Between Innovation in Process
Engineering and Creativity

Progress is not an illusion, it happens, but it is slow and invariably
disappointing. (Orwell 1949)

Creation consists of both shaping a substance and giving substance to
a form. (Rappoport cited in van der Leuw 1994)

To invent something new, we determine the necessary scientific level
and arrive at fundamental research to find a solution to a technical
problem. (Gille 1978)

Technology does not form an independent system like the Universe; it
exists only as part of human culture. (Mumford 2010)

The development of technological changes [is] like a succession of
fairly diffuse periods of acceleration, rather than a sequence of
discrete moments of inventive insight. This trend becomes all the
more marked if we move from the process of invention to the process
or processes of innovation development, i.e. to those in which a
technological innovation is brought to the state of a workable
prototype. (Fox 1994)

The development of the curriculum in chemical engineering has
benefited in the past from the tension between, on the one hand,
imparting to the students a good understanding of the sciences
underpinning our discipline and, on the other, the perceived need to
help aspiring engineers to develop and enhance the skills necessary to
practice as an effective professional. (Perkins 2002)
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One of the difficulties of the creative process is to fine-tune the times
of divergence and convergence, to nourish the process, to open them
up and reopen them permanently, to give ideas time to mature, while
ensuring that the project succeeds, which implies making choices
among the proposals that have emerged. (Paris 2010)

The center of gravity of existence shifts towards the future and at the
same time modifies the relationship to the present. (Meyer quoted by
Hottois 2018)

Creative thinking is one of the main keys to success in a globalized
economy, which is essential ‘to meet the challenges facing Europe’.
Creativity is presented as ‘the engine of innovation and the essential
factor for the development of personal, professional, entrepreneurial
and social skills and the well-being of all individuals in society’.
(EU 2008)

It is no longer the Man of Genius who discovers something [...], it is
precisely this anonymous addition of the conditions of the leap
forward. When all the conditions are met, there is only a minimal
intervention by a Man that produces significant progress. (Ellul 2008)

The philosophical chemist of 70 years ago was a creator quite
disconcerted by his creations. The other chemists, the hard
practitioners, were mechanics in their laboratory procedures. In a
sense, they put atoms together in a test tube — so to speak — and waited
to see what would happen. (Malisoff 1941)

The more a commercial company gets media coverage, the more it
must devote a significant part of its activity to the production of
demand, by investing ever greater resources in attention-grabbing
devices. (Citton 2014)

Science is what the father teaches his son. Technology is what a son
teaches his father. (Serres cited from Brabandére 2017b)

The more perfect the technical organization that surrounds Man, the
more it must be reduced to a succession of simple functions. (Jiingers
2018)

NOTE.— This chapter, applicable to fields other than process engineering (PE),
introduces a number of concepts, or more simply reminders of certain concepts, that
will be used during the book. The reader, who has mastered the aspects of progress,
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creativity, innovation, convergence, interdisciplinarity, boundary object, etc., can
engage in reading the chapters more specifically dedicated to the theme of the book.

Dissimilar from the notion of progress, the notion of change has emerged over
the past 30 years as a positive and irreplaceable value. Although the notion of
change is already old, it is as an ideology that it is imposed today, strongly linked to
the context of immediacy, of creation, if at all possible, of a network on which the
so-called knowledge economy is based. The idea of permanent change seems to
have become a new paradigm. It is obvious that the current overexponential growth
of artificial intelligence (AI) associated with more than heavy trends (climate
change, overpopulation, etc.) is the subject of attention for many authors (see
chapters devoted to the prospective part and Al).

From a technological point of view, what emerges from these two chapters are
developing fields such as artificial intelligence, information and communication
technologies, quantum computing, augmented reality, transhumanism, synthetic
biology, intelligent materials with a pinch of energies and “sensitive” materials. The
use of basic technologies (such as energy, processes) is relegated to the sustainable
development aspects, at best. Everything therefore seems conceivable in a dream (or
nightmare) world, without taking into account the possible, with one problem to deal
with, however; it is a society that will see its jobs lost, its qualifications lost, but let
us not doubt it, with the opportunity to participate in a great adventure! (see, for
example, Al-Khalili 2018).

Among the slogans associated with the future of our consumerist society, we
could have found expressions such as: “Data is the new oil”; “Artificial intelligence
is the new electricity” and “Internet of Things is the new nervous system”;
“Technology is exponential”, etc. (Leonhard 2018). Everything is possible: “We just
need to agree on what we want.” There are only social and some environmental
reserves for the future that prepares us for transhumanism, augmented humankind,
and digital immortality. Affluence is allowed especially if you have some ideas, if
possible, disruptive. Fortunately, some have a position closer to reality and rely on
knowledge of reality and what is possible to make realistic forecasts (even if they
remain deeply technological). But, between the inertia of traditional processes and
the explosion of digital technologies, there is undoubtedly a need to define areas of
innovation that could make a link between “tradition and modernity” in the context
of control, under constraint, of the transformation of matter and energy.

“What is the point of supporting innovation if it is to maintain divides? If we do
nothing, we are heading towards a world where robotic lifestyle enthusiasts and
those who take refuge in Corréze, to escape Big Brother, will definitely move away.
The future is written too quickly, technology remains without utopia while we all
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aspire to live as humans in the world that is coming. We are all concerned” (Péne
2018). Indeed, the disruptions brought about by the confluence of all new
technologies are transforming the production and distribution of goods and services.
This situation should be reflected in the skills of future workers, the employment or
even the disappearance of traditional labor, productivity and the inhomogeneous
distribution of income. A radical transformation of business models, skills systems
and public policies is therefore to be expected. Overall, with the target being gross
domestic product, few people are really concerned about the struggle to reduce CO,
emissions and develop a greener (and less fossil fuel consuming) economy (Daniel
2018; Mallard 2018).

For Daniel, “the academic background is called upon to play an increasingly less
important role, first because its content is constantly shrinking, and second because
the imagination that drives innovation, even if it is based on experiences and
references, is only partially based on transmitted knowledge. In fact, the current
‘disruption’ must be interpreted as the transition from a hierarchical society where
everyone knew their place to a society in motion where everyone will invent their
place.”

True or false, however, it seems important in a world that is moving fast in
certain technological fields (and which consequently attracts the best brains), to find
robust solutions based on science — especially processes. Let us remember that this
world must find solutions to the major problems of the transformation of matter
under particularly constrained environmental conditions with the Damocles sword of
global warming (Fischer et al. 2018). This chapter, by re-examining the principles of
creativity, divergent thinking, incremental innovation and disruption, will propose
ways to explore, in which process engineering must find a prominent place.

Incremental innovation

Rather, incremental innovators act from the perspective of developing an economic
market system, producing goods, or services, in order to create value. They are management
engineers who master knowledge, techniques and processes, who possess multiple skills or
know how to bring them together (multidisciplinary), often cross-functional. Radical or
disruptive innovators are generally unpredictable in the emergence of new ideas and their
effects. Their evolutionary trajectories are unexpected, with risk-taking and failures. “Their
capacity for innovation is linked to their personality, to the events they have experienced and
to which they have reacted in a way that is specific to them. Their status as innovators stems
directly from the evolution of their identity, with which they merge” (Liu 2018).

Product and/or process innovations

Technological product and/or process innovations cover technologically new products
and/or processes, as well as significant technological improvements achieved, i.e.
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introduced onto the market or used in production. Innovations in this general framework
involve several types of activity: scientific research, technological research, organization,
expertise, finance, trade, etc. Generally, research (let alone disciplinary training) is rarely
a source of innovative ideas, but a means of solving problems. The existence of Western
scientific research expertise, a real “facility” in the English language sense, is therefore
useful for promoting new ideas, but does not constitute the deep core of an operation
where innovation is at work. Disruption is therefore necessary to go beyond incremental
activities.

Innovations and training

Doctoral training, which generally consists of training through research via in-depth
study, is not considered to be optimized for jobs in industry. This link, which could exist
between academic staff and industry, therefore only very rarely occurs through this route.
For example, an academic may choose to look for a job related to a particular topic of
interest, while a corporate research team is guided by market demands.

The cultural mismatch between university and corporate research is such that there is
an entire industry in the United States dedicated to helping graduates move into the
private sector. In addition, a doctoral program comes at a high cost for years that could
prove highly productive in the labor market (IDSFP 2012).

There is therefore reason to believe that doctoral studies are not ideal for the
executives needed by the industry. One possible solution would be to offer a doctoral
program more oriented towards industry (the case in France of CIFRE (Industrial
Agreements for Research Training) grants and theses carried out via the ANR (National
Research Agency) as part of industrial chairs).

According to Bloomberg (Smith 2019), companies may want to think before
requesting doctoral students to carry out research mandates within their company. Holders
of a master’s degree or even a bachelor’s degree may also be talented and could acquire
more advanced research skills by working in the company, rather than acquiring these
specialized skills before hiring (academic training?).

Box 1.1. Difficulties in the links between academic research and industrial innovation

1.1. Innovations and process engineering

I started to think about what drives innovation and what its social
meaning might be. The next step was to think: innovators are jumping
into the unknown. This led me to believe that it was also a source of
pleasure and involvement for workers. (Phelps 2017a)



6 Process Engineering Renewal 3

Researchers are often like the drunk man who looks for his keys under
a lamppost: because that’s where there is light. Often, the research
will be in vain, until such time as a necessity arises for him to look
elsewhere. It is easy to understand why companies have an indolent
attitude towards certain research problems. (Le Nouvel Economiste
2017)

Figure 1.1 raises the question of future plant-oriented research in relation to
“classical” research in the field of process engineering. On the University of
Lorraine website, there are 846 publications in the first case, compared to more than
2,400,000 in “Chemical Engineering”. The divergent vision of a future does not
seem to be a major priority for researchers in the field. However, as shown in this
figure, there is a net increase in the number of scientific papers on the two linked
themes of “chemical engineering” and “factory of the future”, which are quite linear.
It is therefore possible to consider that research work that concerns guidance, the
formulation of PE questions, can take three generic forms such as: exploration,
problem solving, rationalization/understanding (Gastaldi and Midler 2005).
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Figure 1.1. Evolution of the number of publications on the two linked themes
“chemical engineering” and “factory of the future”

Public research laboratories involved in the transformation of matter and energy
have their longstanding origins (after the Second World War) in successful local or
national socio-economic activities. In a national territory where industrial activity is
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currently in decline (but a slight decline in the field of chemistry), there is an
obligation to explore a “disruptive” transformative power on the part of the world of
research and university training, by participating in support for economic
redeployment (provided that the academic world, including that of engineering
schools, is committed to this desire to effectively support the creation of economic
value). This is authorized by the quality and quantity of public research and training
participants who can engage in the development of innovative actions (in relation to
the social body in a reconquest of economic performance, currently in decline, in
France, with the exploration of new markets). It is also important not to miss, as has
been the case with biotechnologies, the Clean-Techs, which carry out activities that
enable social progress and employment in a difficult and responsible context of
sustainable development.

Most technology SMEs invest more in product development than in process
development. Overall, two-thirds of the amount invested in R&D are currently
devoted to product development, leaving a final third of the total investment for
process development. In addition, one-third of companies would completely
abandon process development in favor of investing solely in product development.
This situation is naturally different for large companies with the necessary skills
within them (or under partnership agreements with external research laboratories).
With a high critical mass and whose scientific excellence is considered highly
satisfactory, the work of these units, which mainly focus on the sciences of chemical
and process engineering, is mainly disciplinary (but with openings to other
disciplines).

Martin (2019), proposes four areas of support for innovation that correspond to
the following themes:

— curiosity (the grass is always greener on the other side);
— the need to be in the race or fear of no longer being in it;

— the desire to create wealth (for oneself and for society) — see business angels,
etc.;

— the creation of meaning, feeding the first three items.

In training and in scientific and technological research, involving more divergent
thinking, it is proposed to reflect in this chapter on how to engage in the
development of scientific creativity by associating, in interdisciplinary approaches,
different partners for economic development centered on these aspects as a
sustainable issue by society. The aim is to participate in this adventure in a
subsidiary way by examining how to manage and develop the creative capacities of
the research, innovation and economic communities, etc., based on the pooling of
currently too disjointed knowledge.
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Koestler (1976) introduced the concept of bisociation, illustrated in Figure 1.2. For
him, creativity is based on at least two coherent, but mutually incompatible, frameworks of
thought (Cohendet 2016). It is in the association between these two normally separate
domains that the idea emerges.
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Figure 1.2. Bisociation. For a color version of this figure, see
www.iste.co.uk/schaer/process3.zip

Box 1.2. A path for disruption

It is therefore necessary to set the objective of stimulating innovation for
concerted economic development, the creation of start-ups, the training of future
managers of the company, covering — in an integrated and multidisciplinary way —
the complete lifecycle of material systems from chemical synthesis, development
and implementation processes to recycling processes, including the control of these
processes, as well as the characterization of products and the study of their
properties of use (and if necessary, to bring out the scientific and technical barriers
to blow up). The need to address performance in its environmental, economic,
technical, social, and even aesthetic dimensions is now universally accepted and is
integrated into the project. We speak in English of lifecycle engineering. The best
product for a given need will be one that can be obtained through low-cost, clean
processes and can be easily inspected, replaced and recycled while allowing the least
polluting use possible. They can be green, durable, lightweight, recyclable,
degradable, non-toxic, clean, produced by eco-efficient, economical processes —
some of which require upstream research.

The implementation of standards, benchmarks or indicators corresponds to
representations of an organized system, relatively sustainable, of material or non-
physical production, more or less standardized (with the classic risk of
oversimplification that does not make it possible to take into account the
interdependencies and distributive effects of scientific activities: employment,
balance of payments, influence and attractiveness, etc.). This may mean that in
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France, but more broadly in the developed West, there exists a dominant form of
“legitimate” thought that could be imposed as a revealed and unquestionable truth.
There is then a risk of confining the questions and scruples of those on the ground
who could be rejected, because they are considered more or less heretical. On these
“modeling” bases, necessarily reductive, the management criteria are always simpler
than the system itself in its complexity, especially if we associate humans (and how
in scientific research to do otherwise) and the instability linked to new scientific
developments, to a more open competitive world than before. For process industries,
regulatory, environmental and social factors must be taken into account, as well as
managing changes in research structures. This situation leads to concern about the
tension between adaptation to constraints (deep relevance, creativity, competition)
and coherence (incremental deepening activities and regulatory obligations).

Idea generation

Gable et al. (2019) showed, in experiments with about 100 intellectuals (physics
researchers and writers) that 20% of the most important ideas appeared when people were
thinking about something else.

How to stimulate creativity

In a recent article, Wu et al. (2019) showed that the size of research teams has a
strong influence on creativity and flexibility. However, the trend in recent years has been
a decrease in the number of small research teams and solitary researchers or inventors.
According to the authors of the study, there are signs that funding agencies tend to prefer
large research teams to small ones, even with equal skills. Less support for small teams
may slow the development of scientific and technological innovations that are at the heart
of economic growth. But it seems that the diversity of members in large teams would
allow more complex problems to be addressed, while small research teams would better
understand the important innovations of the coming years. Small is beautiful!

Box 1.3. Conditions for the development of creativity

1.2. Creativity

It is not necessary to read too much, so that the mind does not get used
to the substitute and unlearn the same thing; that is, so that it does not
get used to the paths already beaten and that the presence of a foreign
thought does not move it away from its own. (Schopenhauer 2014)

The main difficulty [...] is to try to imagine something that you have
never seen, that fits into every detail of what has already been seen
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and yet differs from what has already been thought — this, while
making a proposal that is not vague, but precise. (Feynman 1998)

The mystery of the creative moment and the irrationality of the real
process of technical creation are preserved by the identification of the
inventor with an exceptional being, dedicated to intercession and who
therefore deserves heroic glory, that of the intermediaries between
men and gods. (Frizot 1997)

For Techno-Science (2017), creativity is almost impossible to define and
therefore to measure (even if there are tests such as (Creative Types 2019)). The
authors of the report consider creativity “as an active process, rather than as a
destination or final product where value is given by many foreign cultural and social
influences”. Creativity, innovation and initiative are psychological processes that
facilitate the transformation of individual professional roles, teams and organizations
into what is desirable (Rank et al. 2004).

According to the classical vision of creativity founded by Guilford (1956) on the
dichotomous principle of divergence/convergence, the creative process begins with
the recognition of a problem. From there, a process of divergence begins and finally
ends, by convergence, in a new solution to the problem. Creativity can be defined as
the ability to achieve an original (new) result and adapted to the context (Kirschner
2018; Viard 2018), with a performative dimension in the creative process (Ingold
2010). Rather, it is homelessness (dynamic aspect) and not an iteration of an idea
associated with a decision to act in a given direction based on emotional or even
affective aspects (Goleman 1996). “If an idea does not seem absurd at first, then
there is no hope that it will become something” (Einstein, quoted by Coaching Qapa
2017), or “what matters is not what to think, but how to think” (de Brabandere and
Gomez 2017).

Converging technologies (CTs) refer to the convergence towards a
common goal of discoveries and technologies in basic science and
technology: CTs are diffusing technologies and knowledge systems
that complement each other in the pursuit of a shared objective.
Together or in isolation, NBIC technologies can contribute to this
convergence. (Nordmann 2004)

“Creative rationality is the ability of designers to bring seemingly distinct worlds
closer together, to find connections where they did not exist, to see what is
happening outside a profession or specialization, to be open to everything. It is a
thought of the relationship rather than of substance, it is the thought of adventure
which, by the moving and complex order of the knowledge it provides, invites us to
face novelty and the unexpected. This transformative relationship, made up of
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tinkering, adaptation to circumstances and the unexpected, forgetting pre-established
models and ingenuity, forces us, in any case, to invent a specific mode of
transmission, which is not in the order of teaching abstract knowledge but of
learning ingenious know-how” (Faucheux and Forest 2011). But for Nagel et al.
(2018), being creative could have, in part, genetic origins.

“The other concern is the contradiction of clocks: political, economic, social and
environmental time is not set at the same time. The time of politics (the time of
elections and power games), the time of financiers (of the highest possible
profitability) and especially of the media (the ephemeral snapshot of current events),
are much too short compared to the long term of educational, socio-organizational
and environmental changes” (Godet 2010). How can we try to anticipate in this
constrained space? By taking the problem from the beginning, it already seems
necessary to reflect on the emergence of happy ideas, through divergent thinking
and creativity. One of the means proposed by Jordan et al. (2018) is to use science
fiction (normally carried out without constraint) through what is called “science
fiction prototyping”. Others rely on makers or hackers (Chatelain 2018) or more
cynically, wait for start-ups to develop before buying them back (Marion 2018).
“Creativity is intelligence having fun,” said Albert Einstein; in fact, we must adopt
agile methods, without predefined roles, with active and serene listening to other
partners to express our ideas (Jouteau 2018). It is on this type of log that MIT (2017)
has defined its strategy by supporting creativity. However, as Chu et al. (2004) point
out, creativity in itself is only one element — certainly essential since it defines a
beginning — of the innovation process that will be based on the known.

Creativity describes the ability of an individual or group to imagine or build and
implement a new concept, a new object, or rather to discover an original solution to
a problem. It can be approached as a psychological or psychosociological process by
which one or more people rely on divergent thinking by associating specific objects,
concepts and situations in an original way. “Bisociating [see Koestler] is about
combining for the first time two ideas, two objects or two universes that have never
been combined” (by Brabandére and Gomez 2017). It is likely to bring about a
change in the perception, use, or materiality of a given public. It can also call into
question serendipity; the ability to bring out a disruption while looking for
something else. It is assessed by response times, production speed, quantity of
solutions, effectiveness, efficiency and originality (defined as the opposite
of banality). Also at issue is the disruption defined by Gomez (2017) as “a way of
producing the same thing, but according to a different process”. For Catellin (2014),
the success of this word is a symptom of the unease of researchers confronted with
the evolution of the system. “Today, this word takes on the value of a concept,
essential to express the importance of freedom, subjectivity and dialogue in
discovery and to defend a humanist conception of knowledge.”
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All this is true, but how do you become creative? How creative are we? Livio
(2017) gives us some indications that our brain needs a promise of pleasure, a
certain amount of reward, whether it is an addiction (sport, alcohol, drugs, always
being right (Burton 2010)) or to bring out ideas. One difference is the habituation in
the first case, which requires an increase in “doses” so that the feeling of satisfaction
is maintained. For this author, the brain would seek to maximize the emotional states
related to the feeling of success, without going through rational reasoning. Creativity
seems to present itself with emotion. It is only after the happy idea, supported more
or less intensely by rigor, that the final reward could emerge.

According to the classic vision of creativity founded by Guilford (1957) on the
dichotomous principle of divergence/convergence, the creative process begins with
the recognition of a problem. From there, a process of divergence emerges and
finally ends, through convergence, in a new solution to the problem (see University
Governance and Creativity 2018). But, at the same time, by bringing knowledge and
imagination together, should we owe it to the example of Einstein, who wrote
“imagination is more important than knowledge”, to be satisfied with an innate
capacity for some, a fantasy base oriented towards satisfying societal needs, without
delving into certain disciplinary fields? This is basically an issue of the book which
raises the question accumulated training without its obvious interest being awarded
in order to achieve an operational end of utility and relevance for the Process
Engineer. For them, learning has been defined as initiating the resolution of
problems in the form of “trial and error” or “conjecture and refutation” (Berten
1999). With the generic idea of producing top technicians adapted to problem
solving (Arrow 1962; Von Hippel 1993), learning is subordinated to effective
training based on modeling concepts and the most in-depth knowledge possible of
the existing system (with limitations linked to the short training time).

This search for efficiency can conflict with the need for creativity, even if it is
about learning to learn because it is important to be able to be involved in a fault-
tolerant environment, with the opportunity to review ideas and confront them with
reality (Winnicott 1975). “To consider the environment as a cognitive, error-tolerant
landscape is to highlight the versatile resources available to the subject, but which
become significant insofar as they are marked by floating and transversal
intentionality” (Berten 1999). At best, in training conducted in too rigid a
framework, it will just be possible to practice scholarly DIY (in the sense of Lévi-
Strauss 1990), in a closed universe, by making arrangements contingent with the
“means at hand”. Creativity is therefore naturally associated with a certain freedom.
“All these heterogeneous objects that constitute his treasure, he questions them to
understand what each of them could ‘mean’, thus contributing to the definition of a
set to be realized, but which will finally differ from the instrumental set only by the
internal disposition of the parts” (Lévi-Strauss 1990).
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On this aspect, Hunyadi (2010) wrote: “Imagination would no longer be a simple
call to explore possibilities that are fictitiously unprecedented, but a new way of
conceiving the very relationship between theory and practice [...]. This means that it
is no longer knowledge, but imagination that guides action. However, until now,
imagination has been considered a power of fiction, far from all practices. This is
why it has often been the victim of a kind of ontological discredit, because it has
been dedicated to what is not, whether in the mode of fiction, unreality, fantasy,
possibility or utopia, so it was far from all true ambitions.” Between the need to
change to stay in the race and efficient conservatism, the mass is therefore not said.

Thus, perhaps it is necessary, at least in part, to get closer to hackers (see, for
example, St Leger 2014) who, in IT, engage in DIY, sharing (collective
intelligence), creativity, all validated by the result (Dutertre 2010). However, costs
and times are very different from those involved in industrial processes, where a
design error can be costly for the company, especially if it leads to accidents (e.g.
the problem of a heavily degraded image). But, as Rugarcia et al. (2000) point out,
an education system is closely linked to the fabric of the society in which it operates.

On these bases of renewal, the imagination that must result from the coupling of
person and training is either:

— reproductive: analysis of the present, of its perception;

— imitative (past): linked to memorization and therefore to scientific, technical,
and cultural achievements (some form of conservatism);

— prefigurative (future): creation of images before the actual presence of the
object, relationship of the real with what could exist, etc.

It is understandable that there may be a correlation between the capacity for
imagination and the capacity for divergence, intervening in creativity and the ability
to prevent “thinking in circles”. Weber (1963) raised the question of the decision to
cross unknown frontiers by writing: “The Man of action is the one who, in a singular
and unique context, chooses according to his values and introduces a new fact into
the network of determinism. The consequences of the decision are not strictly
predictable even if the economic situation is unique. There is only a succession of
events that can be repeated, in other words, reports that have emerged from the
concrete and have been elevated to a certain degree of generality. Nevertheless, a
reasonable decision requires that all the abstract knowledge available be applied to
the situation, not to eliminate, but to reduce and isolate the element of unpredictable
singularity.”

Without wanting to go too far on this subject in this chapter, we will come back
to these aspects that have been made more and more necessary in a world that is
moving much faster and differently than in the previous century (Clark 1971). As a
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reminder, divergent thinking searches in several directions, invents as many answers
as possible, seeks new solutions, unexpected and sometimes risky answers. Indeed,
reality has many points of view. Learning processes are therefore far from linear and
the roots that generate knowledge are multiple (Guilford 1957). It competes or
makes a significant contribution with deductive thinking, it inaugurates: “not
everything that would be virtually possible to say is said [...]. It is on this point that
we call for creativity and intuitive audacity in bringing people together and
associations in order to broaden the virtualities of the conceivable” (Stengers and

Schlanger 1991).

Figure 1.3, based on the work of Buys and Mulder (2014) and Loch (2017) on
the one hand, Jahnke et al. (2017); Rank et al. (2004); Mitchell and Walinga (2017)
and Iddriss (2017) on the other hand, in conjunction with the various elements
presented in these sections, allows a number of personal, interpersonal, and external
factors to be brought into creativity. This analysis (difficult to quantify) can give
some indication of an individual’s potential to be creative. The use of games and
competition in groups chosen to be heterogeneous can participate in this analysis
which, whatever we do, has a qualitative aspect.

Concrete experience

Personality: unconventional/asocial Abstract experience

Personality: studious Restrictions to creativity

Personality: autonomous

Conducive environment

Deductive/analytical thinking

Motbivaki chall

Analogical reasoning Motivation: honor, power
Divergent thinking

Figure 1.3. Appreciative mapping of creativity in a person. For a color
version of this figure, see www.iste.co.uk/schaer/process3.zip

The originality of von Hippel’s (2005) reasoning shows that “incongruity” may
be sufficient to give rise to an innovation likely to have, as it spreads, global
consequences that are disproportionate to its starting point. This may be due to the
fortuitous rapprochement between a use and a know-how that seemed to have no
connection with it before the innovation (Boutet 2010).
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This example, recreated by the authors, is useful for several reasons:

—at the beginning of the process, the subversive function of utopia and the
strength of the idea makes it possible to explore a certain range of possibilities;
simulations take on all their interest here (Varenne 2004); the constraints linked to
the knowledge of reality and the possible appearance after;

— objective-based research is based on a deliberate action to transform the ways
in which scientific knowledge is accessed and, in the case of 3D printing,
the ways in which it is produced and/or manufactured (Hugon and Seibel 1988);

— it is then that a real alternative to existing technical devices is built within the
framework of real projects. “Whereas in the previous phase, model meant tension
towards an ideal, it becomes the formalized diagram of a technique to be realized,
the project that must be built” (Flichy 2001);

—by voluntarily relying on intellectual, technological and professional
opportunities, in a transversal way, located at the boundary of disciplinary fields and
traditional professions, while taking into account reality and the possible, it is
necessary to find ways of acting that go beyond the simple juxtaposition of
knowledge, to move beyond narrow expertise to generate new ideas; in this unstable
context, the space of responsibility must be large (risk-taking), but at the same time,
the space of freedom must be strengthened and valued if the hierarchy supports
constructive spaces of transgression (Shinn 2000);

—the example shows the importance of the presence in the action of minds
unprepared or relatively disjointed from it with the risk that they constitute obstacles
to dynamics; their added value probably lies in an ability to exploit reasoning by
analogy; the consideration by a project group of notions of disruptions, new
temporalities, irreversibility, creative disorder or interaction must lead them to
consult enlightened observers, disruptive actors called “fuzzy thinkers”, few in
number (Foucart 2011, see also Knack 2017);

—the difficulty is to find the right disruptors who, combined with the current
action, can contribute to the operation; apparently there are not many rules;

—knowledge resources are distributed among many actors where the degree of
complexity of innovation determines the extent of heterogeneity of knowledge (van
de Ven 2005; Chesbrough et al. 2006; Boland et al. 2007; van de Ven et al. 2008;
Yoo et al. 2008, 2009);

—in the context of disjointed populations, in terms of diverse knowledge and
appetite for different forms of scholarly, technological and secular knowledge, there
must be room for debates based on the known and considering heuristic approaches
that can exploit, for example, fuzzy decision-making principles (Rosental 1998;
Piette 2011; Openclassroom 2013; Yang et al. 2016). By showing that it is possible
to integrate knowledge from various sources, it may be possible to propose different
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solutions and help to make the object of the research a reality, particularly in
emerging situations (in the case of so-called academic research);

— the mission is to achieve a reasonable, optimal construction that best meets the
objective in a co-construction context; the technological lock then structures the
operation;

—in research circles, it is necessary to accept the imperfect criteria that are often
linked to “doing with one’s immediate environment”, or even with colleagues
already known, from related disciplines. This situation of constraints naturally raises
the question of flexible organizational choices that are adapted to changing
practices, but also to a change in the scientific and technological cultures of staff
engaged in original couplings, where the instrument has an essential place in the
dynamics and originality of research;

—the coordination and motivation of professionals outside any clear
organizational framework are key elements; participatory approaches have yet to be
built in that they must involve as many people as possible and require responsible
bases for discussion between stakeholders;

—the existence of collective training, the heart of the action, allows strong
associations with potential users.

Heading towards slow science?

For many, a return to the fundamentals of creative scientific research should be
required. The activity must be made of patience, perseverance, rigor, possible forks,
questioning and serendipity, unpublished failures, etc. The standard criteria for measuring
pseudo-excellence are therefore not very adequate to judge this quest, which leads to a
profusion of publications whose originality and conceptual investment can be criticized
(originality, mediocrity, scientific scope).

In an attempt to combat these trends, which pose risks to the legitimacy of the
research community, scientists propose to deconstruct this inadequate system by
developing the idea of “dis-excellence” and “alter-excellence”. Actions have been taken
and measures put in place, including the San Francisco Declaration (2013), which calls
into question the impact factors. Berlin has created the Slow-Science Institute with its
Slow Science Manifesto', an advocacy campaign to ensure that the time required for
research is respected. All these developments are aimed at a different definition of
excellence based on the researcher’s love of scientific work, their feeling of freedom and
autonomy, their desire to understand, their taste for “good work™ and the satisfaction they
derive from it. The evaluation system should then value quality over quantity, support
intellectual risk-taking and take into account the pace of scientific production. It is a way
of respecting what Virilio wrote in 2010: “with speed we lose the sense of lateralization,

1 Available at: http://slow-science.org/.
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which is an element of infirmity of being in the world, of its richness, its relief, its depth
of field.”

Creativity thresholds?

Depending on the degree of creativity on a given subject in a scientific publication,
for example, rapporteurs, often without ill will, may tend to see it as an intrusion into their
field (they should have thought of it), which may lead to desires to reject the article. If this
disruption is modest and cannot overshadow anyone (including the reporter(s)), the
article, as long as its content respects the rules of the discipline, can be accepted. If the
proposal is a real breakthrough, there may be misunderstanding on the part of
the reviewers of the article, a desire to block it, etc. There is probably no strict rule, but it
takes a good dose of will on the part of the creative to get their message across (with,
otherwise, possible aspects of self-censorship (Duriez 2019)). Between insignificance and
a clear break (which will be followed later by some echo), there may be a threshold
(Gaucherel 2013).

Natural inertia

Multiple strategies help the brain to compensate for uncertainty. A “Bayesian
integration” or probability-based model would be used by the brain to process potentially
conflicting data and weight them according to their reliability and perceived credibility,
taking into account past experiences (Remington ez al. 2018).

Constrained by training

In these studies on creative subjects, audiences with more “scientific and
technological” backgrounds seem to be the most classical, because they are trained, while
profiles such as “human and social sciences” or “designers” seem to have greater
capacities to explore new territories (Caillez 2013). Perhaps it is in our interest to
associate them?

Procrastination

“Procrastination is also a way to explore what you think about a subject. A well-
considered decision, a long-term revised work, an idea that is born and expands slowly but
surely. It is the best and wisest thing.... The little time you have left to complete what you
need to do will be a time of hyper-concentration on a single task.” (Rocci 2019)

Box 1.4. Considerations regarding creativity

Being a little creative implies being able to think “outside the box” (divergent
thinking); this is probably true, but it is difficult to know if this is learned, probably
by boredom or coercion forcing the waking dream. Then comes the question of the
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happy idea, the result of this thought that will emerge, which will only become
tangible when it is confronted with reality and the possible (otherwise, it will
quickly be buried, so that it is no longer discussed). This means that in association
with this construct, it is possible, even necessary to dare. If you are very “learned”, it
may seem difficult — if only because of peer judgment — to take risks. This is
probably why many people consider that you have to be young to be creative,
whereas in the end, it is enough to have a little common sense and average
competence (or incompetence) on a subject.

This element of incompleteness of knowledge seems important to underline,
because it allows the exploration, at least partially, of other disciplines, which allows
on the one hand, the renewal of the creative experience even if it means continuing
the learning, to play on some elements previously disjointed to associate them in an
original way, on the other hand. This situation corresponds to a paradoxical state of
mind that is both vagrant and superficial, associated with the possibility of dreams
that require scientific and technological knowledge that is sufficiently robust or
consistent enough to move forward. This consideration is shown in Figure 1.4,
where a proposal is made between “café du commerce” and deepening disciplinary
knowledge.

Proof of concept |

[P —

Creativity to interfaces
(convergence)

Innovation

- e

Space for in-depth study

Space for disjoint disciplines

Figure 1.4. Creation at interfaces

1.2.1. Creativity and pedagogy

Our natural tendency is to imagine and judge at the same time when
we think, and we must learn to separate these two moments from
creative thinking. (de Brabandére 2017a)
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Engineering schools, in many respects, leave little room in the training they
provide for the learning of creativity. In this sense, they are the heirs, to varying
degrees, of a function of applying science, whereas it could be advantageous to
support an adventure pedagogy (Romina et al. 2009; Forest and Faucheux 2013).
The teaching of formalization and experimentation has been improved, but the
teaching of design has declined to such an extent that graduates are poor when it
comes to using their knowledge [...] in product or process design (see National
Research Council 1991).

In the work of engineers and in the training that allows them, it is necessary to
consider transformative relationships made of DIY, adaptation to circumstances and
the unexpected, forgetting established models and ingenuity. This critical situation,
which is essential in the lives of engineers, requires, in any case, the invention of
specific transmission model(s) (see collective intelligence). So, the teacher must
invent an adventurous pedagogy that considers knowledge not as the object of
duplication, but as part of a journey that requires the student to set his or her
certainties in motion and transform them.

Convergent thinking is associated with the accumulation of knowledge;
divergent thinking, on the other hand, with functions by analogy with the possibility
of being structured more quickly, of forging, of understanding through possible
relationship modes and not by absolutes. Similarly, normative education is a means
of sustaining what has existed (and worked well) with, as a result, a secure image.

Essential characteristics revealing creativity (Csikszentmihaly 1996):

—review and devote time to meditation (creative incubation);

— observe what is around you, including others;

— work at the chosen hours;

— take the time to be alone;

— work around life’s obstacles;

— seek new experiences;

— do not consider failure as a step without return;

— ask the right questions;

— take risks to make things happen;

— find opportunities to express yourself;

— realize your true passions;
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— surround yourself with beauty;

— be able to connect the dots (envisage the field of possibilities).

Creativity factors (Caux 1973):

— perception of problems;

— fluidity (ability to think and behave in a goal-oriented manner);
— flexibility (flexibility in dealing with problems);

— originality and audacity;

— the ability to restructure a situation.

Very often the collective imagination is convinced that creativity is the artists’
own, while engineers would be content to apply mathematical formulas. Of course,
it is not the engineering profession that decides on the capacity for innovation.
Unfortunately, there is no dedicated training for this. Innovation depends more on an
attitude. Creativity is within each of us, it is enough to free it and training can be a
way to let it express itself (or not).

Like everyone else, engineers are able to innovate knowing that it is obvious that
some are more creative than others. It can be a question of talent, but above all of
attitude towards innovation. Where the engineer really needs to prove himself is
that, more than anyone else, he must keep an open mind and his versatility is
essential. He must be able to move rationally from one subject to another by
transposing in passing a method he has used to solve a problem on a medical project
to an automotive project, for example. Finally, the best way to identify an innovative
engineer is still, in their ability to overcome the constraints to achieve freedom and,
at the same time, that of the group that will embrace and benefit from such
innovation (Lorotte 2015).

The “innovation task force”, the engineering offices, are already able to spend
six months on an automotive project, two on a medical project and four on a luxury
project. In other words, they are not experts in any field except “innovation”.

1.3. Innovation and boundary objects

Imagination is what allows us to create a world for ourselves, to
present something of which, without imagination, we would know
nothing, we could say nothing. (Castoriadis 1996)

France is a nation of inventors, pioneers, entrepreneurs and producers.
Our history is a glorious one, from the steam engine to the high-speed
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train, from the car to the microchip, from the cinema to the
rechargeable battery, from hot air balloons to the plane. We have a
duty to continue this story. (Holland 2013)

If a scientist announces that one thing is probably true and another
rigorously demonstrates it, which of the two has contributed most to
the advancement of science? (Gleick 2008)

The problem is that innovation, the real innovation, the one that is said
to be disruptive or radical depending on the mood of the day, seems to
vanish behind the speeches that take it to the naked eye like never
before. How many large companies have actually reorganized their
value chains? How many revolutionary products have emerged in
recent years? (Bonnet 2019)

“Invention does not guarantee innovation. Innovation is an industrialized
invention that is brought to market. Invention is an idea, innovation requires its
concrete realization at the service of users and customers” (Durance and Mousli
2010; Rapporteurs 2010). In research, we should be in between invention and
technological innovation. With regard to creativity, which, to use the same
expression, is the first of its kind, innovation generally results from a need for
improvement for which a roadmap can be defined. In this sense, a disruptive
innovation is based on the emergence of a possible follow-up of deepening
activities, possibly with recursive approaches. “Creative genius is about one percent
inspiration and 99 percent perspiration,” Thomas Edison (cited by Baker 2015) is
quoted as saying. During this rationalization and measurement activity, if the data
collected invalidate the idea, it is still possible to take advantage of its partial
failures, to lateralize the idea towards other possible niches, to capitalize on the
methods used. However, Silverzahn (2017) teaches us that disruption is a process,
not an event. It can be emerging, sometimes for a long time without being perceived,
recognized (following the example of additive manufacturing invented in 1984
which took about 30 years to develop real visibility). At some point, it switches to
accelerated mode with the inability to control the true non-linear nature of the failure
(see Swiss Science and Innovation Council 2017).

