stakes and uncertainties.

Toward post-normal engineering

Post-normal science, as conceived by its founding fathers, Silvio Funtowicz and Jerry Ravetz, as well as in the way it is used nowadays by post-normal scholars, is a complex concept that is usually narrowed down to four criteria: a scientific discipline, a body of knowledge, a decision-making situation, is considered to be post-normal if a) facts are uncertain, b) stakes are high, c) values are in dispute and d) an urgent decision needs to be made. I will now relate post-normal frame to engineering ethics and focus on the need for transparency in each of these four criteria.

Indeed, Funtowicz and Ravetz's seminal work on post-normal science [START_REF] Funtowicz | Science for the post-normal age[END_REF] emphasizes the importance of transparency on both axes of the well-known problem-solving strategies figure [START_REF] Funtowicz | Science for the post-normal age[END_REF], see Fig. 1): the quality of scientific information (systems uncertainties) as well as the decision stakes category require transparency in between stakeholders, and in between experts and laypeople.

In terms of tools development for the post-normal age, the notation system tool NUSAP [START_REF] Funtowicz Silvio | Uncertainty and quality in science for policy[END_REF]) reflects the same need for transparency at all the stages of knowledge production. So does any approach including social multicriteria evaluation, such as the Kerbabel matrix for instance [START_REF] O'connor | Deliberative Sustainability Assessment with the on line KER DST Deliberation Support Tool[END_REF].

Following the principles of post-normal science, the expression "post-normal engineering" has been coined recently as a way both to express the deep mutations that engineering practice is facing, and to call for a radical rethinking of its identity and issues from philosophers of technology, who traditionally see engineering as a form of professional consultancy [START_REF] Kønig | The ethos of post-normal science[END_REF] In the early 2000s, a PhD. thesis untitled "Reflective and Post-Normal Engineering" [START_REF] Carew | Reflective and post-normal engineering: Models of sustainable engineering practice and their implications for undergraduate teaching and learning[END_REF] paved the way and sought to integrate novel ways to reflect upon engineering, while explicitly combining an ethical approach with a post-normal perspective. In a recent talk she gave at the Forum on Philosophy, Engineering & Technology in 2016, Diane Michelfelder identified five aspects of engineering that call for a post-normal approach: the fact that more and more engineering design is focused on complex systems; the acceptance of negotiated risk; an increased willingness for companies to engage the public in design through the process of "open innovation"; the growth of innovation laboratories; and finally new ways of configuring the professional domain of engineering itself, with a progressive erasure of traditional academic disciplines.

The case of open innovation however is tricky. Open innovation has become so prominent that some consider a dual innovation logic, including both closed (internal) and open (external) innovation, to be needed in any business, to have become "the new normal" [START_REF] Herstatt | Open source innovation: Phenomenon, participant behaviour, impact[END_REF]. But open innovation is a very ambiguous concept. On one hand, it seems to erase the borders between experts and laypeople, to transcend the disciplinary frontiers, and to take into account social expectations. In its brightest version thus, open innovation represents the ultimate step of citizen participation [START_REF] Arnstein | A ladder of citizen participation[END_REF]. But on the other hand, critiques of open innovation stress that the new distribution of risks and benefits does not necessary benefit the citizen. In this more cynical perspective, open innovation represents utter manipulation from the industrial and corporate world. Either way, open innovation in a post-normal age requires more transparency, or at the very least a more open way of dealing with data.

How would engineers all over the world respond to such a novel way of dealing with data and innovation? Would they feel enthused, willing to collaborate, or threatened, locked in a corporatist reflex? I suggest the answer to this question depends immensely on the political and cultural context, and that countries with a strong tradition of engineering as well as secrecy and loyalty (to the State or to the corporate world) may face more difficulties. The case of France is in this regard particularly enlightening.

The French paradox

In France, engineers are considered as "super experts" not just on technical issues but in society in general. This popular belief has supported a large number of engineers who administer both public and private organizations and occupy top positions inside most national ministries. Even though their importance has definitely decreased in the last decades, the existence of the different Corps (literally "bodies", among which the most famous are beyond doubt the Corps des Mines and Corps des Ponts (bridges)), that only a few engineers can have access to after a highly selective recruitment process, gives access to a very defined power network that is a life-long asset.

I argue first that this situation is paradoxical, given how the training of engineers in France is designed and second that it hinders a post-normal approach to the nascent field of engineering ethics in France, that would require a training more focused on risk and uncertainty in order for a "critical citizenship" to emerge [START_REF] Hiis Hauge | Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities[END_REF].

