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Legitimization of Science and Technology

Foreword
History is about human life in its different aspects and propensities. Reading and
learning about history is also about gaining insight into the complex processes in
society and in individuals ultimately forming the foundation for the legitimization
of science and technology. Legitimization is not only required for the existing
science and technology, but also for emerging science and technology.
It is doubtful that the processes which result in the criteria used in legitimization
of science and technology, the criteria themselves and their in casu application are
rational in a mathematical sense, although they may very well be rational in a
societal context. This does not mean that the human mind would not be rational.
The human mind is rational in taking into account factors which are important for
an individual and his/her position in society. Accepting that science and
technology depends on societal legitimization that is not founded on rationality in
a mathematical sense goes against pretty much everything that is taught in
courses on, e.g., analytical chemistry, industrial chemistry and organic chemistry.
All of the sudden, the world is not deterministic but increasingly indeterministic.
For many years, I have been following the debate on strategy and innovation.
Although the claim made by, e.g., some adherents of Institutional Economics of the
decisive importance of legal issues for innovation is flattering to a lawyer like me,
a legal mind is always sceptical. My reading of the history science and technology
is more nuanced: Science and technology, including inventions and innovation, are
made by people living in society with all their traditions and not by institutions.
The key for comprehending actions and inactions of individuals is in understanding
their dynamic and complex societal context.
Science and technology are important to companies and countries alike. Changing
the institutional framework is not enough to stimulate innovation. The real
challenge is to create a societal context that encourages intellectual curiosity,
scientific learning, research, innovation, the adoption of innovative solutions and
the societal acceptance of change.
In contemplating the legitimization of science and technology, including inventions
and innovation, I have concluded that the traditions on which a society is built are
of decisive importance for the legitimization. This is not to say that I favour a purely
deterministic view. My view is characterized by a mix of determinism and
indeterminism. I call it the Complex and Recursive Recombination.
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Lucien Febvre1 writes (Febvre, 1962, p. 185): “Un historien n’est pas un
économiste. On le sait de restes. Et si je rends compte d’un remarquable Cours
d’Économie politique qui vient heureusement d’être publié ou, plus exactement, qui
est en train d’être publié, se n’est pas pour me targuer d’une compétence qui me
fait défaut.”2 To the same degree Lucien Febvre was an excellent historian and not
an economist – or an engineer for that matter – I am an engineer and not a
historian. This did not prevent Lucien Febvre from performing and publishing
excellent research on economics and engineering from a historian’s perspective,
and analogously it does not prevent me from performing and presenting research
on history from an engineer`s perspective.
My heartfelt thanks go to the many people who have encouraged me to conduct
the research for this work and to write it, and who have contributed to it with their
suggestions and comments. In particular, I wish to thank Hardy Keeash, Terhikki
Poesche (†), Professor Ilkka Kauranen, Professor Timo Myllyntaus, Professor
Renato Giannetti, Professor Dominique Pestre, Professor Jean-Marc Fontan,
Professor Bertrand Quélin, and the preexaminers of this work, Professor Colin
Lewis and Professor Germano Maifreda. I also wish to thank the Bayerische
Staatsbibliothek, the Bibliothèque nationale de France and the Universidad
Autónoma del Estado de México for being able to use their outstanding collections
of scientific literature and databanks.
Munich, on 01 December 2014
Jürgen Poesche

1

Lucien Febvre demonstrated his broad consideration of history in his doctoral
dissertation in 1911, and this pluridisciplinary approach favouring the union of the
human sciences was in evidence in Les Annales d’histoire économique et sociale he
founded together with, e.g., Marc Bloch in 1929 (Bourdé & Martin, 1983, pp. 172-179).
2
Author’s translation: “A historian is not an economist. He knows the remainder. And if
I recognize an excellent course in political economy that is published, or more precisely
being published, it is unnecessary for me to claim that I have competence in a field I do
not know.”
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I. Introduction
The title of this work is Legitimization of Science and Technology: From the French
Pragmatic Sociology and the Annales School to Recursive and Complex
Recombination. It is not a work on the history of the legitimization3 of engineering
– encompassing science4 and technology – written by a historian for engineers. It
is a work on the history of the legitimization engineering written by an engineer
for engineers and historians. Consequently, in keeping with Marc Bloch, this work
is not one in history, because the object of this work is science and technology and
not humans; Marc Bloch writes that “l’objet de l’histoire est, par nature, l’homme”5
(Bloch M. , 1993, p. 83). Of course, the science and technology assessed in this
work are the result of human activity in society, and they are used by humans in
society. The sameness of the subject does not mean the sameness of the object.
This difference in perspective is conducive to reaching a different understanding of
the legitimization of science and technology using the empirical material provided
by history. The concept developed in this work – the Recursive and Complex
Recombination – summarizes the findings of the assessments performed in this
work and it is the key result of this work. Apart from using it to comprehend
history, it can be used in industrial engineering and management, particularly in
the strategic management of science and technology.
Objective
The fundamental thought of this work is that technology and science emerge in
and are products of society6, a society that evolves over time. In other words, the
3

The term “legitimization” is defined in Chapter II.
The term “science” is defined for the purpose of this work as all disciplines of natural
science in the Occident, including Biology, Chemistry and Physics. The term “sciences”
does not refer to the different disciplines of natural science in the Occident; the term
“sciences” is defined for the purpose of this work of the different sciences of different
societies, e.g., Aztec science and Chinese science. The term “science” is additionally
defined for the purposes of this work as a description of one or several natural
phenomena formulated with the aim of understanding it or them. An assessment of the
term “science” can be found in Chapter V.
5
Author’s translation: By its nature, the object of history is man.
6
The term “society” is defined for the purpose of this work as a group of humans with a
set of commonly shared traditions which are not shared in the same combination by
other groups of humans. In this work, the commonly shared traditions are considered to
include all aspects of human life including but not being limited to the same
intergenerational history, the same language, the same religious beliefs and
philosophical teachings, and the same perception of iustitia (justice). Gabriel Tarde
writes that society is imitation (Tarde, 1895, p. 80). Whereas imitation results in a large
degree of similarity in, e.g., religious beliefs and perception of iustitia, these two
4
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legitimization of science and technology, including technological inventions and
technological innovation7, are rooted in society. The way a society evolves over
time is not indeterministic stricto sensu, but it is limited – but not deterministic
stricto sensu – by the past, specifically the relevant branch of the appropriate
societal tradition8. Thus, this work is in line with the finding that the ability to
innovate is limited the past of the relevant society (“System”) as described by, e.g.,
Gustav Bergmann and Jürgen Daub (Bergmann & Daub, 2006, p. 124). The
Objective of this work can be defined thus:

The Objective of this work is to
develop and present a concept to
explain the deterministic and
indeterministic interrelationship
between science and technology on
the one hand and relevant branch of
the appropriate societal tradition on
the other hand.

definitions are not dissimilar. In this work, a society does not necessarily correspond the
the legal entity of a realm or state, but there may be more than one society in one realm
or one society may live in several realms – this separation of society and realm (“nation”)
corresponds with Garbriel Tarde’s view (Tarde, 1895, pp. 70-71).
7
The term “technological innovation” is defined for the purpose of this work as a novel
piece of equipment for a unit operation or a novel combination of known unit
operations. Consequently, the term “technology” is defined as unit operations based on
chemistry and physics for the purpose of this work. An assessment on the term
“technology” is can be found in Chapter V.
8
The term “societal tradition” is defined for the purposes of this work as all aspects
affecting the thought in a society, including the relevant culture, customs, history,
philosophy, religion, science and technology. A societal tradition may not have several
branches at a particular point in time. E.g., the Germanic Branch of the Occidental
Tradition separated from the Romanic Branch of the Occidental Tradition in the early
16th century as a result of a strengthening Germanic nationalism and the ecclesial
separation. It would be inaccurate to write “the relevant branch of the appropriate
societal tradition” universally. Simultaneously, it would be inaccurate and potentially
misleading to lead out the qualifier “the relevant branch” if several branches do exist. If
the term “the relevant societal tradition or the relevant branch of the appropriate
societal tradition” is used in this work, then it means “the relevant branch of the
appropriate societal tradition” for societal traditions with several branches and in the
absence of several branches it means “the relevant societal tradition”.
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Importance and Relevancy of the Work
To the degree that the increase of material wellbeing is considered desirable, the
sources of this increase have to be considered. We can observe that a marked
increase in science and technology has coincided with the increase of material
wealth in the Occident9 in the last two centuries. Adopting the stance that this
increase of material wealth has been the result of the marked increase in science
and technology at least to a significant degree, then two issues arise. First, at the
beginning of the science and technology had to be some societal roots favouring
the initial and subsequent development. Second, after the acceleration of science
and technology commenced, there had to be some societal factors favouring
science and technology.
Comprehending the factors which have favoured the development of Occidental
science and technology requires a long-term assessment. Limiting the assessment
of the events which are sometimes called the “scientific revolution” to the last 400
years would be fallacy10, because the roots of these events go further back in time.
Limiting the assessment of the events which are sometimes referred to as the
“industrial revolution” particularly in the 19th century to the last 200 years would
be fallacy, because also here the roots for these events go further back in time.
Equally, it would be fallacy to limit an assessment to the factors favouring
Occidental science and technology, because any impediments need to be assessed
as well. The roots of Occidental science and technology go back into the beginnings
of the Occidental Tradition, i.e., roughly 3000 years, and subsequent events which
have left their mark on the collective memory as shown in the Occidental Tradition
and its different branches.
The frequent use of the adjective “Occidental” signals that science and technology
are not considered universal but rooted in the societally accepted interpretation