According to Krieger (2019), innovation is multifaceted, with increasing degrees
of uncertainty depending on the field:

—classical engineering, using basic technologies (in PE, as far as we are
concerned), to deal with a given problem;

— “development where the challenge is to develop differentiating technologies,
by transferring and/or adapting existing know-how”;

— disruptive research that will lead to emerging technologies.
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However, the only bottom-up approaches of scientific and technological origin
that are far from problem-solving can lead to economic failures, which scares some
boards of directors and authorities who prefer to limit this type of risk.

Box 1.5 summarizes knowledge related to boundary objects:

The boundary object concept was introduced by Star and Griesemer (1989) (see also
Star and Ruhleder 1994; Star 1999, Fischer 2001, 2005; Law and Singleton 2005; Cardon
and Aguiton 2007; Henke 2007; Star 2007, 2010; Star and Griesemer 2008; Trumpet and
Vinck 2009; Boutet 2010; Verchéres and Anjembe 2010; Fox 2011; Barley ef al., 2012;
Yiannoutsou and Kynigos 2013; Allen 2014; Fominykh et al. 2016; Balint and Pangaro
2017). Initially, boundary objects were considered to be an arrangement that
authorized/allowed/imposed different groups, normally disjointed, to work together
without the presence of prior consensus. “The boundary object is ‘multiple’: abstract and
concrete, general and specific, conventional and user-specific, material and conceptual (a
database, a protocol). It constitutes a partial and temporary bridge, weakly structured in its
joint use and highly structured in its use within one of the worlds present” (Trumpet and
Vinck 2009). Boundary objects have the property of being “flexible enough to adapt to
the particular needs, to comply with the constraints of the different groups that use them
and yet robust enough to maintain a common identity on their different sites” (Star and
Griesemeier 2008). Their forms are not arbitrary insofar as it is the need for shared
information that structures the boundary object, allowing the best possible cooperation.

In fields where science is being built, relying on technology to be able to produce
something new, the boundary object is defined on the following bases:

— the project team and its leader, who have a great deal of autonomy, can choose their
means, but they must either achieve the set result objective or agree to stop their action
within the project which, itself, cannot in principle be sustained;

— the object of the research is based on an instrument to be designed and constructed
which is constituted as a set of working arrangements that are both material and
procedural and which is located between several social worlds (or communities of
practice) where it is poorly structured (a fairly classic situation between the worlds of
design and that of operationalization);

— research based on techniques takes forms that do not systematically respond to a
desire to know, but aim for a tangible result. The instrument considers the success of the
experiment more than a relevance of the explanatory representation (disjunction between
science and technology). It is anchored in the context, articulates practices “in order to
transform and domesticate energy through the materialization of the idea of the action to
be carried out” (Davallon 2004);

— the use and development of discipline-specific languages or working methods can
constitute a major obstacle, not only to the dialogue necessary for the interdisciplinary,
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systemic project, but also to its dissemination in the various disciplines examined; all of
which should be documented and anticipated before any project;

— “the technical object is the shaping and measurement of a set of relationships
between completely heterogeneous elements. The technical object cannot be confused
with a material device any more than with all the uses ‘fulfilled’ by this device: it is very
precisely defined as the relationship built between these two terms” (Akrich 1987);

— “when necessary, local groups work on the object, which retains its vague identity
as an ordinary object, while making it more specific and more suitable for local use,
within a social world and thus more useful for work that is NOT interdisciplinary” (Star
2010);

— knowledge management concerning research on a boundary object can no longer be
thought of only as a process of introducing new specialists, but must consider the renewal
of collective forms of decision-making and prescription in the organization; communities
of practice must contribute to the renewal of blurred visions (at the beginning of the
project) of the object and thus to an integrated capacity for innovation (Hatchuel et al.
2002). It is a way out of routines;

— in an organization oriented towards innovation and design, the “weak prescription”
consists of setting work objects, targets that are also objects of knowledge, based on the
rapprochement between research professions; in the constructive debate expected, a
direction and a provisional distribution of tasks is therefore allowed, better, desired;

— groups that cooperate without consensus alternate between these two forms of the
object (Star and Griesmeyer 1989).

These MLAs are summarized in Figure 1.5.
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Figure 1.5. Transition from the design stage to an instrument, product or process
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Clearly, scientific publications — the (often useful) residue of human actions, a form of
mutilation of reality (what has been and not what it could have been if we had known) —
report, in an agreed script, tangible results giving the impression of a logical, almost linear
continuity in the action. It is therefore difficult to appreciate the extent of the
discrepancies between formal representations, including publications and unreported
“behind-the-scenes” work. However, the development of boundary objects requires local
adaptation as an invisible form of work for the group as a whole and in the way in which a
common representation, perhaps rather vague yet useful, is constructed.

Box 1.5. Boundary object

However, using the humor of Barbellay’s (2018) drawing of a boundary object
that is an elephant, each discipline that examines the object sees it only in terms of
its disciplinary competence. This is illustrated in Figure 1.6 where this poor elephant
is described in correct terms and/or names, but which do not reflect what the object
is. There is therefore a need to share and pool knowledge in order to define the
objectives for reaching a boundary object, which is far from easy, as will be
analyzed below. Figure 1.6 illustrates this difficulty of an analysis of an object seen
by several disciplines.

It is a fan

It is a wall

‘ It is another fan It is a rope
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Itis a pipe
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It is a tree trunk

It is a dolmen

Figure 1.6. Disciplinary difficulty in representing an object

But, “during the design process, creativity plays a crucial role in the initial or
conceptual design stages, during which the designer defines, in broad terms, the
characteristics of the product to be developed. Creativity also influences other
phases of product development — for example, by affecting the methods and devices
that will have to be used to manufacture this product. Achieving creative design
solutions can be an advantage over competing products” (Bonnardel 2009, see also
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Amabile 1996; Dorst and Cross 2001). This stage is, in principle, free of any
disciplinary coloring.

In a world subject to irrepressible technological progress, the disciplinary
sciences can only coexist through sharing, through the interface with other
specialities to achieve cohesion or even a certain form of technical and/or social
utility. Halleux (2009) reminds us that the invention was already based, two
millennia before our century, on two mechanisms: chance and/or serendipity (mines
discovered following the partial melting of minerals after a forest fire); imitation of
nature (see the boat imitating the shape of the fish). However, today, the criteria of
scientific excellence defined by many evaluation structures only make it possible to
organize these exchanges in a linear form, in an imperfect way. It is necessary,
indeed, to accept paying the price openness. But Gaudin (1978) believes that it is
easier for disciplines that have already innovated to receive funding from decision-
makers on a continuous basis. Moreover, when it is not possible to remain in its
context, Paty (1990) points out that, “the difficulties of transmission are often
language difficulties, obliteration of conceptual meanings under purely formal
signifiers and which do not call for meaning. What, on the speaker’s side, is
conceived in a coherent and concrete way is often rendered by his speech [...] in a
mutilated, dried up manner and reduced to a slurry of content, a mixture of esoteric
terms and technical details, the amount of information [...] that they carry is quite
impossible to assimilate”. This vision is largely supported by the opinions of Lévy-
Leblond (2006) and Ganascia (1999).

The evolution of disciplines is a matter of conceptual, relational forms of
transgression. In this setting appears the “serendipity” which corresponds to a
heuristic approach that consists of finding something interesting in an unexpected
way, by looking for something else, if not nothing in particular (Marti and Martinet
1996). Van Andel and Bourcier (2009) recall that “serendipity is inherent in human
conduct. It is considered the ability to discover, invent, create or imagine something
new without having sought it, during a surprising observation that has been correctly
explained”. There is therefore reflection on the unexpected and scientific
rationalization of facts leading to innovation. This change is then authorized,
according to Feyerabend (1988), by a provisional form of epistemological anarchism
induced by disturbances of various origins that break with the course of things
(disruption linked by an unexpected phenomenon founded or not). From the
demonstrated existence of the effects of serendipity on technological innovation (see
the classic example of the “post-it”), some have concluded that it is a privileged
mode of invention and social progress. Serendipity is not a stance that consists of
relying on chance (in the sense of “accidental”). It involves an attentive and
thoughtful position. “It could also be defined as the human capacity to be surprised
and to pay attention to it, which encourages investigation and opens the doors to
creativity” (Catellain 2017, see also Catelin 2017).
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In recent times, innovation based on technological mastery has explored various
changes in spatial and temporal scales (Dodet 2001), with significant epistemological
problems related to the exploration of subjects requiring interdisciplinary convergence
actions (Tsai et al. 2013; André 2017a). Recent developments in science that also
escape normality, predictability, and in a word, linearity, are associated with this
change in traditional scales. These show strong couplings between systems that open
up new areas of research at the same time as applications launched 20 years ago:
optoelectronics, nanomaterials and nanotechnologies, NBIC convergence, new
information and communication technologies, security, health (bio-printing, advanced
medical imaging, telemedicine, personalized medicine, etc.).

According to the Academy of Sciences (2017), technological elements are
sources of acceleration (see Chapter 2):

— digitization and automation of production;

— intelligent systems, in particular in the field of renewable energies, transport,
mobility, and human/machine interfaces;

— artificial intelligence, for its ability to transform areas such as transport and
health;

— biotechnologies and biomedical technologies, which exploit new knowledge
opened up by genomics;

— sustainable technologies that could redirect production and consumption
towards conserving natural resources, mitigating climate change and improving
environmental quality.

In addition, particular attention must be paid to emerging technologies, which
have the potential to change almost all economic activities, but which require
mastering aspects of convergence:

— nano-, bio- and quantum technologies, which offer the ability to control matter
(from inorganic to living) at the atomic level, opening up an unlimited field of
applications in industry, fine chemistry, health and infrastructure;

— data science (Big Data), which makes it possible to obtain new knowledge and
action capacities through algorithmic analyses, etc.

While the field of material and energy transformation is still very promising in
economic terms, it seems appropriate to try to address its evolution and examine
how the concept proposed by St Leger (2014) of “Gengineers” can be explored.
Figure 1.7 recalls some elements to be taken into consideration when estimating
future needs, based on new scientific paradigms, the field of economic possibilities,
social, political aspects, reserves, environment, etc. This figure defines possible



Between Innovation in Process Engineering and Creativity 27

objectives, but does not take into account the means by which to achieve them, in
particular in the context of training young people through/for research.
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Figure 1.7. A vision of links to be considered in technoscientific foresight

The conditions of industrial activity, which is increasingly globalized, must
evolve against a background of guidelines favoring innovation and adaptation to
different constraints: global warming, depletion of reserves, recycling,
environmental regulations, production quality, safety, flexibility, etc. The notions of
performance and efficiency of production systems are broadening to include both
short and long term, within the current material and human constraints where
technical, economic, societal and human uncertainties and variability have never
been so important. Most competitiveness depends more on product quality, variety,
the richness of the services associated with it and their degree of innovation, than on
costs, leading to new research. But since rationality must remain a standard of
access to innovation, so-called robust methods exist to support ideas and bring them
to application (see, for example, Abramov et al. 2015).

However, according to Bonnet (2019), innovation requires innovation patterns
specific to each economic sector. “The starting point for innovation is often a new
look at assets that we already had at hand but were underutilized. Sometimes, this
energy wanes, strategic assets are lost, the heaviness of structures takes precedence
over the ability to move. But to regain this sometimes exhilarating energy, there is
no point in breaking everything with a war cry. On the contrary, to distinguish the
wheat from the chaff, discipline is needed, but also and above all, a certain humility
that is sorely lacking today.” This remark is important for processes, including those
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such as the Solvay process, presented and discussed at the beginning of the book,
there is time and assured knowledge about the process and its socio-economic
environment. If disruption is to occur, it will mean significant investments and
challenges to methods that may be prohibitively expensive. Nevertheless, this case
study does not cover the entire field of the transformation of matter and energy.

The new technologies are transversal, diffusing into various scientific
(instruments in particular), economic and industrial, combinatorial (their
development makes sense only in a whole: the microprocessor has no use as it
stands, unlike the hand-held tool) and contagious, because it irrigates neighboring
technologies. There is therefore both deepening and broadening, leading to the loss
of the causal link in the act of producing, between components and the final product.
We live in complexity, in ever shorter temporal evolutions exploring different forms
of innovation ranging from “marginal” thanks to continuous process improvement,
to “radical” (nuclear for example, an element of “Big Science”) to technological
revolution (synthetic biology, for example, not to mention 3D printing). All the new
technologies that appear almost simultaneously upset the relationships between
science, technology, economics and society (Lesourne 1995). Under these
conditions, “the deepest problems escape us. There is an uncertainty embedded in
the very conception of complexity, that of the incompleteness of the resulting
knowledge” (Benkiran 2000).

Flichy (2001) reminds us in addition that, “one of the characteristics of the project-
based organization that has been implemented in many companies is the objective of
results. The project team and its leader have a great deal of autonomy, they can choose
their means, but they must achieve the objective set. The principle of the project
structure is in opposition to the traditional rationalist model that radically separates
design and execution”. To say that a loop system has become accepted is one thing,
probably a little less accepted when the loop is driven by the sales representative, in
collaboration with the user (Forgues et al. 2009). But this is not considered in
academic research. The European Union in its H2020 (2018) program recommends
the application of the following criteria for innovation (Mazzucato 2018):

— inspiration and audacity, which in turn brings major relevance and contribution
to society;

— ambition, with realistic and innovative research actions;
— the encouragement of interdisciplinary and intersectoral innovation;
— the implementation of targeted, measurable and time-bound guidelines;

— the implementation of multiple solutions with a bottom-up approach.
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The designer who has explored and broadened their initial idea can put forward a
number of hypotheses on the elements of their perception of reality with a projection
towards their use. They are able to propose a draft of the uses (based on the already
old example of Minitel, a reminder of the diversions not initially envisaged towards
the pink Minitel). But as long as a demonstrator is not built, the project remains in a
state of a chimera. At least two actors must be taken into account: the designer and
the user (this can be the same person). “We must constantly go back and forth
between the designer and the user, between the designer’s user-project and the real
user, between the world inscribed in the object and the world described by its
movement [...]. It is the reactions of users that give content to the designer’s project,
and the user’s actual environment is partly specified by the introduction of a new
device” (Akrich 1987).

When recalling this important context, involving the transmitter and the receiver
of a signal (information), the transducer represented by the instrument or machine
should not be ignored. While the latter were made in ancient times by researchers
themselves from materials purchased to make models, the current situation of
complexity and time pressure has changed the situation by forcing mergers of
knowledge that are not only interdisciplinary but are also of professions. It is at this
stage that the importance of the concept of the boundary object lies.

1.4. Teleological approach, convergence, and interdisciplinarity

We are living in the accident of the globe, the accident of
instantaneousness, simultaneity and interactivity that have now gained
the upper hand over ordinary activities. (Virilio 2010)

A model is not more convincing if it integrates as much data as
possible into the system, quite the contrary. There is a risk of
encountering the pitfalls of over-interpretation and lack of robustness
of predicted behaviors, if they depend on the choices of details taken
into account or neglected. (Bourgine and Lesne 2006)

If the best experimenters still retain a theorist’s soul, the opposite is
not true. Despite this, the prestige reflects on the theorist. (Gleick 2008)

In all examination of nature reason rightly calls first for theory and
only later for the determination of ends. No teleology or practical
purposiveness can compensate for the lack of the former. (Kant 2014)

Implexity refers to the notion of chaos, fundamental disorder,
inexhaustible heterogeneity. Yet, like everything else in the theories of
self-organization, it is indeed an organizational disorder: it is the
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chaos of researchers’ implications that weaves the order of a science
as an organized reality. The regularities and constants of scientific
production function ‘in’ and ‘by’ the disorder of implexity and not
‘against’ it. (Castoriadis 1983)

According to Vallet (2018), to generate the same annual growth rate as 30 years
ago, the cost of R&D would have increased by a factor of 15, while the number of
publications is growing exponentially. There would be a need for better trained
R&D personnel (in disciplinary and interdisciplinary fields) with, however, a need
to manage the complexity of emerging fields requiring both increasingly
sophisticated equipment and scientific and technological approaches that are more
creative. In fact, in agreement with Cowen (2011), we are approaching the end of
“simple” ideas. He writes: “We can’t understand why we can’t do it anymore. All
these problems have only one cause, but it goes unnoticed: we have lived for at least
three hundred years on fruit that was just waiting to be picked... However, for forty
years, these fruits have begun to become scarce and we have acted as if they were
still there. We didn’t want to acknowledge that we had reached a technological
plateau and that the tree was much more stripped than we wanted to admit.”

In cultural terms, no company is built on dreams alone and no company
is built outside of them. Successful action, is by necessity the result of
practical considerations. But the purpose of any action is explicitly
defined by the deep nature of the human being, their dreams, their
vision of life, their culture. The dynamics of life, the challenge of risk
and uncertainty require a new effort of creativity that will lead us to the
reconstruction of the notion of progress, the one that philosophers,
ideologies of certainty, have damaged and almost destroyed. There is no
true human culture except that which progresses with the process of
creating real life, in the continuous evaluation of each of our companies
with an image of the future that we will shape by ourselves. (Giarini and
Stahel 1990. See also on this subject: Baumol 2002; Lubart 2003;
Ganascia 2006; Vanderburg 2010; Axup 2014)

Maldonado and Cruz (2012) recognize that the development of engineering,
including the development of material and energy transformation processes, is
increasingly investing in complicated and even complex situations. According to these
authors, it is necessary to move away from proven deductive methods to new
educational approaches to these emerging phenomena. It is not so much the
multiplicity of components, or even the diversity of their interrelationships, that
characterizes the complexity of a system: as long as they are practically and
exhaustively countable, we are dealing with a complicated system, whose
combinatorial enumeration could (if we have the time and means) make it possible to
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describe all possible behaviors (and thus to predict its effective behavior at any time as
soon as the rule or program governing them is known). In mathematical terms, we are
dealing with a “polynomial problem”. It is the potential unpredictability (not
calculable a priori) of the behavior of this system, linked in particular to recursivity,
that affects the functioning of its components (“by functioning, they transform”, giving
rise to emergence phenomena, sometimes intelligible, but not always predictable). The
observed behaviors of living systems provide countless examples of this complexity
and bioprinting is one of them (André 2017).

“Interdisciplinarity is at the heart of our approach. But it is not enough, as Charles
de Gaulle said in his time, to promote caricatures of the blissful admirers of the
European Union, to jump on his chair like a kid by shouting ‘interdisciplinarity!,
interdisciplinarity!’, believing that it will happen by itself, in a natural and peaceful
way”’(Garcia-Acosta and Musset 2017). To overcome the (major) difficulties, several
disciplines are therefore at work, which leads to the “modeling” of mixtures of
domains that probably have different behavioral equations, multiple and singular
interfaces, non-linearities, changes in scale (Charpentier 2009, 2016) associated with
possible fractal shapes, etc. Complexity invades the domain in several ways: that of
geometric arrangements, complexity of dynamics and functionality, competition
between systems, non-linearities, etc. (Gleick 2008; André and Larger 2016). A
related question concerns a given action, the effect of a stimulus on it, with a possible
comparison between the amplitude of the input stimulus and its effect (Cunchillos
2014) with aspects that at least appear to be contingent, spontaneous, and intentional.

It is true that on open topics, the debate between bottom-up supporters (those who,
as pioneers in an emerging field, use trial and error methods to try to produce proofs of
concept and be among the first publishers) and those who consider top-down thinking
before any action runs the risk of appearing in a stabilized heuristic approach like a
discussion that does not have robust foundations because it is impossible to make a
decision and move forward. It should be remembered that a heuristic approach is
based on empirical rules, derived from experience, analogy or association, or even
bisociation. Unlike a mathematical or even scientific approach, a heuristic approach
makes it possible to state relationships, usually non-hierarchical and non-exclusive,
without necessarily having to demonstrate their existence in a logical way.

Who should we believe between those who promise and those who hit the brakes
who, like Plick and Plock (Christophe 1985), want to think before acting? The latter
wish to find meaning in a heuristic approach defined in Figure 1.8 (“a scientific
discipline is thus characterized by a voluntary self-limitation in relation to the
philosophical project and therefore, by a heuristic efficiency and another
epistemological legitimacy” according to (Wissmann 2010)); by their modeling,
their willingness to co-contract, they envisage being “border crossers”. To debate,
however, is to try to get out of promises that are difficult to keep, out of certain
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paralyzing stereotypes, out of application desirabilities, out of competitions, out of
emotions and the search for recognition, even simply out of “grabbing fairs” (conflict
where everyone defends their interests). For Marc Giget (2018), an innovation strategy
means “understanding the society’s unspoken needs before mobilizing technologies”!
(see also Hargadon 2003; Guérin et al. 2016; Negny et al. 2017; EU 2018; Huault and
Petit 2018). Under these conditions, innovation, which uses knowledge of the possible
and the real, is only partially based on transmitted knowledge. For Daniel (2018), “in
fact, the current ‘disruption” must be interpreted as the transition from a hierarchical
society where everyone knew their place to a society in motion where everyone will
invent their place.”

Simulation, which focuses on the numerical implementation of
knowledge models, can, from a certain point of view, also be
considered a phenomenological model. While the modeling stage
itself aims to define the representation of knowledge and the
calculation formalism that will be best adapted to the question asked,
the simulation aims to effectively implement the calculation model to
answer questions such as ‘what happens if...?” by constructing
scenarios allowing US for example to consider the effect of the chosen
parameters. (Maslow 1966)

Causal

Fields of expertise
Algorithmic

AW " Heuristic
\ ' (presupposed, not
verified)

Figure 1.8. Fields of expertise: the approximate Gaussian terms represent the
scientific achievements resulting from previous research. Depending on the forms of
expertise, the field is covered (causal, algorithmic) or partially covered (heuristic)
(André and Masse 2002). For a color version of this figure, see www.iste.
co.uk/schaer/process3.zip

‘ Broadening the scope of expertise

The heuristic approach can be defined as an empirical, approximate, intuitive but
quick and bold method to find a possible solution to a question for which not all
knowledge is stabilized and therefore have a field of expertise, partially deductive
and can perhaps accelerate the resolution of the problem whose possible solution is
highlighted. No “good” idea is born: it represents only a new hypothesis, which can
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perhaps become a good idea (De Brabendere 2017a), following the example of the oil
that was used for its tar, then for lighting and finally to replace coal as a primary
energy source. He writes: “It took a real mental revolution to find its other uses, which
blew up the oil.” Since, usually, there is no single solution, there is a confrontation of
ideas with scientific and technical knowledge, the market, the company’s brand image,
risk taking, opportunities, which may allow a certain prioritization of proposals before
an innovation decision is taken (see Caronia 2014; Tiberghien et al. 2014).

The innovator can show themselves, according to Millier (2013), more
systematically by asking themselves the following questions:

— What fatal, unavoidable evolution can we identify in this field and
what are the consequences on our activity?

— What trends can be identified in this area and what are the
consequences for our business?

— What utopian evolution can be identified in this field or
what ‘unattainable dream’ can we imagine, and what are the
consequences on our activity?

— What constraints can we identify in this area and what are the
consequences for our business?

Figure 1.9, based on the same reference, presents the heptagram of innovation, a
necessary simplification at least at the beginning of creative approaches.

New products

New organization [\ New services

.I ,/"
New supplies

" New sales processes

Figure 1.9. Innovation heptagram

This same author defines somewhat artificial sub-domains that guide the creative
person, ones where one has to commit in order to gain a hybrid zone for society, or
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even for those who remain free of any commitment, as well as those who lie
between these two extremes. Perhaps it is not necessary to introduce such
considerations from the outset?

“Cognitive psychology research has shown that in creative situations, individuals
and groups tend to be “fixed” and fail to generate original paths” (Le Masson 2018). In
addition, it should be recalled (and remembered) that we are still working on an
incomplete body of knowledge whose degree of generalization at larger as
well as smaller scales can be questioned. The idea, however, is to study the
control parameters — those that are known (temperature, various flows, various
heterogeneities, etc.) — in order to try to examine the existence of attractors and their
deformation(s) induced by the environment by approaching real conditions with
appropriate devices. Indeed, most of the processes responsible for the functioning of
living organisms, of humans, at all scales — from the cell to the ecosystem — result
from the interactions of tens, hundreds, even thousands of factors: presence or absence
of an ion, a molecule, a nutrient, a gene, conformation of a protein, etc. Deepening
their understanding therefore requires mastering tools that can represent and analyze
these complex interactions (Vandeginste 2012), particularly in disruptive innovation.

For example, Chatillon (2017) offers creative methods to generate ideas. His
work implies the need for a multi-level analysis to get closer to reality and the
phenomena to be taken into consideration, the importance of the contexts of the
situations studied, and finally, the attention given to mechanisms rather than
regularities. It extends other methods, for example: TRIZ (Rahim et al. 2015),
helical anthropological innovation, brainstorming, learning organizations such as
Fab Labs (EU 2017), organizational creativity (Chaouch 2017), design-thinking
(Leifer and Steinert 2011; IDD 2017; Zochetti 2017), fuzzy logic (André and
Gnansia 2017), JUGAAD or frugal innovation (Radjou et al. 2013, etc.). The
presentation of these methods is beyond the scope of this work. However, it should
be remembered that these methods make it possible to combine different intellectual
fields, including economics, software, and speculative fiction, but all must have a
strong explanatory value when considering decisions aimed at transformation. For
Barnard (2017), a classic rule is to examine whether a possible solution has more
weight in one of the disciplines convened, whilst being equal in all the others. This
solution will probably dominate. Hierarchies can then be expressed.

It should be recalled that in linear systems, parameter changes lead to
quantitative changes, but do not modify the behavior (steady state) of the system. In
non-linear dynamic systems (NLDS), a small variation of certain parameters, called
control parameters, can, under well-defined conditions, in the vicinity of a
critical value, cause a complete change in behavior at the equilibrium of the system.
This is called a fork. Figure 1.10 displays a “fork bifurcation” (Deligniéres 2015).
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Figure 1.10. Fork bifurcation

The realization of complex processes controlled, in principle, to high standards
(provided that one has at least a partial vision of reality and consequently, a fairly
robust modeling base) can be at the origin of innovations that will require
experiments that will be the basis for the effective reinforcement of the concept (or
that will invalidate it) (Guespin-Michel 2005; Laurent 2013). Such a scientific
approach should make it possible to determine whether a certain degree of
predictability can be achieved. It is then a question of having the tools and study
instruments required in order to validate a conceptual framework to consider a
satisfactory solution to a biological issue, especially if it must one day be applied
without risk to productions that are of interest to people (risks in particular).

Non-linear systems

A non-linear system introduces f; functions (i being between 1 and N) that are not
linear, and stability conditions can be achieved for values of the x; parameters. To study
the stability of the system in the vicinity of these stability positions, the x; in the vicinity
of the stability values should be “slightly” modified. If the objective is not disturbed, the
system can be considered stable. This principle assumes that everyone knows x; and that
we are able to follow the transformation in its dynamics. It also assumes that it is possible
to modify parameters incrementally; if it is possible on the physico-chemical, or even
hydrodynamic aspects, nothing says that it is possible on the biological aspect (this is the
case for example for bioprocesses).

Robustness of scientific information

In relation to the artist and other intellectual professions, scientists validate their work,
their competence, their performance in writing, which serves as the main basis for the
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evaluation process. There is therefore no science without writing, a standardized mode of
communication which makes it possible to accumulate knowledge on different types of
media. It is a kind of (non-linear) transcription process of turning “built” knowledge into
knowledge. It is also the exploitation of this “ore” that serves the scientific community to
participate both individually and collectively in the progress made by science.

Contrary to what Mrs Michu, an enthusiastic reader from the Republican East, thinks,
just because it is written in the local newspaper does not mean it is correct, whether it is a
scientific publication or not. It may therefore be interesting to consider the role of
publication in its relationship to society as a whole. If writing can be controversial, it also
(especially?) serves the researcher’s career, but also to put down a marker. No discovery
exists until its written form is completed and validated outside the researcher. It is
therefore a means and a goal, with a consequent activity in the daily life of the scientist,
led more and more to produce, rather than to think about their research.

But in this activity, creativity only plays a small part. The writing is conforming,
stereotypical, formatted, constrained because it must aim to express a truth with a
universal outlook, one that is probably provisional. Following a personal activity (or in a
restricted group), the objective of a “neutral” publication must be to eliminate any
reference to subjectivity (i.e. any researcher of the same quality and competence must be
able to reproduce the experiments and verify in depth the models used or developed).

In fact, in its forced rationalization, scientific writing, imbued with facticity, smoothes
the conditions for the production of new knowledge and it is generally difficult through
this dehumanization to, through reading, grasp an in depth understanding of what science
is doing, why and how. But then, how can we access the living, the masked non-rational,
the unwritten? How can we access the creative processes (where they exist) that have
supported scientific action? How can we know how cultural, financial, and technical
constraints have stimulated or reduced activity? In short, the representation that can be
made of the advancement of science and its possible disruptions is probably inaccessible
simply by reading the scant publications produced by scientists.

By respecting the surrounding paradigm, that recognized by the “federation”,
scientific writing uses specific symbols, “ideograms” of group recognition, of belonging,
which may give the impression of sectarian approaches because the form of discourse is
imposed (or almost), based on rationality centred, in the case of the LRGP, on the
transformation of matter and energy.

But then, in the questions asked by society that require interdisciplinary approaches,
how can we meaningfully exchange with other disciplines? This means that it would then
be desirable to get out of utilitarian jargon, to learn or relearn a form of disrespect for the
conservative expectations of the scientific system (beautiful, paradoxical injunction). But,
in the end, do we want to because the game, for many good (and perhaps bad) reasons, is
certainly not worth it?
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Self-questionnaire on research

“We are in a world of ‘Sunday drivers’,” as George Friedmann writes, “people who
have never looked at their engines, and for whom things are not only for their function,
but also for their mystery of functioning” (Baudrillard 2001). However, in the context
outlined in this book, the author hopes that we can go against this proposal, which
corresponds on the one hand to his vision of research that is often/sometimes too much
embedded in the too conceptual because it is “relevant”, in line with aspirations and
adapted to a “sound evaluation” carried out according to traditional models that are
ultimately from another age or rather another world. In this situation, which is necessary
to better share and, in essence, to refocus its actions towards the “basic” mission and thus
to be more effective, it will be possible to be recognized as actors of living, autonomous
and useful scientific inter-disciplines for society. But as Henry (1998) points out, “the
evaluation of scientific products always has to do with the ‘territory’ of a discipline. Each
one advances its own definition, by definition of borders, of an inside and an outside,
transfers being sometimes condemned, sometimes accepted, but in a logic of
transfiguration to be imposed as legitimate.” This opinion is largely confirmed by Larrére
(1994), who considers that the industrial paradigm divides knowledge between the natural
sciences and the human and social sciences, constituting an “anthropocentric epistemic
paradigm”. This context, when there are scientific-technical-societal links, must therefore
be taken into consideration to achieve more optimal forms of judgement of activities.

Indeed, self-evaluation is necessary (see Table 1.1); so is external evaluation. In both
situations, it is probably useful to have quantitative criteria, which must be taken into
account for what they are worth (but probably no more). In particular, the desired
intrusion of technology sciences into the social field severely limits the usefulness of such
purely quantitative criteria. Thus, it must be possible to make judgments about
interdisciplinary operations in different ways:

— global: assessment of the general interest of the research action;
— analytical: the most precise possible identification of its advantages/disadvantages;
— comparative: analysis of alternative solutions;

— analog: transfer to the proposal of previous judgments about scientific activities that
are considered as being similar (Barthélémy 1999).

Box 1.6. Considerations regarding interdisciplinarity

Even if we must avoid ‘butterflies’ which are not good enough in any
of the disciplines, current scientific research requires the ability to
accommodate both ‘ballistic’ and ‘Brownian’ researchers. (Federal
University of Toulouse 2019)
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Table 1.1. Research and interdisciplinarity

1.5. A look back at the notion of convergence

The few scholars who have chosen to be nomads are essential to the
intellectual well-being of established disciplines. (Mandelbrot, quoted
by Gleick 2008)
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By practicing engineering sciences, we do not only seek to know how
this or that complex device works (by seeking its ‘truth’ and verifying
that it follows this or that law of behavior). First, when it was
designed and manufactured, an effort was made to ensure that its
operation fulfilled a predetermined objective, i.e. was part of a useful
function, produced a ‘good’ for society. (Schmidt 1992)

Thinking and decision-making systems correspond to what John
Greville Agard Pocock (1997) calls the Machiavellian moment, a way
of conceiving the time and space of politics. Such a Machiavellian
conception of politics has the particularity of giving a place to
contingency against necessity, to transience against permanence,
to becoming unknown against providence and eschatology, in order to
face a historical moment that is also singular when the city is
subjected to a chaos of events whose course it has little or no control
over. (Foucart 2011)

By working on boundary objects aimed at the creation of instruments, machines
and software, scientific aspects must integrate broader forms of convergence
concerning uses, and human and economic aspects, as well as go through integrated
work with technologists to integrate their skills (or even develop them, as well as
those of researchers) as far upstream as possible in order to satisfy in a robust way
the application need (both research-oriented and societal, see, for example, Tirri
etal. 2017).

In the field of processes, knowledge construction still has a tactical advantage
that is generally lacking in the study of the control of natural (or simply complex)
phenomena, because we know how artifacts have been designed with very plausible
assumptions, close to disciplinary knowledge. It is undoubtedly here that the
exploratory framework of process engineering has taken and continues to take its
full place as a producer of intelligibility and industrial applications. Starting from
the disciplinary causal, it is easy to arrive at the “complicated” multidisciplinary.
But will the same be true for all the new developments mentioned in Chapter 2 on
foresight whenever new systems strongly involve humans? Scientifically, the
engineering approach to these fields through complexity is a breakthrough that
recognizes the exceptional and problematic nature of life (hard and soft). It may be
useful here to invoke, to illustrate the complexity and its study, the necessary
acceptance of uncertainty and the heuristic approach in the understanding of so-
called “complex” problems related for example to society, health, the behavior of a
single person (and in this case, not applicable to the whole population), thus giving a
greater value to the qualitative, the sensitive, the heuristic, rather than just the
quantitative aspect of process engineering’s “heyday”.
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If it is therefore necessary to consider that the epistemological foundations of the
future in process engineering are increasingly based on the complexity paradigm,
interdisciplinarity must be developed because it is considered as one of the means of
study. The disciplinary approach is too often compartmentalized, hence the idea
discover how to percolate across disciplinary boundaries so that the paradigm of
complexity can truly unfold, particularly because the recomposition of categories of
thought would no longer be based on disciplinary boundaries and objects, but on
boundary objects carried by creative people, divergent people, who, unafraid of
recursions, legitimately wish to respond to the major challenges facing society. This
change in the way research is carried out aims for a real responsible integration of
activities that are open to society and that are meaningful, making it possible to
make the “indiscipline” in chemical engineering emerge as one of the credible and
operational scientific actors of current technoscientific and societal movements. This
may be a new way of inventing the factory of the future (Henn 2017; Kiipper et al.
2017) on the basis of revised criteria, a way that is only imperfectly emerging in
practice today. The example of bioprinting, an emerging field, already presented by
André (2017b, 2017c, 2017d), consisting of the 3D printing of living materials,
illustrates the aim of converging many disciplines, as illustrated in Figure 1.11 (see
Figure 1.6 for background).

[ Pharmaceutical | | Biological

. . Toxicology
sciences sciences
. Clinical
Chemistry research
Physics Medicine
. . ] ‘ Bio-printin / [
Engineeering 2 &
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¥
¥
-
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Figure 1.11. Convergence and bioprinting (HSE for health, safety, and environment)

Thomas Kuhn (1983) defines the term paradigm in The Structure of Scientific
Revolutions as a set of observations, questions, methodologies, and interpretations of
scientific achievements. A paradigm is thus a representation of the world, a way of seeing
things, a coherent model of scientific knowledge that is based on a defined basis
(disciplinary matrix, theoretical model or, more broadly, current thinking). Science
paradigms are widely accepted in a given disciplinary field. They change according to the
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evolution of knowledge (transition from Newtonian mechanics to Einsteinian relativity,
for example).

For many authors, epistemology (see Schmidt 1998; Varenne 2001; Frezza et al.
2013; Ratcliff 2013) is the critical study of science and scientific knowledge. To go a little
further, it is a question of updating the conceptual structure of a theory by looking for
what is effective in the sequence of concepts and in their organization, to highlight areas
of uncertainty, or even a lack of knowledge. It is basically an intellectual game, played
alone or with others, which aims to bring out “the meaning, scope and procedures of
rationalization in the explanation of phenomena” (Grangier 1986).

In interdisciplinary approaches, on new subjects, the “simple” addition of scientific
concepts of more or less independent disciplinary origins does not normally lead to the
emergence of a rational path between concepts and experiments. And it is at this stage of
generally complex interdependencies that epistemology takes on its full importance,
especially if an effective approach is to be achieved. But, if we have the time and
resources, it is possible, thanks to well-managed experimental designs, to define this path
in a pragmatic way in a partially empirical form that is difficult to extrapolate.

There is therefore a debate between a conceptual approach, where the need for
interdisciplinary sharing is an unavoidable obligation, and an experimental basis covering
the entire field of evolution of all the different parameters of influence of the system. In
“simple” systems where there are obvious “cause and effect” relationships, there is
necessarily a connection between the paradigmatic model (validated by experience) and
the epistemological approach.

However, in complex systems, it may be the interdependencies between components
that prevail over disciplinary paradigms. As long as the latter are not revealed,
understood, or studied, the “experimental” scientist can arrive at proofs of concept that
illustrate an openness, in an original creativity, towards a field of possibilities. However,
there is still a long way to go between the initial idea and industrial development, which
requires a real mastery of the phenomena in question.

However, in the current research management system, if it is possible to carry out
stimulating proofs of concept, it is more difficult to engage in an epistemological quest
because it is difficult (interdisciplinary approach) and has a non-zero probability of
failure. Moreover, the “trial and error” approach, which involves a very large number of
operators working under standardized conditions, does not really fit into current (at least
academic) research practices. Today, we are very far from the Manhattan Project.

Between the epistemological dream and the difficulty of experimenting in a
teleological way, there is still room for diverse ideologies and senseless promises.