Before they enter a "grande école"1 , French engineers receive an education with a strong emphasis on scientific disciplines (maths and physics mostly) with little concrete applications. The exemplifying joke: "if your boiler breaks down, an American engineer can fix it, and a French engineer can explain to you why it broke" has definitely some truth to it. After the national exam taken by most engineers, which provides a rank and a range of choices between various engineering schools, the education provided in the top "grandes écoles" has become, as a matter of fact, less and less technical and more and more focused on finance and management (even though some very contemporary trends start suggesting a regain of interest for highly specialized technical skills).

There is still little justification, other than French tradition, for engineers to be given top responsibilities inside the public or private sphere, strictly based on their education focused on mathematicsand not quite the critical mathematics education described by [START_REF] Hiis Hauge | Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities[END_REF], finance, or highly specialized technical skills.

It is true, some engineering schools, called "generalist", take pride in offering a more diverse curriculum. The INSA schools (National Institute for Applied Sciences) for instance have made it a mandatory requirement that 20% of the students' curriculum would be non-technical and non-scientific subjects. But this includes the humanities and social sciences, languages and sports, with a rather unspecific balance between the three.

Furthermore, almost everything in the education of French engineers is designed for them to have as little access as possible to "civil society". While there is a focus on giving access to the diversity of the professional worldmany engineering schools have a production workman internship (stage ouvrier) that is mandatory at the end of their first yearone could argue that this is a logical step in the training of any profession that includes some kind of supervision duties (and the same is required at ENA for instance, the National School of Public Administration) but that it is an opening still limited to the productive and generally industrial aspect of society, far from a holistic perspective on society.

On the other side, there is a definite isolation from society that stems from the space-time framework of engineering education.

Indeed, while France does not have a campus cuture, and many universities are located inside cities, most engineering schools are located on campuses at the outskirts of cities (sometimes the far outskirts), often poorly connected to the citycenter by public transportation. This is the case for instance in the area of Lyon of Ecole Centrale at Ecully, or ENTPE at Vaulx-en-Velin, and in the area of Paris of the new campus Centrale-Supelec at Gif-sur-Yvette, and of course Polytechnique at Palaiseau. These schools are only accessible by (sometimes infrequent) buses, hindering the students' moves to the citycenter. Furthermore, most schools offer a busy schedule which does not permit trips to the city, including for educational purpose. A temporary teacher working at INSA Lyon had, for instance, the project of taking his students to court in order to initiate a reflection on justice until he realized it was logistically impossible in the amount of time allotted for his human and social sciences class (and INSA is probably one of the better located engineering schools in the area of Lyon). To compensate for this situation, most engineering schools are very generous with their BDE (Bureau des Elèves: Students' Office) which organize students' leisure time in many different ways, from music to sports and include humanitarian associations, of which are solely located on campus. Some situations of isolation are so extreme that a new on-campus life emerges, with local entrepreneurs visiting campus on a regular basis to offer basic services to the students, such as a local hairdresser who pays a visit to the Centrale-Supelec campus in Gif-sur-Yvette about once a month so that students do not have to go into town for a haircut.

Concluding remarks

If the future of engineering ethics is to be more transparent, aspirational, and concerned with the whole of technologies (from the mundane to the cutting-edge) for all corners of society, fundamental changes to the culture of training are necessary. Features of engineering education in France contribute to reinforce a culture of secrecy and loyalty that totally opposes the ideal of transparency discussed earlier which is absolutely necessary to a post-normal turn that aims at empowering both engineers and citizens.2 This suggests that a post-normal framing of a new engineering ethics can only occur at the same time as a profound reconsideration of the relationship between engineers and laypeople. Currently there is no room for a post-normal framework in engineering ethics. I hope this essay and the rest of this Special Issue on Post Normal Science in Practice can inspire the necessary reforms for engineering, to meet the societal and technical challenges we face.
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 1 Fig. 1. The original scheme of Post-Normal Science (Funtowitz & Ravetz, 1993, p. 745).

The French Education system is roughly divided between two branches: the University, designed for the vast majority of students, and the "grandes écoles", which are mostly business schools and engineering schools that are entered after

or

years of "prep school" after high school. The most inclusive statistics estimate that 14% of students at most are studying in that branch (MESR, 2010).

The importance of Transparency in the post-normal age is emphasized by the acronym TRUST (Transparency, Robustness, Uncertainty Management, Sustainability and Transdisciplinarity) as the new ethos replacing Mertonian outdated norms[START_REF] Kønig | The ethos of post-normal science[END_REF]