9
The terms “Occidental societies” and “Occident” are defined for the purposes of this
work to encompass the societies which belong to the Occidental Tradition. This means
that their societal traditions can be traced back to the Occidental Imperium Romanum
and to Occidental Christianity. To avoid any misunderstandings: This explicitly excludes
all societies based on the Byzantine Heritage and Orthodox Christianity.
10
There is disagreement in the literature as to the commencement of the “scientific
revolution”. E.g., Joel Mokyr adopts that view that the “scientific revolution“
commenced in the 17th century (Mokyr, 1990, p. 167). E.g., Pierre Thuillier argues that
the “première révolution scientifique” commenced in the beginning of the 12th century as
the belief that it was possible to explain natural phenomena rationally emerged.In this
work, the 13th century is chosen as the point of departure (see Chapter VI) (Thuillier,
1988a, p. 37).
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of the relevant branch of the appropriate societal tradition at a particular point in
time in this work. The roots in society are borne out in some literature. E.g.,
Laurent Tissot points out that innovation is not only tied to an enterprise but its
economic, social and cultural reception (Tissot, 2007, p. 116). This is in line with
David Mowery’s and Nathan Rosenberg’s view that any assessment of innovation
– and hence of science and technology – has to take take into account the
uncertainty and complexity of the “environment” (Mowery & Rosenberg, 1979, p.
146).
Laurent Tissot’s view suffers from the weakness of focussing solely on the demand
– or market – side, but it ignores the impact of society on the supply side of science
and technology. Similarly, Joel Mokyr concentrates his assessment of the “overall
level of technological creativity” on the demand side (Mokyr, 1990, pp. 151-153).
This focus on the demand side contains three serious shortcomings. First, in
keeping with Fernand Braudel’s11 view that the demand for technological
innovation originates after technological inventions has taken place in society
(Braudel, 1979c, p. 490), i.e., technological invention and science are not
necessarily encompassed in Laurent Tissot’s and Joel Mokyr’s views. Second, in
keeping with David Mowery’s and Nathan Rosenberg’s critique of the demand
focus, assigning the demand side the primacy requires proof of the relative
insignificance of the supply side (Mowery & Rosenberg, 1979, p. 142). Third, there
is no convincing reason to believe that the societal factors favouring the demand
for science and technology would be fundamentally different from the societal
factors favouring the supply of science and technology. This work explicitly deals
with the supply side as well.
The focus on the Occidental Tradition consisting of the Roman Heritage and
Occidental Christianity until the early 16th century and the Romanic Branch of the
Occidental Tradition thereafter allows for the assessment of science and
technology within society without falling prey to the fallacy of equating the
development in them with the development in other societal traditions or other
branches of the same societal tradition. This focus is considered in a weaker form
by, e.g., Joel Mokyr: “The physical and social environment is important in
determining the actions of individuals, although it is not solely responsible for the
outcome.” The degree of the impact of society on the decision-making is not

11
Fernand Braudel published his monumental Civilisation matérielle, Économie et
Capitalisme du XVe au XVIIIe siècle in its final form in 1980 after having worked on it
since the 1950s his seminal doctoral thesis La Méditerranée à l’époque de Philippe II in
1949 (Bourdé & Martin, 1983, pp. 185-191).
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clearly defined by Joel Mokyr. In this work, a high degree of impact, one that varies
over time, forms the foundation of the assessment on the foundation of Chapter
II. These important and relevant societal boundaries allow for the task of assessing
the development of the legitimization of science and technology, and ultimately
the development of science and technology.
It is certainly true that individuals rather than societies or other groups take
decisions, but it is also true that every individual acts within the relevant society or
other group. This raises the issue of the impact of the relevant society or other
group on the individual’s thinking. As Dieter Ahlert and Peter Kenning observe,
neuroscience has entered economics (Ahlert & Kenning, 2006, p. 23), and
neuroscience (“Neurologie”) encompasses psychology nowadays (Ahlert &
Kenning, 2006, p. 40). Accordingly, this work uses neuroscience – this is rather
uncommon in history. Neuroscience offers a way to circumnavigate the challenges
related to mentalité.
The long-term perspective that has been adopted in this work allows for the
assessment of continuities and discontinuities in Occidental science and
technology. A high degree of continuities suggests that Occidental science and
technology are less open to external influences than would otherwise be the case.
As long as the Occident has been predominant in the world economy on the one
hand and in science and technology on the other hand, a high degree of
continuities need not have major implications in international trade, and
consequently government policy and enterprise strategic management. However,
in a multipolar world with non-Occidental societies gaining importance in the
world economy on the one hand and in science and technology on the other hand,
a high degree of continuities is the source of comparative disadvantages in the
context of societies and competitive disadvantages in the context of enterprises, if
Occidental science and technology is not always superior to non-Occidental science
and technology.
The long-term perspective of this work allows for the assessment of the primacy
of society over science and technology. To the degree that different groups in
society have used science and technology to further their interests in society, a
primacy of society over science and technology exists as well. Science and
technology are tools which depend on societal demand. This line of argument
leads to the rejection of technological determinism12 in the sense of Jacques Ellul.
Consequently, the rejection of technological determinism for at least some part of
12

For an assessment of technological determinism see Chapter V.
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the history of Occidental societies means that there is no necessity of a high degree
of technological determinism being part of the future of Occidental societies. From
the standpoint of government policy and enterprise strategic management, this
translates into a wide array of threats and opportunities.
Rather a side issue from the standpoint of the Objective of this work is that this
work allows for an unconventional historiography by putting science and
technology in the front and centre. This historiography opens up a different
perspective on, e.g., the causes of the exploration of the high seas in the 15 th
century and the causes of the fall of l’Ancien Régime in 1789.
The importance and relevancy of this work is in assessing the roots and
predispositions governing the legitimization13 of science and technology in the
Occident. Understanding the legitimization of Occidental science and technology
forms a solid foundation in designing policies aimed at improving the rate of
inventions and innovation in the Occident, and in designing government policies
aimed at reducing the impact of factors hampering inventions and innovation in
the Occident. It also allows Occidental enterprises as part of their strategic
management to better take advantage of opportunities associated with global
research and development activities and to better identify the strategic threats
posed by non-Occidental science and technology to their business.

Research Limitations
Science and technology as precursors of inventions and innovation are important
in industrial engineering and management in general and in strategy in particular.
In industrial engineering and management, inventions and innovation are prone to
cause change. Henry Mintzberg and James Quinn write (Mintzberg & Quinn, 1991,
p. 730): “Although often seen as a high-technology event involving inventorentrepreneurs, innovation may, of course, occur in high or low technology, product
or service, large or small organizational situations. Innovation may be thought of
as the first reduction to practice of an idea in a culture. The more radical the idea,
the more traumatic and profound its impact will tend to be.”
We shall make three fundamental points regarding the above quote. First, the
above quote implies a static view of science and technology by ignoring that
yesterday’s “high technology” may be today’s “low technology”. In other words,

13

For a definition oft he term “legitimization“ see Chapter II.
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science and technology are the result of a historical path, but this historical path
and its implications on “innovation” are not always taken into account in strategy
and thus in industrial engineering and management.
Second, in the above quote the term “culture” refers to the prevalent “culture”
found in an organization, particularly an enterprise. The issue of the impact of
society on an organization and its “culture” remains a moot point. Omitting the
potential societal impact is a valid approach, if there is no dissonance between
society and the “culture” found in an organization, and particularly science and
technology on the one hand and society on the other hand. In other words, the
potential societal impact is nonexistent or at most minimal because of the
technological determinism in the sense of Jacques Ellul (see Chapter V). Let us
consider one example: The work of Martino Nieddu, Estelle Garnier and
Christophe Bliard on the need of societal acceptance and support for biorefinery
demonstrates that society has a decisive impact on science and technology
(Nieddu, Garnier, & Bliard, 2010, p. 77). This raises the spectre that not only is
technological determinism invalid, but it also brings into play the need to
comprehend the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at a particular point in time in order to understand
science and technology. In other words, the rejection of technological determinism
means that society directs and reacts to science and technology on another
foundation than science and technology, and in this work this foundation is the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition at a particular point in time. Additionally, a rejection of
technological determinism means that a dissonance may exist, and thus society
impacts on science and technology on the one hand and industrial engineering and
management on the other hand.
Third, in the above quote the implicit assumption is made that a radical idea is
implemented, because otherwise a “traumatic” and “profound” would not occur.
The above quote does not contain the word “if”. The boundaries set by society,
specifically the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at a particular point in time, for the emergence and
implementation of an “idea” are not assessed. There may exist significant
obstacles to an idea – including an idea relating to science and technology – and
its implementation because of cognitive factors at the level of individuals and
organizations. Nathalie Van Hée, among others, has assessed the impact of