Box 1.7. Paradigm and epistemology
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Interdisciplinarity is a process in which a capacity for analysis and summarizing
is developed from the perspectives of several disciplines. Its objective is to address a
problem as a whole, by identifying and integrating all the relationships between the
different elements involved (Ministry of Education and Culture 2015). It attempts to
summarize and link disciplinary knowledge and place it within a broader systemic
framework. The pragmatic vision of interdisciplinarity, engaged in integrative
research, refers to a type of research in which (Redlingshofer ef al. 2014):

— disciplinary specialists work as a team to address a problem and come up with
recommendations onto solve it;

— specialists share their disciplinary knowledge: concepts, methods, and tools for
interactivity with partners (researchers, developers, and other interest groups);

— the research is conducted on behalf of a client or a group of clients whose
request sets the framework for the interdisciplinary team;

— the research objectives are development-oriented.

The strengths of interdisciplinarity can be briefly described below:

— Complementarity: since no one discipline can explain everything on its own,
the contributions of several of them provide better insight.

— Creativity: interactions between disciplines challenge the opinions of team
members and require them to produce more original explanations and
methodological innovations.

— Learning organization: development of mutual understanding, sharing of
responses and problems to be addressed.

— Return to one’s own discipline: a new look at the limits and biases of one’s
own discipline and the acquisition of a broader knowledge. Taking a step back from
your methods and comparing them with others helps you to better understand your
own discipline.

It must be recognized that those engaged in interdisciplinary activities may find
themselves doubly inclined to worry about their legitimacy. Some consider that the
search for effective models that are sometimes heuristic can lead to provisional
proposals that lack universality. Evaluating such operations, both in their rigor
and relevance, means, on the one hand, analyzing and judging the products
of the training and, on the other hand, by comparing them with the frameworks of
the disciplines and testing their content and boundaries from the point of view of the
categories and rules of action mobilized by the partners involved. It also makes
explicit the logic of building and processing training objects. It is true that an
analysis of minimally risky scientific work, involving several evaluators, does not
directly generate support, because it is not possible to make a clear statement on the



44 Process Engineering Renewal 3

accuracy and effectiveness of what is proposed. As essential as it is (recognized by
all), it is necessary for it to be put into practice with strong support from the
hierarchy.

Innovation is above all about creating new links between disciplines, between
know-how, between designers and society, leading to original configurations
between otherwise separate elements. Figure 1.12 from Bary (2002) extends the
discussion in Figure 1.8 to society as a whole. Convergence aims to unite knowledge
“around a common understanding of the challenges, a shared vision of the overall
objective, a collective awareness of risks and a concerted assessment of the viability
of the innovative solution” (Gramaccia et al. 2009). Convergence therefore calls for
a form of voluntary, deliberate and collective transgression of disciplinary barriers in
order to converge, or even attempt to reunite the disciplines convened in the form of
a global approach attentive to both structures and changes, that is to try to approach
the fundamental complexity of the real (Wallerstein 1999).

Innovation
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Figure 1.12. The dimensions of innovation. For a color version
of this figure, see www.iste.co.uk/schaer/process3.zip

On the basis of a more in-depth analysis, redeployment axes should be proposed
to enable more responsible, scientific, and flexible cultural developments adapted to
the new goals pursued. It is by means of fundamental transformations and risk-
taking that we will know whether process engineering will continue to be able to be
an efficient actor between disciplinary research and the society of material and
energy production. Several avenues for the evolution of production systems are now
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put forward in many accounts: socictal changes, “mass” personalization, circular
economy, service and functional economy, territorialization of production and
knowledge, knowledge economy, development of new skills, communities of highly
interoperable actors, innovation integrated into a continuous process essential to the
competitive positioning of research, companies and their performance. However, in
initial training, scientific disciplines are divided into sub-disciplines, to the point that
the epistemological unity traditionally attached to the “hard” sciences and reasoning
are diluted in the new paradigms (Bot 2007). It is the in-depth coupling—opening that
constitutes the paradoxical injunction that must be “optimized” for operational
purposes (functionality of knowledge and know-how).

The objective of any modeling is, for any “professional” technician, to provide a
configurable system (when possible) in order to optimize it for a specific purpose,
thanks to a judicious choice of input parameters and a “stable” and robust control in
its temporal (or even spatio-temporal) dynamics. The environment of the production
systems to be invented will probably require a robust knowledge of the independent
and interdependent variables that condition its state at a given time. The more
complex this system is, the more traditionally it must be described using a number
of coupled equations, if possible, with the smallest possible number of parameters,
taking into account what is measurable (and measured). For the engineer, the model
that we want to develop is generally between efficiency and truth, where we want an
“acceptable” compromise between staying true to reality and simplicity of
implementation (principle of optimization). But what are the approximations that
make the model operational according to specifications imposed by users? By
companies? How can technology bring together points of view and remove (all)
constraints? To achieve this objective, it is necessary to combine the knowledge of
the different disciplines and professions involved with the associated difficulties
(hence the use of the concept of convergence).

By proposing an interdisciplinary and inter-trade approach (see Figure 1.13), the
project does not aim to make the approach play a role other than that of serving each
discipline and each technical knowledge, by aiming to highlight, for example, the
complex approach (Visvanathan 1997) which leads to the formulation of an
explanatory or interpretative hypothesis, making it possible to establish a
relationship of dialog and mutuality between partners. It should be noted that the
project thus sketched presupposes adherence to the point of view of metaphysical
ignorance. In this perspective, the project’s role should be to stimulate critical
reflection on the guiding ideas, founding intentions, guiding concepts, methodological,
paradigmatic, anthropological, epistemological, ethical presuppositions of each
discipline and knowledge of the field of possibilities of each profession. But at the
same time, one must accept to humbly confine ourselves to a task of clarification, of
untangling as skillfully as possible, which cannot claim ultimate clarity or a primary
and founding truth.
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Figure 1.13. Other form of convergence on the theme (including for the human and
social sciences component aspects of social, economic, ethical, organizational
desirability, etc. to be included in the operation)

This is the purpose of this project, which aims to provide real support for the
exploration of complexity for the redeployment of new industrial processes into new
niches. First, as Figure 1.14 suggests, it is already a question of going beyond simple
proofs of concept by checking the reproducibility of experiments (which can
sometimes be tedious, but essential).

Second, it is a question of investing in the interdisciplinary and inter-trade
technological convergence aspects, the difficulty of which everyone acknowledges.
Indeed, if we place ourselves in a broader evolutionary perspective, as proposed, it
does not seem possible today to predict the functional, spatial, and temporal
evolutions of the new processes by deducting them only from the application of the
simple laws that we could have identified, and this, at different scales.
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Figure 1.14. The question of reproducibility in complex systems (Octo Academy 2017).
For a color version of this figure, see www.iste.co.uk/schaer/process3.zip

Presented as highly collaborative fields, process engineering, because of the need
to integrate principles of scientific, sociological, and technological convergence,
offers a particularly interesting field of observation of interdisciplinarity oriented
towards a real application goal with necessary and possibly considerable economic
developments. On this basis, disciplinary and inter-trade alliances should, after
learning an internal but common language of communication, make it possible to
reflect on the best ways to explore these promising fields without it being possible
today to know if we will be able to define a causal relationship between the
application project and the expected functionalities. In fact, the consultation of
different partners from different disciplines and backgrounds must be expressed
through a diversity of currents revealing the size, complexity, and tensions of the
emerging fields of future processes.

1.6. A look back at interdisciplinarity

The fraction of articles that mention interdisciplinarity in their titles
has fluctuated, perhaps reflecting donor priorities, but the 21st
Century saw this proportion reach an all-time high. (Van Noorden
2015)

In other words, it is from the simultaneous presence of two opposites
that the possibility of a healthy critical relationship arises in the face
of disciplinary “truths” that represent themselves as being universal
and historical, in the face of specialist dogma. It is from the possibility
of this recomposed intellectuality, strengthened by the recovery of its
lost unity, that the refusal of dangerous simplifications and mistrust in
the face of dualistic Manicheisms are born. (Couturier 2005)
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This concept involves the voluntary, deliberate and collective transgression of
disciplinary barriers to bring disciplines together for an end (Dufoix 2005).
Interdisciplinarity must “achieve coherence that respects the heterogeneity of the
knowledge it gathers, but which is clearly not provided by any of the disciplines”
(Roqueplo 1993). This very broad theme has been the subject of many works (see
for example and in a non-exhaustive way Althusser 1967; Bloor 1982; Henry 1998;
Lenoir and Sauvé 1998; Morin 1999; Kourilsky 2002; Le Marec 2002; Maingrain
et al. 2002; Alvarez-Pereyre 2003; Mondada 2005; Camel and Fargue-Leliévre
2009; Heil 2010; Panisal et al. 2010; Hamel 2013; Cornu and Flipo 2014; Darbellay
2014, 2017; Mahy 2014; Endrizzi 2017; de Hemptinne et al. 2017; Lemay 2017;
MIT 2017; Billaud 2018; National Academies Press 2018).

The only way to ensure that the scientific and technological quality of
interdisciplinary work is recognized could ultimately be to translate it into as many
versions as there are disciplines, putting it in perspective each time in relation to the
literature and research of each discipline. But what a waste of time! Proving that this
is not a search for average excellence, or even (we may have to accept) mediocrity,
even if it is creative, is essential because interdisciplinarity is generally seen as a
means of overcoming “arbitrary divisions of thought” and as a process that goes
beyond the simple juxtaposition of disciplinary points of view: implementation of
cooperation and integration between specific disciplines and professions around a
common object, with a view to co-producing knowledge. “Any new interdisciplinary
research activity requires a coordinated approach, in which many different actors
with their own interests and agendas must be convinced to collaborate. For this to
work, a critical mass, through high quality research groups, funding, small and large
companies, regulators and users, must exist. This is not new, of course, and this
conclusion has been supported and analyzed in many publications from the
interdisciplinary research community of social science and technology studies
(STS)” (Malsch 2008).

But for Presse (2009), “the risks of non-communication are high. The researcher
must meet certain requirements if they wish to establish the conditions favorable to a
possible transfer of knowledge: listen, be attentive, take into account the meaning
that the actors give to their actions and the analysis they make of the impasses in
which they find themselves.” Moreover, for Claessens (2009): “the fragmentation of
research has created a limit to the control that this [scientific] community can claim
to exercise over its own judgments.”

In other words, interdisciplinarity can be defined as the desired result of a lucid,
often difficult and controlled attempt by rational humans, but with perverse effects:
time it takes to understand, mixing, management of different temporalities, methods,
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learning a robust language of exchange, etc. Beyond its idealized character, does this
type of definition not lead to an extremely restrictive view? By focusing on the
result rather than on the means to achieve it and in particular to implement these
disciplinary translations, is it not likely to compromise the attempt, if only because
no one is adapted to this type of concern?

On the one hand, we can consider that we underestimate the unintended
consequences of human conduct and the effects of aggregation between the practices
and strategies of different actors and, on the other hand, that we ignore the reality
of genuine cooperation and exchanges between researchers and technicians (who
have their own careers to manage). “Spokespersons with close representations can
maintain good relations but be blind to the stereotypes they exchange because of the
lack of critical distance. The second consequence is that acquiring this critical
distance, i.e. confronting fairly distant representations, can require considerable
effort” (Audran 2016). Interdisciplinarity is probably not only “active” in the sense
that it would be based on effective dialog and joint efforts to overcome disciplinary
silos, it is also an unwanted and perhaps little perceived product of disciplinary
research, a “collateral” but also a real fruit of efforts aiming to achieve another end.
Once members of disjointed disciplines have understood the value of this meeting
and learned to draw inspiration from uses other than their own, they are generally
ready for “active” interdisciplinarity. However, we must have extended an open
hand to others for a successful approach.

However, given the evaluation methods, the financial support for this type of
research, the sparse hiring of creative researchers practicing disruption and
questioning, the silo mode of operation, etc., the road seems to be strewn with
obstacles! There are probably as many philosophies as there are people trying to
think, which is not based on the principles of “one thought”, of momentum of
different origins and the inclusion in the consensus induced by paradigms (whose
interest in terms of effectiveness must not be rejected). If specialization has played a
crucial role in the progress of science, does it not lead to the example of this
reflection on process engineering and its future, to a certain fragility? So, returning
to basics can be an important cultural asset to participate responsibly in the robust
construction of our futures, near and far, in a world of research leading to
quantitative reductionism, thus which is not very creative.

Moreover, in a pre-paradigmatic creative phase, the social and economic realities
of additive process engineering were quickly decisive, leading to a cultural body that
is now in the process of stabilizing, a body that has recognition within the scientific
disciplinary system insofar as the field has defined its “doctrine body”, reducing by
(necessary) disjunction with many disciplines that could contribute to its
development. As long as it does not voluntarily seek to confront “recalcitrant”
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problems, the domain remains alive, as long as it maintains an “acceptable” contact
with the anticipation of society’s needs (through different channels), which raises
the delicate question of the voluntary departure from the habits perpetuated by the
“system”, its social organization, its ends (a little like in Tex Avery’s cartoons where
the hero continues to run in mid-air over the precipice before falling). The question
of an unanticipated post-mortem survival towards the opening of new fields is
however raised in a world that overly supports risk taking, creativity, and ruptures a
posteriori, but which recovers from them with ease.

These are indeed systemic innovations that are expected. How then can
technological innovations be integrated into system solutions in which anticipation
of technological needs, procurement, training, and organization form a coherent
whole? How to go beyond the core technology to consider global performance and
knowledge management for industrial renewal? And then, what research and
training in complex systems engineering must be undertaken to meet these needs?

The development of new advanced material and energy production technologies
is a priority objective by saving energy and raw materials (André 2015). They are
based on increasingly in-depth knowledge of transformation procedures and
processes as well as increasingly powerful information technologies (computers,
sensors, interfaces, virtualization tools, rapid development tools, models that are
increasingly close to reality, multidisciplinary and multi-level models (Jaworski and
Zakrzewska 2011), processing methods and tools). A first difficulty has been
confirmed, of conceptual and scientific origin but, as has already been pointed out, a
point on which it is worth emphasizing in particular, there can only be industrial and
medical deployment if we are able to validate the robustness of the processes. The
implementation of instrumented experimental devices is therefore an essential
condition for achieving this openness to society. On this basis, the “process
engineering” border object clearly requires that another convergence be mastered,
one induced by the sharing of interests between scientists, technologists, and
experimenters (users). It is on this basis that project groups must operate with
obviously deeply revisited governance. This is close to what Wissmann expressed in
2010 when he wrote: “Let us mobilize together, with the means at our disposal, the
capacity to reason, to discuss critically, from one science to another, and let us
demand that the public authorities create the institutional framework to make this
sustainable.”

Figure 1.15, taken from (Baldé et al. 2017), provides an overview of some
boundary objects that require significant contributions to the engineering of material
and energy transformation processes. It can be a major player in disruptive
innovations for ecological transition.
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Figure 1.15. Implications of process engineering
in different current and future fields

1.7. The models

Modeling is constructed like a point of view on the real. (Le Moigne
and Morin 2013)

Modeling is the main and perhaps the only tool we have to study the
behavior of complex systems that we have to consider. (Simon, quoted
by Le Moigne and Morin 2013)

This vision of the place of engineering in innovation processes is complemented
by other opinions (Engineers Council 1932; Vincenti 1993; Gagnepain and André
1996). Rationality is always privileged as well as respect, in principle, of constraints
that concern socio-economics; research invests in complexity. The problems raised
push for efficiency and therefore for the search for justified approximations, because
they are robust, allowing, at a given moment, to take into account what is possible
(principle of optimization). In a necessarily reductive way, there may be an apparent
opposition between contingent scientific realism and refinement to reach the truth. It
would undoubtedly be possible to discuss this subject ad infinitum, which would
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probably show the existence of a continuum between these two positions, which are
non-exclusive (see above). Under these conditions of seeking the best operating
efficiency, the sciences of chemical engineering use optimization methods,
modeling, simulation and numerical methods, models and demonstrators, destructive
or non-destructive tests, etc. Alter (2012) considers that innovators in all fields
“succeed because they know the codes, but do not respect them as such.” It is
therefore necessary to be both compliant and recognized as well as divergent. A
beautiful, paradoxical injunction!

However, these digital systems are not accurate and are fundamentally incapable
of accurately representing real objects. “Digital materialization proposes an
approach, a system and a symbolic basis for the bidirectional conversion between
reality and information, where reality is represented as information in a correct and
accurate dimensional manner, and as being accessible to human understanding,
modification and design” (Turlif et al. 2009).

The notion of a model has already been expressed throughout this book, because
it is an essential component of PE (which, for its “hard” science component, exploits
it, at least in part, through its assertive knowledge of unit operations). “A model [...]
is a mediation, more precisely that of a facilitation of mediation, within the
framework of a cognitive survey, at least as far as science and technology models
are concerned” (Varenne 2016). “Researchers in the field are confronted with a
compromise between simplicity (efficiency) and complexity of their models (truth)”
(Maslow 1966; Charles 2016). Beuve (2016) writes: “In the case where computer
resources are intelligently used, it is undoubtedly true that modeling and simulation
prove to be the most effective for the same level of technical and scientific
development, because they often avoid many unsuccessful tests of ‘physical’
achievements and make it possible to converge more quickly towards, for example,
an optimal design of an apparatus, a machine, an installation...” But, with research
funding unsuited to the cost of experiments, is there not a risk that modeling will be
confined to theoretical roleplay, losing its link (and its interest) with reality?

However, modeling and simulation research operations have consequences for
society: “Abstraction today is no longer the abstraction of the map, the double, the
mirror, the concept. Simulation is no longer that of a territory, a referential being or
a substance. It is the creation, by modeling a real that has no origin, without reality:
a hyper-real. The landscape no longer precedes the map and no longer survives it. It
is the map that precedes the territory” (Baudrillard, cited by Rheingold 1993). These
activities, exploring increasingly virtual worlds, are necessary by the reduction they
allow and by the efficiency they promote; however, by diffusion and extension, they
lead to applications that irreversibly shape our real time as citizens. If we find these
activities in all or almost all the natural sciences, it is possible to say that they
represent an important common cultural background between all the disciplines that
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contribute to the development of process engineering. They justify Guillermé’s
(1971) opinion that “there can be no technology until there is an explicit awareness
of rationality and a requirement for mathematization in the history of
representations.”

Moreover, in his article in the Encyclopedia Universalis, he completes his
discussion by defining technology as “organic knowledge based on principles; a
technique is therefore really a technology only if it is presented as a doctrine;
technology is opposed to the empirical technique which can be defined as a practice,
based on unsystematic rules which proceed more from trial and error and immediate
contact with reality than from a thought-out experience.” Wouldn’t we be moving
closer to the notion of an intentional paradigm, defined as the best way to gather
facts in a concept or association of a few concepts, with a view to an end? Thus, in
scientific disciplinary approaches, as long as the paradigm is not invalidated by
experience, as long as there are personnel engaged in the action and new subjects of
study authorized by new possibilities of exploration of the real or artefactual worlds,
the system produces new knowledge published — of course, increasingly under time
pressure — in scientific journals, qualifying disciplinary excellence. “How can
anyone be against excellence? The predominance of the ideology of excellence will
be to further increase the hierarchy of the university system” (Rocher 1997). In this
evolutionary logic, which is ultimately quite smooth, little use is made of his
imagination capacities (“the imagination is nourished [...] by the lived experience,
reinvents and constantly generates scenarios” (Bachelard 2005)).

1.8. A little complexity

Knowledge is blind when it is reduced to its quantitative dimension
alone and when both the economy and the company are viewed in a
compartmentalized way. However, impermeable partitions between
them have become essential. The dominant logic being utilitarian and
short-termistic, we no longer re-vitalize ourselves in the exploration of
fields, activities, specialties, ways of thinking other than our own,
because a priori they do not directly and immediately serve the
accomplishment of our tasks when they could enrich them. Culture is
not a luxury, it allows us to contextualize beyond the furrow that
becomes a rut. The obligation to be technically highly efficient in
one’s discipline causes people to withdraw into their discipline,
impoverishing knowledge and raising a lack of education. We believe
that the only “valid” knowledge is that of one’s discipline. We think
that the notion of complexity, synonymous with interactions and
feedback, is nothing more than chatter. Should we be surprised then
by the human and civilizational situation of the planet? To refuse the
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lucidity of complexity is to expose oneself to blindness in the face of
reality. (Morin 2016)

We must not build a simpler model of society; we must accept it as
more complex. We must not design a more solid system, we must
imagine it more flexible. We must not organize a single model, we
must encourage diversity and movement. (Léonetti 2010)

Complexity has always existed [...]. For a long time, in their quest for
knowledge and wisdom, people have sought simple and logical
explanations for the luxuriance of the world. (Donnadieu and Karsky
2002)

Decomposing complex realities into simple elements to understand
their genesis, better understanding the movements, flows and
processes they cover, are ultimately the watchwords for enlightened
elites. It is about moving from a static knowledge of structures to a
dynamic knowledge of functions and operations that can account for
both natural and human movements, flows and processes. (Picon
2002)

Non-deterministic are phenomena linked to a succession of processes,
which are themselves deterministic, but of which at least one is
independent of the others and/or for which the fields of application of
the laws do not overlap. (Charlionnet 2005)

Watzlawick (1991) defines a situation where an observer (who knows neither the
game nor the language of the players) observes chess players for a period of time: if
given time, the observer can isolate regularities, know that the goal is to reach
chekmate, etc. In short, they must learn the rules of the game after a while and
become a player themselves. If their time is limited, they may be able to learn some
basics or else they won’t understand anything. If however there are crazy players
applying a rule with anarchic evolutions, the observer will not be able come up with
a legitimate trend model. The same will be true if they are not able to see “things
behind things” (see Plato’s allegory of the cave). It is indeed one of the dilemmas in
the study of truly new subjects to know if there is a mechanism that is still hidden
(and therefore to be discovered, even if it is sometimes illusory when time is
limited) or if, on the contrary, whatever the time devoted, the observer will never be
able to understand the intimate functioning of the game of differentiation and cell
growth. That’s what's at stake!

“We have acquired incredible knowledge about the physical, biological,
psychological and sociological world. Science is increasingly leading to empirical
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and logical methods of verification. The light of reason seems to be pushed back
into the depths of the mind, myths and darkness. And yet, everywhere, error,
ignorance, and blindness progress as our knowledge deepens. I would like to show
that these errors, ignorance, and perils, have a common character that results from a
mutilating mode of organization of knowledge, unable to recognize and grasp the
complexity of reality” (Morin 2005). Here is, in a few sentences, the introduction to
the debate that takes science from causal to complex.

Everyone who has studied a little science must remember the theoretical
experience proposed by Maxwell with his famous demons. Each demon regulates
the flow of material between two vials of “hot” and “cold” molecules (at a travel
speed vs. small relative to the average), which in principle allows them to have a
constant overall energy of one hot vial while the other is cold. This would put the
second law of thermodynamics at risk. But how, without information, can these
demons separate molecules according to their speed? This means, for example, to
keep to a basic description, that the containers must be illuminated to achieve the
objective. It is therefore necessary to have complementary energy so that demons are
informed and open the valves to separate molecules. Indeed, if we do not take into
consideration the properties of the demonic observer, there is nothing left since it is
not possible to describe the system and act on it.

If we cannot invalidate the laws of thermodynamics (otherwise, we would
know), what we learn from this type of simple principle experiment is that by
providing energy, it is possible to inform a system and enslave a system to achieve a
goal as long as we provide the necessary energy. It is on such bases that the activity
of engineers, in particular “processes”, takes shape and becomes operational. If we
have just described the entropic refrigerator in this way, what we are learning is that
it is possible to introduce entropy retarders into a system.

So, in questions related to living organisms where cells are used to organize
themselves to produce a material, a nutrient, a (piece of) tissue, we find ourselves
analogously in a similar situation: the energy is external to the initial cell cluster and
with the creation of a local order. “Morphogenesis is a process of the self-
organization of cells that grow, divide, move or die according to the events that they
have been subjected to in the past, their ‘family history’ and the communications
they establish with their neighbors” (Jessus 2017). With Maxwell’s experience,
regulation is a simple process as described above and completed below:

— learn the speed of the molecules;
— compare this speed with a setpoint;
— open the communication port between the two vials;

—repeat the sequence.
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For biotechnologies, it would be a simple matter, after a deposition of cells on a
given support of:

— learn the intake of nutrients and other influencing factors;

— compare the effects of energy and oxygen inputs with the need for survival and
cluster development/differentiation;

—regulate according to a more complex system approach (complex relationships
between inputs and outputs);

—repeat the sequence.

Cybernetics occurs when cellular effectors or, simply, actuators or motors are
connected to information capture systems, which in turn act on the effectors by
different means. Biotechnologies are cybernetic systems, and are certainly complex.

The significant difference between these two types of experiences is that they do
not obviously have the same modes of interaction, which are much more complex in
the latter case. In both situations, we start from a given situation S(0.0) and for a
given time At, there can be a whole set of possible situations S(j,At) which, taking
into account the teleological nature of the two experiments, leads to a situation
respecting the desired goal adapted according to the internal environment of the
cluster and external (selection of the optimal value jO). The regulation of demons
remains the same whatever the t, however, since there is an interaction between the
environment and the cell cluster (and vice versa); it can be evolutionary according to
laws that, at least in part, escape us.

However, when a certain randomness is introduced into the system (noise, lack
of understanding of information within the system and its relations with the outside
world, etc.), any determinism may no longer be controlled and, by “butterfly effect”,
lead to bifurcations in the evolution of the system. This situation must be taken into
account in the case of bioprinting with effects that may be significant, which is not
the case with Maxwell’s experiment. Thus, even if local evolution counters entropy,
forks require behavior that takes into account the past (Wiener 1989).

“But, without having to be considered as being worth more or less, the ‘whole’ is
now recognized other than the sum of its ‘parts’. While there is not necessarily a
hierarchy of components, interdependence between them is maintained.
Globalization, even more than the totality, constitutes a unity, but diversity, which
by a threshold effect (already involving additive, cumulative, almost temporal
accumulation) will cause its emergence, is not yet necessarily understood as being
intrinsically heterogeneous” (Ardoino 1996). Complexity is the opposite of a way of
thinking that is deductive and simplifying, which tends to a univocal relationship by
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reduction between inputs and outputs of a system. It aims at a global vision that
highlights the different contexts that participate in the system in a recursive way, in
which inputs and outputs are both causes and producers of what produces them
(Morin 1977, 1980, 1982, 1988, 1991, 2005; Varela 1989; Le Grand 1992; Dherse
and Minguet 1998; Donnadieu and Karsky 2002). In this spirit, “each level of
organization could do nothing by itself if it were not regulated by a control that
comes from the level of organization that encompasses it. Reductionism consists in
cutting off external control at an organizational level and believing that by
describing the functioning of this isolated organizational level, we have understood
the entire functioning of the system” (Laborit 1989).

What these few comments tell us, which come in particular from a reading of the
writings of Heinz von Foerster (2006) who, among other things, sought to match
regulation, cybernetics and entropy delay, is:

—a temporal continuity in the increase of the degree of organization of the cell
cluster (the best way!) in order to achieve “its” purpose, defined on the basis of
controllable criteria (temperature, spatial distribution of the clusters, rheological
interactions with supports/scaffolds or simply, the cell deposition surface, material and
energy flows, waste disposal, etc.), but taking into account possible bifurcations; and

— a relatively simple way to characterize the quality of an evolution following a
bio-impression that could be a measure of entropy (or local order).

On the basis of this last remark, provided that we know how to measure the
organization of the cell cluster targeting a tissue (without, at this stage, considering a
shape or volume of the tissue suitable for use in repair), it would be possible to
characterize the progress of post-treatment following bio-printing, which would
make it possible to select (by trial and error methods?) more optimal ways than the
projections of current work that are still too involved in proofs of concept.

The emergence of complexity in the design and production of static, evolving,
and/or living objects goes hand in hand with a technical project since the purpose of
manufacturing instruments is quite clearly to be used by practitioners (“technology
is not applied science” (Rec 1978)); it is at this moment that the notion of a
boundary object takes on its full meaning by associating in the most intimate way
possible, as much as possible by convergence of interests with regard to a goal,
designers, technical services, and users. All stakeholders become collective
inventors of a particular process.

Complexity brings about changes in the way we try to control the real world: the
first concerns the status of reality using the example of wave-particle duality, the
second concerns the articulation of disciplines which complex reflection is based
one (see convergence and interdisciplinarity — for example Piaget 1967; Achoff 1970;
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Vico 1981; Watzlawick 1988; Araujo-Jorge 1991; Le Moigne 1994; Nicolescu 1996;
Atlan 1999; Kourilsky 2001; Le Moigne 2001; Roux-Rouqui¢ 2001; CNRS 2002;
Picon 2002; Donnadieu et al. 2003; Simon 2004; Charlionnet 2005; Germinet 2007;
Beguin and Cerf 2009; Wolf 2009; Mathieu and Schmid 2014; Montchouris 2014).

Figure 1.16, extracted in part from Donnadieu et al. (2003), brings together some
elements to be considered in a complexity approach.

Systemics: knowledge and a practice

] —_—
Complexity | A prudent but
4 basic concepts ambitious approach
of systemics

Entirety Interactions

Tools (analogy,
breakdown, digital)
for modeling and/or

simulation
Other concepts: Learning:
- Variety, aim, innovation - Alternate _
- Levels of organization - Concepts/practice
- Feedback - Iterations
- Regulation - Humility
- Robustness
- Black box

Figure 1.16. Complexity and systemics

According to these authors, systemics is “a discipline that brings together
theoretical, practical and methodological approaches to the study of what is
recognized as too complex to be addressed in a reductionist way and that raises
problems of boundaries, internal and external relationships, structure, laws or
emerging properties characterizing the system itself or problems of how to observe,
represent, model or simulate a complex whole.”

NOTE.— Tasks requiring interdisciplinary approaches and the transfer of knowledge,
empathy or creativity may be difficult to automate in the long term (World
Economic Forum 2017).
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1.8.1. Hyperobjects

Yves Citton (2016) in the field of complexity applied to process engineering
refers to hyperobjects. He writes: “Nowhere are hyperobjects isolable as classical
objects because their existence is interobjective: their mode of existence consists of
relationships between things that we identify as objects (a glacier, a water level, a
harvest, a thermometer). Whether we call them ‘systems’, ‘attractors’, ‘networks’,
‘intrications’, whatever: they exist and operate as a fabric of relationships
conditioning the behavior of the objects that hold our attention. Our individual
subjectivity, the result of our collective intersubjectivity, is itself only one of the
effects of these fabrics of inter-objective relationships. The challenge presented by
hyperobjects therefore calls us to alter the inter-objective tissue that frames our
inter-subjects, so that they can become attentive to hyperobjects as well as to
classical objects.”

These may include areas such as energy (renewable or not), climate, waste
management, global warming, reserve management that have links to process
engineering, but more broadly, economics (with the example of sub-premiums in the
United States), citizen tracking (mobile phones, GPS, Internet of Things, etc.) (see,
for example, Baudrillard 1968; Barad 2007; Fischer 2008; Bonneuil and Fressoz
2013; Quessada 2013; Morton 2015). Citton (2016) writes: “hyperobjects are
viscous: they tend to stick to beings whose existence is involved in theirs.” We’ll
have to deal with it, like Captain Haddock in Tintin.

Technological progress increasingly involves complexity and generates analyses
concerning, for example, strategy, risks, or expected benefits, analyses that are
always subject to uncertainty (see hyperobjects). Some people immediately judge
and are inclined to provoke direct confrontation. Others wish to have a serene
expertise, taking into account interdependencies and recursions, likely to delay
decision-making. And radical solutions, real paradigmatic breakthroughs, can
sometimes be found in a context of media turmoil. The speed of change is at the root
of major trends, which can explain the difficulty of making good decisions, which
try to take into account the complexity of the world and constraints, including that of
time pressure in complex expertise (André and Gnansia 2017).

Limits to the use of interdisciplinarity

There may be limits to the proper use (!) of interdisciplinarity, which aims to cross
disciplinary boundaries, despite the participants’ desire to cooperate towards a common
goal. There may be impossibilities in exploring complex subjects through
interdisciplinarity. This may be the case because of a lack of knowledge on a disciplinary

axis or when the summary of a consensus cannot be reached from the different
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disciplinary perspectives and their mutualization. A commitment must then be made to
specifically address this lack of conceptual content between disciplines.

An example at MIT (2017)

The MIT organizes interdisciplinary cooperation on complex societal issues — energy,
water, food, transport, safety, health, environmental quality, economic development, etc.
To make discoveries at the frontiers of science, each work on complex hyperobjects
encompasses several major societal problems which are developed, particularly in the
context of international openings.

Box 1.8. Other considerations regarding interdisciplinary approaches

1.9. Reaching a decision

It is for lack of knowing what is written up there that we don’t know
what we want, or what we do, and that we follow our fantasy, which
we call reason, or we follow our reason, which is often only a
dangerous fantasy that turns out to sometimes be good, and sometimes
be bad. (Diderot 2000)

It is undoubtedly commendable to have ideas, but from a societal point of view,
it is advantageous to move towards its implementation and for this reason (which is
obvious), it is necessary to make choices, if possible, the best in a given context.
Berthet (2018) reminds us that we live in a framework of limited rationality; rational
on the one hand, but populated by cognitive bias on the other. This result, when the
situation is sufficiently complicated or worse, complex, leads the decision-maker to
make choices that are not totally rational. Berthet reminds us that humans (of which
decision-makers are still part, despite the emergence of artificial intelligence) must
make decisions even when there are uncertainties or when knowledge is lacking.
Moreover, this rationality is undermined each time we are under strong temporal
pressures (as Martin Hirsch (2002) showed several years ago in his analysis related
to the “mad cow” crisis) and in a more “obvious” way when we have to explore the
complexity of the world. This last field, where uncertainty reigns, allows some
people to engage, even in the name of science, in the affirmation of dogmatic
choices. This is the area of excellence of many “Yaka” policies engaged in the easy
and ideological reduction of complexity and interdependencies.

In this way, it is possible to address the question of the decision, which is by
nature reduced. This is based on certain knowledge (in particular those that arrange,
but not only...) and on the automatic exploitation of associations such as memories,
emotional stimuli, etc. We then play on plausibility and on the appreciation built
quickly, at the risk of serious errors. Our brains are telling us stories. “People are not



Between Innovation in Process Engineering and Creativity =~ 61

used to thinking well and just trust a plausible judgment that quickly comes to mind”
(Kahneman 2003). This situation is all the more true with decision-makers who have
been successful without having to question their knowledge (see Edison vs. Tesla).
This overconfidence, leading to a deviation from judgment, was previously studied by
Kahneman et al. (1982), based on work by Kahneman and Tviersky (1973) on the
poor predictive quality of a future because its predictability is not sufficiently studied.

Cosmides and Tooby (1997) write about this aspect of things: “the mind is a set
of information processing machines that have been designed by natural selection to
solve adaptive problems faced by our hunter-gatherers ancestors.” So, who is left
with the responsibility of declaring war, if the structuring of information is based
on unproven stories, overconfidence, and truncated statistical approaches? What
confidence can be placed in the work of an engineer engaged in optimizing the main
parameters of an industrial system when those considered irrelevant are neglected
(Thaler 2015)? Occupational and environmental risks are there to prove that failure
to take these elements into account leads to some problems, sometimes fatal, for
people and the environment. We remain for years exploring principles of utility
limited to the economic framework where the main direct and indirect (insurance)
criterion is money. Heuristics is a little bit for others, less for just ourselves.

The current influence of Al in decision-making is a developing process (André
2019) and it has even been discovered that the decision resulting from Al can be
more qualified (because it uses objective data without perceptual illusions) than that
of a human. We should probably go a little deeper further and investigate the issue
further, because this Al was programmed by one or more humans.

So, no, people are not quite reasonable and that’s the way it is. But life with
totally robotized (i.e. totally rational) people would probably lose, as our reptilian
brain points out, its unexpectedness and overall quality. Simone de Beauvoir (1986)
spoke of this “brand new little companion, with his smiles and unexpected
reluctance”. This situation not only has shortcomings; it also allows creativity.

1.10. Findings and proposals

There is a [...] reason to neglect neophytes. With regard to the law of
continuity of societies, as well as the specificities of the intellectual
world, they are often the ones who make things happen. (Sévilla 2000)

An “epistemic operation [is] an act (or set of acts) of thought by which
knowledge is constituted, whether or not the nature of that act is consciously
perceived when that knowledge is constituted” (Paty 1999). Thus, the epistemology
to be created between the virtual (realistic models) and the simplified real must be
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constructed from different disciplines with transaction zones (to be defined and that
come out of the present reflection); this iterative (instationary) method results from
an obvious interdisciplinary game. Thus, presented as a highly collaborative field,
process engineering offers a particularly interesting field of observation of an
interdisciplinarity “in progress”. On this basis, disciplinary alliances must, after
learning a common language of communication, make it possible to reflect on the
best ways to explore this promising field, without it being possible today to know if
we will be able to define, in all cases, a causal relationship between a project (of
transformation of matter and energy) and functionalities expected by the public. In
fact, the consultation of different partners from different disciplines must be
expressed through a diversity of currents revealing the dimension, complexity, and
tensions of the field in transformation (see prospective analysis) that is chemical
engineering. This should normally result in difficulties of “cooperation” between
highly heterogeneous actors.

So, will it be the same for everything that concerns, for example, living
organisms with biotechnologies or the systems in which humans are involved?
Scientifically, the approach in engineering sciences to biology and human and social
sciences through complexity is a rupture that recognizes the exceptional and
problematic nature of the living (hard and soft). Moreover, Atlan (1979) asks us the
following question: “What is meant by order and disorder in nature? When we
encounter a natural phenomenon, how does it appear to us as more or less gifted
with order?” It may be useful here to invoke, to illustrate the complexity and its
study, the necessary acceptance of uncertainty and the heuristic approach in
understanding so-called “complex” problems related for example to health, to the
behavior of a single person (and not a population), thus giving greater value
to the qualitative, the sensitive, and the heuristic, rather than the quantitative. Under
these conditions, if the target is known, the means to reach it are probably multiple,
with fuzzy paths that will have to stabilize according to the progress of the project.
How can we usefully advise the technical services (see Figure 1.5) who will
participate in the production of an instrumented demonstrator without involving
them in a fuzzy decision tree? What then will be the meaning of the experiments in
terms of real scientific progress authorized by an effectively relevant
instrumentation?

Several scientific considerations/focus areas can be at work in order to make
“thought” work in the same way as a “good” process should work:

— Disciplinary considerations: new knowledge; how to know the practical
methods of the other disciplines involved in the action?

— Interdisciplinary considerations: how to integrate the different disciplinary
elements for the project into a common corpus?
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— Ethical and moral considerations: prevention, ethics of life, and the
environment, long-term effects.

— From an epistemological point of view, the creation of new knowledge does
not normally follow a linear process; how can knowledge from different disciplines
then be synchronized? How does the integrated approach bring consistency to the
problem associated with controlling a form of determinism in bioprinting?

—Can we strongly affirm that the model method can testify to the different
relationships between disciplines and show the existence of a “third epistemic way”
or a source of knowledge alongside theory and experience (Varenne 2007)? In the
approach, the relationships between model and theory must be dynamic, interactive,
and retroactive, constituting levers for experimentation with the acceptance of a
form of epistemological pluralism. Then the model reveals the position of its
designers (Brun et al. 2007); it constitutes for an interdisciplinary team a means of
mediation, negotiation, and facilitated exchanges.

—Is the plurality of access and descriptions of reality posed as a basic principle
because ‘“pure, non-mediatized knowledge of the world is recognized as
inaccessible” (Godard and Legay 1992)? It may be necessary to accept the non-
uniqueness of the description to access an intermediary of reasoning, a heuristic
means, a decision-making aid, to accept the multiplicity of models (with their limits
and their coherence with reality), interactive approaches, the multiplicity of un-
disciplined points of view (Jollivet 2009), and the strategies “to tackle” the problem.

— Disruptive innovation requires a better knowledge of the company’s
environment, a mastery of processes in relation to a present or estimated demand.
“Ultimately, the development of the ‘marketplace of ideas’, brainstorming and
design thinking, the promotion of the culture of creativity at the lowest level of
production, as well as the animation of innovation workshops around mind mapping
and bodystorm are likely to lead to an innovative idea that will turn an existing
market upside down, offering technologies that are qualified as ‘traditional’”
(Guerraoui Filali 2019).

On the basis of the best possible knowledge of the diversity of representations, it
seems necessary to clarify the role/interests of the various actors, to value diversity
and the possibility of deepening reflection on particular axes, but also to seek other
partners to balance out the debate for action as much as possible. By sharing a
significant part of ignorance, it must be possible to assess the uncertainties of
scientific and technical knowledge, approximations of knowledge, abuses of
interpretation, limits of competence, to measure, at least the extent of unresolved
issues and questions. This approach should allow us to distance ourselves from all
(?) ideologies, overly reassuring statements, and dangerous simplifications. But to
do this, we must have a sufficiently serene or partially “neutral” framework to move
forward, with long-term approaches.
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But the neutral aspect does not necessarily lead to a neutral decision, based on the
search for a soft consensus. To go in the “direct” direction, this is an organizational
construction work, to achieve interdisciplinary objectives that are original and for
which we do not have, to the authors’ knowledge, a great deal of expertise. It is
therefore necessary to experiment with long-term support from the hierarchy with
volunteers. “We must keep an eye on what appears, what emerges, but there is no
reason to forget resilience [...], the weight of rigidities, friction. It is important to keep
the process of hybridization, interbreeding and irreduction, but also to think about the
perpetuated vulnerabilities and the impossibilities of doing, to analyze for themselves
the dominations, their implementations and their experiences” (Pestre 2014).

The idea of other partners being trained by the one who has authority in the movement
was analyzed in another framework by Fivaz (1989), who makes a link between emotion
and entropy, by transferring this concept of thermodynamics to humans. According to this
author, this link is defined by the German term Schadenfreude’ and by a sign
characterizing the mental system: if the entropy flow is outwardly oriented, the emotion is
positive. The mind is sensitive to the flow of entropy related to the possibility of
adaptation to what is new, and well-being situations may arise when the entropy extracted
from the mental system is at its maximum. In this context, the key actor (the scientific
project manager for interdisciplinary work) builds a detailed image of the evolution of
their environment, coherent and rational (order), taking into account what is real and what
is possible (knowledge). This image must be able to be used to draw verifiable
conclusions (stabilization of the projection). Part of this entropy flow can be captured by
receptive partners, making the project a success. If one of the criteria is not met by at least
one of the partners (clear understanding of the project insufficient technical competence,
relationship problems, etc.), there is negative entropy. Disadaptation creates a gap
between the norm and the maximum entropy, thus limiting the change’s chances of
success.

Box 1.9. Drive principle

1.10.1. Technology: serve and/or partner

Above the immediate subject, modern science is based on the project.
In scientific thought, the subject’s mediation of the object always
takes the form of the project. (Bachelard 1934)

Today, it is clear that the philosopher is thinking about and discussing
a world that is beyond their control. For their part, the scientist
advances without conscience, in a non-reflexive knowledge that
prevents them from progressing. (Jean 2019)

2 Literally “joy of damage”, one that is experienced by observing the misfortunes of others.
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First of all, as already mentioned, artificial intelligence can contribute, by
gathering various types of information, to bringing in elements that contribute to
innovation. Forbes points out that, in addition to task automation processes, in which
Al plays a major role, there is also noticeable evolution in design and innovation
processes (Araya 2019). Al is integrated into the creative professions that are a
characteristic element of today’s society that is eager for innovation (Bell 1973).
Forbes points out that the transition from the information age to the creative age will
require a profound change in educational strategies, which will now have to make an
effort to combine technology and creativity (see Chapter 2). To go further on this
subject, interdisciplinary scientific operations have been launched in North America
with the objectives of advancing the development of artificial intelligence in the
public interest, security (facial recognition, for example) and better equipping
decision-makers in a more judicious and inclusive public technology policy. These
operations are aimed at:

— assisting innovators with an in-depth view of Al the evolution of technological
advances and potential applications;

— strengthening the analytical capacities of future managers, so that they can
better understand and control the public policy implications of Al

— contributing to States’ initial responses to the emergence of operational aspects
of Al (see, for example, Williamson 2015; Washington University 2017; Villeneuve
2018; CIFAR 2018; European Commission 2019).

Moreover, for a think tank, by getting involved in in-depth action, individual
motivation, if it can be brought to light, must be able to reveal “collective
intelligence”, informal support for curiosity and to multiply creative performance.
At the same time, however, as illustrated in Figure 1.5, theoretical and simulation
approaches will need to be validated through experimentation. For Richer (2019),
“collective intelligence is a strategic resource of a community of people (or an
organization like a company) consisting of leveraging the interactions between its
members at work to collaborate in the search for a common result, to reflect on the
organization’s own functioning, to optimize lifelong learning processes, to articulate
the processes of creativity and innovation in a complex world”.

It is still too difficult to get scientists to explicitly explain the gaps and difficulties
they are aware of in their research activity. In the face of the impending disruptions, it is
be a matter of setting up processes to support incremental change. All over the world,
individuals, companies and organizations are imagining and testing solutions. The
exchange platforms (including industrial chairs) must make it possible to link these
different pieces of the puzzle and to leverage them to disseminate them as widely as
possible. It is a question of engaging in research on the engineering of the future. It could
be advantageous for a profession, or an industry in a partnership framework, to lead a
network created around ideas for systemic change, in order to provide researchers,
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individuals and organizations with tools and concepts to set these dynamics in motion
(ensuring that everyone can appreciate reality as others see it through Peer Shadowing,
carrying out pilot projects, immersion in the reality of the other and projection into
action). It is these sensitive and emotional experiences that, little by little, make it possible
to build a shared reality and change one’s culture (see “great challenges”, Ministry of
Education and Culture 2015).

Box 1.10. Collective intelligence

It is indeed by co-processing the research object that it will be possible to
achieve this objective, by adapting or developing robust validation instruments. In
the integrative approach (boundary object) that should be put in place, several
principles are normally at work:

— the meeting of scientific and technological intelligence by bringing together
experts from different backgrounds (even eccentric/divergent? users), in order to
produce unexpected intellectual connections capable of generating new ideas and
confronting theories with reality. An improbable idea a priori only becomes
reasonable after it has emerged from the collective consciousness;

— inspiring trust: creativity in a group tends to be perceived negatively or even
tacitly muzzled, as potentially disturbing. The collective exerts a coercive force that
forces each member to rally to the “majority” opinion. Once the talents have been
gathered, it is important to “free the voice” of everyone within the collective;

—the size of the teams is then the essential counterpart of individual
development. An organization that favors small think tanks and action groups should
foster a closeness of minds, learning about the culture of others, avoiding clans, and
ensuring consistency of information, provided that a real “laborious” activity is
accepted by all. The small size of the teams should also discourage absenteeism;

—with the flexible organizational framework in place, creativity should be able
to emerge from an environment that cultivates a certain lightness and is free of
hierarchical issues. The creativity sought is ultimately only the collateral effect of an
informal time of in-depth reflection and cross-fertilization that should naturally
become the place for collective production that is both scientific and technological;

— the presence of an arbitrator (who must advocate for free access and altruism)
to facilitate creativity/collective monitoring sessions. Creativity is not synonymous
with the anarchic emergence of thought; it depends on a flexible and rigorous
reminder of the framing;

—according to Michéle Freud (2015), creativity requires a good dose of
perseverance. Too often, at the first difficulty, at the first failure, especially when the
results are not up to their expectations, some give up. However, for creativity to be
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fruitful, it requires real commitment to achieve its objectives. It is through
performance, the construction of an idea (or its consolidation) that we can improve
the intuition of our own possibilities. Creative people are very often also perseverant
people, who seek to study in-depth to validate their ideas. Driven by their curiosity,
their desire to understand, they can become absorbed in their task and devote
significant energy to it, mobilizing most of their intellectual, emotional and even
social resources. They do not willingly give up and refuse to “let go”. Creative
people, even if some of them have also experienced failures, learn from it and
persevere. It is by understanding the causes of their provisional failures that they
succeed in correcting their mistakes and making progress;

— the classical multidisciplinary approach starts from an object:

- it consists of involving several specialists in the presentation of a subject
without there being any confusion between the disciplines and it is up to the person
who has requested qualified expertise to make the synthesis. It is up to them to find
their interest, to get a general idea or to take a decision, with all the elements in
hand, in a specific framework of interdisciplinary scientific democracy,

- it is, rather, that which is required for research on a complex type of object
that needs to be approached from several points of view by specialists from different
backgrounds,

- the initial specifications must be in the form of a definition of the function
or role to be played by the project group, rather than in the precise form of a
“product” to be provided. “The main part of the definition of the result to be
achieved lies as much in the production methods as in the final product, and the
specifications” (Albaladejo, Hubert and Roche 2009).

How does one come to include research requiring new instrumentation in an
interdisciplinary perspective? In several writings on interdisciplinarity, the idea that it
is the complexity of certain objects of study (Boiffin 2004; Deffontaines and Hubert
2004) that calls for interdisciplinary practice is recurrent. Indeed, the nature of these
objects is conceived as a dynamic system, “irreducible to a single dimension” (Klein
2004). The accumulation of knowledge and the intersection of views and the
interactions between phenomena undeniably characterize research objects: complexity
has become an intrinsic value of knowledge and research in general (Biihlera et al.
20006).

The ENS de Lyon has set up an interdisciplinary junior laboratory (Durrive et al.
2012). The authors of the article shared their experience of working on a boundary
object to break out of disciplinary frameworks and, in particular, the pitfalls to
avoid, under penalty of failure:

— do not directly match the object with non-shared concepts;
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—do not believe that goodwill is sufficient to make approaches, methodologies,
concepts, or paradigms commensurable;

—have a reflexive perspective to prevent everyone from engaging in their own
practice;

— avoid generalist points of view that can be understood by each member of the
group, by trying to get out of their discipline, there is a risk of them getting deeper
into it.

To move forward, the authors operated in several stages:

— definition of the concept related to the boundary object, by trying to make it
operational in its disciplinary practice;

—use of an explanatory diagram (flowchart, for example) in which everyone is
invited to express aloud what they understand, what seems intelligible to them
(making unspoken words appear). The use of this “tool” allows the understanding of
one’s bias towards their own knowledge (the use of “conceptual black boxes™)
through the interaction with “lay” scientists from other disciplines; each member
cannot mobilize the common references of their discipline and must open the black
boxes; the presence of other representatives in the interdisciplinary space imposes a
requirement of common understanding (see Figure 1.13);

— discuss the importance of a particular discipline in dealing specifically with the
boundary object and how it makes it potentially intelligible;

—return to one’s practice, avoiding “by-passing” others to engage in one’s own
research activity (self-understanding) and external criticism (passing from “I” to
“we” to reach a conceptual connivance);

—in exchanges, if everyone is led to express themselves in their scientific culture
by trying to avoid finding themselves in an “a-disciplinary no-man’s land”, it is
important to share their points of view (this cross-referencing the one relation to the
other, comes close to defining the object of interdisciplinary research) and to accept
that ignorance is not a defect;

—to move forward, it is necessary to accept a back and forth between the
different proposals and explanatory theories, on the one hand, and remarks and
heuristic intuitions on the other (going back to the complex problem from the
disciplinary reduction).

In this construction operation, it is advisable to try to limit, as much as possible, the
use of operations that increase the risk of losing control of the theorization process that
serves as a guideline for research oriented towards an applicative purpose. However,
the social communications that are at the root of interactions necessarily mobilize
common sense. Knowing that it is impossible to totally “purify” the rational dimension
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of the project — cognitive management — of its largely implicit emotional and social
components, and, more fundamentally, the symbolic dimension of any human process,
it may be useful to limit and control the share of impurity, by means of all the
technical devices allowing us to reduce the loss of distance to the object during
interactions... It is therefore a paradoxical injunction.

Sociability naturally plays that a prominent role in the exploration of cross-
reflective conditions; there is a need to know each other, to have common
references, to rely on strong shared implicit values (Le Marec and Faury 2012). This
situation of interdisciplinary project management, which has been experienced over
a period of about two years, requires that, in order to achieve a possible objective of
theorizing a complex problem, the necessary time and a proactive attitude be
devoted to it. This necessary condition does not say whether there will be enough
time to achieve the objective, whether the disciplines present are sufficient in
number (hence the need for openness) or whether the problem has a solution. But it
is this experimentation that must be attempted. Who will take the risk of trying, if
the probability of failure is not zero?

113

Following Béchillon (1997), interdisciplinarity would be defined as “an
articulation of knowledge that leads to successive approaches, as in a dialogue, to
partial reorganizations of the theoretical fields involved”. In many situations, as in
the case covered in this section, interdisciplinarity is essential for the development
of knowledge and should make it possible to provide answers to possible
applicabilities of the concepts developed (Bonaccorsi 2007, 2010). In a recent
article, Louvel (2015) explored the effects of interdisciplinarity on boundary objects
(Trumpet and Vinck 2009), using nanomedicine as an example. Normally, it is a
question of analyzing how exchanges between biology and medicine, on the one
hand, and chemistry, physics, and engineering, on the other hand, are developed in
the most balanced way possible.

It is conceivable that there is the attractiveness of a new field, on the one hand,
because of obvious and spectacular results, and, on the other hand, through the use
of public opinion and technostructure, to promise even more, and find significant
funding to develop scientific research at the interface between different disciplines.
What Séverine Louvel’s article (2015) shows, for the nanomedicine component
alone, is that the scientific pressures of the disciplines called upon in
interdisciplinary action are not balanced, either for France or for most other
developed countries (with differences, linked to culture and local organizations). So,
what about the integration of technologists in an operation where their place is
important? Will they be lateralized?

Process engineering, which integrates the biological, physical, chemical,
mathematical and engineering sciences, as well as engineering principles and
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technological foundations, to apply new concepts that will one day create robust
methods for the transformation of matter and energy (with behavioral and health and
well-being aspects) aims to “manufacture” objects and products that are useful to
society. In this future, highly new approach, where more than two disciplines must
work together, we should, at least partly, move away from Vinck’s (2000) vision of
interdisciplinarity, which involves the import of instrumental technologies and
concepts from “hard” sciences into process engineering, while specialists in this field
characterize the effects in the role of data providers (a form of domination relationship,
in a way?). Perhaps we should consider an educational world involved in a post-
disciplinary approach? If the transfer of know-how is necessary because it introduces
elements of quantification into a field that is not fully defined, the contribution of these
skills through the rationality associated with them can lead to forms of profound
mutilation, by reducing the scientific project (or simply by ranking disciplinary
knowledge). Figure 1.17 represents a number of criteria (some of which are uncertain)
that need to be mastered in order to innovate and that need to be estimated.

Ease of introduction to the market

Ease of implementation Creative capacity

’ o
Accessibility for the public K Original content

Commercialization and lateralization on other niches

Figure 1.17. Steps for innovation. For a color version
of this figure, see www.iste.co.uk/schaer/process3.zip

Biihlera et al. (2006) remind us, however, that “for most institutions,
interdisciplinarity is only conceivable if it does not challenge the foundations of the
disciplines, better, if it reinforces the thematic frameworks in place: ‘[the] practice
of transdisciplinarity requires, on the contrary, the constant strengthening of the
“hard core” [of the different disciplines]” (CNRS 2002). Evaluating authorities
will more readily admit the incursion, into a related discipline, of a young researcher
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who is easily identifiable within their discipline than that of a young researcher who
is in a new and/or marginal field in their own specialized field. In the first case, they
will be congratulated and congratulated for their curiosity, even their risk-taking,
and their approximations, since they have proven their worth in this field. In the
second case, we will be suspicious and mock their pretentious incarnations, perhaps
we will sense ‘intellectual instability’; it is certain that it would have been better if
they had stuck to the achievements of their discipline”. What about a strong
consultation with the technical services?

For the actors of the dominant “colonizing” disciplines of a “boundary object”
type subject to act with motivation, they should have integrated, into their deep self,
the reasons for acting in the name of a common benefit and not be afraid of
disruption (especially if it is exogenous). Hence, in biotechnologies, biological
systems must be analyzed like conventional machines! Especially since, for many
biologists and life scientists, the label of “hard” sciences seems to constitute, with an
implicit hierarchy, a real attractor, by the apparent rigor it can bring (Louvel 2015;
André 2017a).

An interdisciplinary project results from the action of the following elements to
varying degrees (see Touraine 1978):

— the highlighting of disciplinary affiliation, its interest, and reinforcement;

— the need for a mutual conviction of symmetrical coupling: mutual learning and
sharing of knowledge and views;

— the integration of personal interests into the operation, which is conceived as
an opportunity;

— participation with a vision of knowledge sharing to advance knowledge with
“we” and less “I” for a successful operation (Habermas 1986).

However, as has already been pointed out, the scientific development of frontier
domains open to creativity (Buys and Mulder 2014) and to the exploration of a goal
of complexity poses considerable epistemological problems that do not yet seem to
have concerned many researchers, perhaps not the leadership or the principals
interested in the most immediate possible results? So, as long as we are satisfied
with a “second-hand” search with purchased equipment (i.e. equipment previously
purchased by others who may have made the first publication), the technical services
will make the adaptations requested by scientists in a relationship of a certain
vassalization.

As we can understand, the authors’ point of view focuses on co-processing
research project teams, integrating theory, instrumentation, and experimentation
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(a desired combination of science and technology). In this essential context, if we
want to get out of the accumulation of knowledge and proof of publishable concepts,
we must accept the risk and help to integrate knowledge and professions that are still
too disjointed today. This does not mean that the metal lathe operator will have to
theorize, but that he has his place in a global process, which must win a project
group on the innovation front from the corps of the different scientific professions
involved. It is not enough to understand it, but to take the risk of putting it into
practice. The example of chemical and process engineering could be used as a
demonstration, but it is certainly not unique. In any case, ideas of responsible slow
science could be examined with interest, in that they allow less standardized ways of
operating research (Stengers 2013).

1.10.2. How to do or not to do?

Scientific advances in national and international programs are now the
responsibility of major laboratories and international teams, and the independent
researcher no longer has much of a place in them. However, there are niches on
breakthrough subjects, which are certainly not well perceived by the principals
because they disrupt the course of things, the planned, and then, do not fit into the
boxes provided for this purpose (Vian 1967).

Anyone who dares to question the procedures accepted by the majority of the
scientific community risks being considered as a deviant, or non-compliant (the
“must avoid the proliferation of ideas” recommendation from the CNRS National
Committee for an old researcher from this great organization, now risks their work
not being considered at all), but distinguished. It will be considered uncontrollable
until the day when a happy idea passes into the economic field (André 2017a).
However, it is often by formulating different questions that new avenues of research
are opened up for us.

There must be a greater willingness to support ways of solving this problem,
considered as a real brake on innovation of scientific origin, which cannot, for the
innovator, be an obligation of patience. Additive manufacturing is now more than
accepted after 32 years, a period that corresponds to approximately one generation.
Intellectual agility may be a skill that can be worked on. It requires both plasticity
and an appetite to leave its “comfort zone” (or the possibility of using additional
hours that will occupy the temporal space). But, to their misfortune, the “system”
still remains subject to the influence of their reptilian brain, the one that seeks to
limit risk-taking by adding, day after day, procedures, organizational charts,
committees, and ever longer decision-making circuits. Organizational sedimentation
with “fractal percolation” may inhibit any initiative.



Between Innovation in Process Engineering and Creativity 73

If the original researcher proposes an innovative device and faces such
difficulties from the system, a promising solution could come from the call for
participatory funding. This “ubiquitous” phenomenon is already reshaping the world
of innovation. This was the case for the bioprinting company “Poietis” managed by
Fabien Guillemot® in Bordeaux, which also brings scientists and society closer
together. Maybe we could think about it for PE?

Everything leads us to support scientific creativity, but this is not urgent because
the indicators rethink and quantify the methods of the past, and because we can take
refuge in other well-rated (or well-funded) priorities. The space of “possibilities”,
the philosophy of “what if’, “and why not” clashes with local cultures, hidden
hierarchies and organizational routines, non-aggression, tacit rules, and evaluation
procedures. How often are time constraints, short term, production imperatives (files
responding to calls for funding, contracts, conferences, publications, etc.), and
hierarchical imperatives (when they exist), priority management thwarting newly
converted idea carriers (when there are any)? The “what if” is opposed to the polite
but crippling “yes but” and the spirit of conviviality made of tolerance (or simple
disinterest) and possible reciprocity is undermined.

Creativity and organization (real, often different from the one displayed) do not
always go hand in hand. Organizing a human group means setting up a certain
number of means, rules, procedures, standards, or values aimed at ensuring the
effective cooperation of its members. It is, in a way, an attempt to channel individual
actions, to reduce uncertainty and unpredictability in order to shape collectives, in
order to achieve the desired operational efficiency and performance. However,
creativity and innovation promote deviance, disruption and, as a result, upset the
established order. It is therefore a very difficult art.

NOTE.— For Bernard Stigler (2019): “Disruption is therefore, first of all, an almost
inconceivable acceleration of the speed of circulation and information processing.”

The extent of anxiety, for those who are aware of this situation, has an effect on
their avoidance strategies, which are largely unconscious or not expressed, but
subliminal. From there to asking the question of whether the fear of being spotted
one day (because the mode of control will have (finally) changed) is a reason to
block our imagination and take risks is only a single step. But perhaps the researcher
was recruited for his ability to produce well, but not to think too much about the
divergence? So, we encourage behaviors of helplessness and self-reflection. We
remain childishly afraid of the gendarme and slow down in front of the radar.

3 Available at: https://www.poietis.com/fr/index.php.
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In order to try to go beyond these egotistical and childish attitudes, we need to
rediscover a taste for scientific discussion, for culture in all its forms, for
imagination, for effort and for the desire for personal action (not through an
intermediary) with real risk-taking. To do this, it is necessary to recreate conscious
desire, the collective imagination, because the energy for the desired is much greater
than that of anxiety or, ultimately, cowardice. By working in an open system,
thermodynamics then makes it possible to create organizational creativity.

However, it should be kept in mind that, if the researcher proposes a conceptual
disruption (or an improvement of an existing theory), challenging the current
paradigm, accepted “comfortably” by their scientific community, then few solutions
will be available to them. Already, they will have no reason, their culture having
conditioned them, to immediately believe in the legitimacy of their research.
Moreover, the greater their disciplinary deepening, representing their monoculture,
the more likely they are to have difficulties believing in it and being financed (see
the example of Henri Poincaré in relation to Albert Einstein). Further, today they
risk facing difficulty in publishing their articles in scientific journals through
validated referrals, as they do not fit well into the current paradigms (the box
syndrome of the archaeologist, Boris Vian (1967))! Do you have to be ignorant to
dare? If so, how can we be scientifically credible and advance PE?

Eurostat (2019) has just published a report on the quantitative representation of PhD
students at the EU level. Figure 1.18 shows that training through research in the
engineering sciences represents only a small percentage of postgraduate students,
reflecting students’ small appetite for this scientific field, which is, nevertheless, able to
find employment opportunities for them. It should be examined how to improve this
general situation and, more particularly, that of PE, to participate in an industrial
deployment of France in the transformation of matter and energy.

_ Social sciences (34%)
1| Engineering sciences (15%)
Health and welfare (14%)
Arts and humanities (11%)
- Basic and mathematical sciences (11%)
|

Learning sciences (9%)

. Miscellaneous (6%)

Figure 1.18. Distribution of postgraduate students
by major fields of science
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Research and “Matthew effect”

Scientific production is unevenly distributed among the population of researchers and
teacher-researchers, that is, a small proportion publishes a very large number of articles
while the rest publishes only few. In general, if, for a given period, a histogram of the
number of persons N, having made p publications, is produced, a fairly representative
correlation of the facts corresponds to an empirical law of the form:

N(p) =K. exp (-0.p)
where K is a discipline-dependent constant and a is an invariant.

These radical differences in the productivity of the scientific research community
could have several origins:

— differences in talent between individuals;

— the possibilities given to some to lateralize their activities: research administration,
teaching and additional hours, etc.;

— differentiated treatment by the system of how science works: the most reputable
researchers (for a variety of reasons) at a given time benefit from more advantageous
research conditions.

These differences generate a cumulative process that affects competition between
scientists, in the sense that the researchers who have been the most “productive” will be
able to benefit from conditions that promote greater productivity. The founder of the
sociology of science, R.K. Merton (1968), first described the processes of cumulative
advantage in science, which he gathered under the common name of the Matthew effect.
He refers to Saint Matthew because of a passage in his Gospel where it is stated: “For to
him who has will more be given, and he will have abundance; but from him who has not,
even what he has will be taken away.”

Academic hierarchies and major research organizations make recruitment decisions
based on a comparison of candidates’ scientific production profiles, based on peer
selection methods, associated with yesterday’s conformity of thought where the slightest
risk is prohibited. However, apart from partial information, committees acting for future
employers do not always have in-depth access corresponding to the real quality of the
applicant. Several coupled reasons are attached to this situation:

— a lack of time to judge the merits and use of quantitative analyses;
— a lack of critical thinking on the part of the evaluators, or even unhealthy cronies;
— difficulty in judging;

— fear of taking risks.
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Employers have a given job (for a long period of time) with fixed attributes that they
are satisfied with filling as best as they can. Over time, these attributes (the associated
levels of pay and productivity) are heterogeneous (although they tend to get closer with
age). More specifically, new hires are competing for positions as “junior” researchers,
then as “senior” researchers who are characterized by different levels of remuneration and
associated productivity (apart from bonuses and overtime). The agent that has been most
productive in the first step is selected by the organization offering the job with the greatest
expected productive utility. However, the latter increases the chances of obtaining a
position that offers a better salary. A dynamic bias favors, during the second competition,
the researchers who were the most productive during the first: we then speak of a
cumulative advantage or the Matthew effect.

Box 1.11. Matthew effect

1.11. Activities initiated from the “base”

The problem of Value must always hold the pivotal position, as the
chief tool of analysis in any pure theory that works with a rational
schema. (Schumpeter 2006)

The first spontaneously evolved form of wealth consists of an
overplus or excess of products, i.e. of the portion of products which
are not directly required as use-values, or else of the possession of
products whose use-value lies outside the range of mere necessity.
(Marx 1957)

1.11.1. Framing elements

In 2016, with Laurent Falk and Jean-Claude André, Marine Horckmans carried
out qualified work to recall the more in-depth work of Bruno Latour (1995). In
André (2017b, 2017c, 2017d), a synthesis of this work was presented, to illustrate
the difficulty of training researchers from a large CNRS laboratory associated with a
university, in disruptive pathways, requiring risk-taking. Given the theme of
creativity and innovation, some of the conclusions of this research action, carried out
largely and successfully and efficiently by Marine Horckmans, are summarized
below. Most of this work involves a survey of the staff of this unit by direct
interviews.

The elements related to the changes mentioned in the previous paragraphs have
advocated for an internal analysis of the factors supporting this need for evolution
that could emerge to remain in international scientific competition. But to participate
in a form of transgression corresponding to the processes of change, it seems
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necessary to “convert” part of the staff, to train them in the process (towards the
creation of “temporary micro-solidarities”?). To this temporality allowing
prototyping, some others must be associated, that of the majority of the population
concerned by the novelty, that of the “followers”, which will allow the stabilization
of the process (normalization) and that of the “refractories” becoming, according
to Alter (2002), “non-standard”, unable to participate in the famework of the
movement resulting from the scientific activity in the necessary performance of the
research unit. Arguments about potential risks that are not analyzed or perceived by
the researchers involved in the action can naturally support rejection positions for
change. There is therefore the possibility of creating controversy, increased tension
and self-reflection, which are difficult to manage, especially in an increasingly
complex space.

The principle of training other partners, by the one who has authority in the
movement, was analyzed in another framework by Fivaz (1989) who makes a link
between emotion and entropy, by transferring this concept of thermodynamics to
humakind. According to this author, this link is defined by the German term
Schadenfreude and by a sign characterizing the mental system: if the entropy flow is
outwardly oriented, the emotion is positive. The mind is sensitive to the flow of
entropy, related to the possibility of adaptation to the new, and well-being situations
may arise when the entropy extracted from the mental system is at its maximum. In
this context, the key actor (the scientific project manager for interdisciplinary work)
builds a detailed image of the evolution of his environment, coherent and rational
(order), taking into account the real and the possible (knowledge). This image must
be able to be used to draw verifiable conclusions (stabilization of the projection).
Part of this entropy flow can be captured by receptive partners allowing the success
of the project. If one of the criteria is not met by at least one of the partners (project
understanding, insufficient technical competence, relationship problems, etc.), there
is negative entropy. Disadaptation creates a gap between the norm and the maximum
entropy, thus limiting the chances of success of the change.

In this operation, Marine Horckmans served as Maxwell’s demon, to appreciate
the forms of social bonds that are formed in unity and their possible “exploitation”
for new purposes required by the evolution of the world around us. This factual
analysis can be used to take into account expressed knowledge or information
(which is no longer subliminal or hidden) to develop better social links within PMs
for purposes that should be discussed and shared internally. This dimension involves
adding ethical and social skills to the scientific and technical expertise of researchers
and teacher-researchers, which implies a capacity for empathy with other members
of the laboratory who feel concerned by its future. It is indeed essential that the
respective points of view of the research community and the hierarchy agree for
action on a certain number of axes. This is an ethical necessity of a necessary debate
that must consider every member of the unit as an alter ego, because everyone has a
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share of “truth”. It is in this spirit that this ephemeral interaction takes place in an
attempt to examine the potential for the emergence of a new identity in PE, a source
of scientific competition, and enhanced outreach (see Figure 1.19).
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Figure 1.19. Framing the positioning of the LRGP

1.11.2. Main results

The questionnaire proposed to the staff is summarized in Box 1.12 below:

The researcher on a daily basis

1) Why did you come here instead of elsewhere?
2) Why the public?/The private?

3) Why a thesis? (CIFRE?)

4) Why teach?

5) Why France?

6) What is your subject? What is PE for you? What is your position in what you
consider to be “orthodox” PE?

7) What is the center of the target?

8) How does your research relate to this target?
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9) What are you turning to? (Outside, center?)

10) Have you changed? How?

11) Is there unity in the lab, visions of this center?

12) What brings the groups together? (Points in common)
13) What makes the difference between groups?

14) What are your internal interactions with the different components (axes)? Are
they decisive for your research?

15) What has changed in the last 10/20 years? (Has the target changed? The position
of the P/R lab at the target?)

The main challenges of 2030 (2060)

[Presentation of a table with the different scenarios, discussion about the different
parameters and their influence, positive or negative]

1) Concerning the columns (the 4 scenarios): in which case would your research be
the most relevant/solicited? In which case would it be on the margin/inhibited? Would
you pursue your research in a different way if one of the scenarios took place?

2) Does the ethics/responsibility impose constraints/will it impose them a priori? (Do
not develop).

Towards more “innovative” research

1) Can PE be a leader in creation and innovation in the field of material and energy
transformation (creation of new concepts (which ones?); industrial applications, etc.) or is
it in a position to follow scientific and technological innovations from other disciplines?
Do you think that PE is “only” an application science? Is PE a discipline in itself
(autonomous) or a living and fruitful example of an interdisciplinary field — is someone
working in PE inclined to open up to other disciplines?

2) Your personal journey: more linear or more changes? Does it satisfy you or do you
want to change/would you like to do something else? Why don’t you change (what would
you need to move towards your dream, what are your dreams in relation to your career)?

Transition: What would you think of the possibility of allocating a space of freedom
to risky projects, a space shared by several researchers (e.g. 20% of working time) so that
they “have fun” or commit to “crazier”, “riskier” projects (in the sense that the result
would not necessarily lead to something or that it is an unexplored field), projects which
are more personal, time allocated to several members of the laboratory synchronously so

that there can be an interdisciplinarity, a crossover of views on common projects?
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16) If we put this idea into practice, would you have any plans in mind? What is
preventing you from carrying out these projects at the moment?

17) What would you consider to be the main difficulties in setting up this type of
activity (material, human, time management, money, etc.)? If a barrier is mentioned,
admit that it can be overcome: what would the next limit be? What would an
unconstrained search be like? (a) Money: it is possible, with an idea and a modest budget,
to at least test its feasibility (provided that one succeeds in convincing others of its
interest), the next step being the prototype, the model (requires more money) (see section
on financing of development) (b) — i) If an innovation budget were imposed, what value
would it represent? — ii) Who cares about money? Time: trying to understand where this
“lack of time” comes from: is the researcher also a teacher? Does he prefer to focus on
publishing? etc. (c) — i) How do you allocate your working time (teaching, bibliography,
manipulations, simulation, administrative procedures, etc.)? How important is it to
publish? (no obligation to achieve a result) — 1. What is the distribution of time in %
between the different activities? — 2. From 1 to 5, how important is each activity? (for
you, for the lab, etc.) — ii) The Germans do theses in 5 years. Discuss the
advantages/disadvantages.

18) How to facilitate communication between researchers during the brainstorming
and/or idea implementation phases?

19) Do you think you are able to act as an interface between disciplines, through your
openness to other subjects?

20) If an idea came out of brainstorming, would you be willing to get involved? Up to
what stage? Would you agree to participate in the decisions? Would you be willing to
sacrifice some of your current research for this project?

21) Do you have any suggestions for how best to organize this activity? Sharing of
experience: system already in place in another laboratory? (a) — Want to supervise,
organize, exchange (open science)? (b) — Who would participate? How can we encourage
researchers who do not know each other/work in a different way to focus on the same
topics? (c) — Other proposals.

Conclusion

Scattered questions, outside the theme, but which seemed important.

1) What should be done to make PE an even more recognized structure (such as MIT)
in its field: “professionalism”, communication, representation of members internationally
(ambassadors, organizations), creativity, influence, relationship with socio-economy,
others, etc.

2) What is scientific excellence (qualitative criteria)? How is it measured (quantitative
tools)?
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3) The management of research is associated with the search for funding: does it
contribute to the orientation of your work or do you keep a good control of your own
research dynamics?

4) Are you looking for change or are you more comfortable in a stable, predictable,
well-defined environment (who are the implementing and decision-making forces)?

Box 1.12. Issues addressed

1.11.2.1. General vision

Produce

knowledge Address
- industry
Coaching people - ——___issues

I
/

Make a profit f/ / o _. \ Several targets

, \Perform process
/| engineering

Ego, researchers
themselves

Creative excellence J/ " No target

Recognition of the team, its \ - )":f‘/ 7 Lead a project until its
discipline, the lab T~ final application

TR R R e Develop greener
processes

Figure 1.20. Key targets in researchers’ orientations

When asked about their vision of their research, the interview results presented
in Figure 1.20 show a strong appetite for knowledge creation, all in a serene setting
(the work discipline of the research unit was hidden). Scientists have perceived the
demands of industrialists as a “threat”: that of no longer doing “disinterested”,
detached, “pure” science, the preference to make a science “that works” rather than
trying to understand it fundamentally. Some researchers have reportedly been
“victims” of exploitation by industrialists by offering services at derisory prices.
Some teams feel a little behind in what they perceive of what the rest of the
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laboratory is doing, but their daily activity does not allow them to make a
connection: with insufficient resources, they do not choose the direction of their
research.

It is this dependence on funding that sometimes governs the researcher’s
evolution in relation to the target: it depends on the proportion of industrial contracts
(diverging from a hypothetical objective common to the laboratory). This strong
dependence on calls for projects can prevent a long-term vision. In order to assess
the independence, or even the “compartmentalization”, of the teams constituting the
laboratory, it is necessary to know the relationships between the axes, the teams and,
more precisely, the permanent members, among themselves.

Several sometimes paradoxical, trends emerged from the interviews:

—no member of the laboratory knows what is happening in all the other
buildings/teams;

— very few interactions outside work (joint projects);
— some teams closed in on themselves;

— a stated desire to open up more to the other components of the unit.

This is a young structure that originates from the merger of former research
groups, some believe that internal exchanges will increase in the coming years.

1.11.2.2. Support for creativity

How can there be any plenty where every man will excuse himself
from labour? for as the hope of gain doth not excite him, so the
confidence that he has in other men’s industry may make him slothful.
(More 2005)

The question asked was as follows:

What would you think of the possibility of allocating a space of
freedom to risky projects, a space common to several researchers?
(e.g. 20% of working time) so that they ‘have fun’ or commit to
“crazier”, “riskier” projects (in the sense that the result would not
necessarily lead to something or that it is an unexplored field),
projects which are more personal, time allocated to several members
of the laboratory synchronously so that there can be an

interdisciplinarity, a crossover of views on common projects.
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This leads to the results of PE share presented in Figure 1.21:

100% of responses

For Neutral Against

Figure 1.21. Agreement for support for creativity

The interviewees were rather interested in the idea of working on an innovative,
cross-disciplinary project. This is, in fact, a way of trying to decipher the
“mysteries” of new integrative themes that, if successful, give research teams real
international legitimacy, rather than solving problems and seizing opportunities. It is
necessary to go a little further, by no longer relying on traditional inertial
foundations (because they have proved their worth) and by proposing that we leave
the following conservative spiral: rather than producing knowledge adapted to the
situations as they emerge, we adapt it to existing or planned knowledge? However, a
third of the tribe has announced its refusal to contribute to this. About 10% offered
to contribute to short-term projects, to work on only part of the project, or more.
Nearly half (“followers”) announced that they would be willing to engage in
possible operations and 15% even offered to participate in its organization and
decision-making if the project was convenient for them. These figures are
encouraging (knowing that, with declaratory procedures, the difference between
saying and doing must always be taken into consideration, and that it will be possible
to attract a few researchers from the “seconded” category (see Figure 1.22)).