13

Legitimization of Science and Technology

capacité d’absorption14 and distance cognitive15, and she concludes that the
absorptive capacity of an individual or an organization is a function of the shared
knowledge, the diversity of the knowledge, the openness to new knowledge and
curiosity, among other factors (Van Hée, 2008, p. 122). It is noteworthy that
Nathalie Van Hée does not explicitly raise the issue of obstacles relating to different
societies in this context.
Reducing an assessment of inventions and innovation in the context of science and
technology to monetary considerations would be inaccurate. E.g., Paolo Labini
argues that inventions are driven by curiosity and military requirements (Labini,
2007, pp. 83-85). This raises the spectre that society influences science and
technology by possessing a societally accepted interpretation of the relevant
branch of the appropriate societal tradition at a particular point in time that is
conducive to science and technology, including inventing and innovation.
Society provides scientists, inventors and innovators with a forum in which ideas
can be exchanged as noted by Patrick Cohendet, Patrick Llerena and Laurent Simon
in assessing the impact of Montreal and the socio-cultural life in Montreal on
inventiveness and innovation (Cohendet, Llerena, & Simon, 2010, p. 165). Society
does not accept all changes as it relates to science and technology. Or in the words
of Joel Mokyr (Mokyr, 1992, p. 327): “Technological systems, like all cultural
systems, must have some built-in stability.” He notes that the resistance is not
limited to the confines of technology, but it is “social resistance” (Mokyr, 1992, p.
325). In other words, resistance by and in society prevents the adoption of science
and technology. According to Joel Mokyr, it is an inherent property of this
resistance that creativity in science and technology is bound – or limited – by rules
which prevent even the adoption and development of better technology (Mokyr,
14

Nathalie Van Hée defines (Van Hée, 2008, p. 104): “La capacité d’absorption
(«absorptive capacity») désigne la capacité d’un individu (et par extrapolation, d’une
organisation) à acquerir, assimiler de connaissances auprès d’un autre individu (ou aucun
firme ou institution), puis à les transformer afin de mieux les exploiter: …“
Author’s translation: “Absorptive capacity refers to an individual’s capacity (and by
extrapolation an organization’s) to aquire, assimilate knowledge before another
individual (or another firm or institution), then transform them in order to better exploit
them:…”
15
Nathalie Van Hée defines (Van Hée, 2008, p. 104): “La distance cognitive est utilisée
pour décrire à quel point deux individus sont différents, sur le plan des connaissances,
mais également dans leur manière de percevoir et d’interpréter les phénomènes
extérieurs, c’est-à-dire en quelque sorte dans leurs modes de raisonnement.“
Author’s translation: “Cognitive distance describes the diffence of two individuals in
terms of knowledge, but also in terms of their way to perceive and interpret external
phenomena, i.e., their way to reason.”
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1992, pp. 326-327) – in this work these rules are called the societally accepted
interpretation of the relevant branch of the appropriate societal tradition at a
particular point in time. In other words, society impacts all stages of work on
science and technology.
There is an important discrepancy between Joel Mokyr and Nathan Rosenberg.
Whereas Joel Mokyr emphasizes the resistance from society preventing the
adoption of science and technology, Nathan Rosenberg sees the problem with
science and technology. Nathan Rosenberg argues that scientists should be
responsive to “the needs of the larger society” (Rosenberg, 1994, p. 135). Either
way, science and technology can be successful only if they are palatable to society
– or more precisely, they are palatable to the societally accepted interpretation of
the relevant branch of the appropriate societal tradition at the point in time under
consideration.
Much more could be written about science and technology in the context of
industrial engineering and management in general and strategy in particular, but
expanding the text would go beyond of what is appropriate in Chaper I
(Introduction) of this work. The key point, i.e., the historical and particularly the
societal dimension of science and technology, has been made.
Historians have studied the history of science and technology over at least the last
three centuries. As one of the most important representatives of the Annales
School, Lucien Febvre, has noted in the context of assessing the difficulties of
researching economic history, because historians are not economists. Without
wanting to be rude, it can be equally well be said that historians are not engineers
with a deep understanding of natural science and technology. The result has been
a decidedly odd idea of what constituted natural science until the 18 th century from
the perspective of an engineer.
If a hypothetical medieval monk thought that the world had the shape of a
pancake, then this does not mean that the world really had the shape of a pancake
in the Middle Ages. If the same hypothetical monk thought that science was
limited by the opinions voiced by Aristotle, then this does not mean that this was
objectively correct. Defenestrating the limitations set by Aristotle in favour of a
modern definition of science and technology allows for a broader understanding
of the roots of science and technology and their development in the Occident. This
broader understanding is the foundation of the Sub-Objectives (see below “Outline
of the Work”).
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There are five major limitations in this work. First, three cases assessed span a
time period that is exceptionally long, reaching from the Middle Ages to the fall of
l’Ancien Régime in 1789 – the roots of the Occidental Tradition are found in
Antiquity. The limitation is thus that the development from the 19 th century
onward is not covered. Second, solely the Occidental Tradition and primarily the
Romanic Branch of the Occidental Tradition, the latter emerged in the early 16th
century, is considered. Consequently, the insights gained in this work are not
necessarily applicable in another societal tradition, e.g., the increasingly important
Sino Tradition. Third, the French Pragmatic Sociology is overwhelmingly
considered through the eyes of Gabriel Tarde, Luc Boltanski and Laurent Thévenot.
Fourth, the long-term approach is inspired by the Annales School, and sources
relating to the Annales School are used extensively. This limits the use of other
historical schools. Fifth, this work is in industrial engineering and management in
general and strategy in particular, and this poses epistemological limitations from
the standpoint of other disciplines.

Research Approach and Theoretical Framework
Let us start with the understanding of what constitutes science and technology.
Considering the history and the legitimization of science and technology on the
basis of a modern understanding of engineering, i.e., science and technology,
allows for a more accurate understanding of the roots of Occidental science and
technology. Implicitly and explicitly, this statement contains two important issues
relating to the research approach. First, the pace of changes in science and
technology are an expression of society and the development of society. Second,
the substance of science and technology depends on society. Prima facie, these
two issues may appear to be truism, but they have a fundamentally important
implication. Science and technology do not and cannot legitimize themselves –
this results in the rejection of the theoretical framework built on the autonomy of
science and technology, e.g., by technological determinism as represented by, e.g.,
Jacques Ellul, and the adoption of a society-based legitimization of science and
technology, and hence substance of science and technology, in accordance with
the theoretical frameworks offered by the French Pragmatic Sociology and the
Annales School.
Members of the Annales School criticized the positivism of the historiography in
early 20th century French history (Bourdé & Martin, 1983, p. 171), i.e., the sole
reliance on written sources and their rigorous analysis (Bourdé & Martin, 1983, pp.
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137-138), favouring an approach encompassing all human sciences (Bourdé &
Martin, 1983, pp. 171-172). In this work, the object is not science and technology
per se, but it is the legitimization of science and technology. This places this work
into the realm of human sciences from a methodological standpoint. The longterm perspective prevents the assessment of the legitimization of science and
technology to be based on written sources, because of high levels of illiteracy
throughout the relevant time period (from Antiquity to 1789). The high level of
illiteracy affected particularly applied science and technology in the Occident. In
some instances, there was willful destruction of written sources – e.g., the
destruction of the written sources on Amerindian sciences and technologies in the
Spanish Americas by the Occident). Therefore, the use of sources not based on
written sources is necessary. This approach is well in line with the Annales School.
The adoption of a society-based legitimization of science and technology means
that there is not one objectively true science in the world but numerous equally
true sciences – at least one for each societal tradition. Adding to the resulting
complexity caused by this relativism, science and technology change over time
within each societal tradition. This relativism constitutes a significant break with
much of the literature on the history of science, e.g., the work of Gabriel Tarde and
Gaston Bachelard.
The adoption of a society-based legitimization of science and technology is not an
expression of anti-science as suggested by, e.g., Pierre Thuillier. He writes
(Thuillier, 1988b, p. 237): “L’antiscience consisterait essentiellement à refuser ce
second axiome : loin d’être la panacée universelle, loin d’être la source de tous les
progrès dans tous les domainers, « la science » est une instance qui doit être
controlée par d’autres instances culturelles (politiques, philosophiques, juridiques,
etc). Non seulement les theories scientifiques ne peuvent pas résoudre toutes les
questions que se posent les hommes (et en particulier les questions relatives à la
morale), mais le culte de la science peut être dangereux.”16 Science and technology
can develop in numerous ways, but it is necessary that science and technology can
be legitimized within the confines of the societally accepted interpretation of the
relevant branch of the appropriate societal tradition at the point in time in
question for science and technology to be successful.