50% of responses

L

Driving force, Follower Ad hoc Far from
motivation interventions the process

Figure 1.22. Investment (estimate) in an innovative project
that breaks with the existing one
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The question of the budget was raised and the histogram in Figure 1.23 shows
the different proposals:

30 %

Figure 1.23. Estimate of the cost of the creative/innovative
project (excerpt from interviews)

The average budget is around €70,000 (but with a wide disparity in responses).
Interviewees explained that the cost of the project depended on the area in which it
was located. Some researchers also believe that a PhD student should be hired for a
high-risk project, etc., representing a minimum investment of €100,000.

However, 10% of respondents pointed out that in order to create a prospective
think tank, a scientific initiative for debate (perhaps the first stage of the project), the
necessary equipment represents a very low investment. You just have to agree to
spend some time.

Fears: regardless of this aspect, some people have concerns about this type of
cross-disciplinary action (see Figure 1.24).
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Figure 1.24. List of fears regarding the “innovation/creativity”
project versus number of people involved

1.11.2.3. Time to devote to potential disruptions

Rational knowledge and rational activities certainly constitute the
major part of scientific research, but are not all there is to it. The
rational part of research would, in fact, be useless if it were not
complemented by the intuition that gives scientists new insights and
makes them creative. These insights tend to come suddenly and,
characteristically, not when sitting at a desk working out the
equations, but when relaxing, in the bath, during a walk in the woods,
on the beach, etc. During these periods of relaxation after concentrated
intellectual activity, the intuitive mind seems to take over and can
produce the sudden clarifying insights which give so much joy and
delight to scientific research. (Capra 1975)

Lack of time is the most frequently cited reason for the inability (potential or
actual, partial, or total) of a member of the unit to get involved in a project on a new
boundary object. During the interviews, the development of the subject was the
subject of further study. Figure 1.25 gives a declarative indication of the average
time use of respondents (apparently incompressible). On average, this schedule
would fall into three main categories: teaching — research — administrative tasks:
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Mission travel
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Figure 1.25. Distribution of activities as a percentage of total working time
(researchers, teacher-researchers and PhD students combined). For a color
version of this figure, see www.iste.co.uk/schaer/process3.zip

On average, the activity is divided into about one-third research, one-third
teaching, and one-third various administrative tasks (including project
development). The teacher-researchers interviewed are the most constrained by the
criterion of time optimization, because the activities related to training represent
time that they cannot value in terms of scientific production (in the same way that
they value their research by publishing, for example). This is why they must make
the best use of their research time. A researcher who does not teach in parallel (or
who does little teaching, like a CNRS researcher) should potentially be in a better
position to sacrifice part of his research to open up to others (a hypothesis confirmed
during the interviews).

There has been some evolution over the past 20 years. The project set-up (ANR,
H2020 in particular) has become, even if the ratio (chances of obtaining
funding/time spent writing the project) is low, the most time-consuming activity for
researchers. Some argue that ANR projects will soon be neglected because of their
low probability of success, a thesis supported by the fact that some researchers have
already abandoned the idea of obtaining funding through this means. The interviews
showed that they would be reluctant to participate in an innovative cross-
disciplinary project if it were to be developed during overtime and/or at weekends.
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Abuse, predation — group cohesion

Some people express reservations due to the risk of abuse: fear of having their
ideas stolen, of dealing with profiteers, of appropriating other people’s ideas. How
can we ensure team spirit so that members play the game? It may also be that during
the implementation of the project, the direction initially taken may favor one
discipline over another (specialization/strategy; creation of a hierarchy (see previous
items in this chapter). For some, while we are in an exploratory phase, we should
think about measuring, at the different stages of the project, that the initial
specifications are always followed. For example, establishing a strict check every 18
months to ensure that the subject is still in compliance with the initial specifications
(does it include the different disciplines present in the unit?) to avoid deviating onto
a personal subject. The different tensions that exist in any structure could also
compromise the confident atmosphere of a possible “creativity” cell. Communication
difficulties may stem from the inability of some people to popularize their work, to be
understood by specialists in other disciplines, and from the barrier of the vernacular
language of certain disciplines. The desire for openness is basically about the status
quo.

Open Science

Recently, there have been significant upheavals in the scientific community,
particularly in the way knowledge is produced and disseminated. The movements of
Open Science and Open Data in favor of free access to publications and research
materials, the multiplication of platforms for networking researchers, the growing
number of initiatives, such as participatory sciences or citizen sciences, based on the
massive use of collaborative platforms and the development of new spaces for
scientific communication with increasingly diverse audiences are actively
participating in the redefinition of the scientific uses of the contemporary web
(Millerand 2015). However, it must always be remembered that “a popularized
technology is a better accepted technology” (Blanchard 2018). These innovations
are accompanied by speeches highlighting a number of evolutions — even
transformations — of scientific activity crystallized today around buzzwords such as
“science 2.0”. This openness does not represent a significant element in the
responses and comments of the interviewees.

Going a little further

Doesn’t this fear reflect a lack of conviviality in the laboratory? It is unthinkable,
in a structure the size of a laboratory of several hundred people, to deny the
existence of internal conflicts (some which were clearly stated during the
interviews). We can’t get along with everyone. In addition, abuses of property rights
(signing publications to which one has not contributed, appropriating an idea) may
have already occurred, if the fear of this happening again is present? Out of a desire
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to protect themselves, interactions cool down (see the increasing evolution of
individualism). Rather than bonding, won’t teams tend to withdraw into themselves
(recreation rooms dispatched with, etc.)? This is far from the Fab Lab spirit
described in André (2017b, 2017¢, 2017d).

But “you have to overcome your fears”. What seems to be implied in many
responses is the courage to embark on a risky project, the courage to step outside your
comfort zone, the courage to be confronted with different points of view. At the same
time, there seems to be a strong desire to impose a project “leader”, sometimes
materialized by the project itself (the desire for the subject to be exciting, catchy,
attractive): a figure is therefore needed to motivate researchers, to make them want to
work on the project. Then, there is an expression of a desire to sanctuarize the project:
the support/protection of the management. To have a foot on the ground, a sufficiently
large safety zone, without which one does not dare to go out, to invest oneself. The
campaign to motivate the “troops”, if this type of operation is implemented, should
nevertheless take care not to devalue existing projects, not to put the innovation project
on a pedestal (see above). It is therefore a paradoxical injunction at all levels.

Other comments

— Abusive bureaucracy: the interviews highlight the fact that a good innovative
project should take place in a balance between space of freedom and framing. But
most researchers did not develop the idea further. When the possible initiative of a
“creativity cell” was mentioned, some people imagined a poorly defined debate, an
atmosphere too “good-natured”, a project not taken seriously, that was informal,
lacking in perspective, debates of “balanced” ideas without them having been
matured beforehand. While, in reality, the organization of such a project is based on
a work of maturation, negotiations, alliances, in meetings such as brainstorming,
war-rooms, and deepening knowledge.

— Forced involvement: obviously, in order to carry out a transverse project,
researchers must be given the choice of whether or not to participate in it.

— Judgment: the risk of making a judgment on the researcher who has chosen to
join (or not) the project in breach: the risk of frustration, of devaluation of their
disciplinary activities.

— Return: if someone participates, even in a limited way, in a transversal project,
it will be necessary to ensure their return to their team, to keep them informed of the
progress of the project. Do not keep anyone away.

Some researchers think that it is useless to want to be seen to be doing, that it is
not necessary to do anything except to continue to do one’s work properly and
honestly: recognition will then come naturally.
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1.11.3. “Scientific excellence”

The advance of exceptional beings is due to a vocation for disinhibition
that is only made possible by an active contempt for the containment
power constituted by morality and origin. (Sloterdijk 2011)

It was a matter of examining whether the opinions were part of the ethics of
scientific practice, formulated decades ago by Robert Merton (1942 and 1968), which
is associated with an open discipline such as that practiced in engineering sciences in
the unit. Merton defined scientific ethos based on a series of standards, methodologies,
and ethics that guide the behavior of scientists. In particular, he distinguished four
ethical standards that constitute, in a way, the “scientific spirit” (Saint-Martin 2013):

— universalism (as opposed to individualism), whereby the same rules apply to
all and, therefore, scientific value must be assessed on the basis of universal criteria;

— communalism (as opposed to secrecy), considering knowledge as collective
goods that must be disseminated in society;

— disinterest as an attitude aimed at advancing knowledge for its own sake and
requiring verification processes;

—organized skepticism, requiring the systematic evaluation of scientific
productions and scientists themselves.

These “ideal” norms have been widely criticized, not as effective norms guiding
scientists, but rather as “rhetorical resources” acting as an ideology. These ideals, in
particular, the ideal of communalism, are not fully reflected, if only because of the
strong links that exist between researchers and socio-economic groups. Above all,
we find reflected the principle of knowledge as a common good, reformulated by the
publications and, to a lesser extent, the requirement for verification and evaluation,
conducted by “peers” or external evaluation bodies.

1.11.3.1. Quantitative evaluation criteria

Spontaneously, it is often the H-Factors (Hirsch 2005) that are mentioned first.
However, they are severely criticized, without questioning the very idea of
measuring excellence. Because of these evaluation systems, which are based on
measurable criteria, some scientists do not dare to take risks, to open up: they do
what they know how to do, and limit themselves to projects that are sure to succeed
and for which they have funding.

1.11.3.2. Qualitative criteria

How does the researcher bring “new” knowledge? What is new about it? The
researcher must have a historical vision of their subject, in order to know what their
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work brings, to highlight the interest of their work, and to take the time to think
about what they do. “In some fields, innovation is so rare that bringing in one is
excellence” (excerpt from an interview in Horcksmans 2016). In others, achieving a
result with a significantly lower margin of uncertainty than previous work can also
be excellent.

Someone who is globally recognized by their peers or scientific
community. The best are those who are “not seen”: humble, accessible
to all (even students), at the disposal of others. A person who is able to
understand complex phenomena and make them intelligible to the
community. Others think that excellence is something intuitive, you
“feel” if the person is good or not in what they do, at a conference or
by learning about the innovative work they do. (excerpts from
interviews)

1.11.4. Funding and research orientation

Some scientists in the laboratory consider that, given the number of industrial
requests, conducting their research means choosing, from among the proposals, what
they want to do. This allows them, among other things, to open their minds, by
discovering new problems that are partially external to them, by facing challenges,
but also to become anchored in reality (research close to the final application). The
profitability of a project (financial resources, but also human resources, with the
creation of one or more thesis offers) will be decisive, much more so than the ethical
aspect, the risk or the anchoring in the team’s theme.

A researcher rarely refuses a project on which they can have PhD students work.
This represents publications, results, pure research and financial support. In short,
“promising PhD students” is a good way to “impose” a contract on a researcher. The
underlying idea expressed is that if a PhD student is working on the project, the
researcher considers that they can devote more time to their own research (without
directly benefiting industry). Many researchers would like to do more basic science
without the need to seek credits. While money does not influence the work of some
members of the unit, it is nevertheless the driving force behind their dynamics (with
the risk of confusing goals and means).

However, some simply refuse to set up ANR projects, finding the situation of
carrying out projects resulting from industrial contracts more “comfortable”: many
requests, fewer administrative constraints, neither the State nor the laboratory take a
lot of money from the contracts, no files to fill in to justify the use of the money, etc.
Moreover, it is not necessarily fundamental research that drives the application, with
many cases proving that the opposite is possible.
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Finally, some researchers are not at all concerned with fundraising, either
because they rely on their colleagues to secure contracts and distribute some of the
funds raised (division of labor), or because their field requires very few resources
(computer work in particular).

1.11.5. Foresight, opportunities for the PE research unit

Respondents were asked to complete a table with several scenarios. The first part
of Table 1.2 is divided into four parts:

— the fundamental science on which the person works: which are the disciplines
that the person best masters, for which are they recognized? In most of their work,
what knowledge do they mobilize in the most depth?

— the link between teaching and research: if the person is a teacher-researcher,
do they change their course/supervised work according to the discoveries made in
their field of expertise? Do they only teach the basics, the fundamentals (fixed
course), or do they make students work on problems encountered recently?

— international openness: does the person work with external laboratories? On
European projects? Others?

— multidisciplinary openness: is the researcher a specialist in their field without
taking an interest in other disciplines or, on the contrary, do they have difficulty
defining which are their “core” disciplines because of a significant multidisciplinary
overlap? Where does it fall between these two extremes?

In the second part of the table, a non-exhaustive list of societal issues was drawn
up, the last box of which, entitled “other”, allows respondents to add what may be
missing. The first column concerns the current status of research activities. In which
category does the researcher fall? With a weighting from 1 to 4, 1 meaning that the
researcher had been involved in some projects in this field (“small” projects, simple
intervention, work indirectly impacting the field) and 4 meaning that the person is
highly solicited on this theme, that it is their main research work. In the second
column, the interlocutor was asked to imagine what their position might be in the
next 5 to 10 years. Will they stay on the same issues, invest in a new field, be more
on one subject while neglecting another?

In the third column, the aim was to imagine the impact that a binding policy, that
of an imposed ecology, would have on their research work. On the basis of the
responses, it was possible to estimate the researcher’s dependence on the guidelines
defined by the company. What do they imagine by “ecology”? For some, we are
already in this scenario: “there would be no impact on the research themes that are
already working in this perspective. In addition, projects that are described as
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‘green’ are more likely to be selected for public finance, this will be part of the
words to be used when setting up a project.” For others, this would have a positive
impact by boosting the financing of industrialists who have to comply with more
regulations, etc. Finally, some considered an extreme ecological scenario, a “return
to nature”, which would completely annihilate research activities.
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Information society (Internet of 8 11 5 5 ]
Things, home automation)

Reserves (resources) 45 44 48 39 25

Susta}mable developnfent, 60 62 43 35 46

environment, recycling

Health 30 32 8 12 17

Silver economy (aging population) 3 2 6 4 7

Agri-food industry 14 12 10 7 7

Technological innovations 43 31 20 16 23

Tertiary 3 0 0 0 0

Population 2 Cities 2 8 8 1 0 3

Formulation 6 7 4 4 4

Defense 6 0 0 0 0

Maintenance products 1 1 0 0 0

Ethics 5 6 5 6 3

IT security 4 4 4 4 0

Cosmetics 1 0 0 0 0

Process safety 2 2 0 2 2

Table 1.2. Vision of the future in their research associated with the opinions
of laboratory members according to different scenarios (very low: orange; low:
yellow; low to high: light to dark green). For a color version of this table, see
www.iste.co.uk/schaer/process3.zip

In the fourth column, we referred to a “landlocked” society, a society whose
borders are closed, limiting imports/exports and trade with foreign countries. For



Between Innovation in Process Engineering and Creativity 93

some teams, this scenario is seen as a “disaster scenario” because they exchange a
lot with external laboratories, or because their research work is essentially dedicated
to international applications (subsidiaries of French companies, etc.). For others, this
would have no impact, either because their research is done only in France, or
because they believe that science has no borders, and that it would be impossible to
stop the flow of knowledge and information.

In the fifth and final column, entitled “willingness”, researchers are invited to
discuss what they would like to do (in their career, in general), and the direction they
want to take in their research or their dreams (in relation to their career).

Regardless of the proposed scenario, there is no significant change (at most by a
factor of 2 for appreciative measures) in the external effect on scientific activities.
“Many of those who call themselves sociologists or economists are social engineers
whose function is to provide revenue to the leaders of private companies and
administrations. They offer a rationalization of the practical or semi-skilled
knowledge that members of the ruling class have of the social world. Today’s
governments need a science capable of rationalizing, in both senses, domination,
capable of both strengthening the mechanisms that ensure it and legitimizing it”
(Bourdieu 1984). From the results of the interviews, it is clear that what can be taken
as provocation is beyond the scope of the mission. What appears to be the case is
that the resolution of social problems and the sharing of interests cannot be reduced
to the mere question of the skills of researchers or to the technical and professional
expertise possessed by a few. Rather, it is a societal issue, whose treatment requires
the formation of a collective expertise developed in the context of a democratic
debate (which is therefore beyond the scope of this book).

In other words, the question of the ability to promote scientific anticipation of
usefulness is a matter of the internal resolution of local governance problems
(influenced by the global), based on collective skills. From this perspective, social
engineering must probably integrate collective, experimental logics into its project
and methods, and thus contribute to generating appropriate, even innovative
responses. How, then, is PE to evolve?

1.11.6. Collective projects? Risky projects?

Everything, basically, is a matter of beliefs, in the future, because no major
clouds darken the sky, in leaders, who assume scientific and administrative
responsibility. So why try to practice activities that involve divergent thinking (when
you have not entered a laboratory on this criterion), when there is no obligation to
change? But are the time bases of the resources adapted to maintaining the scientific
and technological leadership of a research unit? That’s the dilemma! To whom
should I give credit for these changes? The risk has apparently not been assessed,
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which does not allow an urgency to emerge in the necessary changes and their
anticipation.

“Creative or innovative periods are precisely those in which, under the influence
of various circumstances, people are brought closer together, where meetings and
assemblies are more frequent, relationships more frequent, exchanges of ideas more
active” (Durkheim 1967). Obviously, the interviews did not reveal any favored
encounters that would allow for constructive debate. This does not mean, however,
that it would not take place, but it is difficult in the context of ambient and
traditional inertia in units with a recognized quality in their work to recognize the
potentially emerging forces allowing evolutions, evolutions that should fit into
the collective ideal. Orléan (2011) writes on this subject: “this transformation is not
the product of an intellectual adherence resulting from a rational analysis of the
situation, but rather that of a setting in motion of individual desire by a power
greater than the individual.” The organizational problem would consist in seeking,
through different forms of perceived, present or future external constraints, as they
are understood and shared, the different ways of resourcing that correspond to them.

These different “manifestations” of external tensions must therefore be shared in
order to create a feeling of common action and a sharing of a confident feeling on
the part of the members of the scientific community of the research unit. The
intelligible representations by all staff imply a minimum desire for sharing between
its members so that they can interact; one of the possible ways would be to define an
original common, or partially common, scientific project. This “material” project
would not be there to reveal the “mental” state to which members are associated, but
to a way of bringing energies together, to do. To win better together, this would be
an externalization in the movement to create a link, to participate in the evolution of
the image, reinforced because all the partners have contributed to its creation
(Durkheim 2003). This pooling would then have, in a rational anticipation in an
uncertain environment, a renewed attractiveness and a reinforced power of
integration, allowing a shared risk-taking.

Those who have ideas to make a difference, and there must be many of them, are
divided into two categories (Philippe 2012):

— those who do not dare (for different reasons); they understand the issues and
the importance of new ideas, but they do not want to take risks and may be afraid of
“displeasing”; having never been “beyond the mirror”, they have never failed and
may feel free from blame;

—those who dare to move forward by “disturbing” conformisms of all kinds,
organizations and sometimes “procedures”. If they are not supported in their action
(in a framework to be determined), they raise fears, misunderstanding, criticism, and
rejection (especially if conformism is directed towards research funders).
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It is therefore difficult for researchers selected on the basis of scientific
excellence and productivity to become, without support, disruptive elements,
capable of taking risks, and making the community take risks. It will therefore only
be possible to overcome this type of impasse by pooling the risk.

It is true that on open subjects, the debate between the proponents of bottom-up,
useful continuity and those of integrative reflection (top-down) of risk-taking, may
appear in an unstable heuristic approach as a discussion without robust foundations
because it is impossible to decide and move forward. The latter must find meaning
in a heuristic approach. Debating, however, is an attempt to get out of certain
paralyzing stereotypes, application desirabilities, competitions, emotions, and the
search for recognition, even “grabbing fairs”, as far as one wishes.

The problematic horizon of this operation extends well beyond this contact with
the social field of a recognized laboratory. We can see the importance that the
capacity discourse has taken on to shape science policies of “excellence” based on
social and developmental relationships at the individual, local, national, and
international levels. This work reports on forms of human incapacities in an attempt
to reflectively accompany any attempt at assistance, resourcing, competitive training
(but also their limits), and to cultivate vigilance in order to unmask injustices such as
the opportunistic union between a possible managerial ideology disconnected from
the “field” and the enhancement of everyone’s capacities.

What may have been felt during this work was the need to explore the
mobilization capacities of “troops” in relation to “incapacities to act organized”, by
placing them in the wake of reflections on the continuity between action “within”
the organization and action “outside” the organization — the latter very often already
being organized and powerful (ANR, EU, CNRS, etc.). It is an in-depth exploration
of the degrees of formalization involved in organized action that gives access to the
capacities of this action, as well as its incapacities and thus an additional dimension
of scientific anthropology. This work to be carried out should allow for a conceptual
clarification of the notion of incapacity to shift the lines: first, it would involve
making a phenomenological series of distinctions between correlative incapacity,
relative incapacity, and absolute incapacity, the latter being the only sign towards the
notion of vulnerability for the future of unity as an organized and competitive
structure; second, it would involve unfolding the strictly social dimension of
“incapacity” through a reflection on inter-research and institutional mediation
(Fonds Ricceur 2014).

Basically, what was expected was the beginning of a debate on creativity and
active monitoring in PE, making it possible to play on reasoning by analogy (see
Table 1.3 which presents some comments concerning the role of actors in these
processes).
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Agree to dive into an unknown subject
and continue, even if insecurity
sometimes destabilizes.

Agree not to master all the content in the eyes
of others (but with limits in depth).

When exploring the theme, leave
questions such as: “and my program?”,
“and my discipline?”, “and me, in this
operation?”.

Try to explore a subject that is constructed with
a systemic perspective; keep the objective in
mind.

Be wary of fallout from the beaten
track (disciplinary content that could be
“hung up”), which can become ruts
when they are “dumped” in a research
project.

In negotiating the time that will be devoted to
the project, do not let yourself be confined by
the time division between disciplines; be able to
imagine the life of the project.

Be open to the unexpected and be
ready to engage in learning according
to the needs revealed by the previous
day or the requests of possible partners.

Measure the interventions like a monitor of new
dimensions to avoid them becoming constraints,
whilst not answering a question related to the
subject.

For a future team to be enriched by the
presence of several disciplines, each of
them must be sufficiently aware of
what they bring to the table.

Learn to share knowledge and accept that
researchers implement sequences that are not
specific to their disciplines, in order to better
manage the project; be open to others.

Apply the following rule: practice
the meta-disciplinary methodological

At any time during the design of the project, ask
yourself if the specific perspective, originality,
and subsidiarity that you think you are carrying

cross-fertilization.

are present.

Table 1.3. To achieve active monitoring

In this necessary quest for knowledge, there is no need to pit bottom-up
researchers against top-down researchers. Rather, we should bring them closer
together; the adventure needs all talents and it is not after advocating openness and
resourcing (interdisciplinary, but not only) that it seems wise to engage in a quarrel
between approaches that must intertwine to win. Otherwise, it would be mutilation.
Perhaps we should remember Immanuel Kant’s famous proposal on the obligation to
“treat humanity [...] never merely as a means to an end, but always at the same time
as an end.” (Kant 2002)

To conclude this section, is Servent (2011) not at least a little right when he
writes: “It is understandable that France has always preferred a precise preparation
of operations based on its past experiences — and strict compliance with the resulting
structured hierarchical instructions — to taking into account changes and new
realities, thus at the expense of innovation.” Also, should we not remember Edgar
Pisani who wrote in 1956: “the mission administration is light, it has a taste for
doing, it is realistic, it moves, it goes towards the event; it is involved in life, it does
not wait for the initiative, it solicits it; it must be able to create the legal persons
necessary for the creation of its companies; it is dynamic and involves risks, while
its older sister must be content to be cautious and requires the elimination of all
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risks. This one is anonymous, it is discreet by definition even. The officials who
constitute it are interchangeable. The other needs to bring about membership;
submission is not enough. It is based on the movement of a person’s or team’s
thought. The management administration is the judge; the mission administration is
the actor. The first is Cartesian, the other is concrete”? Will we be able to be
concrete and unsubmissive? (see also Pezziardi and Verdier 2017).

1.11.7. Difficulties in the functioning of research

Saint Augustine had inscribed curiosity in the ‘catalogue of vices’ and
heresies on the grounds that people’s interest in the world must be
limited to their utility for salvation. Enjoyment must only be attached
to the relationship one has with God. (Blumenberg 1999)

As soon as capitalist societies suffer from the dominant tropism of
profit and socialist societies remain dependent on bureaucracy, one
could have guessed that the French — allergic to any option — would
cumulate the two flaws. That’s what they do. (Elgozy 1970)

With low tech, we know how to predict the return on investment. We
do not invest if the start-up does not have positive growth, a product
and customers. But even with a really great deep tech, we get a ticket
to the roller coaster. It is often necessary to invest without clients. As
it is a breakthrough innovation, the start-up will have to create a new
market to survive, which is very difficult. (Le Drogo, quoted by
Rolland 2017).

The size of consumer populations passionate about technological
innovation seems to be shrinking and consumers no longer seem to
want to make the necessary efforts to appropriate them for use.
(Maillard 2017)

Changing tools is not only adopting a new work instrument, but also
often disrupting an entire system, an entire work rhythm; we therefore
have a better understanding of certain collective or individual
resistance. (Haudricourt and Bruhnes-Delamarrre 1955)

Many barriers to innovation have already been identified (Iddriss 2017): the
inability to unlearn outdated mental models, a successful dominant design, a risk-
averse business and academic climate, poor management of the innovation process,
lack of adequate monitoring skills, and the inability to develop a mandatory internal
and external infrastructure. Frishammar et al. (2012) focused their analysis on the
capacity for process innovation. Their review proposed strategy, collaboration, and
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culture as the main dimensions of innovation capacity. For disruptions, Slater et al
(2014) have developed a radical success model for product innovation. Their review
revealed that senior management, organizational culture, organizational architecture, the
radical innovation product development process, and product launch strategy were the
main dimensions of innovation capacity. So not everything comes from the ground up.

“Technologies function politically and culturally as social structures by exerting
physical coercion, encouraging subconscious conformity, establishing opportunities
and constraints for action and self-realization, promoting the evolution of
infrastructures, affecting non-users, shaping communication, psychological
development and culture in general, constituting the essence of the world in which
life takes place” (Sclove 2003). However, everyone knows that social structures
have a certain momentum; it is also the price one pays for a certain level of stability.
It is therefore a question of trying to work on behavioral induction strategies — going
with certain digital technologies to the point of building a “voluntary servitude” to
make the “manipulated” subject desire, which we have, in fact, decided in their
place. But, if this situation is conceivable for a direct relationship between subject
and object, persuasion is not possible to support the genius of processes, always
hidden inside commercial devices.

Innovation is not a defined process where the path and outcome are known in
advance. We know where we are starting from but not where we are coming from.
Innovation is above all an attitude, more than an ability. There is no doubt that
invention and discovery are unpredictable, non-linear, and unexpected phenomena;
one step forward, three steps back. This does not mean, however, that innovation is the
sole result of chance. On the contrary, if flashes of genius have a role to play,
innovation is much more the product of the determination and obstinacy shown in
pursuing a mission than that of a chance encounter with a muse at the turn of a flowery
path. As Thomas Edison recalled, “genius is 1% inspiration and 99% perspiration.”
Indeed, it is the efforts and perseverance shown to accomplish a mission or achieve a
goal that create the right environment for “enlightenment”, not to mention all the
previous and subsequent stages that have been ignored, that ultimately make it
possible to convert these sometimes brilliant ideas into sometimes revolutionary
innovations.

The road is, in the industry, full of pitfalls, the proof is that less than 12% of the
drugs studied get approved. This result explains why few new processes or products
are emerging and why drug costs are high. “A new technology is always evaluated
using performance criteria specific to the existing technology, which it is intended to
replace,” says Tellier (2003). The economic world has its own rules. “This is why, in
the face of these accumulated uncertainties, some prefer conservative retreats in
which values are more binary, clear oppositions, sufficient means of control to
constrain people and ensure the sustainability of systems that wish to be sustainable,
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even if they carry promises of a future for the earth and humanity that are probably
not very exciting” (Marsan 2018).

However, in the university sector, with success rates for ANR or H2020
proposals, only about 12% of applications are accepted with numerous
administrative constraints. This means that the rapporteurs, for obvious reasons of
financial scarcity, do not accept (either) risk-taking and support non-disruptive
operations that we are sure will succeed, because we are in continuity (creativity
should not be assessed only in reference to the past). This shortcoming generated by
the domination of “New Public Management” supports the reassuring continuity and
very little research on boundary objects involving, only in the scientific field,
flexible and interdisciplinary forms of organization, which are certainly more risky,
but are the bearers of only a successful creativity.

We are kind of in a rain dance paradigm as we go deeper (for good reasons at the
beginning) into the method, without knowing if it will rain (after all). This difficulty
is therefore only imperfectly taken into account by the academic system (unlike
what industry does for its economic survival). To return to the example chosen (by
design), it is possible to look at the remaining 88% — projects that do not make it to
the final stage. They are also part of the history of innovation because the road to
failure is often paved with intermediate successes, some of which can be applied,
and because any “failure” provides information that leads to functioning on other
bases to lead to other tangible or intangible products/processes. However, failure is
not allowed in academic research... which, moreover, has a staff funded for life
(which therefore has little interest in being known for providing a “suitable” career).

In this frozen, sterilized setting where the industrialist is left to deal with one or
more researchers in the public domain on a disciplinary aspect of a larger whole, this
leads to a partial vassalization of academic research and, what is more serious, the
knowledge produced locally is not exploited locally unless the industrialist is present
on the spot. What then do we do when one is located in an area that is partly affected
from an industrial activities point of view?

What should be attempted is a willingness to question the scientific practice
exemplifying the use of interdisciplinarity and the associated methodological
choices, the need for dialog between people concerned by a given field. There are
probably as many philosophies as there are people trying to think, which is not
based on the principles of “one thought”, inertia of different origins and inclusion in
the consensus induced by paradigms (whose interest in terms of effectiveness must
not be rejected). If specialization has played a crucial role in the progress of science,
does it not lead to a certain fragility? So, returning to the foundations can be an
important cultural asset to participate responsibly in the robust construction of our
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futures, near and far, in a world led at all levels to quantitative, even binary
reductionism, especially when social and economic demands are clearly strong.

To achieve these ambitious objectives, as may be the case in new areas, it is
necessary to change the method, to accept exchange, failure, and questioning because the
required interdisciplinarity is profound, complex and therefore difficult. As long as it
does not voluntarily seek to confront “recalcitrant” problems, the domain will remain
alive, as long as it maintains an “acceptable” contact with the anticipation of society’s
needs (through different channels), which raises the delicate question of the voluntary
departure from the habits perpetuated by the “system”, its social organization, and its
ends. The question of an unanticipated post-mortem survival towards the opening of new
fields of research is, however, raised in a world that overly supports risk-taking,
creativity, and ruptures a posteriori, but which recovers them with ease.

However, what we can expect in research is risk-taking in disruptive terms and
not a presentation of good, comfortably-installed professionals who meet all the
funder’s criteria for incremental approaches (no risk-taking in particular, it is enough
to be “good”). By satisfying the criteria, we can still share some money with
“milestones” set at each the millimeter. Everyone is happy, except for the creative
researchers and their possible jobs. Nevertheless, the remark recalls some real
difficulties with interdisciplinary approaches.

How to get out of the incantatory discourse on interdisciplinarity when the following
exist:

— difficult peer recognition for scientists working in an interdisciplinary setting with
career problems;

— a difficulty in integrating the various disciplinary elements into a summarized
version;

— doubt as to how to know the practical methods of the other disciplines necessary for
action; doubt as to how to understand each other;

— the “trial and error” approach implies a dynamic knowledge of the different actors
and does not fit well into action and funding programs;

— the creation of new disciplines by bi-disciplinary fusion (e.g. biophysics) can
restructure actions within a recognized framework (scientific journals, learned societies,
candidate selection sections, etc.).

From an epistemological point of view, the creation of new knowledge does not normally
follow a linear process. This makes it difficult to group knowledge from different disciplines
that also have their own distinct jargon, paradigms, methodologies, and ways of working.

Box 1.13. New considerations regarding interdisciplinarity
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In recent years, this situation has become more critical, as in a Malthusian
context — the population of researchers varies exponentially while the resource
varies linearly (if it is even stable). How to get out of the game in a system that
creates hungry people? Either by doing inexpensive computer research or by
accepting the rule of the game — do as you did before. With a system that finances
“from above”, there is no longer any real transfer of responsibility for research and,
finally, there is an inability to propose changes in human activity that allow for
serene debate, to avoid, by reinventing our relational modes, forms of resignation.
The resumption of its anticipatory role (but no more) of research would undoubtedly
avoid simplistic discourses on the powerlessness of national (local?) society to
emerge from the crisis, because we remain within the same habits of not thinking.
As stagecoach drivers did not invent the aircraft, projection on the future, which is a
real bolt, cannot be made from extrapolations from the past or by a simple
programming of the future. One of the solutions presupposes being able to distance
oneself from the upstream and downstream in order to try to propose ways of
strengthening the links between science and society from the bottom up. The link
with policy then should not concern the optimal way of responsible research activity
at all levels, but the flexible framework of the movement in which society must
integrate to redirect growth and/or employment. It is therefore up to the authorities
to express themselves and support the necessary changes by taking risks.

1.11.8. Concluding elements

No consumer today has even an approximate knowledge of the
production technique of the goods they use every day and most of the
time they do not even know how they are made or by which industry
they are produced. (Weber 1965)

Interdisciplinarity has gained momentum within universities when it has been
more or less forced to solve problems. In particular, the State has undertaken to
remind researchers that their work must be useful and have practical benefits in
these cases. At the start of this injunction, which has become urgent over the past
30 years, the analysis of the rapid developments in science and technology, which is
on the way to becoming the main productive force of society (Habermas 1973), is
being developed from the prism of science for the economy. Interdisciplinarity is an
oil stain (see Laflamme 2011).

Although the notion of change is already old, it is regarded as an ideology today,
strongly linked to the context of immediacy, creation, and networking on which the
knowledge economy is based. The idea of permanent change seems to have become
a new paradigm, also synonymous with immediacy and instability. But, at the same
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time, Alexandre (2011) writes: “in industrial matters, the illusion that managers of
diligence will invent railways leads to the concentration of technological aid on old
industrial groups with strong lobbying skills, failing to understand the trends of the
future.” How can we be creative in this setting, which is part of the ANR or
H2020/Horizon Europe programs, or even the National Research Strategy?

How, moreover, with funding leaving little room for individual initiative, can we
get out of the game? What the authors were able to observe was the development of
modeling (confirmed by the survey presented in this chapter). He joins Ganascia’s
(2000) reflection, which states: “Beyond this dematerialization of media, scientific
practices are changing in depth. Researchers leave the bench to sit in front of a
computer screen. And with these evolutions, the epistemological status of the
experience changes radically.” Thus, by seeking to resist a constraint, that of
producing as much as possible, researchers lose contact and confrontation with
matter and consequently, the possibility of validating an idea in depth, which limits
the development of industrial activities based on ideas.

NOTE.— It would be interesting to consider the essential role of experimentation in
PE science. Indeed, until recently, experimentation has been given a central
epistemological function because it was conceived as a standard of scientificity and
a methodological ideal. It is essential in the processes of verification or the
corroboration-refutation of assumptions.

Finally, to add a layer and to justify, at least in part, this approach, a society can
only develop in relation to its history and traditions (a long time for Europe, more
recent for the United States, more fractured for Asia), because its know-how is an
element of its economic heritage. Having products in line with a company, its
positioning, and its culture, is a necessity for a coherent strategy, because successful
companies build their history without real chance and with continuity. When
developing a company strategy, it is important to think about the products it sells
and the markets in which they are sold: it is the overall coherence that is essential for
success. And creation must act as the cement between the past and the present,
between history and the future. This is the very definition of modernity: knowing
how to identify with the thought of our time. This is the classic field of incremental
innovation, with little or no “disruptive” innovation. According to Marchesnay
(2013), “Herber Marcuse recalled that the great strength of organizations is their
inertia. This is all the more significant because it is based on a broad and hyperopic
vision and because it comes up against vested interests.”

But the world is changing and will change again because in the East, ways of
thinking are changing; know-how exists, both ancestral and very high-tech. In Asia,
as in the United States, execution and copying are current business models but they
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will soon be outdated, because the integration of new products in real time into
industrial processes is very rapid (as in the case of rapid prototyping and additive
machine manufacturers who are outside a French (ETI), American or Eastern
industrial company). The obvious evolution is the implementation of new
technologies such as 3D printing in local products with high added value, with an
internationally recognized creativity likely to seduce the Western world, including
France. How can we stay in the competition? The business strategist, the university
researcher, in their mission and with their means, after having been in turn a
moderate anticipator, an industrialist, a salesperson, a marketer, or financier, will
have to integrate all these notions to become a “creator of new disruptive trends”.
But this presupposes in France many changes in cultures and behaviors.

Moreover, and this is not new, trainers (see Chapter 2), as their names indicate,
are responsible for shaping young people, leading, according to Vincenti (1990), to a
number of difficulties, particularly with regard to the training of engineers, with
difficulties of:

— asking the right questions on a new subject and keeping as much as possible
the methods and technologies that were at the origin of their training (classical
conservatism);

—a vision of technological challenges and qualitative modeling of emerging
situations (while they are well-versed in quantitative processing methods,
knowledge required by the hierarchy);

— generation of ideas to consider original solutions, etc.

Researchers, for various reasons, are largely ignorant of technologies (the
disciplinary approach is generally valued), do not have a global vision and have
difficulty thinking from the general to the study of subsystems (and then back to the
general). Increasingly, New System Management, due to cultural changes, is leading
to a refocusing of activities on core knowledge (with a monodisciplinary orientation,
avoiding investing in bibliographic analysis beyond its discipline), which increasingly
leads to “single solution” brainstorming. It is true that more and more time is
running out and that the framework imposed in the calls for proposals must be
respected. In short, creativity is an operation that occurs “despite” the challenges.

But when the idea takes shape in terms of proof of concept, not everything
immediately succeeds. According to Silverzahn (2016), it is when the hierarchy
realizes its existence and, even worse, becomes aware of its interest, that it decides
to support it, even push it to succeed on a large scale. But, as a price for its support,
the general management will ask, and it is understandable, that the project be “well
managed”. “By good management, general management actually means above all that
order prevails. It must be said that, born underground, the project has often seen its
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promoters resort to DIY and execution: start small, use available resources, work in
co-creation, etc. All this is not very sexy, not very salesperson-esque, not very Blue
Ocean Strategy and it’s too small; how are we going to have a real impact on the
turnover with this DIY? No, you have to think big! But above all, it is necessary to
move from DIY to ‘real’ management. We need to better control our costs.”

Exit therefore the do-it-yourselfers and set up a real management. In
the logic of rationalization, management will consist in cutting down
everything that makes the innovative project unique. You have to
connect to the company’s computer system and stop using these open
platforms [...]. It is necessary to build on the functions of the
organization and reduce the autonomy of the project. We need to align
the innovative offer with the existing one, to be more coherent. You
have to know where you're going. We have to do like the others, we
have to simplify. The project, or rather its breakthrough, dies by the
famous Chinese torture of a thousand cuts (Lingchi), which consists in
successively cutting and removing parts of the condemned individual
before, at last, their head is cut off. In the end, dozens of small
modifications, all with good reasons and that are perfectly defensible,
reshape the project to fit into the organization’s mould [...]. But these
changes transform the breakthrough project into a continuous
innovation project, i.e. an extension of the current range (the same
thing for the better) or more specifically, of the current business model
[...]: instead of adapting the organization to innovation, innovation is
adapted to the existing organization by trying to force it within the
existing framework, which is necessarily intended to distort it.
(Silverzahn 2016)

The question is how to transform a perceived or anticipated “social
interpellation”, whether or not requested by society, into an object of scientific
research. On boundary objects such as those associated with process engineering, a
reflection for action by the authorities that govern us seems necessary if we do not
want to miss scientific and technological operations with application completion.

With an angelic vision, one might think that a research unit goes beyond an
average summary of the functioning of society. Media discoveries are expected,
innovative activity in the world is incessant with a rational confrontation with
reality, the proactive attitude is permanent, etc. However, what we see for a large
part is that the complexity of the world is, within previously supported paradigms,
reduced to incremental progress with inbred peer validations.

Broadly speaking, good laboratories are attentive to the “social demand” (and the
significant funding that goes with it) and transpose what appears to be a need for
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scientific orientations that are generally monodisciplinary (but not always) and that,
by creating legitimacy, can ensure continuity in research. Creators, disrupting the
organization, cannot normally fit into this scheme. It is their success that will
(perhaps) lead to new scientific orientations stabilized for a while, so Kuhn is not yet
dead!

It has been 75 years since Auguste Lumiére published his book Les Fossoyeurs
du progrés : les mandarins contre les pionniers de la science (meaning The
Gravediggers of Progress: Mandarins Versus Pioneers of Science). According to
Duvivier (2016), this book paints a dark picture of the situation generally
experienced by an innovator when they present a new idea or theory, different from
the current paradigm. “How many of them have not pretended to be madmen, for the
enlightened? Indifference, mockery and virulent attacks drowning their ideas in
oblivion for many years and pushing them into poverty, indifference, isolation and
sometimes, even suicide [...]. This phenomenon affects all fields, from chemistry to
medicine and from the little-known researcher to the Nobel Prize winner.”
Conservatism and perpetuated habits must never be forgotten.

What is expected is a process of interunderstanding to engage in a maturation of
an issue. It is also to express collectively a passion for the new, nourished by the
tension between promises and possible scientific(s): how then to organize the
unpredictable, propose a confident, mobile, and polymorphic environment? How can
we encourage risk-taking to support an innovation dynamic? How to learn by
transposing ideas and by reasoning by analogy? How to combine intuition and
rational analysis? How can we arrive from the “contemplation” of the unknown to
the emergence of a common thread through the acceptance of uncertainty and the
possibility of failure? Etc.

It is not necessary for a group engaged in exploring a boundary object with risk-
taking to have a leader who, to develop its own idea, needs a collective on which it
will impose a vision so that they bring their disciplinary skills to the project. The
latter must be self-constructed through an in-depth exchange between partners.
Where no disciplinary scientific talent dominates, an interdisciplinary group is, by
construction, vulnerable and therefore, to win, it must cross the boundaries of
specialized knowledge. This implies that we accept to question ourselves among all
the members of the group, that we are able to encourage ourselves in a difficult
process, to associate points of view, in short, to share moments of doubt and
pleasure (see Edwards 2011).

But, the comments adapted to this one laboratory that we have called PE, may
not be adapted to the functioning of all the other research units in Old Europe.
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Pierre Simon de Laplace stated at the beginning of the 19th Century that most of the
laws of astronomy were known and that astronomers would only have to add a few
decimal places to the data already acquired through improved instruments. Similarly,
Lord Kelvin announced the end of the history of physics. Then came the experience of
Michelson and Morley in the 1880s on the speed of light, which introduced major
challenges. The road would later be rebuilt by Einstein.

This little reminder serves me as a small reflection on a very standardized research,
engulfed in the belief in its comfortable and almost immortal paradigms (i.e. before his
retirement). However, deep down, around us, do we not see the emergence of several
revolutions, whether it is artificial intelligence, biotechnologies, perhaps nanotechnologies,
non-linear systems, etc.? However, in our fields related to the transformation of matter and
energy, do we not apply in a very important way forecasting approaches that are an art
where the future is determined by continuity, just with possible changes in rhythm? There is
no break and the operation is reassuring because predictable satisfies both the academic
world and the principals because we work within a framework of (total) risk control.

In this context, it is not traditional to ask “legitimate” questions whose answers are not
programmable in the quality scientific activity, but that are ultimately routine in our
knowledge and its deepening. What I miss is that we don’t try to think about it, to
formulate reorientations, an expansion of our mental space, the search for our blind
cognitive tasks, etc. It is this questioning that can lead to a scientific debate on what is not
known (agnotology) and how to overcome this ignorance to create opportunities for
tomorrow.

As examples (small, open-ended exercise) that could be the subject of reflective debate,

9.,

can we not invest in PE issues such as: “creating order from disorder”; “microscopic causes
of macroscopic events”; “noise, determinism, and complexity”; “informed matter”; “self-
adaptive molecular-based reactor”; “killing death”; “changing the shape of a reactor in real
time”; “tele-transporting matter”; “self-organization of matter”; “cybernetics and process
engineering”; “responsibility for competence”; “replacement of rare and expensive
materials”; “substitution of polymers, metals and ceramics”; “new catalysts”; etc. This non-
hierarchical list should be much longer if more than two people are involved in the

exercise.

In practice, it would be good if this creative dynamic were to be associated in a
complementary way with the consolidation of new spaces of possibilities, the training of
others and, finally, the transformation of our implicit rules of functioning (ensuring that
the ecologies of change are harmoniously intertwined between continuity and disruption).
It is quite obvious that it is not a question of abolishing the current processes of the day-
to-day operation of research, but of supporting them collectively on the basis of a
reflexive capacity that is too little exploited, in order to set up new spaces of opportunity
and new priorities defined responsibly together in a framework of internal serenity.

Box 1.14. Asking your own questions
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1.12. Conclusion

An entrepreneur is not only someone who runs a business; they are
above all a person who constantly needs to change things and redo
them in another way, to break down doors. (Lambert 2017)

Everything that science can provide to humans, politics owes to them.
A true statesman, an ideal ruler, will see themselves as the scrupulous
manager of knowledge. They will feel guilty by omission every time
they leave the public good behind the truth. (Rostand, 1959)

The interdisciplinarity of the vision of the distant and the goals introduces a
major character, that of decision and therefore of responsibility, because there are
important choices to be made for the future of society. This scientific policy results
in a possible loss of freedom for the researcher who may feel disengaged “from their
own way of searching” (Testart 2003). However, according to Jonas (1999), “the
postulate of freedom of research was based on the possibility of distinguishing
between knowing and doing, between acquiring and using truth, between pure and
applied knowledge, in short between theory and practice.”

In an attempt to convince oneself of the need for a strategic approach, based on
prospective approaches (Jonas 1998), it may be interesting to examine, in the West,
the development of the tertiary sector in favor of tangible or intangible production:
productivity in 50 years has increased significantly by a factor of 10 thanks to
automation, collective production processes, and new technologies. The population
has increased slightly (about 20%) and working time has decreased significantly
(-15%). Apart from the production of superfluous or disposable goods (increasingly
outsourced), can we not think that the uncontrolled complexity of production
systems is one of the origins of the development of the tertiary sector? In this
context, would the definition of new processes not have benefited from a more
cooperative approach? What subsidiary role should process engineering play:
organizing interdisciplinarity and project management, carrying out, in consultation
with partners, prospective approaches, and/or promoting invention?

In recent decades, there has been a shift strongly felt by the social body towards
a reduction of the national production of goods in favor of services, which
corresponds to a civilizational revolution that is reflected in a certain stagnation of
competitiveness (often defined in terms of the increase in the average income of
citizens). We must remember that, in the production economy, innovation was
threefold:

— progress in the mastery of new materials and energy;
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— processes allowing “efficient” production;

— products allowing mass production at the lowest cost.

Clearly, when process engineering emerged in France at the beginning of the
Trente Glorieuses (1945-1975 - the French economic boom after World War 2), the
objectives were largely focused on aspects of optimization in the broad sense, which
made it possible to satisfy many of society’s quantitative needs (following the
shortage of goods after WWII). Today, thanks to technological advances (IT,
automation, electronics, etc.), production is carried out at a lower cost and in a more
flexible way, in a context where speed is a priority (the ability to prioritize and
respond to change in order to best adapt to a turbulent environment (Deloitte Digital
2015)). Thus, we are witnessing a new phenomenon, that of the decrease in the cost
of production (reinforced by globalization) and the increase in the cost of design. As
Michéle Debonneuil (2007) points out: “There is a shift in value added, i.e. the
creation of wealth, within the ‘supply chain’: from factories to laboratories and test
centers; from production to distributors and communication companies.”

But at the same time, according to Forgues et al. (2009), industry would have
difficulty moving from sequential to integrated design, or even relying on
complexity because of the contradictory business context created by transactional
procurement methods. Even if the technological system is a fabric of inventions (at
least incremental) and social organizations that allows the industrialization of these
products, objects, and processes, technical activity is only one element of a
heterogeneous complex of practices, knowledge, organizations, machines, etc.
(Granger 2002; Davallon 2004). The development of the concept of CSR (corporate
social responsibility — ISO 26000) where any group or member of the stakeholders
(or the stakeholders themselves), can affect or be affected by the achievement of the
company’s objectives and by taking risks (Coquand 2018).

The strategic vision and/or the notion of objective are often linked to the search
for an expected financial profit in the short or medium term. They assume that each
element of the action leads to results to satisfy demand. These developments can
only occur with a global vision of causes and effects, also taking into consideration
the ordinary and current aspects of social control. If unacceptable consequences for
society occur, there is a need for compensation (“polluter pays” stereotype, when the
payer exists) and therefore additional costs, delays, or even the prohibition of a
product (asbestos, for example). With the use of delay lobbying methods (Héry
2008), which would be commonplace, it is still difficult to reduce the tension
between those who produce the risk and those who suffer for it, knowing that the
latter obviously do not have the same weapons to defend themselves as the
developers (Fourastié 1966).
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“The difficulty of disruptive innovation comes from the fact that an established
company is a victim of a conflict between its historical activity and its future
activity. If it focuses too much on the future, it jeopardizes its current activity. If, on
the contrary, it devotes too many resources to defending its current activity, it takes
the risk of missing the future opportunity” (Silverzahn 2017a). On this basis, which
is certainly at least partly reasonable in the short term, it seems difficult to take the
step forward. So, the priority is to focus on the data that Deloitte (2017) believes is
at the heart of the strategy of many companies. This data, search engines, and other
digital technologies contribute to the understanding of their performance, the needs
of their customers, or even their strategic challenges in a certain continuity
(incremental innovation) (see also Swiss Confederation 2017; OECD 2017). It is
therefore not surprising that more than two-thirds of companies (in the broad sense)
consider sales growth to be one of the most important performance factors (PwC
2017). Figure 1.26, taken from this report, illustrates that in the short term, it is this
aspect that is targeted.

Sales growth

Client satisfaction rate
Number of new “in-store” ideas
Market share

Number of available products

Net value of innovation portfolio

8l Timeframe for launching

70 60 50 40 30 20 10 0 (%)

Figure 1.26. Innovation measurement parameters in the companies
surveyed by the PwC survey (2017)

However, it is true that companies have experienced the effects of quality
approaches, standardization (ISO, CEN, etc.) designed to eliminate risks, and
standardization to improve economic performance in the short term. With current
threats (see Chapter 2 on foresight), these dynamic companies should be expected to
seek new markets based on real technological breakthroughs. “We are under the
impression that, after having put everyone in prison preventively, we condemned
former prisoners to become useless observers of new generations who seek their
salvation in creation” (Maillard 2017). But the short term and traditional
conservatism reign too powerfully in control. “Changing tools is not only adopting a
new working instrument, but also often disrupting an entire system, an entire work
rhythm; we therefore have a better understanding of certain collective or individual
resistance” (Haudricourt and Bruhnes-Delamarre 1955). The invention of physical
or virtual tools will in turn force the operator to evolve and undergo new systems in
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which they have not participated (hence the question of reinventing people as
envisaged with philosophy) Besnier (2011).

Bernard Descomps wrote in 1989 (quoted by Germinet and Harissendy 2003) the
following, adapted to a lack of ingenuity and the ability to anticipate questions: “Our
country has a habit of identifying an engineer as someone who has worked a great deal
in mathematics or physics, and has sufficiently cultivated abstraction before becoming
more and more interested in technology. As a result, every 20 or 30 years, we discover
that young engineers are not adapted to the techniques and we create a new school.”
Though, in fact, in this infernal conservative spiral, we are not closing any of them.

However, this type of operation, apparently far from disruptive aspects, but close
to artificial intelligence, spreads applications which, as will be shown in the
following, have an indirect impact on the processes themselves (standardization for
example). The current 4.0 reflection is in fact based on the in-depth modification of
human relationships due to digital technology (Audéoud 2017). With masterable
technologies, we know how to predict the return on investment, which induces
confidence on the part of all stakeholders. But, at the same time, Citton (2014)
considers that serendipity will disappear when we are invaded by search engines that
will provide us with a standardized solution. It is therefore difficult to embark on
what can be considered utopian, at least for the time being. Skinner (1974) takes this
further by writing: “By triumphing in the struggle for freedom and in the search for
happiness, the West has lost its taste for action.”

“Companies must realize that opening innovation centres is not enough for them to
become innovative overnight. For real and sustainable transformation, companies must
develop a culture that encourages employees, through financial or non-financial rewards,
to test and commercialize their ideas. Innovation departments can play an important role
in this process, working with different teams to develop original ideas and connect with
the ecosystem of partners and suppliers. That said, it should be noted that success
depends first and foremost on promoting innovation and creativity at the company level”
(Lanny Cohen, cited by Gapgemini 2017). But only 17%, according to this report, of
companies have developed this effort ranging from creativity to innovation, but most are
concerned with producing demand by forcing customers’ attention.

Another path, which is increasingly interesting for large groups, is to follow the
emergence of start-ups that are engaging in a new market in an original way (with
the difficulty of initial financing, however), even if it means buying them back when
they have shown the way. “Deep-tech nuggets focus on disruptive innovation. Most
often born in a laboratory, the result of the latest scientific advances, which are very
difficult to reproduce, are the subject of technology transfer to tackle the major
challenges of the 21st Century in all fields: energy, environment, acronautics, health,
industry, mobility, agriculture, finance, telecoms, transport” (Roland 2017).
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However, process engineers, at least in the national territory, are very rarely
enterprising, if only in relation to the decent salaries they have in large groups and
more modest risk-taking (see Vecteurs économie et innovation 2017).

In this apparent continuity, Figure 1.27 recalls that the technological innovation
process as a whole is only one element of a complex relationship between
production and society. Indeed, the way in which innovation develops within the
company and the choices of its orientations depend strongly on the societal context
in which the company is anchored.

Industrialization
Purchases
G\ufalion

Operations

Design /
development

Cooperation || Responsibility

Customer relations

Figure 1.27. Integration of the technological innovation process
into its societal framework

Companies are constantly adapting their innovative behavior to emerging social
norms and the industrial environment (Buenstorf 2000; Pyka and Windrum 2003).
The creation of new products obviously depends on the company’s receipt of new
products (unless they are hidden, as is often the case in PE). Innovation also plays a
role in the environmental context, as its results can have a positive or negative
impact on the environment and on society, thus contributing to opportunities to
address issues associated with major challenges (Owen et al. 2013).

For reasons of trust and quality assurance, the manufacturer via the seller must
provide a product that meets the specifications at an agreed price. The seller, who
has a recognized process for liaising with the buyer, does not generally have to look
for a solution that better meets the expected results. On these bases, the decision-
making power on revisited designs is transferred to the customer and users
(technology pull and not push!). Change, especially with many uncertainties related
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to complexity, can only occur in traditional (understandable) conservatism when
breaks occur. “The technical ideology will legitimize the new technical system. This
is becoming more and more rigid, alternative solutions are being abandoned and we
are witnessing what economic historians call technological locking” (Flichy 2001).
It is therefore necessary to share different “manifestations” of external tensions to
force the creation of a divergent will to act and a shared sense of common purpose
on the part of members of the scientific community to force change. But when this
one is inevitable? Others (EY 2017) consider that the industry of the future must be
thought of in terms of performance and not technology, with, according to
WTO/ILO (2017), the development of skills for industrial operators. The debate
therefore remains open.

However, in the sense of Godet (1991), it is a question of rehabilitating desire as a
productive force for the future. In a world subject to ever-increasing constraints, it is
perhaps time to get involved in an approach to complexity, which for Foucart (2011),
moves the discipline away from a deterministic and mechanical perspective and
requires mastering interdependencies. He writes: “It is more in collusion with a
probabilistic perspective that also includes sequence breaks. These are based on events
that are not very predictable.” There is therefore “work to be done” if new forms of
thought and action are to emerge. It is from this observation that we must consider our
ability to create and theorize in order to better build new processes. This consideration
concerns not only the fast-moving digital world, but also the various fields irrigated by
chemical engineering. But, as Maurin (2015) reminds us, “a holder of more uncertain
and fragile statuses, the contemporary individual is exposed as never before to the
need to do like others, to the need to follow others, so as not to find themselves even
further away from them.” Conformity is at the heart of everything.

Thus, in the actions likely to be carried out, as of now, digital technologies,
miniaturization, artificial intelligence, deep learning, the preservation of natural
resources, substitution, global warming, social responsibility, etc. will be involved in
the reflections, all in a changing political and social context (see Chapter 2 on
foresight, (Le Méhauté ef al. 2007; Economist Intelligence Unit 2011; Académie des
sciences 2017; Audéoud 2017; Perrin 2017, MOWATT Center 2017), etc.).
Moreover, the Academy of Sciences (2017a) proposes actions for sustainable
technologies that could redirect production and consumption towards the
preservation of natural resources, the mitigation of climate change, and the
improvement of environmental quality. Clearly, there is a place for process
engineering in this scheme (although for DGE (2012) and PIPAME (2014), the low
level of investment in the field of material processing in France is worrying, with a
low turnover growth, with a loss of diversity (and perhaps greater vulnerability).
This conservatism would not only have disadvantages because the know-how
accumulated in “top-of-the-range” products, reflecting old specializations, still
makes it possible to maintain a credible positioning (Cohen 2006).
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Basically, everything is a matter of beliefs in the future, because no major clouds
obscure the sky above us on a daily basis, because the “process engineering” field
enjoys satisfactory quality and attractiveness, in academic and industrial leaders who
assume scientific and administrative responsibility. So why try to practice activities
that are part of change (why not maintain the status quo in the absence of crises?):

—Based on divergent thinking and creativity (whereas one has not entered a
laboratory on this criterion), as long as there is no obligation to change. In any case,
strategic choices are, on average, confused with those of other stakeholders in
national or international scientific research or are perceived as such. Thus, this
character, which is not specific to these organizations alone, leads to a certain form
of followerism, even positive forms of conservatism-evolutionism; we just have to
seek excellence (which is not so bad!). When there is really “scientific novelty”, it is
almost always the result of a bottom-up approach that is not sufficiently
well-perceived by the whole system, because it breaks with the flow of things (and
is therefore badly or not supported).

— Involves an analysis of the changes that will affect us to better anticipate them.
“By daring to imagine the future, people are balanced between pleasure and thrill.
As science and technology take significant steps forward, people immediately erect
barriers for fear of being overtaken” (de Riedmatten 2005). Is it then useful to carry
out a “compliant” prospective? Thus, one of the difficulties lies in the definition of
credible scenarios that take into account the potential for progress transformed into
research axes, because of the difficulty of the exercise, amplified by the lengthening
of the chains of interdependencies between new knowledge and uses, hence the need
for a better “progressive awareness that we are linked to more and more individuals,
more and more distant from us” (Elias 1995). According to Godet (2003), this
difficulty to be overcome is due to another cause: “If we overestimate the changes, it
is also because we underestimate the inertia. [...] It is the same impulses of power,
love and hatred that animate people today as those of ancient Greece.”

But are the time bases of resourcing adapted to maintaining the scientific and
technological leadership of process engineering in a world undergoing profound
change? That’s the dilemma! To whom should we give credit for these changes we
may experience? The risk of a delay has apparently not been assessed, which does
not make it possible to show urgency in the necessary changes and their anticipation.

So, if we want to avoid the idea of agreeing with Lewis Carroll (2010) who wrote:
“In the kingdom of the Red Queen, all subjects must run as fast as possible to stay
there. As Alice points out, perplexed and stunned, this is a very tiring way to get
nowhere!” It is therefore not a question of changing for the sake of change, but
of embarking on new paths, probably strewn with obstacles. However, it is a question
of legitimacy. “Uncertainty and bifurcation transform the present time into a time of
creation” (Prigogine 1996). “He followed his idea, it was a fixed idea and he was
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surprised not to move forward” (Prévert, quoted by Manoury 2009). So, let’s create,
and try to get out of Quinn’s (1980) reflection: “much of the planning [...] looks like a
rain dance; [...] most instructions and advice [...] are aimed at improving the dance, not
the weather.”

The ability to innovate requires discernment, the ability to take a new
direction that will be successful (strategic vision). To achieve this
objective, it requires curiosity, the motivation to engage in the
unknown, courage and the use of a certain weakness in the ways in
which innovation is prevented, if not support for entrepreneurial
opportunities, to advance. (Phelps 2017)

Specific texts are devoted to the education, culture, innovation, process-
engineering-oriented creativity component (see, for example, Potier et al. 2015;
Teles dos Santos et al. 2018). However, it will probably be necessary to go a little
further than Figure 1.28, published by the Société francaise du génie des procédés’
(2017), which remains in the great tradition of conventional process engineering by
expanding, as Mihelcic et al. (2003) already pointed out, but more clearly, the
mission of “process” engineers: to design and monitor the implementation of new
equipment or adapt existing tools, within plants and production units, by addressing
issues of safety, efficiency, and performance.

Raw material ‘ Primary N Desired Manufacturing,
and energy process product use cycle

Valorizati K By-products, ‘ Secondary waste,
alorization, recycling primary waste manufacturing
Transport Secondary treatment
Extraction Exploitation 4 Tertiary wastt? (acceptable ‘
, for the environment)
1 ) ’
1 : 1 ) 1
Natural ‘ Dissemi ) Terti
Ml el isseminated waste = ertiary
atural fossi renewable s
resources resources Environment (air, process
i water, soils)

Figure 1.28. Areas of action for process engineering in the future. For a
color version of this figure, see www.iste.co.uk/schaer/process3.zip

4 French society of process engineers.
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In practice, the development of multidisciplinary integration technologies
requires, for example, the initial combination of technical skills in materials and
polymer engineering, chemistry, biochemistry, engineering, and protein within
process platforms. Then, in the medium term, the integration of teams of researchers
from these disciplines (preferably, but not exclusively, at the local level to avoid the
heavy constraints linked to major geographical movements) would make it possible
to implement genuine innovative projects in a favorable environment where specific
skills and equipment would be available. The community of innovators would thus
have acquired a more relevant and broader scientific culture in these fields to
develop new ambitious and credible projects.

This presentation is not only limited to organizations that have already proven
their worth, but also takes into consideration the need to work on ways to truly pool
interests and objectives that have yet to be created, particularly on new subjects
(requiring speed, flexibility, and relying on serious strategic intelligence). The
implementation of demonstrators (in the context of student or young researcher
projects) requires specific support (interdisciplinary project management to be
considered with industrialists, etc.) combined with appropriate scientific,
technological, and organizational assessment methods (to overcome reductive rating
methods). This policy is partly that put forward by project hotels in technological
universities in other major developed countries and remains relevant for multiplinary
projects around basic facilities, instrumentation, or characterization techniques
present in a school combining quality research laboratories (Weaver and Muci-
Kiichler 2008). But other avenues need to be explored.

France and the European Union have the capacity to master know-how, to be
able to combine products and materials in a modern way, and engineers must play a
leading role. Following the example of what is done in digital technology, the
business manager, after having been an industrial engineer, a salesperson, a
marketer, or financier, will have to integrate all these notions to become a “trend
creator” based on incrementality. But it is the new one that will open up industrial
and financial opportunities for them. On this desired basis, where knowledge and
imagination coexist, should we, following the example of Einstein, who wrote
“imagination is more important than knowledge”, be satisfied with an innate
capacity for some, with a fantasy base oriented towards satisfying societal needs,
without delving deeper into certain disciplinary fields? Divergent thinking must help
us to search in several directions, to search for as many possible answers as possible
(which can then be filtered through knowledge of reality and what is possible), to
search for new and unexpected solutions, which are sometimes risky. Indeed, reality
has many points of view, without being sure that there is only one optimal way to
achieve the new objective. Learning processes are therefore far from linear and the
roots that generate knowledge are multiple and deserve to be demonstrated on
specific cases and taught.
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When trying to generate new ideas during a workshop, work session
or longer project, we often distinguish two phases: a ‘divergent
thinking’ phase in which we try to produce as many ideas as possible
in an unbridled way (e.g. by brainstorming) and a ‘convergent
thinking’ phase in which ideas are sorted, classified and selected.
(IDD 2017)

To paraphrase Prigogine and Stengers (1988), could we not write that process
engineering is not a stabilized science whose behaviors and access to knowledge are
known? The discipline must no longer be alien to phenomena that come out of its
“toolbox”, which leads to new interpretations and invents a future for it (as such and
not in its applications within boundary objects that would use classical
methodologies). Otherwise, is there not a risk of being subjected to Vinck’s (2000)
stark opinion concerning engineering sciences: “several disciplines [...] are currently
out of order, not academically where some excel, but in terms of what has nourished
their foundations and made them relevant”. Then, with a little creativity? While
knowing that “thinking against the flow” is a high-risk exercise (Sevilla, 2000).

Thus, seeking and/or learning not only implies acquiring skills that correspond to
the core of the PE. It is also thanks to the possibilities of digital technologies to be
able to appropriate the environment in which PE is necessary, the transformations
that it knows today and/or will know in the future. “It means developing transversal
skills that are essential for long-term practice and innovation. It means being able to
look for ways to think about complexity in several disciplines” (Living Lab Sofa
2019).

Ever tried. Ever failed. No matter. Try again. Fail again. Fail better.
(Beckett 1982)

I have not the slightest doubt that the present detective-mindedness of
the lords of scientific administration is one of the chief reasons for the
barrenness of so much present scientific work. (Wiener 1989)

What is caressed is not touched, properly speaking. It is not the
softness or warmth of the hand given in contact that the caress seeks.
The seeking of the caress constitutes its essence by the fact that the
caress does not know what is seeks. (Levinas 1987)

Knowledge is always incomplete and temporary. In the absence of a
belief that is unanimously shared, explicitly and whose content is
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considered true, efforts are made to maintain the credibility that is
satisfied with the plausible. (Perrot et al. 1992)

Every work has its own dream, every material worked on brings its
own intimate reveries... We do nothing good reluctantly, that is,
against our dreams. The dreamlike nature of work is the very
condition of the worker's mental integrity. Ah! A time when each
profession will have its own dreamer is coming, its dream guide where
each manufacture will have its own poetic office... Without the
reveries of will, will is not really a human force, it is brutality.
(Bachelard 1948)

To understand and not to suffer the effect of the habits imposed by
long traditions, thought must strive to go beyond its customary way of
seeing and try to conceive the thousand other possible points of view
that represent the immense variety. (Minazzoli 1996)

But we must distinguish between a meeting resulting from a
modification of ideas and a meeting resulting from a material
modification. We have seen that, in the first case, the result of the
meeting corresponds to the addition, in the cognitive apparatus, of a
reduced image of the observations. But what happens in the second
case — that of artifact creation and material innovation? The
‘substantiation’ or ‘objectification’ of an idea introduces new
dimensions, not necessarily preconceived and not necessarily
perceived at the time of the operation. The effects are necessarily
unexpected. After a certain period of time, new phenomena emerge,
which require new processes of the appropriation of nature. This cycle
cannot be broken by humans. It is a unidirectional development,
which leads — because of its consequences — to a loss of people’s
control over their relationship with their environment. The more a
person transforms that which surrounds them, the less they will
understand the consequences. Thus, they will never be able to restore
the natural state of their environment. Innovation forces people to
innovate more. (Van der Leuw 1994)

The imagination is related to the world, ideology to social forces.
(Legros et al. 2006)

There is flexibility in how people design, interpret, and use
technology, but that this flexibility is a function of the material
components comprising the artefact, the institutional context in which
a technology is developed and used, and the power, knowledge, and
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interests of human actors (developers, users, and managers. Time t00.)
(Orlikowski 1992)

No doubt, most scientists and decision-makers themselves had never
totally subscribed to the illusion of perfect knowledge and total
certainty. Yet, while the dominant paradigm was one of unlimited
scientific progress and continuing economic growth, the majority of
them felt it legitimate to assume that science was the only source of
acceptable knowledge for decision-making. (De Marchi and
Funtowicz 2009)

The future of a science depends on the way it first dissects its object.
(Bergson 2014)

We dance faster and faster just to stay in place. (Conrad 1999)

Scientists know how to train young people in narrowly focused work,
but how do we teach people to sew together established specialties
that perhaps should never have been separated? (Hardin 2018)

Disobeying can be a victory over oneself, a victory against
generalized conformism and the inertia of the world? (Gros 2017)

Where the inorganized is available in abundance, the organization is
weak. (Jingers 2018)

Our science is dominated by the fundamental concept of exchange.
(Friedman 2018)

1.13. References

Abramov, O., Kogan S., Mitnik-Gankin L., Sigalovsky I. and Smirnov A. (2015). TRIZ-based
approach for accelerating innovation in chemical engineering. Chemical Engineering
Research and Design, 103, 25-31.

Académie des sciences (2017a). Déclarations communes des Académies des sciences en vue
du sommet du G7 2017 [Online]. Available at: https://www.academie-sciences.fr/fr/
Rapports-ouvrages-avis-et-recommandations-de-1-Academie/declarations-communes-des-aca
demies-des-sciences-en-vue-du-g7-2017.html.

Académie des sciences (2017b). Nouvelle croissance économique : le rdle de la science, de la
technologie, de I’innovation et de I’infrastructure [Online]. Available at: http:/www.
academie-sciences.fr/pdf/rapport/2017_G7_New_economic_growthFR.pdf.

Achoff, R.L. (1970). A Concept of Corporate Planning. John Wiley & Sons, New York, USA.



Between Innovation in Process Engineering and Creativity 119

Akrich, M. (1987). Comment décrire les objets techniques ? Editions de la Maison des
sciences de I’homme, Paris.

Al-Khalili, J. (2018). Ce que la science sait du monde de demain. Presses polytechniques et
universitaires romandes, Lausanne.

Albaladejo, C., Geslin, P., Magda, D. and Salembier, P. (2009). La mise a ['épreuve : le
transfert des connaissances scientifiques en questions. Quae, Versailles.

Alexandre, L. (2011). La mort de la mort, comment la techno-médecine va bouleverser
’humanite ? J.C. Lattés, Paris.

Allen, D. (2014). Lost in translation? “Evidence” and the articulation of institutional logics in
integrated care pathways: From positive to negative boundary object? Sociology of Health
& Ilness, 36, 807—-822.

Alter, N. (2002). Les innovateurs au quotidien. Futuribles, 5-23.

Alter, N. (2012). La force de la différence. Itinéraires de patrons atypiques. PUF, Paris.
Althusser, L. (1967). Philosophie et philosophie spontanée des savants. Maspero, Paris.
Alvarez-Pereyre, F. (2003). L ‘exigence interdisciplinaire. MSH, Paris.

Amabile, T.M. (1996). Creativity in Context. Westview Press, Boulder.

André, J.-C. (2015). Quelles ruptures pour INSIS ? Des propositions de la cellule prospective
de I'Institut. Report, INSIS-CNRS, Paris.

André, J.-C., Larger, L. (2016). Approche épistémologique du bio-printing pour essayer de
moins mutiler la recherche sur un objet-frontiere. Report, CSI-INSIS-CNRS, Paris.

André, J.-C. (2017a). Convergence NBIC : risques et conditions de possibilité au regard
d’autres risques silencieux. Environnement, risques et santé, 16(2), 178-191.

André, J.-C. (2017b). From Additive Manufacturing to 3D/4D Printing 1: From Concepts to
Achievements. ISTE Ltd, London and John Wiley & Sons, New York.

André, J.-C. (2017c). From Additive Manufacturing to 3D/4D Printing 2: Current
Techniques, Improvements and their Limitations. ISTE Ltd, London and John Wiley &
Sons, New York.

André, J.-C. (2017d). From Additive Manufacturing to 3D/4D Printing 3: Breakthrough
Innovations: Programmable Material, 4D Printing and Bio-printing. ISTE Ltd, London
and John Wiley & Sons, New York.

André, J.-C. (2019). Industry 4.0: Paradoxes and Conflicts. ISTE Ltd, London and John
Wiley & Sons, New York.

André, J.-C. and Gnansia, E. (2017). Principe de précaution : entre réductionnisme et “bonne”
décision floue. Environnement, risques et santé, 16, 591-597.

André, J.-C. and Masse, R. (2002). L’expertise, la science et 1’incertitude : L’expertise
scientifique ou la langue d’Esope. Environnement, risques et santé, 1, 299-306.



120 Process Engineering Renewal 3

Araujo-Jorge, M.M. (2001). L’impact épistémologique de la complexité. In L élémentaire et
le complexe, Crozon, M. and Jacquin, Y. (eds). EDP Sciences, Paris.

Araya, D. (2019). 3 things you need to know about augmented intelligence [Online].
Available at: https://www.forbes.com/sites/danielaraya/2019/01/22/3-things-you-need-to-
know-about-augmented-intelligence/#2d1b70153fdc.

Ardoino, J. (1996). Education et politique aux regards de la pensée complexe [Online].
Available at: http://www.arianesud.co.

Arrow, K.J. (1962). Economic welfare and the allocation of resources of invention. In The
Rate and Direction of Inventive Activity: Economic and Social Factors, Nelson, R.R. and
Princeton, E. (eds). 609-625, Princeton University Press, Princeton.

Atlan, H. (1979). Entre le cristal et la fumée. Essai sur [’organisation du vivant. Le Seuil,
Paris.

Atlan, H. (1999). Les étincelles du hasard. Le Seuil, Paris.

Audéoud, N. (2017). L’usine du futur, un enjeu technologique, managérial et organisationnel.
Informations entreprise, 164, 18—-19.

Audran, J. (2016). Expliquer, comprendre et inventer : La face sociale cachée du métier
d’ingénieur. In Des sciences humaines, économiques et sociales pour les ingénieurs ?,
Gartiser, N. and Audran, J. (eds). 177-191, UTBM, Belfort-Montbéliard.

Axup, J. (2014). Why scientists should make. Computer, 25-26 [Online]. Available at:
http://ComputingNow.computer.org.

Bachelard, G. (1934). Nouvel esprit scientifique. PUF, Paris.
Bachelard, G. (1948). La terre et les réveries de la volonté. Corti, Pau.
Bachelard, G. (2005). La poétique de la réverie. PUF, Paris.

Baker, R. (2015). Créativité et innovation: Edison avait raison [Online]. Available at:
https://baker-marketing.com/creativite-et-innovation-edison-avait-raison/.

Bald¢é, C.P., Gray, F.V., Kuehr, R. and Stegmann, P. (2017). The global e-waste monitor
2017. United Nations University [Online]. Available at: https:/drive.google.com/file/d/
11DCXXZM-bflxHxk92gOXbwelceb40brP/view.

Balint, T.S. and Pangaro, P. (2017). Design space for space design: Dialogs through boundary
objects at the intersections of art, design, science, and engineering. Acta Astronautica,
134, 41-53.

Barad, K. (2007). Meeting the Universe Halfway: Quantum Physics and the Entanglement of
Matter and Meaning. Duke University Press, Durham.

Bardelay, F. (2018). Inter- and transdisciplinarity in the 21st century. PhD Workshop
[Online]. Available at: https://fdarbellay. wordpress.com/author/fdarbellay/page/2/.



Between Innovation in Process Engineering and Creativity 121

Barley, W.C., Leonardi, P.M. and Bailey, D.E. (2012). Engineering objects for collaboration:
Strategies of ambiguity and clarity at knowledge boundaries. Human Communication
Research, 38, 280-308 [Online]. Available at: https://onlinelibrary.wiley.com/doi/abs/10.
1111/5.1468-2958.2012.01430.x.

Barnard, M. (2017). 7 reasons the future is electric [Online]. Available at: https://cleantechnica.
com/2017/11/12/7-reasons-future-electric/?utm_source=feedburner&utm_medium=feed&
utm_campaign=Feed%3A+IM-cleantechnica+%28CleanTechnica%?29.

Barthélémy, P. (1999). Criteres d’évaluation du processus de conception de produit. In
Pilotage et évaluation des processus de conception, Perrin, J. (ed.). 41-67, L’Harmattan,
Paris.

Bary, R. (2002). Les voix 1 voies de I’innovation : de la naissance de I’idée innovante a sa
matérialisation, une analyse cognitive des pratiques et apprentissages des innovateurs.
PhD thesis, INPL, Nancy.