16
Author’s translation: “Anti-science consists of the rejection of the second axiom: Far
from being the universal panacea and the source of progress in other disciplines, science
is controlled by other cultural factors (politics, philosophy, legal, etc.). Science cannot
solve all human challenges particularly relating to morals, and the scientific cult is
considered dangerous.”
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The rejection of the autonomy science and technology means that the
legitimization of science and technology cannot occur based on criteria emerging
within science and technology – it has to occur based on criteria emerging outside
of science and technology. Whereas the criteria used in the legitimization are an
expression of the societally accepted interpretation of the relevant branch the
appropriate societal tradition at a particular point in time, science and technology
are ultimately an expression of society. To understand the legitimization of science
and technology, it is thus necessary to comprehend both the relevant branch of
the appropriate societal tradition and the mechanism which occurs when a
societally accepted interpretation thereof emerges at a particular point in time.
Hence, the concept of Recursive and Complex Recombination is developed and
assessed in this work.
In the context of industrial engineering and management an uncommon feature of
this work on the legitimization of science and technology is its empirical part.
Instead of focussing on the short- or medium-term it focusses on the long-term.
Instead of focussing on one technology, project or company, it focusses on a broad
range of science and technology associated with chemistry. This focus on the long
term is rooted in the role the relevant branch of the appropriate societal tradition
plays in the legitimization of science and technology.
Science and technology are considered as a long-term phenomenon in this work.
The emphasis on the long term precludes the use of research approaches designed
to give answers to short-term issues relating to science and technology, e.g.,
interviews among different stakeholders. It also prevents the use of research
approaches designed to give answers to medium-term issues relating to science
and technology, e.g., company histories. Considering science and technology as a
long-term phenomenon requires thus a broader historical approach.
Whereas the objective of this work is to “develop and present a concept to explain
the deterministic and indeterministic interrelationship between science and
technology on the one hand and relevant branch of the appropriate societal
tradition on the other hand”, the objective is not to assess the validity of the
historical literature presented by representatives of the Annales School in
particular. The historical literature is assessed critically from the standpoint of
science and technology. It has to be noted, however, that much of the work of
representatives of the Annales School is not focussed on science and technology
per se. This demands that the literature has to be interpreted.
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Sources
The way the sources are chosen and used in this work is a function of the role they
play in the argumentation related to the Objective of this work. The Objective of
this work is not to assess the validity of the work of different representatives by
the French Pragmatic Sociology and the Annales School. Hence, all sources used
have to be considered primary sources in the cases assessing the legitimization of
science and technology over time, and develop and assess the concept of the
Recursive and Complex Recombination.
The sources relating to theoretical issues are predominantly written by
representatives of the French Pragmatic Sociology and the Annales School. This
relates to the theoretical parts of the work: French Pragmatic Sociology per se
(particularly Chapter II), and the conceptual issues relating to science and
technology (particularly Chapter V). This is warranted, because at the end of this
work stands the presentation and assessment of a concept, the concept of the
Recursive and Complex Recombination.
The historical sources used in empirical parts of this work are both related to the
French Pragmatic Sociology and the Annales School, and other sources.
Numerous sources are related to the French Pragmatic Sociology and the Annales
School, but other sources are used whenever these other sources provide
additional information relevant for this work, i.e., information for achieving the
Objective of this work. The sources related to the French Pragmatic Sociology
and the Annales School are used in order to comprehend the long-term
development of Occidental societies.
Particularly in the case of the delegitimization of Aztec science by the Occident (see
Chapter VIII) it has been necessary to use other sources, i.e., sources outside of the
Annales School, because there is very little literature on the Aztecs in the Annales
School. Therefore, Spanish literature and particularly Mexican literature play an
important role in Chapter VIII.
This work is mostly a synthesis taking a long-term view in the footsteps of, e.g.,
Lucien Febvre (e.g., “Pour une Histoire à part entire”), Marc Bloch17 (e.g., “La
société féodale”) and particularly Fernand Braudel (e.g., “La Méditerranée et le
monde méditerranéen à l’époque de Philippe II” and “Civilisation matérielle,

17

A contemporary with Lucien Febvre, Marc Bloch published three major works, Les Rois
thaumaturges in 1929, Les Caractères originaux de l’histoire rurale française in 1931 and
La Société féodale in 1936 (Bourdé & Martin, 1983, pp. 179-185).
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économie et capitalisme, XVe – XVIIIe siècle”). Fernand Braudel (Braudel, 1979c, p.
538) argues that a long-term approach allows the assessment of successive
repetitive movements, their variations, retours, deteriorations, differences and
stagnations throughout history.
These movements require a long-term
perspective in this work.
The emphasis on the work of Fernand Braudel also means a strong emphasis on
spatial and societal factors: André Burguière (Burguière, 2006, pp. 189-192) notes
that contrary to Michel Foucault, Fernand Braudel considered the distribution and
circulation of societal factors. In other words, the emphasis on the work of Fernand
Braudel, an important representative of the Annales School, constitutes an implicit
emphasis on spatial and societal factors in the context of science and technology.
Although this work lays a historical groundwork starting with the Phoenicians in
the 10th century BC, the three cases demonstrate that the focus of this work is
from the 12th century to the fall of l’Ancien Régime in 1789.
In the case of all the literature used, translations have been avoided whenever
possible. This way, the impact of translation errors are kept to a minimum. In
exceptional circumstances, translations have been used. For instance, in Chapter
VIII the author has had to rely mostly on sources in Spanish, because the author
does not speak the relevant Amerindian languages.

Existing and New Knowledge on the Legitimization of Science and Technology
Legitmization in general and the legitimization of science and technology in
particular are assessed in Chapter II, Chapter III, Chapter IV and Chapter V primarily
from a theoretical standpoint. These chapters include assessments of the existing
knowledge of the legitimization of science and technology apart from new insights.
The legitimization of science and technology is assessed based on the historical
track record in Chapter VI, Chapter VII and Chapter VIII. This includes existing
knowledge on the legitimization of science and technology. There is no valid
reason to copy these seven chapters here.
Apart from the development of the concept of Recursive and Complex
Recombination, the focus is on the legitimization of science and technology in the
context of the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at a particular point in time. Prima facie, this would
seem to exclude monetary legitimization of science and technology. Such a
conclusion would be inaccurate, because the importance attached to monetary
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wealth is a function of the societally accepted interpretation at a particular point
in time.
The contribution of this work is that it expands the knowledge of science and
technology, including inventions and innovation, by considering it through the
lense of the legitimization of science and technology and thus it creates a
connection between science and technology on the one hand and society on the
other hand. Specifically, the contributions of this work encompass:
(1) Societal relativity of science and technology;
(2) Neuroscience-based assessment of the legitimization of science and
technology;
(3) Iustitia as driver of science and technology;
(4) Long-term perspective in the assessment of the legitimization of science
and technology;
(5) Science- and technology-based historiography; and
(6) Development and assessment of the concept of Recursive and Complex
Recombination.
From the standpoint of industrial engineering and management in general and
strategy in particular, the contributions of this work – particularly based on the
concept of Recursive and Complex Recombination – include brief assessments
about:
(1) The degree and distribution of research and development operations of
business enterprises.
(2) Managerial and strategic implications of diversity in science and
technology.
(3) Knowledge required for gaining a competitive advantage in a world
characterized by diversity in science and technology.
(4) Knowledge about past science and technology for achieving a competitive
advantage.
(5) Monoculture as an impediment to comparative advantages of Occidental
societies.
(6) The need to abandon the premise of one truth inherent to the Occidental
Tradition in Occidental science and technology.
Of course, the literature cited in this work is not everything that has been written
and published on the legitimization of science and technology, including inventions
and innovation. An attempt at this would necessarily fail because of the sheer
volume of this other literature. In the Occident alone, this would encompass, e.g.,
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other branches of sociology than the French Pragmatic Sociology, other branches
of history than the Annales School, different branches of economics, different
branches of business and different branches of law. Additionally, there is a large
non-Occidental literature. It is safe to say that absolutely nobody possesses a
comprehensive knowledge of the entire literature on the legitimization of science
and technology. And then there are numerous oral sources throughout the world.
At the very best, it is possible to assess a tiny subset of the existing knowledge on
the legitimization of science and technology, and for this it is best to refer to
Chapter II – Chapter VIII.

Outline of the Work
In this work, the societal foundation for the legitimization process of science and
technology is five-pronged:
(1) Sociology and history as represented by the French Pragmatic Sociology
and the Annales School, respectively, are used to assess the legitimization
process. The work of Gabriel Tarde and Fernand Braudel are of particular
interest in this context.
(2) Human action in society is assessed on the foundation of the French
Pragmatic Sociology. The work of Gabriel Tarde and Émile Durkheim are
of particular interest here.
(3) The legitimization process is additionally assessed based on the presentday work of Luc Boltanski and Laurent Thévenot.
(4) The limits language sets for science and technology are assessed based on
particularly the work of Edgar Morin. Whereas language is a product of
society, society sets limits to science and technology in its language.
Whereas the legitimization of science and technology has to occur by the
use of language, language sets limits to what may be legitimized.
(5) Neuroscience describes the limits the human celebral functions of
individuals which set limits to science and technology on the one hand and
the legitimization of science and technology on the other hand. The work
of Jean-Pierre Changeux plays a key role here.
The two-pronged approach used in this work founded on the French Pragmatic
Sociology and the Annales School has strong roots in the emergence of the
Annales School. André Burguière (Burguière, 1979, p. 1351) writes that the
Annales School is characterized by an interdisciplinarity encompassing the work of
Vidal de La Blache and de Demangeon on geography, the work of Henri Berr on
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synthesis, and Durkheim’s sociology.
This suggests that the original
interdisciplinarity of the Annales School is conducive to additions of additional
academic disciplines, e.g., engineering, science and technology.
A caveat is warranted: The reliance on sociology and history in the legitimization
of science and technology has the repercussion of limiting the applicability of this
study to the societies which are included in the sociological and historical
assessment. The society-based legitimization of science and technology suggests
that neither is universal. The assessment is performed in Chapter II. The First SubObjective is:

The First Sub-Objective is to
assess the substantive and
procedural scientific
foundations of the
legitimization of science and
technology. Substantively, this
assessment relates to the
French Pragmatic Sociology
and the Annales School.
Procedurally, the legitimization
of science and technology is
limited by language and
neuroscience.

The next issue relating to the legitimization of science and technology relates to
substantive criteria, or societal norms, which form the foundation of the
legitimization of science and technology. In this work, two roots of the Occidental
Tradition are identified: the Roman Heritage and Occidental Christianity. Giving a
decisive importance to the relevant branch of the appropriate societal tradition is
in line with Gabriel Tarde: He states that customs and traditions play a dominant
role in life in a society (Tarde, 1895, p. 268). Let us look at the Roman Heritage
first. It contains a wide array of components which may be of importance for the
legitimization of science and technology, including the iuris romani and the GrecoRoman philosophy and science. The importance of the iuris romani is exemplified
by the role the Crown deriving its authority and power from the iuris romani during
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l’Ancien Régime until 1789, or as Hans Hattenhauer observes: Every time the law
of Europe is studied the path leads to Rome, to Rome in the sense of the Imperium
Romanum and in the sense of the Ecclesia Catholica Romana (Hattenhauer, 2004,
p. 79). The significant role played by, e.g., Aristotle in Occidental science
demonstrates the importance of the Greco-Roman philosophy and science.
The inclusion of Occidental Christianity is a testament to the decisive role the
Ecclesia Catholica Romana played in all matters intellectual in the Occident for
millennia, e.g., the universities were closely tied to the Ecclesia during l’Ancien
Régime until 1789 thus at least impacting theoretical science for centuries. The
impact of Occidental Christianity reached wider than the intellectual realm as the
work of Max Weber shows: He argues that even in cases of “utilitarian” thinking
which does not contain religious arguments the roots of work are steeped in
religion (Weber M. , 1993, p. 151).
François Pepin presents the symbiotic and the conflictual relationship between the
Roman Heritage and Occidental Christianity in the context of the legitimization of
science in the 17th and 18th centuries: Francis Bacon used the Roman Heritage,
particularly the work of Greek philosophers, to criticize the impact of Occidental
Chistianity on the interpretation and this science thus using the Roman Heritage to
legitimize his view on science (Pépin, 2012, pp. 53-56). Considering the importance
of Francis Bacon in the history of Occidental science and the emergence of modern
science, it is necessary to briefly outline the aspects of the Roman Heritage and
Occidental Christianity legitimizing science and also technology. Consequently, the
relevant societal tradition is relevant for the identification of the foundation and
contents of the acceptability of knowledge and and innovation, or science and
technology. This assessment is performed in Chapter III and Chapter IV. The
Second Sub-Objective is:
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The Second Sub-Objective is to
assess the sources for societal
norms based on the Roman
Heritage and Occidental
Christianity used in the
legitimization of science and
technology in Occidental
societies and in the Occidental
Societal Tradition.

Scientific development18 is driven by multiple factors. From the standpoint of
legitimization the crucial issue is the existence and impact of the societally
accepted interpretation of the relevant branch of the societal tradition at the point
of time of the legitimization. The legitimization needs to occur at two different
points in time, i.e., at the time when the science is developed and at a later point
of time when it is accepted by society. The conclusion of André Burguière
(Burguière, 1979, p. 1358) establishes a relationship between science and society
by stating that every scientific project is inseparably a project of power. This
conclusion calls into question any pretence of autonomous science and
technology, and whether science and technology can be immune to tensions
between different societies.
The work of Gabriel Tarde in the French Pragmatic Sociology, Gaston Bachelard in
Philosophy of Science and Edgar Morin in Sociology of Science contain significant
differences, and these differences allow the assessment of the legitimization of
science in the context of three theoretical frameworks. Whereas technological
innovation may or may not be science-based, the assessment of the legitimization
of science can only be a backdrop to an assessment of technology. This does not
mean that technology would not need to be legitimized based on the societal
norms which are part of the relevant societal tradition. Fernand Braudel’s view on
the legitimization of science, i.e., the societal demand that turns prior
18

The term “scientific development” is defined for the purposes as any change in
science. This change does not necessarily mean a more accurate description of natural
phenomena.
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technological invention into technological innovation, is of decisive importance in
this context.
Fernand Braudel’s view is also of interest in the context of, e.g., Jacques Ellul’s
claim that technology directs societal development, i.e., technological
determinism. The claim of technological determinism is rejected in favour of a
view that society favours and limits technology according to society’s demand.
Thus, society legitimizes technology according to society’s interests.
A point of contention is the historical role of science in the context of technological
innovation. On the foundation of engineering feats exemplified by the
construction of aqueducts and cathedrals it is difficult to argue that the builders
did not have a fairly sophisticated understanding of materials science and statics
centuries prior to the establishment of formal education in applied science and
engineering. As well, all science was not metaphysical prior to the establishment
of formal education in the 18th century, i.e., alchemy, metallurgy and
pharmacology exemplified applied science and thus a close proximity with
technology. The interrelationship between theoretical science, applied science
and technology needs an assessment.
These assessments are performed in Chapter V. The Third Sub-Objective is:

The Third Sub-Objective is to
assess the legitimization of
science in the context of the
work of Gabriel Tarde, Gaston
Bachelard and Edgar Morin, and
to assess the legitimization of
technology from a theoretical
standpoint.