Baudrillard, J. (1968). Le systeme des objets. Gallimard, Paris.
Baudrillard, J. (2001). Le systéeme des objets. Gallimard, Paris.

Baumol, W.J. (2002). The Free Market Innovation Machine: Analyzing the Growth Miracle
of Capitalism. Princeton University Press, Princeton.

Beckett, S. (1982). Worstward Ho. Grove Press, New York.

Beguin, P. and Cerf, M. (2009). Dynamique des savoirs, dynamique des changements.
Octares, Toulouse.

Bell, D. (1973). The Coming of Post-industrial Society: A Venture in Social Forecasting.
Basic Books, New York.

Benkiran, R. (2000). La complexité, vertiges et promesses. Le Pommier, Paris.

Bergson, H. (2014). The Two Sources of Morality and Religion. Macmillan & Co., Ltd.,
London.

Berten, A. (1999). Dispositif, médiation, créativité : petite généalogie. Hermes, La revue, 25,
31-47.

Berthet, V. (2018). L ‘erreur est humaine. Aux frontiéres de la rationalité. CNRS, Paris.

Besnier, J.M. (2011). Les nouvelles technologies vont-elles réinventer ’homme ? Revue de
culture contemporaine, 6(414), 763-772 [Online]. Available at: https://www.revue-
etudes.com/ article/les-nouvelles-technologies-vont-elles-reinventer-l1-homme-13818.

Beuve, M. (2016). Du bon usage des ordinateurs et du cerveau des chercheurs. In Actes du
colloque Modélisation, succes et limites, 69—80, CNRS & Académie des technologies,
Paris [Online]. Available at: http://academie-technologies-prod.s3.amazonaws.com/2018/
02/21/12/18/39/948/Modelisation_Actes DEF.pdf.



122  Process Engineering Renewal 3

Billaud, J.P. (2018). Entre rupture scientifique et injonction institutionnelle,
I’interdisciplinarit¢ en question [Online]. Available at: https://www.hervecausse.info/
Entre-rupture-scientifique-et-injonction-institutionnelle-I-interdisciplinarite-en-question-par-
Jean-Paul-Billaud-MSH_a1503.html.

Blanchard, A. (2018). Dix autres idées fausses sur la vulgarisation scientifique [Online].
Available at: http://theconversation.com/dix-autres-idees-fausses-sur-la-vulgarisation-
scientifique-89562.

Bloor, D. (1982). Durkhein and Mauss revisited: Classification and the sociology of
knowledge. Studies in the History and Philosophy of Science, 13, 267-297.

Blumenberg, H. (1999). La légitimité des temps modernes. Gallimard, Paris.

Boiffin, J. (2004). Territoire : agronomie, géographie, écologie, ou en est-on ? Le point de vue
d’un chercheur agronome. Natures sciences sociétés, 12, 307-309.

Boland, R.J., Lyttinen, K. and Yoo, Y. (2007). Wakes of innovation in project networks: The
case of digital 3-D representations in architecture, engineering, and construction.
Organization Science, 18, 631-647.

Bonaccorsi, A. (2007). Explaining poor performance of European science: Institutions versus
policies. Science and Public Policy, 34, 303-316.

Bonaccorsi, A. (2010). New forms of complementarity in science. Minerva, 48, 355-387.

Bonnardel, N. (2009). Activités de conception et créativité : de I’analyse des facteurs cognitifs
a ’assistance aux activités de conception créatives. Le travail humain, 72, 5-22 [Online].
Available at: https://www.cairn.info/article.php?ID_ARTICLE=TH_721 _0005.

Bonnet, C. (2019). Pour en finir avec la religion de I’innovation disruptive [Online]. Available
at:  https://business.lesechos.fr/directions-numeriques/digital/transformation-digitale/0600
779353237-pour-en-finir-avec-la-religion-de-1-innovation-disruptive-327535.php.

Bonneuil, C. and Fressoz, J.B. (2013). L’événement anthropocéne. La Terre, [’histoire et
nous. Le Seuil, Paris.

Bot, L. (2007). Eléments dune crise “post-moderne” dans la formation scientique des
ingénieurs. Les Sciences de |’éducation — pour [’ére nouvelle. Revue internationale, 40, 31-57
[Online]. Available at: https://halshs.archives-ouvertes.fi/halshs-00713846/document.

Bourdieu, P. (1984). Questions de sociologie. Les Editions de Minuit, Paris.

Bourgine, P. and Lesne, A. (eds) (2006). Introduction. In Morphogénése ; I’origine des
formes. 13-26, Belin, Paris.

Boutet, M. (2010). Innovation par 1’usage et objet-frontiére. Les modifications de I’interface
du jeu en ligne Mountyhall par ses participants. Revue d’anthropologie des
connaissances, 4, 87—-113.

Brun, F., Betsch, J.-M., Blandin, P., Humbet, G., Lefeuvre, J.-C. and Marinval, M.-C. (2007).
Posture des scientifiques et interdisciplinarité dans le champ de 1’environnement. Natures
sciences societés, 15, 177-185.



Between Innovation in Process Engineering and Creativity 123

Buenstorf, G. (2000). Self-organization and sustainability: Energetics of evolution and
implications for ecological economics. Ecological Economics, 33, 119—134.

Biihlera, E.A., Cavaillé, F. and Gambino, M. (2006). Le jeune chercheur et
I’interdisciplinarité en sciences sociales. Des pratiques remises en question. Natures
sciences sociétés, 14, 392-398.

Burton, R.A. (2010). On Being Certain: Believing You Are Right Even When You're Not.
St Martin’s Griffin, New York.

Buys, A.J. and Mulder, H.L. (2014). A study of creativity in technology and engineering. In
Proceedings of PICMET’14: Infrastructure and Service Integration. 879—-894, Kanazawa,
Japan.

Caillez, J.C. (2013). Créativité et innovation : du storytelling au storydoing ! [Online]. Available
at: http://blog.educpros.fr/jean-charles-cailliez/2013/11/18/creativite-et-innovation-du-story
telling-au-storydoing/.

Camel, V. and Fargue-Leli¢vre, A. (2009). Analyse de pratiques interdisciplinaires dans
I’enseignement supérieur. Revue internationale de pédagogie de ['enseignement
supérieur, 25(2) [Online]. Available at: https://journals.openedition.org/ripes/188.

Capgemini (2017). Centres d’innovation [Online]. Available at: https://www.capgemini.com/
consulting-fr/news/centres-dinnovation-rapport-2017.

Capra, F. (1975). Le Tao de la physique. Sand, Paris.

Cardon, D. and Aguiton, C. (2007). The strength of weak cooperation: An attempt to
understand the meaning of Web 2.0. Communication & Strategies, 65 [Online]. Available
at: http://mpra.ub.uni-muenchen.de/4581/.

Caronia, L. (2014). Communicating certainty and uncertainty in everyday life: An
introduction. Ricerche di Pedagogia e Didattica — Journal of Theories and Research in
Education, 9, 1 [Online]. Available at: https://rpd.unibo.it/article/view/4289/3738.

Carroll, L. (2010). Alice de l'autre coté du miroir. Poche, Paris.

Castoriadis, C. (1983). La logique des magmas et la question de 1’autonomie. In L auto-
organisation. De la physique au politique, Dupuy, J.P. and Dumouchel, P. (eds). 421—
443, Le Seuil, Paris.

Castoriadis, C. (1996). La montée de !'insignifiance. Le Seuil, Paris.
Catellin, S. (2014). Sérendipité du conte au concept. Le Seuil, Paris.

Catellin, S. (2017). L’imagination au laboratoire ! [Online]. Available at: https://sciences-
critiques.fr/limagination-au-laboratoire/.

Caux, J. (1973). La créativité [Online]. Available at: http://www.icem.freinet/fr/archives/
educ/72-73/9-10/3-9.pdf.



124  Process Engineering Renewal 3

Chang, A.M. (2019). Three ways to increase innovation while minimising risk to taxpayer
dollars [Online]. Available at: https://apolitical.co/solution_article/three-ways-innovation-
minimising-risk/?utm_source=hs_email&utm_medium=email&utm_content=70295659& hs
enc=p2ANqtz-8KFpxJjc xSLEnUG_ w5XJaUdl7qXyEif3 nYdfQpyEtCGbJxbxzBHd dJSS
sC4jxVhipONLsfXKbLBMH3WdezGwjKAfk-GptaSQEMOIIFgjpTOmD14& hsmi=702956
59.

Chaouch, M.F. (2017). L’analyse de ’intégration des méthodes et principes de la créativité
organisationnelle en conception de produits. Master’s thesis, Universit¢é du Québec,
Montreal [Online]. Available at: http://www.archipel.uqam.ca/10450/1/M15076.pdf.

Charles, H. (2016). Modélisation : complexifier ou simplifier ? Quelques réflexions. In Actes
du colloque Modélisation, succes et limites, 81-88, CNRS & Académie des technologies,
Paris [Online]. Available at: http://academie-technologies-prod.s3.amazonaws.com/2018/
02/21/12/18/39/948/Modelisation_Actes_DEF .pdf.

Charlionnet, R. (2005). L’indéterminisme, une des propriétés fondamentales de la réalité
matérielle. In Emergence, complexité et dialectique, Séve, L. (ed.). 255-263, Odile Jacob,
Paris.

Charpentier, J.C. (2009). Perspective on multiscale for product design and engineering.
Computer and Chemical Engineering, 35, 936-946.

Charpentier, J.C. (2016). What kind of modern “green” chemical engineering is required for
the design of the “factory of the future”? Procedia Engineering, 138, 445-458.

Chatelain, Y. (2018). Dans la famille “innovation sociale”, je demande... les hackers !
[Online]. Available at: http://theconversation.com/dans-la-famille-innovation-sociale-je-
demande-les-hackers-94267.

Chatillon, L. (2017). Innovation : 10 méthodes de créativité pour générer des idées [Online].
Available at: https://www.codeur.com/blog/methode-creativite/.

Chesbrough, H., Vanhaverbeke, W. and West, J. (2006). Open Innovation: Researching a
New Paradigm. Oxford University Press, Oxford.

Christophe (1985). Les Malices de Plick et Plock et autres histoires illustrées. Armand Colin,
Paris.

Chu, F., Kologny, A., Maital, S. and Perlmutter, D. (2004). The innovation paradox:
Reconciling creativity & discipline: How winning organizations combine inspiration with
perspiration. In /EEE International Engineering Management Conference, 3, 949-953.

CIFAR (2018). How do we harness emergence of complex behaviour? [Online]. Available at:
https://www.cifar.ca/.

Citton, Y. (2014). Pour une écologie de [’attention. Le Seuil, Paris.

Citton, Y. (2016). Accélérer notre attention collective aux hyper-objets ; Accélérer 1’écologie.
In Accélération !, Sutter, L. (ed.). 205-224, PUF, Paris [Online]. Available at: http://
www.yvescitton.net/wp-content/uploads/2013/09/Citton-AccelerationismePUF-Hyper
objets-Avril2015.pdf.



Between Innovation in Process Engineering and Creativity 125

Claessens, M. (2009). Science et communication : pour le meilleur et pour le pire. Quae,
Versailles.

Clark, C. (1971). Brainstorming. Dunod, Paris.

CNRS (2002a). Le conseil scientifique du CNRS. Journées thématiques & recommandations
[Online]. Available at: http://www.cnrs.fr/comitenational/doc/archives/bilan/bilan_cs2001
2005.pdf.

CNRS (2002b). La réflexion épistémologique que requiert, en tout état de cause, 1’activité de
recherche ; I’étude des systémes complexes, nouveaux défis de la science [Online].
Available at: http://archive.mcxapc.org/docs/ateliers/lemoign4.pdf.

Coaching Qapa (2017). 10 citations d’Albert Einstein pour étre plus créatif [Online]. Available
at: https://www.qapa.fr/news/10-citations-dalbert-einstein-etre-plus-creatif-513/.

Cohen, D. (2006). Trois legons sur la société post-industrielle. Le Seuil, Paris.

Cohendet, P. (2016). Arthur Koestler — aux origines de l’acte créatif : la bisociation. EMS,
Paris.

Confédération suisse (2017). Défis de la numérisation pour la formation et la recherche [Online].
Available at: https:/alice.ch/fileadmin/Dokumente/Externe/bericht digitalisierung_f.pdf.

Conrad, P. (1999). Modern Time and Modern Places. Alfred Knopf, New York.

Coquand, C. (2018). Les parties prenantes, le biocarburant des nouveaux business models
[Online]. Available at: http://management-rse.com/2018/06/12/les-parties-prenantes-le-
biocarburant-des-nouveaux-business-models/?utm_source=wysija&utm medium=email&
utm_campaign=Fte2018TravailETSante.

Cornu, P. and Flipo, F. (2014). L’interdisciplinarité, carton fragile dans le grand
réaménagement de la gouvernance académique frangaise. Natures sciences sociétés, 22,
83-84 [Online]. Available at: https://www.cairn.info/revue-natures-sciences-societes-
2014-2-page-83.htm.

Cosmides, L. and Tooby, J. (1997). Evolutionary psychology: A primer [Online]. Available
at: https://www.cep.ucsb.edu/primer.html.

Couturier, Y. (2005). La collaboration entre travailleuses sociales et infirmiéres. Eléments
d’une théorie de l’intervention interdisciplinaire. L’Harmattan, Paris.

Cowen, T. (2011). The Great Stagnation: How American Ate All the Low-hanging Fruit of
Modern History, Got Sick and Will (Eventually) Feel Better. Dutton, New York.

Creative Types (2019). Discover your creative personality [Online]. Available at: https://my
creativetype.com/.

Csikszentmihaly, S. (1996). The Work and Lives of 91 Eminent People. HarperCollins, New
York.

Cunchillos, C. (2014). Les voies de I’émergence. Introduction a la théorie des unités de
niveau d’intégration. Belin, Paris.



126  Process Engineering Renewal 3

Daniel, J.M. (2018). Le salariat, c’est fini! [Online]. Available at: https://lexpansion.
lexpress.fr/actualite-economique/le-salariat-c-estfini_2017719.html.

Darbellay, F. (2014). Préface. In Enjeux et positionnements de l'interdisciplinarité, Armand, C.,
Boullet, V. and Ten Eyck, D. (eds). 7-12, Presses Universitaires de Nancy, Nancy.

Darbellay, F. (2017). Le talent interdisciplinaire : une capacit¢ a penser au-deld des
disciplines. Le panda, le koala et le caméléon. TrajEthos, 6, 29-41 [Online]. Available at:
https://trajethos.ca/files/3615/1457/8156/DARBELLAY _TrajEthos61.pdf.

Davallon, J. (2004). Objet concret, objet scientifique, objet de recherche. Hermes La Revue,
Paris.

de Beauvoir, S. (1986). Le deuxieme sexe — Tome 1 : les faits et les mythes. Folio, Paris.
de Béchillon, D. (1997). La notion de transdisciplinarité. Revue du Mauss, 10.

de Brabandére, L. (2017a). Comment é&tre créatif dans un monde numérique ? [Online].
Available at: https://blog.usievents.com/luc-de-brabandere-usiconnect-comment-etre-
creatif-dans-un-monde-numerique/.

de Brabandére, L. (2017b). Homo-informatix. Le Pommier, Paris.

de Brabandére, L. and Gomez, P.Y. (2017). Gaston, un philosophe au travail. Philosophie
hors-série, 88-91.

de Hemptinne, J.C., Ferrasse, J.-H., Gorak, A., Kjelstrup, S., Maréchal, F., Baudoin, O. and
Gani, R. (2017). Energy efficiency as an example of cross-discipline collaboration in
chemical engineering. Chemical Engineering Research and Design, 119, 183—187.

De Marchi, B. and Funtowicz, S. (2009). The changing landscape of risk and governance. In
La mise a ['épreuve : le transfert des connaissances scientifiques en questions,
Albaladejo, C., Geslin, P., Magda, D. and Salembier, P. (eds). 265-275, Quae, Versailles.

de Riedmatten, E. (2005). XXléme siecle : les innovations qui vont changer notre vie.
L’archipel, Paris.

Debonneuil, M. (2007). L’espoir économique : vers la révolution du quaternaire. Bourin,
Paris.

Déclaration de San Francisco (2013). Déclaration de San Francisco sur 1’évaluation de la
recherche [Online]. Available at: http://www.sauvonsluniversite.com/IMG/pdf/SF_trad
MC.pdf.

Deffontaines, J.-P. and Hubert, B. (2004). Un regard sur ’interdisciplinarité a I’Inra. Point de
vue de deux chercheurs du département sciences pour 1’action et le développement.
Natures sciences sociétés, 12, 186—190.

Deligniéres, D. (2015). Systémes dynamiques et morphogénése [Online]. Available at: http://
didier.delignieres.perso.sfr.fr/Supports-doc/systemes_dynamiques et morphogenese.pdf.

Deloitte Digital (2015). L’entreprise agile [Online]. Available at: https://www.deloitte-france.
fr/formulaire/telechargement/entreprise-agile/?_ga=2.16768%200826.567063936.149527
1100-1511336673.1495271095.



Between Innovation in Process Engineering and Creativity 127

Deloitte (2017). Tech trends 2017 [Online]. Available at: https://www.deloitte-france.ft/
formulaire/telechargement/tech-trends-2017?_ga=2.1308%2099791.1750829746.14937541
37-1814651005.1493753969.

DGE (2012). L’avenir de I’industrie chimique en France a I’horizon 2015 [Online]. Available
at: https://archives.entreprises.gouv.fr/2012/www.industrie.gouv.fr/biblioth/docu/dossiers/
sect/partiel.pdf.

Dherse, J.L. and Minguet, H. (1998). L ‘éthique ou le chaos. Presses de la Renaissance, Paris.
Diderot, D. (2000). Jacques le fataliste. Le livre de poche, Paris.
Dodet, M. (2001). Innovation et société. Passages, 106-107, 22-23.

Donnadieu, G., Karsky, M. (2002). La systémique ; penser et agir dans la complexité.
Liaisons, Paris.

Donnadieu, G., Durand, D., Neel, D., Nunez, W. and Saint-Paul, L. (2003). L’ Approche
systémique : de quoi s’agit-il ? [Online]. Available at: http://www.afscet.asso.fr/Systemic
Approach.pdf.

Dorst, K. and Cross, N. (2001). Creativity in the design process: Co-evolution of problem—
solution. Design Studies, 22, 425-437.

Dufoix, S. (2005). Lectures critiques. Raisons politiques, 17, 179-192.

Durance, P. and Mousli, M., (2010). Créativité et innovation dans les territoires [Online].
Available at: http://www.cae-eco.fr/IMG/pdf/CAE091 complements.pdf#page=35 and
http://www.cairn.info/revue-natures-sciences-societes-2008-2-page-159.htm.

Duriez, F. (2019). Quand 1’autocensure bloque la créativit¢é d’un groupe, et comment s’en
sortir ? Comment faire pour que le groupe ne soit pas moins bon que la somme de ses
participants ? [Online]. Available at: https://cursus.edu/articles/42508/quand-lautocensure-
bloque-la-creativite-dun-groupe-et-comment-sen-sortir#. X Y Ddk21KiUk.

Durkheim, E. (1967). Jugements de valeur et jugements de réalité. PUF, Paris.

Durkheim, E. (2003). Les formes élémentaires de la vie religieuse ; le systeme totémique en
Australie. PUF, Paris.

Durrive, B., Henry, J. and Faury, M. (2012). Réflexivité et dialogue interdisciplinaire : un
retour sur soi selon 1’autre [Online]. Available at: https://halshs.archives-ouvertes.fr/hal-
00671217/document.

Dutertre, T. (2010). L’éthique hacker [Online]. Available at: https://docplayer.fr/68045920-L-
ethique-hacker-pekka-himanen-2001.html.

Duvivier, D. (2016). Les novateurs, ces déviants [Online]. Available at: http://www.agoravox.
fr/tribune-libre/article/les-novateurs-ces-deviants-180824.

Economist Intelligence Unit (2011). Frontiers of disruption: The next decade of technology
in business [Online]. Available at: https:/fr.slideshare.net/Management-Thinking/
frontiers-of-disruption-the-next-decade-of-technology-in-business.



128 Process Engineering Renewal 3

Edwards, D. (2011). Le manifeste du laboratoire. Odile Jacob, Paris.
Elgozy, G. (1970). Les damnés de I’opulence. Calmann-Lévy, Paris.
Elias, N. (1995). Engagement et distanciation. Presses Pocket, Paris.
Ellul, J. (2008). La technique ou l’enjeu du siécle. Economica, Paris.

Endrizzi, L. (2017). L’avenir de ['université est-il interdisciplinaire ? [Online]. Available at:
http://ife.ens-lyon.fr/vst/DA/detailsDossier.php?parent=accueil&dossier=120& lang=fr.

Engineers’ Council (1941). The engineers’ council for professional development. Science, 94,
456.

EU (2008). Decision No 1350/2008/EC of the European Parliament and of the Council of 16
December 2008 [Online]. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?
uri=CELEX%3A32008D1350.

EU (2017). LAB — FAB — APP; investing in the European future we want. Report of the
independent High Level Group on maximising the impact of EU Research & Innovation
Programmes [Online]. Available at: http://ec.europa.eu/research/evaluations/pdf/archive/
other reports_studies_and_documents/hlg_2017_report.pdf#view=fit&pagemode=none.

EU (2018). Science, research and innovation performance of the EU 2018 — Strengthening the
foundations for Europe’s future [Online]. Available at: https://ec.europa.cu/info/sites/
info/files/srip-report-full 2018 en.pdf.

European Commission (2019). The future of work? Work of the future! On how artificial
intelligence, robotics and automation are transforming jobs and the economy in Europe
[Online]. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_1d=58918.

Eurostat (2019). Tertiary education graduates: Main subject areas [Online]. Available at:
https://ec.europa.cu/eurostat/web/products-eurostat-news/-/DDN-20190125-1.

EY (2017). Croire en I'Industrie du futur et au futur de I'industrie [Online]. Available at:
https://'www.ey.com/fi/fi/industries/ey-industrie-du-futur-le-renouveau-de-l-industrie-francaise.

Faucheux, M. and Forest, J. (2011). Stimulating a creative rationality to stimulate innovation.
Creativity and Innovation Management, 20, 207-212.

Fauvel, P. (2007). Les ingénieurs de demain : des forts en maths ouverts sur le monde.
L’usine nouvelle [Online]. Available at: http://www.emploi-pro.fr/article/les-ingenieurs-
de-demain-des-forts-en-maths-ouverts-sur-le-monde-138.html.

Feyerabend, P. (1988). Contre la méthode ; esquisse d’une théorie anarchiste de la
connaissance. Le Seuil, Paris.

Feynman, R.P. (1998). Vous y comprenez quelque chose Monsieur Feynman ? Odile Jacob,
Paris.

Fischer, G. (2005). Distances and diversity: Sources for social creativity. In 5¢th Conference
on Creativity & Cognition. 128—136, New York.

Fischer, H. (2008). Le systéme des hyper-objets [Online]. Available at: http://blog.oinm.
org/2008/05/1e-systme-des-hyperobjets.html.



Between Innovation in Process Engineering and Creativity 129

Fischer, H., Meissner, K.J. and Mix, A.C. (2018). Paleo-climate constraints on the impact of
2° C anthropogenic warming and beyond. Nature Geoscience, 11, 474-485 [Online].
Available at: http://www.nature.com/articles/s41561-018-0146-0.

Fivaz, R. (1989). L ordre et la volupté. Presses polytechniques et universitaires romandes,
Lausanne.

Flichy, P. (2001). La place de I’imaginaire dans ’action technique ; le cas de l’internet.
Réseaux, 52—73 [Online]. Available at: https://www.cairn.info/revue-reseaux1-2001-5-
page-52.htm.

Fominykh, M., Prasolova-Ferland, E., Divitini, M. and Petersen, S.A. (2016). Boundary
objects in collaborative work and learning. Information Systems Frontiers, 18, 85-102.

Forgues, D., Koskela, L. and Lejeune, A. (2009). Information technology as boundary object
for transformational learning. /Tcon, 14, 48-58.

Foucart, J. (2011). Réseaux fluides et pratiques sociales ? Vers un nouveau paradigme. Une
méthodologie floue ?: la recherche participative. Pensée plurielle, 11-23 [Online].
Available at: http://www.cairn.info/revue-pensee-plurielle-2011-3-page-11.htm.

Fourastié, J. (1966). Essai de morale prospective : vers une nouvelle morale. Gonthier, Paris.

Fox, N.J. (2011). Boundary objects, social meanings and the success of new technologies.
Sociology, 45, 70-85.

Fox, R. (1994). L’inventeur et I’invention. Alliages, 20-21, 43-53.

Freud, M. (2015). Pourquoi la persévérance est la meilleure halliée de la créativité [Online].
Available at: https://www.atlantico.fr/decryptage/2281923/pourquoi-la-perseverance-est-
la-meilleure-alliee-de-la-creativite-michele-freud-.

Frezza, S., Nordquest, D.A. and Moodey, R. (2013). Knowledge-generation epistemology and
the foundations of engineering. In [EEE Frontiers in Education Conference. 818—824,
Oklahoma City, USA.

Friedman, Y. (2018). L ordre compliqué et autres fragments. Editions de 1’Eclat, Paris.

Frishammar, J., Kurkkio, M., Abrahamsson, L. and Lichtenthaler, U. (2012). Antecedents and
consequences of firms’ process innovation capability: A literature review and a
conceptual framework. IEEE Transactions on Engineering Management, 59, 519-529.

Frizot, M. (1997). Saint Prométhée. L’inventeur-créateur au XIXeéme siécle. Communications,
64, 117-135.

Gable, S.L., Hopper, E.A. and Schooler, J.W. (2019). When the muses strike: Creative ideas
of physicists and writers routinely occur during mind wandering. Psychological Science,
30, 1-9.

Gagnepain, J.J. and André, J.-C. (1996). Les savoirs de I’ingénieur. In Savoirs théoriques et
savoirs d’action, Barbier, M. (ed.). PUF, Paris.

Ganascia, J.G. (1999). 2001, I’odyssée de |’esprit. Flammarion, Paris.



130 Process Engineering Renewal 3

Ganascia, J.G. (2000). Science x.0. In Plaidoyer pour réconcilier la science avec la culture,
Haigner¢, C. (ed.). 182204, Le Pommier, Paris.

Ganascia, J.G. (20006). La critique cartésienne des critiques de ’imagination. In /magination,
imaginaire, imaginal, Fleury, C. (ed.). 43-76, PUF, Paris.

Garcia-Acosta, V. and Musset, A. (2017). Les catastrophes de [’interdisciplinarite.
L’Harmattan, Paris.

Gastaldi, L. and Midler, C. (2005). Innovation intensive et dynamique de [’activité¢ de
recherche le cas d’un groupe de chimie de spécialités. Revue frangaise de gestion, 31, 1-15
[Online]. Available at: https://halshs.archives-ouvertes.fi/hal-00262871/document.

Gaucherel, C. (2013). Le quotidien du chercheur. Une chasse aux fantomes ? Quae,
Versailles.

Gaudin, T. (1978). L écoute des silences. Editions 10/18, Paris.
Germinet, R. (1997). L ‘apprentissage de l'incertain. Odile Jacob, Paris.

Germinet, R. and Harismendy, P. (2003). La république des ingénieurs. Jacob Duvernet,
Paris.

Giarini, O. and Stahel, W.R. (1990). Les limites du certain : affronter les risques dans une
nouvelle économie de services. Presses polytechniques et universitaires romandes,
Lausanne.

Giget, M. (2018). Grand forum des stratégies d’innovation : stratégies d’innovation 2018—
2020 et vision prospective 2030 [Online]. Available at: http://www.directeur-innovation.
com/evenement/grand-forum-des-strategies-d-innovation/.

Gille, B. (1978). Histoire des techniques. Gallimard, Paris.
Gleick, J. (2008). La théorie du chaos. Champ Sciences, Paris.

Godard, O. and Legay, J.M. (1992). Modélisation et simulation: une approche de la
prédictivité. In Sciences de la nature, sciences de la société ; les passeurs de frontieres,
Jollivet, M. (ed.). 491-507, CNRS, Paris.

Godet, M. (1991). L avenir autrement. Armand Colin, Paris.
Godet, M. (2003). Le choc de 2006. Odile Jacob, Paris.

Godet, M. (2010). Synthése et propositions. In Créativité et innovation dans les territoires, de
Boissieu, C., Dartout, P. and Pompidou, A. (eds). 9-28, La Documentation frangaise, Paris
[Online]. Available at: http://www.ladocumentationfrancaise.fr/var/storage/rapports-publics/
104000479.pdf.

Goleman, D. (1996). Emotional Intelligence. Bloomsbury, London.
Gomez, P.Y. (2017). La disruption fit irruption dans la BD. Philosophie hors-série, 88-91.

Gramaccia, G., Létard, J.-F., Marrsard, G., Perret, A., Messager, L. and Ginestet, S. (2009).
Epistémologie de la transdisciplinarité dans les processus d’innovation [Online].
Available at: http://cnriut09.univ-lillel.fr/articles/Articles/Fulltext/207a.pdf.



Between Innovation in Process Engineering and Creativity 131

Granger, G.G. (2002). Sciences et réalité. Odile Jacob, Paris.

Grangier, G. (1986). Pour une épistémologie du travail scientifique. In La philosophie des
sciences aujourd’hui, Hamburger, J. (ed.). 1111-122, Gauthier-Villars, Paris.

Gros, F. (2017). Désobéir. Albin Michel-Flammarion, Paris.

Guérin, 1., Bouquet, E. and Morvant-Roux, S. (2016). Chercher ensemble : les défis et les
cahots de I’interdisciplinarité, des méthodes mixtes et des partenariats multiples (Rume).
Revue Tiers Monde, 99-122 [Online]. Available at: https://hal.archives-ouvertes.fr/ird-
01569808/document.

Guerraoui Filali, Y. (2019). L’innovation disruptive a 1’ére de I’industriec 4.0 [Online].
Available at: https://www.huffpostmaghreb.com/entry/l-innovation-disruptive-a-1-ere-de-
l-industrie-4-0_mg_5c¢88d786e4b0fbd7661f471a.

Guespin-Michel, J. (2005). Emergence, complexité et dialectique. Odile Jacob, Paris.
Guilford, J.P. (1956). The structure of intellect. Psychological Bulletin, 53, 267-293.
Guilford, J.P. (1957). Creative abilities in the arts. Psychological Review, 64, 110-118.
Guillermé, J. (1971). Technologie. Encyclopaedia Universalis, 15, 820-823.
Habermas, J. (1973). La technique et la science comme “idéologie”. Gallimard, Paris.

Habermas, J. (1986). Morale et communication : conscience et activité communicationnelle.
Editions du Cerf, Paris.

Halleux, R. (2009). Le savoir de la main. Armand Colin, Paris.

Hamel, J. (2013). L’interdisciplinarité, manieére de faire ou de dire la science ? [Online].
Available at: https://www.espacestemps.net/articles/linterdisciplinarite-maniere-de-faire-
ou-de-dire-la-science/.

Hardin, G. (2018). La tragédie des communs. PUF, Paris.
Hargadon, A. (2003). How Breakthroughs Happen. HBS Press, Harvard.

Hatchuel, A., Le Masson, P. and Weil, B. (2002). De la gestion des connaissances aux
organisations orientées conception. Revue internationale des sciences sociales, 171,
29-42.

Haudricourt, A.G. and Bruhnes-Delamarrre, M.J. (1955). L’ homme et la charrue a travers le
monde. Gallimard, Paris.

Heil, C. (2010). De la science a la technoscience, du chercheur au technologue. Thesis,
Universit¢ d’Evry [Online]. Available at: https://www.biblio.univ-evry.fr/theses/2010/
2010EVRY0016.pdf.

Henke, C.R. (2007). Situation normal? Repairing a risky ecology. Social Studies of Science,
37, 135-142.

HENN (2017). Factory of the future [Online]. Available at: http://www.henn.com/en/research/
factory-future.



132 Process Engineering Renewal 3

Henry, C. (1998). Le “je” intellectuel et le “jeu” interdisciplinaire. Le genre humain, 33,
155-170.

Héry, M. (2008). Des recettes pour empécher un risque d’émerger : le cas de ’amiante. In
L’émergence des risques, Mur, J.-M. (ed.). 71-87, EDP Sciences, Paris.

Hirsch, M. (2002). Ces peurs qui nous gouvernent. Albin Michel, Paris.

Hollande, F. (2013). Discours de présentation des 34 projets pour relancer 1’industrie
frangaise. Le Monde, 12 September.

Horckmans, M. (2016). Prospective en génie des procédés. ENSIC Research and
Development Project, Université de Lorraine, Nancy.

Hottois, G. (2018). Le signe et la technique. La philosophie a I’épreuve de la technique. Vrin,
Paris.

Huault, C. and Petit, C. (2018). Marc Giget: “il est temps de passer de I’innovation au
progreés” [Online]. Available at: https://www.lejdd.fr/Economie/marc-giget-il-est-temps-
de-passer-de-linnovation-au-progres-3685703.

Hugon, M.A. and Seibel, C. (1988). Recherches impliquées. Recherches action : le cas de
I’éducation. In Synthése des contributions et des débats du Colloque organisé par
I’Institut national de recherche pédagogique, (LN.R.P.), Paris, les 22, 23 et 24 octobre
1986. De Boeck, Brussels.

Hunyadi, M. (2010). The imagination in charge. Nano-ethics, 4, 199-204.

IDD (Informations, Données et Documents) (2017). Le vocabulaire du design thinking
[Online]. Available at: http://lIrf-blog.com/2017/09/08/vocabulaire/.

Iddriss, F. (2017). Innovation capability: A systematic review and research agenda.
Interdisciplinary. Journal of Information, Knowledge, and Management, 11, 235-260
[Online]. Available at: http://www.informingscience.org/Publications/3571.

IDSFP (2012). An intensive 7-week postdoctoral training fellowship bridging the gap
between academia & data science, Insight Data Science Fellows Program [Online].
Available at: https://www.insightdatascience.com/.

Ingold, T. (2010). Bringing things to life: Creative entanglements in a world of materials.
Working document, National Centre for Research Methods [Online]. Available at: http:/
eprints.ncrm.ac.uk/1306/1/0510 creative entanglements.pdf.

Jacobson, M.Z. (2019). Why excluding nuclear fossils with carbon capture biofuels from
the green new deal makes financial climate sense [Online]. Available at: https://clean
technica.com/2019/01/24/why-excluding-nuclear-fossils-with-carbon-capture-biofuels-from-
the-green-new-deal-makes-financial-climate-sense-realitycheck/.

Jaworski, Z. and Zakrzewska, B. (2011). Towards multiscale modelling in product
engineering. Computers & Chemical Engineering, 35, 434—445.



Between Innovation in Process Engineering and Creativity 133

Jean, A. (2019). Le scientifique doit (re)devenir philosophe [Online]. Available at: https://
www.lepoint.fr/invites-du-point/aurelie-jean-le-scientifique-doit-re-devenir-philosophe-15-
03-2019-2301471 420.php.

Jessus, C. (2017). Etonnant vivant : découvertes et promesses du XXIéme siécle. CNRS, Paris.

Jollivet, M. (2009). Eléments de théorie pour une recherche interdisciplinaire aux interfaces
natures/sociétés. In Modélisation de [’environnement : entre natures et sociétés, Hervé, D.
and Lalog, F. (eds). 9-20, Quae/NSS-Dialogues, Paris.

Jonas, H. (1998). Pour une éthique du futur. Rivages Poche/Payot, Paris.
Jonas, H. (1999). Evolution et liberté. Rivages, Paris.

Jordan, P., Mubin, O., Obaid, M. and Silva, P.A. (2018). Exploring the referral and usage of
science fiction in HCI literature [Online]. Available at: http://arxiv.org/abs/1803.08395.

Jouteau, A. (2018). L’intelligence qui s’amuse. La tribune d’Antoine Jouteau (leboncoin)
[Online]. Available at: https://www.lopinion.fr/edition/economie/l-intelligence-qui-s-
amuse-tribune-d-antoine-jouteau-leboncoin-152928.

Jingers, F. (2018). La perfection de la technique. Allia, Paris.

Kahneman, D. (2003). Maps of bounded rationality: Psychology for behavioral economics.
The American Economic Review, 93, 1449—-1475.

Kahneman, D. and Tviersky, A. (1973). On the psychologogy of prediction. Psychological
Review, 80, 237-257.

Kahneman, D. and Tversky, A. (1982). Judgement Under Uncertainty. Heuristics and Biases.
Cambridge University Press, Cambridge.

Kant, 1. (2014). Anthropology, History and Education. Cambridge University Press,
Cambridge.

Kant, 1. (2002). Groundwork for the Metaphysics of Morals. Yale University Press, New
Haven.

Kirschner, C. (2018). La gestion de I’incertitude dans I’itinérance récréative : le corps créatif a
I’ceuvre. Carnets de géographes [Online]. Available at: http://journals.openedition.org/
cdg/1607.

Klein, E. (2004). Les tactiques de Chronos. Champs Flammarion, Paris.

Knack, A. (2017). Open science; the citizen’s role in and contribution to research [Online].
Available at: https://www.rand.org/content/dam/rand/pubs/conf proceedings/CF300/CF3
75/RAND_CF375.pdf.

Koestler, A. (1976). The Ghost in the Machine. Random House, New York.

Kourilsky, F. (2001). Introduction a “comprendre pour faire & faire pour comprendre”
[Online]. Available at: http://www.intelligence-complexite.org/fileadmin/docs/39.pdf.

Kourilsky, F. (2002). Ingénierie de l’interdisciplinarité. L’Harmattan, Paris.



134  Process Engineering Renewal 3

Krieger, E. (2019). Etre innovant : comment fait-on aujourd’hui ? [Online]. Available at: https://

solutions.lesechos. fr/business-development/c/etre-innovant-comment-fait-on-aujourdhui- 1649
2/.

Kuhn, T. (1983). La structure des révolutions scientifiques. Flammarion, Paris.

Kiipper, D., Kuhlmann, K., Kocher, S., Dauner, T. and Burggrif, P. (2017). The factory
of the future [Online]. Available at: https://www.bcg.com/publications/2016/leaning-
manufacturing-operations-factory-of-future.aspx.

Laborit, H. (1989). La vie antérieure. Robert Laffont, Paris.

Laflamme, S. (2011). Recherche interdisciplinaire et réflexion sur I’interdisciplinarité.
Nouvelles perspectives en sciences sociales, 7(1), 49—64.