The Occident and Occidental societies have experienced different circumstances
related to science and technology. Three cases demonstrating are assessed:
(1) Restart of science in the 13th century: Science embarked on a path in the
13th century that would result in significant scientific development in the
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subsequent centuries. This case is of particular interest because it deals
with the start of scientific development after a long period of stagnation.
(2) Crown-supported versus aristocratic science and technology: L’Ancien
Régime harnessed the resources of the Crown obtain technology and
promote technological innovation on the one hand and support science and
create the prerequisites of science-based technological innovation
particularly in the 17th and 18th centuries – this case is of particular interest
because it deals with the legitimization based on a reinterpretation of the
Romanic Branch of the Occidental Tradition allowing for the introduction
of new production processes into the society of l’Ancien Régime in the
second half of the 17th century and the 18th century. The onset of an
aristocratic reaction after 1730 set the stage for societal tensions between
the aristocratic seigneurs owning primarily natural resources-based
production operations on the one hand and wealthy artisans and
merchants owning primarily large-scale manufactures in the second half of
the 18th century. Additionally, the increasing capital-intensity of production
operations as a result of the effects of free trade increased the tension
between these groups in the last years before the fall of l’Ancien Régime in
1789. Another issue is the changing societal perception of science and
technology relating to solving societal challenges in the 18th century.
(3) Aztec science and the Occident: Whereas the two previous cases describe
success stories to at least some degree, the case of the rejection of Aztec
science by the Occident speaks to the unwillingness of the Occident to
accept a significantly different science. This case is particularly interesting
in the context of the Occident’s apparent inability to ween itself from the
Greco-Roman philosophy and science which is part of the Roman Heritage
and thus the Occidental Tradition. This case suggests that the Occident is
unable to accept non-Occidental science, and this may become a serious
problem for the Occident when non-Occidental societies become more
serious competitors in the future.
The case dealing with crown-supported versus aristocratic science and technology
focusses on French society. This does not mean that science and technology did
not exist in other Occidental societies, e.g., in the Holy Roman Empire (Germany),
in northern Italy and on the British Isles. It does not even mean that different forms
of Absolutism or attempts at it did not occur in other Occidental societies. Any
attempt at comparing France with Germany and Italy would be doomed to failure
because of the political and economic fragmentation of Germany and Italy in the
17th and 18th centuries. A comparison with the United Kingdom and Ireland would
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be extremely complex because the situation in Ireland, a source of complexity
often ignored in the literature. Reading Chapter VII and Chapter VIII side-by-side
allows for comparisons between France and Spain. The focus on France is founded
on the importance of that country in the context of its science, technology, culture,
philosophy, economy and military might in the Occident in the late 17th century
and in the 18th century, and it is necessitated by the need to keep this work within
a reasonable length.
The society-based legitimization of science and technology used in this work means
that the substantive content of the foundation of the legitimization varies from
society to society and from time to time. This can be seen in the three cases. The
legitimization of science and technology in the three cases cannot be automatically
extended to other societies, e.g., the United Kingdom and Ireland with scientists
such as Isaac Newton and inventors such as Thomas Newcomen, and the Holy
Roman Empire (Germany) with scientists such as Georg Ernst Stahl and inventors
such as Johannes Gutenberg. However, the focus in this work is on France during
l’Ancien Régime in the latter half the 17th century and the 18th century. The Realm
that is often considered the cradle of what is often called the “Industrial
revolution”, the United Kingdom and Ireland, is excluded from this work, because
the “Industrial Revolution” on the British Isles has already been researched
extensively. The work of Patrick O’Brien and particularly François Crouzet, for
instance, offers an excellent comparison of the developments in France during
l’Ancien Régime on the one hand and the United Kingdom and Ireland on the other
hand19.
Patrick O’Brien observes observes that industrialization “in France simply took
place in a different legal, political and cultural tradition and it does not seem to be
illuminating to single out elements of that process as symptoms of relative
backwardness” (O'Brien & Keyder, 1978, p. 21). In order to comprehend the
dynamics it is thus necessary to go back in history at least to the Roman Heritage.
Peter Mathias notes that industrialization in “Britain” is primarily the result of
“market influences and underlying social, institutional forms” (Mathias, 1969, p.
32). Again, it is necessary to understand French society and hence its historical
development, not other societies. Sidney Pollard points out that the importance
of the example provided by Great Britain and Ireland for industrialization in France
is not universally accepted (Pollard, 1990, p. 31). A comparison between France
19

E.g., Patrick O`Brien’s (and Caglar Keyder’s) “Economic Growth in Britain and France 1780-1914”
(O'Brien & Keyder, 1978, pp. 1-205), and François Crouzet’s “De la supérriorité de l’Angleterre sur
la France – L’économie et l’imaginaire“ (Crouzet, 1985, pp. 1-596), and “La guerre économique
franco-anglaise au XVIIIe siècle“ (Crouzet, 2008, pp. 1-424).
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on the one hand and, e.g., Great Britain and Ireland on the other hand is not
conducive for for comprehending the development in France. Additionally, it has
to be pointed out that the so called “Industrial Revolution” in France occurred after
the end of the time considered in this work, i.e., after 1789. Sidney Pollard puts
the “take-off” into the 19th century (Pollard, 1990, p. 31).
The situations in the relevant societies accompanying these developments are of
particular in all of these three cases, because these situations provided the
legitimization of science and technology. Different interpretations of the same
historical development are possible, and in this work these interpretations are
associated with the French Pragmatic Sociology, particularly Gabriel Tarde, and
the Annales School, particularly Fernand Braudel. The assessments of these three
historical cases are performed in Chapter VI, Chapter VII and Chapter VIII. The
Fourth Sub-Objective is:

The Fourth Sub-Objective is to
demonstrate the legitimization
of science and technology when
the science and technology is
within the confines of the
Occidental Tradition in two
historical cases, and the
delegitimization of nonOccidental science in one
historical case.

The three historical cases along with the theoretical considerations allow for the
development and presentation of the concept of Complex and Recursive
Recombination. Apart from being an explicative model for the legitimization of
technology in the Occident, it also allows for the identification of the strengths and
weaknesses of the societies based on the Romanic Branch of the Occidental
Tradition in regard to the legitimization of science and technology. In turn, this
allows Occidental enterprises to evaluate their strategic strengths, weaknesses,
opportunities and threats in the context of intensifying international competition,
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particularly from the Sinosphere. These issues are dealt with in Chapter VII. The
Fifth Sub-Objective is thus:

The Fifth Sub-Objective is to
present conclusions and
recommendation in the form of
the concept of Complex and
Recursive Recombination.

30

Legitimization of Science and Technology

II. Legitimization in Society
As defined in Chapter I, the Sub-Objective of Chapter II is: The First Sub-Objective
is to assess the substantive and procedural scientific foundations of the
legitimization of science and technology. Substantively, this assessment relates to
the French Pragmatic Sociology and the Annales School. Procedurally, the
legitimization of science and technology is limited by language and neuroscience.
This work being a doctoral dissertation in industrial engineering and management,
it is necessary to anchor it in a scientific school or scientific tradition. There would
have been several alternatives to achieve this. Considering the emphasis on
changing interpretations of a societal tradition, i.e., societal including historical
change, as the foundation of the legitimization20 of science and technology, two
scientific schools and/or traditions have been chosen.
The first scientific school or scientific tradition is the French Pragmatic Sociology
and different aspects thereof, particularly the social norm framework, the
legitimization framework and its interaction with neuroscience. The French
Pragmatic Sociology is based on the work of particularly Émile Durkheim and
Gabriel Tarde, and further developed by, e.g., Luc Boltanski and Laurent Thévenot.
In this work, the emphasis will be on Garbriel Tarde, Luc Boltanski and Laurent
Thévenot. The second scientific school and/or scientific tradition is the Annales
School associated with, e.g., Marc Bloch, Lucien Febvre, Fernard Braudel, Pierre
Chaunu, Jacques Le Goff, Emmanuel Le Roy Ladurie and Roger Chartier.
Whereas iustitia will be front and centre as a key aspect of the legitimization of
science and technology in this work, some brief introductory remarks in regard to
iustitia are warranted before the attention is turned to the French Pragmatic
Sociology and the Annales School. The conservative and even reactionary aspects
associated with a centuries old societal tradition and the perception of iustitia
founded thereon on the one hand and the dynamic aspects of science and
technology, including inventions and innovation, on the other hand present a
society and individuals living in this society with significant societal and cognitive
challenges. These societal and individual challenges go to the heart of the quality
and quantity of new scientific knowledge and technological innovation generated
in a particular society during a particular time period.
Iustitia and the common good are tied but separate. In the context of actions
relating to science and technology, it is argued that political decision-makers are
required to take just decisions for the common good (Bellivier & Noiville, 2011, p.
20

The term “legitimization” is assessed in Subchapter (iii).
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15). A cursory reading of this view suggests that only people taking political
decisions in some role in government would be required to consider the common
good. Such a reading can be questioned on two grounds. First, decisions having
political repercussions are not necessarily taken only by individuals in government.
Therefore, in order for the requirement of the inclusion of the common good in
the decision-making process to be meaningful it has to include non-government
decision-makers. Second, the incorporation of the common good among the
decision-making criteria limits individualism.
Iustitia is not necessarily beneficial to the common good, and the common good is
not necessarily compatible with iustitia. An incompatibility of iustitia and the
common good may arise when, e.g., the common good fails to recognize
intergenerational iustitia or iustitia is based on criteria compatible with one
societal tradition – or one branch of a societal tradition – and excluding other
criteria. We assess the detrimental effects of the latter in the case of the rejection
of Aztec science by the Occidental societies in the following subchapters and
chapters.
There is no convincing reason to free a decision-maker from seeking alternatives
which are compatible with both iustitia and the common good. These alternatives
need not be optimal from the standpoint of iustitia or the common good
considered separately, but they have to be acceptable from the standpoint of
iustitia and the common good. One way to find a way around the contradictions
is to take a reasonable decision. We return to the term “reasonable” in the
following subchapters and chapters.
When the sources for the norms on which legitimizations are founded on are
identified it turns out that many sources are “ideological” in a broad sense of the
term – a better term is “metaphysical”. This has an important implication for
science through the legitimization of science and technology. Paul Ricœur argues
that any abandonment of positivism in the sciences means that the separation of
“ideology” and science has to be abandoned as well (Ricœur, 1974, p. 342). If the
notion is accepted that a societally accepted interpretation of a societal tradition
or a branch of a societal tradition constitutes an ideology, then the abandonment
of a separation of “ideology” and science means that “ideology” and science are
interconnected and thus science is rooted in society. In other words, scientia est
immersa in societate – science is part of society.
We shall see in the following subchapters that language is of decisive importance
in any legitimization, because language enables and limits legitimization. We shall
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see that a human language is rooted in and is an expression of the society it
emerges from. Whereas all languages are obviously not the same, it is evident that
the specifics of the language being used for a particular legitimization will affect
the societal and individual acceptance of a human act, including science and
technological innovation. A legitimization of, e.g., science and technology is in the
language of the society for which the legitimization is attempted, because this
language is understood in and by the society in question. Consequently, any
attempt to assess and comprehend the legitimization of actions has to be based
on the language the society in question uses. This also has implications for this
work: The object is the societies belonging to the Romanic Branch of the
Occidental Tradition, and this requires the use of sources and literature in the
Latin-based languages to minimize language-based errors.
We shall see that the choice of limiting this work to one branch of one societal
tradition is further strengthened by Jean-Pierre Changeux’ work on neuroscience:
The interrelationship between society and the human brain means that the
societal tradition of the society in which an individual lives is hard-wired in the
individual’s brain. From the standpoint of neuroscience, the relevant societal
tradition or the relevant branch of the appropriate societal tradition 21 describes
the cerebral boundaries of human thought. The key to the legitimization of science
and technology is thus the relevant society and its interpretation of its societal
tradition or its branch of its societal tradition.

(i) French Pragmatic Sociology and the Annales School
The two-pronged epistemological and theoretical foundation of this work is based
on the complementarity of the French Pragmatic Sociology and the Annales
School rather than some inherent incompatibility. The proximity of these two
scientific schools and/or scientific traditions is suggested by professional respect:
21
A societal tradition may not have several branches at a particular point in time. E.g.,
the Germanic Branch of the Occidental Tradition separated from the Romanic Branch of
the Occidental Tradition in the early 16th century as a result of a strengthening Germanic
nationalism and the ecclesial separation. It would be inaccurate to write “the relevant
branch of the appropriate societal tradition” universally. Simultaneously, it would be
inaccurate and potentially misleading to lead out the qualifier “the relevant branch” if
several branches do exist. If the term “the relevant societal tradition or the relevant
branch of the appropriate societal tradition” is used in this work, then it means “the
relevant branch of the appropriate societal tradition” for societal traditions with several
branches and in the absence of several branches it means “the relevant societal
tradition”.
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Two of the earliest and prominent representatives of the Annales School, Marc
Bloch and Lucien Febvre, were admirers of the work of one of the founders of the
French Pragmatic Sociology, Émile Durkheim (Burguière, 2006, p. 23). Some
differences can be observed, e.g., Émile Durkheim argues that shared beliefs via
cognition result in societal cohesion, but Marc Bloch points out that shared beliefs
can also form the basis for societal disintegration (Burguière, 2006, p. 43). This
difference is rather a development of Émile Durkheim’s work than its rejection by
Marc Bloch.
Sociology and history are complementary in the sense of offering different insights
to the same societal phenomena and developments. Lucien Febvre warns against
simply adding knowledge obtained by sociologists and historians, because
knowledge is the synthesis of justified abstractions, i.e., both sociology and history
have to be abandoned in order to gain insight in regard to human behaviour
(Febvre, 1953, pp. 363-364). Again, this is not a rejection of the work of sociologists
in general and Émile Durkheim in particular by one of the founding members of the
Annales School, but it can be seen as a call for cooperation in the development of
knowledge relating to human behaviour in general and sociology and history in
particular.
It is warranted to underline that there is not only one history. A prominent
representative of the Annales School, Fernand Braudel, argues that there is not
one history but many histories founded on a multitude of curiosities, viewpoints
and possibilities, and that prominent representatives of the French Pragmatic
Sociology, specifically François Simiand, have mistakenly assumed that there is
only one history (Braudel, 1969, pp. 97-99). This rather fundamental criticism does
not read like a good relationship between the Annales School and the French
Pragmatic Sociology in the late 1960s. A more fundamental and arguable also
more important question is whether any scientific discipline can be objective
stricto sensu. We see in the subchapter Neuroscience and Legitimization that
societal phenomena and science depend on society, and therefore a distinction
between sociology and history in the sense of Fernand Braudel does not and
cannot exist.
Fernand Braudel goes on to argue that sociology cannot grasp long-term
developments, because unlike history sociology fails to consider historical
developments holistically (Braudel, 1969, pp. 114-115). This issue has implications
for this work. The timeframe in this work is very long: It commences with Antiquity
and it ends with the fall of l‘Ancien Régime in 1789. If Fernand Braudel’s standpoint
was accepted, then sociology could not be used in this work. Such an approach
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would seem rather dogmatic. To address the concerns of Fernand Braudel two
remedies will be applied in this work. First, the sociological concepts being used in
this work are from an earlier date when sociology and history had not drifted apart
to the degree that raises Fernand Braudel’s ire – recognizing that François Simiand
was an early sociologist. Second, the main sociological concept that will be used
in this work deals with legitimization based on neuroscience, and the human brain
has arguably not changed much over the last millennia.
What is called French Pragmatic Sociology in this work was established by Auguste
Comte in 1856 (Mucchielli, 2001, p. 40), and in his footsteps followed, e.g., Gabriel
Tarde, Émile Durkheim, François Simiand and Maurice Halbwachs in the late 19th
century and the early 20th century. Laurent Mucchielli observes that particularly
Gabriel Tarde reacted against social Darwinism and biological explanations of
crime thus emphasizing societal factors (Mucchielli, 2001, p. 44). In other words,
developments in society cannot be separated from society. Obviously, this would
encompass the legitimization of science and technology as well.
The French Pragmatic Sociology emphasizes the importance of society and sees
the individual in the context of the relevant society. Émile Durkheim and Gabriel
Tarde agreed with Auguste Comte that the behaviour of individuals in a group is
different from the behaviour of isolated individuals (Milet, 1972, p. 474). Whereas
humans live and act in societies – these societies may be structured in different
ways – understanding the legitimization of science and technology has to be
considered in the relevant societal context. This supremacy of society is clearly
articulated in Gabriel Tarde’s assertion that “progress” is a type of collective
thought without a brain, but “progress” is made possible by multiple brains acting
on the foundation of mutual solidarity and imitation (Tarde, 1895, p. 161). Apart
from the supremacy of society in the context of development – the term “progress”
will not be used in this work because of the expectation it creates of development
or change being beneficial – Gabriel Tarde’s assertion introduces two issues which
will be important for this work: (i) the importance of society including the relevant
societal tradition for development via solidarity and imitation, and (ii) the decisive
role of cerebral activities – and limitations – for development.
The supremacy of society poses the question of what constitutes a society. Gabriel
Tarde answers: A society is imitation (Tarde, 1895, p. 80). This laconic answer
raises issues relating to the identification of the reasons for individuals engaging in
imitation – we shall consider the foundation neuroscience offers for cerebral
activities, including imitation – and the limits to imitation need to be identified.
Émile Durkheim offers a different perspective on imitation by arguing that society
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has the capability of creating ideals which are similar to and related to religious
ideals (Durkheim, 1912, p. 604). This suggests that religion and theology cannot
be ignored in the context of society in general and imitation in particular.
Gabriel Tarde’s argument that activities resulting in discoveries and inventions – or
scientific development22 and technological innovation23 in the terminology used in
this work – depend on the societal acceptance of development which differs in a
particular society throughout time will also be adopted in this work (Tarde, 1895,
p. 163). We shall see that the foundation of societal acceptance of science and
technology is considered to be their societal legitimisation in this work. Gabriel
Tarde also argues that during periods of discoveries and inventions societies
exhibit a high level of critical thought, but throughout all societies protect their
heritage – or traditions – even in cases of proximity (Tarde, 1895, pp. 164-165).
The decisive importance Gabriel Tarde gives to societal traditions for science and
technology has been adopted in this work. His point that even geographical
proximity does not guarantee societal acceptance, i.e., successful societal
legitimization, of science and technology underlines the argument in this work that
societal traditions are of decisive importance for science and technology, and that
these societal traditions are relatively stable against external influences even over
time.
In the French Pragmatic Sociology, science and technology are not only considered
complementary to the arts, but they are considered to be based in part on the arts.
Gabriel Tarde writes that the arts comprise all forms of human imagination,
ingeniousness and inventiveness, i.e., the starting point of every industrial product
and machine is a work of art (Tarde, 1898, p. 393). The implications of such a broad
view of the arts are far-reaching. For this work, the most important single
implication is certainly that all the factors influencing the arts also affect other
forms human imagination, ingeniousness and inventiveness, including science and
technology. Considering the differences between societies in, e.g., the artistic
expression and law, the French Pragmatic Sociology opens the door to societal
relativism in science and technology. More specifically, although the natural
phenomena may be universally the same, the explanations given to them in
22