Lambert, F. (2017). L’entrepreneuriat, c’est difficile. Point. Goélette, Saint-Bruno-de-
Montarville.

Larrere, L. (1994). Ordre biologique, ordre technologique ; le cas de 1’écologie. In Ordre
biologique, ordre technologique, Tinland, F. (ed.). 233-252, Champ-Vallon, Seyssel.

Latour, B. (1995). Le métier de chercheur, regard d’un anthropologue. INRA, Paris.
Laurent, M. (2013). Systemes biologiques a dynamique non linéaire. Ellipses, Paris.
Law, J. and Singleton, V. (2005). Object lessons. Organization, 12, 331-355.

Le Grand, J.L. (1992). Implexité : implications et complexité [Online]. Available at: http://
www.arianesud.com/bibliotheque/complexite et systemie/legrand jean louis implexite
implications_et complexite.

Le Marec, J. (2002). Ce que le terrain fait aux concepts : vers une théorie des composites.
HDR, Université Paris-Diderot, Paris.

Le Marec, J. and Faurie, M. (2012). Communication et réflexivité dans I’enquéte par des
chercheurs sur des chercheurs. In Réflexivité en contexte de diversité : un carrefour des
sciences humaines, Limoges [Online]. Available at: https://halshs.archives-ouvertes.fr/
hal-00671219/document.

Le Masson, P. (2018). Innovation de rupture : une question de méthode [Online]. Available
at: http://theconversation.com/innovation-de-rupture-une-question-de-methode-91595.

Le Méhauté, A., Raynal, S., Chédru, M. and Pormente, S. (2007). L’acteur du projet “pour
une économie de la connaissance”. La revue des sciences de gestion, 4, 226-227, 65-75.

Le Moigne, J.L. (1994). Le constructivisme. ESF, Paris.

Le Moigne, J.L. (2001). Interdisciplinarité ; comprendre pour faire ? La lettre chemin faisant,
39 [Online]. Available at: http://www.intelligence-complexite.org/fileadmin/docs/39.pdf.

Le Moigne, J.L. and Morin, E. (2013). Intelligence de la complexité ; épistémologie et
paradigme. Hermann, Paris.



Between Innovation in Process Engineering and Creativity 135

Le Nouvel Economiste (2017). Le colt de I’innovation augmente et la productivité
scientifique s’en ressent; mais les connaissances actuellement disponibles sont loin
d’avoir été exploitées [Online]. Available at: https://www.lenouveleconomiste.fr/cout-de-
linnovation-augmente-productivite-scientifique-sen-ressent-61527/.

Legros, P., Monneyron, F., Renard, J.-B. and Tacussel, P. (2006). Sociologie de |'imaginaire.
Armand Colin, Paris.

Leifer, L.J. and Steinert, M. (2011). Dancing with ambiguity: Causality behavior, design
thinking, and triple-loop-learning. Information Knowledge Systems Management, 10,
151-173  [Online]. Available at: https://content.iospress.com/download/information-
knowledge-systems-management/iks00191?id=information-knowledge-systems-management
%2Fiks00191.

Lemay, V. (2017). Critique de la raison disciplinaire : une révolution tranquille ? TrajEthos,
6, 11-28 [Online]. Available at: https://trajethos.ca/files/9515/1576/5595/LEMAY _Traj
Ethos61.pdf.

Lenoir, Y. and Sauvé, L. (1998). Interdisciplinarité et formation a 1’enseignement primaire et
secondaire. Revue des sciences de [’éducation, 24, 31-50.

Léonetti, J. (2010). Quand la science transformera I’humain. Plon, Paris.

Leonhardt, G. (2018). Technology and humanity: The next decade, and what it means for
policy. In FTA International Conference “Future in the Making . Brussels.

Lesourne, J. (1995). Vérités et mensonges sur le chomage. Odile Jacob, Paris.

Lévi-Strauss, C. (1990). La pensée sauvage. Pocket, Paris.

Levinas, E. (1987). Time and the other. Duquesne University Press, Pittsburgh.
Lévy-Leblond, J.M. (2006). La vitesse de ['ombre ; aux limites de la science. Le Seuil, Paris.

Liu, T. (2018). Les formations a I’innovation entre tradition et rupture. PhD thesis, Université
Paris-Saclay, Paris.

Living Lab Sofa (2019). Comment innover en formation: le décloisonnement des
disciplines ? [Online]. Available at: https://www.innovation-pedagogique.fi/article4633.
html.

Livio, M. (2017). Fabuleuses erreurs. De Darwin a Einstein. CNRS, Paris.

Loch, C.H. (2017). Creativity and risk taking aren’t rational: Behavioral operations in MOT.
Production and Operations Management, 26, 591-604.

Lorotte, A. (2015). Ces idées recues sur 1’innovation [Online]. Available at: http://www.
bilan.ch/techno-plus-de-redaction/idees-recues-linnovation.

Louvel, S. (2015). Ce que I’interdisciplinarité fait aux disciplines. Une enquéte sur la nano-
médecine en France et en Californie. Revue frangaise de sociologie, 56, 75-103.

Lubart, T. (2003). Psychologie de la créativité. Armand Colin, Paris.



136  Process Engineering Renewal 3

Mabhy, 1. (2014). L’art de l’inter a travers ’eil ouvert du cceur. In L’interdisciplinarité
racontée ; chercher hors frontieres, vivre l'interdisciplinarité, Lemay, V. and Darbellay, F.
(eds). 169-183, Peter Lang, Bern.

Maillard, P. (2017). Vers une saturation probable des impacts socio-économiques des
innovations [Online]. Available at: https://www.lesechos.fr/idees-debats/cercle/cercle-
176155-vers-une-saturation-probable-des-impacts-socio-economiques-des-innovations-
2131187.php#wQrlLuyA6dcKgVx2.99.

Maingain, A., Dufour, B. and Fourez, G. (2002). Approches didactiques de
Uinterdisciplinarité. De Boeck, Brussels.

Maldonado, C.E. and Cruz, N.A.G. (2012). The complexification of engineering. Complexity,
17, 8-15 [Online]. Available at: https://onlinelibrary.wiley.com/doi/full/10.1002/cplx.
20395.

Malisoff, W.M. (1941). Chemistry: Emergence without mystification. Philosophy of Science,
8, 39-52.

Mallard, S. (2018). Disruption intelligence artificielle, fin du salariat, humanité augmentée.
Dunod, Paris.

Malsch, I. (2008). Which research in converging technologies should taxpayers fund?
Exploring societal aspects. Technology Analysis & Strategic Management, 20, 137-148.

Manoury, J. (2009). Des délices de [inflation aux offres de la déflation. Presses
Universitaires de Rouen et du Havre, Rouen.

Marchesnay, M. (2013). Le systéme 1 “Parva sed apta”: ’innovation dans les PME. In
L’innovation : analyser, anticiper, agir, Bouteiller, S., Djellal, F. and Uzunidis, D. (eds).
29-62, Peter Lang, Brussels.

Marion, F. (2018). Les startups ne devraient pas étre le seul vecteur d’innovation [Online].
Available  at:  http://www.up-magazine.info/index.php?option=com_content&view=
article&id=7781:les-startup-ne-devraient-pas-etre-le-seul-vecteur-d-innovation&catid=
169:territoires-en-mutation&Itemid=828&utm_source=newsletter 669&utm_medium=
email&utm campaign=up-nl-vnew-quot.

Marsan, C. (2018). Hors-sol et engagement [Online]. Available at: http://up-magazine.info/
index.php?option=com_content&view=article&id=7499:hors-sol-et-engagement&catid=
103:analyses&ltemid=542&utm_source=newsletter 630&utm medium=email&utm_cam
paign=up-nl-vnew-quot.

Marti, Y.M. and Martinet, B. (1996). L intelligence économique et concurrentielle : les yeux et
les oreilles de ’entreprise. Editions d’Organisation, Paris.

Martin, G. (2019). Innovations : ou est I’accélérateur ? [Online]. Available at: https://www.
contrepoints.org/2019/03/12/339105-innovation-ou-est-laccelerateur.

Marx, K. (1999). A Contribution to the Critique of Political Economy. Progress Publishers,
Moscow.

Maslow, A. (1966). The Psychology of Science. Harper & Row, New York.



Between Innovation in Process Engineering and Creativity 137

Mathieu, N. and Schmid, A.F. (2014). Modélisation et interdisciplinarité. Quae, Paris.
Maurin, E. (2015). La fabrique du conformisme. Le Seuil, Paris.

Mazzucato, M. (2018). Mission-oriented research and innovation in the European Union. A
problem-solving approach to fuel innovation-led growth [Online]. Available at: http:/www.gbc
croatia.org/upload/clanci/2018/02/2018-02-23/272/mazzucatoreportmissions2018europeancomm
issionri.pdf.

Merton, R.K. (1968). The Matthew effect in science. Science, 159, 56—63.

Mihelcic, J.R., Crittenden, J.C., Small, M.J., Schonnard, D.R., Hokanson, D.R., Zhang, Q.,
Chen, H., Sorby, S.A., James, V.U., Sutherland, J.W. and Schnoor, J.L. (2003).
Sustainability science and engineering: The emergence of a new metadiscipline.
Environmental Science & Technology, 37, 5314-5324 [Online]. Available at: https://
www.researchgate.net/profile/Mitchell Small/publication/8938727_Sustainability Scienc
e and Engineering The Emergence of a New Metadiscipline/links/02e7e¢520136300b
43a000000/Sustainability-Science-and-Engineering-The-Emergence-of-a-New-
Metadiscipline.pdf.

Millier, P. (2013). Oui, on peut manager 1’innovation de rupture ! Entreprendre & Innover, 2,
58-67.

Minazzoli, A. (1996). L " homme sans visage — une anthropologie négative. PUF, Paris.

Ministry of Education and Culture (2015). Towards a future proof system for higher education
and research in Finland [Online]. Available at: http://julkaisut.valtioneuvosto.fi/handle/
10024/75119.

MIT (2017). A global strategy for MIT [Online]. Available at: http://web.mit.edu/global
strategy/A_Global_Strategy For MIT May2017.pdf.

Mitchell, .K. and Walinga, J. (2017). The creative imperative: The role of creativity, creative
problem solving and insight as key drivers for sustainability. Journal of Cleaner
Production, 140, 1872—-1884.

Mondada, L. (2005). Chercheurs en interaction : comment émergent les savoirs. Presses
polytechniques et universitaires romandes, Lausanne.

More, T. (2005). Utopia. Project Gutenberg [Online]. Available at: https://www.gutenberg.
org/files/2130/2130-h/2130-h.htm.

Morin, E. (1977). La Méthode 1. La nature de la nature. Le Seuil, Paris.

Morin, E. (1980). La Méthode II. La vie de la vie. Le Seuil, Paris.

Morin, E. (1982). Science avec conscience. Fayard, Paris.

Morin, E. (1988). La Méthode III. La connaissance de la connaissance. Le Seuil, Paris.

Morin, E. (1991). La Méthode 1V. Les idées, leur habitat, leur vie, leur organisation. Le Seuil,
Paris.

Morin, E. (1999). Relier les connaissances. Le Seuil, Paris.



138 Process Engineering Renewal 3

Morin, E. (2005). Introduction a la pensée complexe. Le Seuil, Paris.

Morin, E. (2013). Complexité restreinte, complexité générale. In Intelligence de la
complexité, Le Moigne, L. (ed.). 28-64, Hermann, Paris.

Morin, E. (2016). Le temps est venu de changer de civilisation [Online]. Available at: https://
www.les-crises.fr/edgar-morin-le-temps-est-venu-de-changer-de-civilisation-par-denis-lafaye/.

Morton, T. (2015). Les “hyper-objets”, le super concept qui révolutionne la pensée
écologique. Les Inrocks, 21 November [Online]. Available at: https://www.lesinrocks.
com/2015/11/21/arts/les-hyperobjets-le-superconcept-qui-revolutionne-la-pensee-ecologique-
11785368/.

Moutchouris, A. (2014). La dynamique de [Iinterdisciplinarité. In Modélisation et
interdisciplinarité : six disciplines en quéte d’épistémologie, Mathieu, N. and Schmid,
A.F. (eds). 217-229, Quae, Paris.

MOWATT Center (2017). Regulating disruption: Governing in an era of rapid technological
change [Online]. Available at: https://mowatcentre.ca/wp-content/uploads/publications/
147 regulating_disruption.pdf.

Mumford, L. (2010). Technics and Civilization. University of Chicago Press, London.

Nagel, M., Jansen, P.R., Stringer, S., Watanabe, K., de Leecuw, C.A., Bryois, J., Savae, J.E.,
Hammerschlag, A.R., Skene, N.G., Muifioz-Manchado, A.B., 23andMe Research Team,
White, T., Tiemeier, H., Linnarsson, S., Hjerling-Leffler, J., Polderman, T.J.C., Sullivan,
P.F., van der Sluis, S. and Posthuma, D. (2018). Meta-analysis of genome-wide
association studies for neuroticism in 449,484 individuals identifies novel genetic loci and
pathways. Nature Genetics, 50(7), 920-927 [Online]. Available at: http://www.nature.
com/articles/ s41588-018-0151-7.

National Academies Press (2018). The integration of the humanities and arts with sciences,
engineering, and medicine in higher education: Branches from the same tree [Online].
Available at: https://www.nap.edu/download/24988.

National Research Council (1991). Improving Engineering Design: Designing for
Competitive Advantages. The National Academies Press, Washington.

Negny, S., Le Lann, J.-M. and Bryon-Porte, C. (2017). Management of “Systematic
Innovation”: A kind of quest for the Holy Grail! Computers & Chemical Engineering,
106, 911-926.

Nicolescu, B. (1996). La transdisciplinarité. Manifeste. Editions du Rocher, Monaco.

Nordmann, A. (2004). Technologies convergentes : fagonner I’avenir des sociétés européennes.
European Commission [Online]. Available at: http://publications.europa.eu/resource/
cellar/7d942de2-5d57-425d-93df-fd40c682d5b5.0001.02/DOC 2.

OECD (2017). Digital Economy Outlook 2017 [Online]. Available at: http:/www.
oecd.org/fr/sti/oecd-digital-economy-outlook-2017-9789264276284-en.htm.



Between Innovation in Process Engineering and Creativity 139

Octo Academy (2017). Comment s’inspirer des méthodes scientifiques dans 1’innovation
produit ! [Online]. Available at: http://blog.octo.com/comment-sinspirer-des-methodes-

Openclassrooms (2013). Introduction a la logique floue [Online]. Available at: https://open
classrooms.com/forum/sujet/beta-off-introduction-a-la-logique-floue-84433.

Orléan, A. (2011). L ’empire de la valeur ; refonder I’économie. Le Seuil, Paris.

Orlikowski, W.J. (1992). The duality of technology: Rethinking the concept of technology in
organizations. Organization Science, 3, 398—429.

Orwell, G. (1949). 1984. Secker & Warburg, London.

Owen, R., Macnaghten, P. and Stilgoe, J. (2012). Responsible research and innovation: From
science in society to science for society, with society. Science and Public Policy, 39,
751-760.

Panissal, N., Brossais, E. and Vieu, C. (2010). Les nanotechnologies au lycée, une ingénierie
d’éducation citoyenne des sciences. RDST, 1, 319-338 [Online]. Available at:
https://journals.openedition.org/rdst/253.

Paris, T. (2010). Manager la créativité. Pearson, Paris.

Paty, M. (1990). L’analyse critique des sciences ou le tétraédre épistémologique.
L’Harmattan, Paris.

Paty, M. (1999). Opérations épistémiques et épistémologie formelle : contribution a 1’étude
des opérations épistémiques dans les théories scientifiques. Principia, 257-306.

Péne, C. (2018). L’imagination doit ouvrir la voie, plutdt que la technique [Online]. Available
at: https://www latribune.fr/supplement/la-tribune-now/l-imagination-doit-ouvrir-la-voie-
plutot-que-la-technique-782834.html.

Perkins, J. (2002). Education in process systems engineering: Past, present and future.
Computers & Chemical Engineering, 26, 283-293.

Perrin, M.E. (2017). Machine Intelligence Summit: le deep-learning au cceur des enjeux
scientifiques [Online]. Available at: http://www.diplomatie.gouv.fr/fr/politique-etrangere-de-la-
france/diplomatie-scientifique/veille-scientifique-et-technologique/etats-unis/article/machine-
intelligence-summit-le-deep-learning-au-coeur-des-enjeux-scientifiques.

Perrot, M.D., Rist, G. and Sabelli, F. (1992). La mythologie programmeée : I’économie des
croyances dans la société moderne. PUF, Paris.

Pestre, D. (2014). Du gouvernement du progres technique et de ses effets. In Le gouvernement
des technosciences ; gouverner le progres et ses dégdts depuis 1945, Pestre, D. (ed.).
7-30, La Découverte, Paris.

Pezziardi, P. and Verdier, H. (2017). Des startups d’état a 1’état plateforme. Fondation pour
I’innovation politique [Online]. Available at: http://www.fondapol.org/wp-content/
uploads/2017/01/096-PEZZIARDI_2016-12-22-web.pdf.

Phelps, E. (2017). La prospérité de masse. Odile Jacob, Paris.



140 Process Engineering Renewal 3

Philippe, J. (2012). L’innovation managériale, comment innover dans 1’univers bancaire ? In
L’art du management de I’innovation dans le service public, Eurogroup Consulting (ed.).
79-102, Eurogroup, Paris.

Piaget, J. (1967). Biologie et connaissance. Gallimard, Paris.

Picon, A. (2002). Imaginaires de I’efficacité, pensée technique et rationalisation. In Réseaux :
techniques et imaginaire, Flichy, P. and Picon, A. (eds). 19-50, Hermés Science
Publications, Paris.

Piette, F. (2011). La logique floue : intéréts et limites [Online]. Available at: http://www.
ferdinandpiette.com/blog/2011/08/1a-logique-floue-interets-et-limites/.

PIPAME (2014). Prospective: benchmark européen sur les plateformes chimiques, quels sont
les leviers pour améliorer la compétitivité des plateformes frangaises ? [Online]. Available
at: http://www .entreprises.gouv.fr/files/files/directions_services/etudes-et-statistiques/
prospective/Industrie/2014-09-plateforme-chimiques.pdf.

Pocock, J.G.A. (1997). Le moment machiavélien, la pensée politique florentine et la tradition
républicaine atlantique. PUF, Paris.

Potier, O., Brun, J., Le Masson, P. and Weil, B. (2015). How Innovative Design can
contribute to Chemical and Process Engineering development? Opening new innovation
paths by applying the C-K method. Chemical Engineering Research and Design, 103,
108-122.

Presse, M.C. (2009). Analyse des pratiques et transformations des pratiques : une question de
valeurs. In La mise a I'épreuve : le transfert des connaissances scientifiques en questions,
Albaladejo, C., Geslin, P., Magda, D. and Salembier, P. (eds). 141-156, Quae, Versailles.

Prigogine, 1. (1996). La fin des certitudes. Odile Jacob, Paris.
Prigogine, I. and Stengers, 1. (1988). Entre le temps et I’éternité. Fayard, Paris.

PwC (2017). Reinventing innovation: Five findings to guide strategy through execution
[Online]. Available at: https://www.pwc.com/us/en/advisory-services/business-innovation/
assets/2017-innovation-benchmark-findings.pdf.

Pyka, A. and Windrum, P. (2003). The self-organisation of strategic alliances. Economics of
Innovation and New Technology, 12, 245-268.

Quessada, D. (2013). L inséparé “Essai sur un monde sans autre”. PUF, Paris.
Quinn, J.B. (1980). Strategies for change: Logical incrementalism. Homewood, Irwin.

Radjou, N., Prabhu, J., Ahuja, S. and Boillot, J.-J. (2013). L innovation JUGAAD. Devenons
ingénieux. Diatero, Paris.

Rahim, Z.A., Sheng, I.L.S. and Nooh, A.B., (2015). TRIZ methodology for applied chemical
engineering: A case study of new product development. Chemical Engineering Research
and Design, 103, 11-24.

Rank, J., Pace, V.L. and Frese, M. (2004). Three avenues for future research on creativity,
innovation, and initiative. Applied Psychology: An International Review, 53, 518-528.



Between Innovation in Process Engineering and Creativity 141

Rapp, F. (1978). Homo Sapiens Technologicus. Le Pommier, Paris.

Ratcliff, R. (2013). Applying epistemology to system engineering: An illustration. Procedia
Computer Science, 16, 393-402.

Redlingshéfer, B., Métais, A., André, J.-C. (2014). Complexité, risques incertains, précaution
et débat public. Environnement, risques et santé, 13(3), 222-231.

Remington, E.D., Parks, T.V. and Jazayeri, M. (2018). Late Bayesian inference in mental
transformations. Nature Communications, 9, 4419.

Rheingold, H. (1993). La réalité virtuelle. Dunod, Paris.

Richer, M. (2019). L’intelligence collective : a quand le grand débat dans 1’entreprise ?
[Online]. Available at: http://www.metiseurope.eu/l-intelligence-collective-quand-le-
grand-debat-dans-l-entreprise fr 70 art 30796.html.

Rocci, A. (2019). La procrastination, I’art de repousser les choses [Online]. Available at:
https://www.compta-online.com/la-procrastination-art-de-repousser-les-choses-a03830.

Rocher, G. (1997). Evolution de I’institution régulatrice de la recherche. In Culture, institution
et savoir, Turmel, A. (ed.). 45-55, Presses de I’Université Laval, Quebec.

Rolland, S. (2017). La France prendra-t-elle le virage des “Deep Tech” ? [Online]. Available at:
http://www.latribune.fr/technos-medias/la-france-prendra-t-clle-le-virage-des-deep-tech-
756137 .html.

Romina, C. and Ferrari, A. (2009). Creativity in schools in Europe: A survey of teachers.
Report, DG EU Education.

Roqueplo, P. (1993). Climats sous surveillance. Economica, Paris.

Rosental, C. (1998). Histoire de la logique floue ; une approche sociologique des pratiques de
démonstration. Revue de synthese, 4, 575—-602.

Rostand, J. (1959). Discours de réception de Jean Rostand [Online]. Available at:
http://www.academie-francaise.fr/discours-de-reception-de-jean-rostand.

Roux-Rouqui¢, M. (2001). Organisation vivante: d’une conception énergétique a une
conception inforgétique : pluri-, inter-, transdisciplinarit¢é [Online]. Available at: http:/
www.intelligence-complexite.org/fileadmin/docs/39.pdf.

Rugarcia, A., Felder, R.M., Woods, D.R. and Stice, J.E. (2000). The future of engineering
education: 1. A vision for a new century. Chemical Engineering Education, 34(1), 16-25.

Schmidt, A.F. (1992). Le silence de 1’épistémologie sur les sciences de 1’ingénieur. Savoirs et
éthiques de l'ingénieur, December, 9—11.

Schmidt, A.F. (1998). L dge de [’épistéemologie. Science, ingénierie, éthique. Kimé, Paris.
Schopenhauer, A. (2014). L art d’avoir toujours raison. Librio, Paris.
Schumpeter, J.A. (2006). History of Economic Analysis. Taylor & Francis, Milton Park.

Sclove, R. (2003). Choix technologiques, choix de société. Charles Léopold Mayer/Descartes
et Cie, Paris.



142  Process Engineering Renewal 3

Servent, P. (2011). Le complexe de I’autruche. Perrin, Paris.
Sévilla, J. (2000). Le terrorisme intellectuel de 1945 a nos jours. Perrin, Paris.

Shinn, T. (2000). Formes de division du travail scientifique et convergence intellectuelle ; la
recherche technico-instrumentale. Revue frangaise de sociologie, 41, 447—473.

Silberzahn, P. (2016). Comment I’innovation est étouffée par ceux qui la défendent [Online].
Available at: https://www.contrepoints.org/2016/05/03/251100-comment-innovation-est-
tuee-par-ceux-qui-la-defendent#FQQiKgWS5SF RimzZ9£.99.

Silberzahn, P. (2017a). Innovation de rupture : cette fausse impression de vitesse [Online].
Available at: https://philippesilberzahn.com/2017/10/30/innovation-de-rupture-cette-fausse-
impression-de-vitesse/.

Silberzahn, P. (2017b). Les limites d’une approche tactique de I’innovation [Online].
Available at: https://www.contrepoints.org/2017/11/14/303133-limites-dune-approche-
tactique-de-linnovation.

Simon, H.A. (2004). Les sciences de [’artificiel. Folio, Paris.

Skinner, B.F. (1974). Beyond Freedom and Dignity. Hackett Publishing Company, Inc.
Indianapolis.

Slater, S.F., Mohr, J.J. and Sengupta, S. (2014). Radical product innovation capability:
Literature review, synthesis, and illustrative research propositions. Journal of Product
Innovation Management, 31, 552-566.

Sloterdisjk, P. (2011). Le palais de cristal. Pluriel, Paris.

Société francaise du génie des procédés (2017). Le génie des procédés en France. Livre
blanc de la SFGP [Online]. Available at: https://www.sfgp.asso.fi/QIw95JK6d5t6y
WrSC4UcTm2eMgRG358vibZBtdWV22uk494Ys3/uploads/2018/10/LIVRE-BLANC-
LE-GENIE-DES-PROCEDES-EN-FRANCE-2018.pdf.

Smith, N. (2019). American employers are hung up on hiring Ph.D.s: Tech and finance
companies risk overlooking talent in their quest to hire people with doctorates [Online].
Available at: https://www.bloomberg.com/opinion/articles/2019-03-27/american-employers-
are-hung-up-on-hiring-ph-d-s.

St Leger, J. (2014). Making the next-gengineers. Computer, 47(12), 3335 [Online]. Available
at: https://www.researchgate.net/publication/273392006_The World _of Making.

Star, S.L. (1999). The ethnography of infrastructure. American Behavioral Scientist, 43,
377-391.

Star, S.L. (2007). The history and boundaries of boundary objects. In Conference at the
Workshop “Boundary Object, Boundary work”. Université de Grenoble, Grenoble.

Star, S.L. (2010). Ceci n’est pas un objet-frontiere ! Réflexions sur 1’origine d’un concept.
Revue d’anthropologie des connaissances, 4, 18-35.

Star, S.L. and Griesemer, J.R. (1989). Institutional ecology, “Translations” and boundary
objects: Amateurs and professionals on Berkeley’s museum of vertebrate zoology. Social
Studies of Science, 19, 387-420.



Between Innovation in Process Engineering and Creativity 143

Star, S.L. and Griesemer, J.R. (2008). Ecologie institutionnelle, “traductions” et objets
frontiéres : des amateurs et des professionnels au musée de zoologie vertébrée de
Berkeley, 1907-1939. In La cognition au prisme des sciences sociales, Lahire, B. and
Rosental, C. (eds). Editions des archives contemporaines, Paris.

Star, S.L. and Ruhleder, K. (1994). Steps towards an ecology of infrastructure: Complex
problems in design and access for large-scale collaborative systems [Online]. Available
at: https://www.dourish.com/classes/readings/StarRuhleder-Ecology OfInf-CSCW94.pdf.

Stengers, 1. (2013). Une autre science est possible ! Manifeste pour un ralentissement des
sciences. Les Empécheurs de penser en rond, Paris.

Stengers, 1. and Schlanger, J. (1991). Les concepts scientifiques. Gallimard, Paris.

Stiegler, B. (2019). Critique de la raison impure. Entretien avec Bernard Stiegler [Online].
Available at: https://esprit.presse.fi/article/bernard-stiegler/critique-de-la-raison-impure-
entretien-avec-bernard-stiegler-39264?fbclid=IwAR1YrNQkOBb-HBbx 19AwWIfdEEX96
vC6NhuDgSC0xaEA3YbyQjA06S-XvIeM.

Swiss Science and Innovation Council (2017). Notions of disruption. A collection of
exploratory studies (Disruptive innovation, Digitalisation, Digital competences) [Online].
Available at: http://www.swir.ch/images/stories/pdf/en/WEB_Exploratory-Study SSIC-3-
2017_Notions-of-Disruption.pdf.

Techno-science (2017). La dépendance aux connaissances est-clle nuisible a la créativité ?
[Online]. Available at: http://www.techno-science.net/?onglet=news&news=16523.

Teles dos Santos, M., Vianna Jr., A.S. and Le Roux, G.A.C. (2018). Programming skills in
the industry 4.0: are chemical engineering students able to face new problems? Education
for Chemical Engineers, 22, 69-76.

Tellier, F. (2003). La société et son double. Climats, Castelnau-le-Lez.
Testart, J. (2003). Quelle liberté pour le chercheur? Cahiers du CCNE, 36, 17-20.

Thaler, R.H. (2015). Misbehaving — The Making of Behavioral Economics. W.W. Norton &
Co., New York.

Tiberghien, A., Cross, D. and Sensevy, G. (2014). The evolution of classroom physics
knowledge in relation to certainty and uncertainty. Journal of Research in Science
Teaching, 51, 930-961.

Tirri, K., Cho, S., Ahn, D. and Campbell, J.A. (2017). Education for creativity and talent
development in the 21st Century. Education Research International, 2017, 1-2 [Online].
Available at: https://www.hindawi.com/journals/edri/2017/5417087/.

Touraine, A. (1978). La voie et le regard. Le Seuil, Paris.

Trompette, P. and Vinck, D. (2009). Retour sur la notion d’objet-frontiére. Revue
d’anthropologie des connaissances, 3, 5-27 [Online]. Available at: http://www.cairn.
info/article.php?ID_ARTICLE=RAC_006_0005.



144  Process Engineering Renewal 3

Tsai, C.-C., Chai, C.S., Wong, B.K.S., Hong, H.-Y. and Tan, S.C. (2013). Positioning design
epistemology and its applications in education technology. Educational Technology &
Society, 16, 81-90.

Turlif, V., Pasko, A. and Vibrandt, C. (2009). Fabricating nature. Technoetic Arts: A Journal
of Speculative Research, 7, 165-173.

Université Fédérale de Toulouse (2019). Forum “A la croisée des sciences”, compte-rendu de
la Table ronde intitulée “L’interdisciplinarité en sciences” [Online]. Available at: https://
www.univ-toulouse.fr/sites/default/files/2019-03/TR 1-interdisciplinarite-en-science.pdf.

University Governance and Creativity (2018). The 2016 Hannover symposium volume was
now published in the European Review [Online]. Available at: https:/www.
cambridge.org/core/journals/european-review/issue/7181 A1DDB7D1C17C2AC3FBF88A
CDBEA4EH#.

Vallet, J.B. (2018). Le paradoxe de I’innovation improductive [Online]. Available at:
https://www.lesechos.fr/idees-debats/cercle/cercle-180739-le-paradoxe-de-linnovation-
improductive-2163753.php#q5GbtQRPJy2keCAO.99.

Van Andel, P. and Bourcier, D. (2009). De la sérendipité dans la science, la technique, [’art et
le droit ; lecons de ['inattendu. " ACT MEM, Paris.

Van de Ven, A.H. (2005). Running in packs to develop knowledge-intensive technologies.
MIS Quarterly, 29, 365-378.

Van de Ven, A.H., Polly, D. and Garud, R. (2008). The Innovation Journey. Oxford
University Press, New York.

Van der Leuw, S.E. (1994). Pour penser la technique. Alliage, 21 [Online]. Available at:
http://www.tribunes.com/tribune/alliage/20-21/leeu.htm.

Van Noorden, R. (2015). Interdisciplinary research by the numbers. Nature, 525, 306-307.
Vandeginste, P. (2012). Modéliser le vivant. La Recherche, 464, 47-49.

Vanderburg, W.H. (2010). Rethinking engineering design and decision making in response to
economical, social, environmental crises. Bulletin of Science, Technology & Society, 29,
421-432.

Varela, F.J. (1989). Autonomie et connaissance. Essai sur le vivant. Le Seuil, Paris.

Varenne, F. (2001). What does a computer simulation prove? Society for Computer
Simulation (SCS), 549-554 [Online]. Available at: https://hal.archives-ouvertes.fr/hal-
00004125v2/document.

Varenne, F. (2003). La simulation congue comme expérience concréte. Editions de 1’ENST,
299-313 [Online]. Available at: https://hal.archives-ouvertes.fr/hal-00004269/document.

Varenne, F. (2007). Du modéle a la simulation. Vrin, Paris.



Between Innovation in Process Engineering and Creativity 145

Varenne, F. (2016). Histoire de la modélisation : quelques jalons. In Actes du colloque
Modélisation, succes et limites, 9-35, CNRS & Académie des technologies, Paris
[Online]. Available at: http://academie-technologies-prod.s3.amazonaws.com/2018/
02/21/12/18/39/948/Modelisation_Actes DEF.pdf.

Vecteurs économie et innovation (2017). Que sont les deep techs? Secteurs et enjeux d’un
modele émergent [Online]. Available at: https://www.economie.gouv.qc.ca/index.php?
1d=22505.

Vercheres, C. and Anjembe, E. (2010). De la difficulté de fabriquer des objets-fronticres. Le
cas d’un projet de conception exploratoire. Revue d’anthropologie des connaissances, 4,
36-64.

Vian, B. (1967). L automne a Pékin. Editions 10/18, Paris.

Viard, M. (2018). La créativité devient un objet d’étude en soi [Online]. Available at: http://
www.liberation.fr/voyage-au-coeur-de-11A/2018/01/04/1a-creativite-devient-un-objet-d-
etude-en-soi_1620133.

Vico, G.B. (1981). Vie de Gianbattista Vico écrite par lui-méme, suivie de lettres et de la
méthode des études de notre temps. Grasset, Paris.

Villeneure, S. (2018). Al futures policy labs: Shaping the future of Al policy in Canada
[Online]. Brookfield Institute. Available at: https://brookfieldinstitute.ca/commentary/ai-
futures-policy-labs-shaping-the-future-of-ai-policy-in-canada/.

Vincenti, W. (1993). What Engineers Know and How They Know It? Analytical Studies from
Aeronautical History. John Hopkins University Press, Baltimore.

Vinck, D. (2000). Pratiques de ['interdisciplinarité : mutations des sciences, de ['industrie et
de I'enseignement. Presses Universitaires de Grenoble, Grenoble.

Virilio, P. (2010). L administration de la peur. Textuel, Paris.

Visvanathan, S. (1997). 4 Carnival for Science: Essays on Science, Technology and
Development. Oxford University Press, London.

von Foerster, H. (2006). Les responsabilités de la compétence. In Seconde cybernétique et
complexité. Rencontres avec Heinz von Foerster, Andreewsky, E., Delorme, R. (eds).
125-133, L’Harmattan, Paris.

Von Hippel, E. (1993). Sticky information and the locus of problem solving: Implications
for innovation [Online]. Available at: https://dspace.mit.edu/bitstream/handle/1721.1/
2493/SWP-3610-28936062.pdf.

Von Hippel, E. (2005). Democratizing Innovation. MIT Press, Cambridge [Online]. Available
at: https://web.mit.edu/evhippel/www/books/DI/DemocInn.pdf.



146  Process Engineering Renewal 3

Wallerstein, 1. (1999). The heritage of sociology, the promise of social science. Current
Sociology, 47, 1-37.

Washington University (2017). Tech Policy Lab joins partnership on Artificial Intelligence
[Online]. Available at: https://techpolicylab.uw.edu/news/tech-policy-lab-joins-partnership-
on-artificial-intelligence/.

Watzlawick, P. (1988). L invention de la réalité. Contributions au constructivisme. Le Seuil,
Paris.

Watzlawick, P. (1991). Les cheveux du baron de Miinchhausen ; psychothérapie et “réalité”.
Le Seuil, Paris.

Weaver, J. and Muci-Kiichler, K. (2008). In-class creativity exercises for engineering students
[Online]. Available at: https://peer.asee.org/3724.

Weber, M. (1963). Le savant et le politique. Editions 10/18, Paris.
Weber, M. (1965). La théorie de la science. Plon, Paris.

World Economic Forum (2017). It’s time to dispel the myths of automation [Online].
Available at: https://www.weforum.org/agenda/2017/10/the-true-complexity-of-automation/.

Wiener, N. (1989). The Human Use of Human Beings. Free Association Books, London.

Williamson, B. (2015). Testing government: Policy labs and political experimentation
[Online]. Available at: https://codeactsineducation.wordpress.com/2015/03/30/testing-
government/.

Winnicott, D.W. (1975). Jeu et réalité. L espace potentiel. Gallimard, Paris.

Wissmann, H. (2010). Au-dela du scientisme. In La science en jeu, Besnier, .M., Klein, E.,
Le Guyader, H. and Wissmann, H. (eds). 41-60, Actes Sud/IHEST, Paris.

Wolf, M. (2009). Consentement, autonomie, complexit¢é [Online]. Available at:
http://www.ethique.sorbonne-paris-cite.fr/sites/default/files/texte%20wolf%202009.pdf.

Wolf, M. (2014). Lunch with the FT: Edmund Phelps. Financial Times, June 13 [Online].
Available at: https://www.ft.com/content/c88b2610-f095-11e3-b112-00144feabdcO.

WTO/ILO (2017). Investing in skills for inclusive trade [Online]. Available at:
https://www.wto.org/english/res_e/booksp_e/investins skills_e.pdf.

Wu, L., Wang, D. and Evans, J.A. (2019). Large teams develop and small teams disrupt
science and technology. Nature, 566, 378-382.

Yang, W., Marsala, C., Pinna, A., Rifqi, M. and Garda, P. (2016). Arbres de décision flous
adaptatifs [Online]. In 25éme rencontres francophones sur la logique floue et ses
applications (LFA). La Rochelle. Available at: https://hal.archives-ouvertes.fr/hal-0143
9389/document.



Between Innovation in Process Engineering and Creativity 147

Yiannoutsou, N. and Kynigos, C. (2013). Boundary objects in educational design research:
Designing an intervention for learning how to learn in collectives with technologies that
support collaboration and exploratory learning [Online]. Available at: https://www.
researchgate.net/publication/254257746 Boundary Objects_in Educational Design Research
designing_an_intervention for learning how to learn in collectives with technologies that
support_collaboration and_exploratory learning.

Yoo, Y., Lyytinen, K. and Boland, R.J. (2008). Distributed innovation in classes of networks.
In The Forty-First Annual Hawaii International Conference on System Sciences.
Computer Society Press, Waikoloa.

Yoo, Y. (2009). Innovation in the digital era: Digitization and four classes of innovation
networks. Working document, Temple University, Philadelphia.

Zochetti, V. (2017). Trois bonnes raisons de se former au “design thinking” [Online].
Available at: http://madame.lefigaro.fr/business/trois-bonnes-raisons-de-se-former-au-
design-thinking-081117-135127.