The term “scientific development” is used in this work in a neutral sense, i.e., in the
sense of change without any judgement on its quality. The term “scientific
development” does not have the connotion of science is necessarily getting better.
23
The term “technological innovation” is used in this work in a neutral sense, i.e., in the
sense of change without any judgement on its quality. The term does contain a practical
aspect in the sense that it subsumes that the technological sense is used in society,
either commercially or otherwise.
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science may differ from society to society. In other words, as an expression of
societal traditions there may be more than one conception of science and
technology.
Insofar science and technology, including inventions and innovation, are
considered societally desirable, the commencement and termination of a dynamic
resulting in inventions and innovation are important for society. Gabriel Tarde
addresses both of these issues. He maintains that inter-societal imitation
commences the dynamic resulting in more invention – i.e., scientific development
and technological innovation in the parlance of this work – and societal
degeneration favours societal willingness to embrace the conventional and the
simple life based on agriculture and thus impedes the dynamic needed for
invention (Tarde, 1898, pp. 191-192). We see in the case of the destruction of the
Aztec society and Aztec science that (i) imitation is not always desired, (ii) imitation
is not always possible and (iii) imitation may be destructive from the standpoint of
science and technology – even in the case of superior science and technology.
All of Gabriel Tarde’s assertions will not be adopted in this work. Gabriel Tarde
proposes that “social progress” and “individual progress” – he appears to subsume
that all development or change is favourable, something that is not necessarily
correct as already maintained above – are founded on either additive or
substitutive discoveries and/or inventions (Tarde, 1895, p. 161). Two arguments
contained in this work cast doubt on the very existence of substitutive discoveries
and/or inventions. First, the fundamental argument will be in this work that
scientific development and technological innovation are additive because of the
need for societal acceptance through a societal dynamic called recombinatio
complexa et recursive – Complex and Recursive Recombination. Second, we see
that even in the extreme case of the delegitimization of the Aztec society and Aztec
science, the Romanic Branch of the Occidental Tradition and Occidental science
and technology did not successfully substitute all of Aztec science.
Gabriel Tarde maintains that perturbations are forces of renewal (Milet, 1972, p.
477). This raises the issue whether perturbations rather are forces of destruction
than forces of renewal. We see that the case of the destruction of the Aztec society
and the Aztec science after 1519 demonstrates the destructive characteristic of
perturbation. We also see that intellectual perturbations at, e.g., the Sorbonne
University in the Occidental Middle Ages were instrumental in the development
that would result in the emergence of modern chemistry in the late 18 th century.
We see that these two cases demonstrated one fundamental difference: The
continuity of the Aztec society was not desired by representatives of the Occidental
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Tradition, but the continuity of the French society – maybe in a different form –
was desired. Gabriel Tarde seems to assume that continuity exists in the aftermath
of a perturbation.
Fernand Braudel offers another perspective on perturbations. He points out that
even in a society in which discontinuities take place continuities occur
simultaneously (Braudel, 1969, pp. 131-133). In other words, discontinuities
encompassing all aspects of society do not occur in the opinion of a prominent
representative of the Annales School. Speaking of a discontinuity encompassing
some degree of continuity is illogical. Therefore, it is more accurate to use the term
“perturbation” than the term “discontinuity” in the case of science and technology,
because scientific development and/or technological innovation do not result in a
comprehensive discontinuity even in science and/or technology.
In several public debates, Émile Durkheim and Gabriel Tarde held differing views
in regard to societal dynamics: Émile Durkheim argued that society establishes a
Cartesian order and constraints on individuals thus subsuming societal regularities,
and Gabriel Tarde argued that individuals exhibit spontaneous inventive thus
accepting hazard and probabilistic behaviour (Lubek & Apfelbaum, 1981, pp. 373374). At first glance, these viewpoints would seem irreconcilable. However,
hazard and probabilistic behaviour as defended by Gabriel Tarde may occur in the
context of societal constraints as argued by Émile Durkheim, if the societal
constraints offer a bandwidth within which hazard and probabilistic behaviour can
occur in a limited fashion. We see that the concept Recombinatio complexa
recursiva presented at the end of this work encompasses both societal regularities
in the sense of Émile Durkheim and hazard and probabilistic behaviour in the sense
of Gabriel Tarde.
We see that a source of societal regularities in the sense of Émile Durkheim is the
relevant societal tradition or the relevant branch of the appropriate societal
tradition. Luc Boltanski and Laurent Thévenot focus on action related to
legitimization in their work, and their work is considered part of the French
Pragmatic Sociology (Bénatouïl, 1999, p. 293). For them, the human action related
to legitimization is of decisive importance, and this requires Luc Boltanski and
Laurent Thévenot to consider the foundation of legitimization. They identify
several sources for the establishment of the foundation of legitimization. They do
not single out science and technology in their work, but this work embarks on an
assessment of the legitimization of science and technology within societies which
are part of the Romanic Branch of the Occidental Tradition.
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The interconnectedness of, e.g., historical events, science and technology adds
complexity to the legitimization of human actions in general and science and
technology in particular. Fernand Braudel`s La Méditerranée et le monde
méditerranéen à l'époque de Philippe II demonstrates the epistemological
challenges associated with interconnectedness, e.g., the changes taking place in
the Mediterranean were connected to developments in other parts of the world,
including changes relating to biology, commerce, epidemiology and culture
(Burguière, 2006, p. 196). The interrelatedness creates complexity, and in this
context it is possible to comprehend Lucien Febvre’s view that a historian has to
erase the word “simple” from both his/her vocabulary and his/her spirit (Febvre,
2009, p. 897).

(ii) Human Action in Society
Émile Durkheim criticizes scientific concepts founded on the premise of a
systematically selfish individual by pointing out that real individuals are more
complex, because real individuals are the product of their time and their country
(Boltanski & Thévenot, 1991, p. 162). The term “country” (“pays”) may have been
accurate in a society believing in the concept of homogeneous nation states in the
late 19th and early 20th century, but the term “country” does not recognize
situations in which individuals are part of societies which do not have a country or
are distributed between several countries, or a country encompasses several
societies. Using the premise that the primary focus of an individual’s imitation in
the sense of Gabriel Tarde is the society rather than the country he/she is part of,
this work focuses on societies rather than countries.
Replacing the term “country” with the term “society” in Émile Durkheim’s criticism
has three important implications. First, the actions of an individual are influenced
by the society he/she is a part of, i.e., the free will of an individual is limited.
Second, society changes over time and thus the actions of an individual depend on
the point in time he/she performs the action – in addition to the society. Third,
any concepts in the social sciences claiming a priori that individuals act identically
in all societies at all points in time are epistemologically suspicious at best.
The spirit of discipline is the essence of life in a society, and the spirit of discipline
is founded on reason and truth according to Émile Durkheim (Durkheim, 1895, p.
152). Apart from underlining the supremacy of society by stressing the need of
individual discipline, the reference to the terms “reason” and “truth” is of great
importance here insofar “reason” and “truth” are seen as the foundation of science
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and technology. Émile Durkheim suggests that reason and truth can exist only in
society, i.e., individual reason and truth are at least flawed and possibly impossible.
For this work, Émile Durkheim’s standpoint means that the acceptance or rejection
of science and/or technology, including the development of science and/or
technological innovation, can only be assessed in a societal context in a meaningful
way.
The supremacy of society over individuals is needed to ensure that the actions of
individuals are compatible with iustitia. Individuals living in a natural state in the
sense of Jean-Jacques Rousseau do not have an agreement on the substantial
content of the common good and they do live in a society with a societally accepted
substantive iustitia (Boltanski & Thévenot, 1991, pp. 265-266). The lack of an
agreement on the common good means that there are no norms for the
assessment of the compatibility of human actions with the requirements of iustitia.
The time factor invoked by Émile Durkheim means that the perception of the
common good changes over time. Disagreement regarding the substantive
content of the common good means that at least a part of a society perceives the
status quo at least problematic from the standpoint of iustitia. The common good
and the perception of iustitia are thus sources for both order and disorder.
The supremacy of society does not necessarily guarantee iustitia. The need to
establish a harmony of sentiments relating to the “heart”, specifically pity,
indignation, admiration, anger, enthusiasm, contempt, envy, sympathy and
antipathy, is emphasized by Gabriel Tarde (Tarde, 1898, p. 289). The emotions
listed here are at least superficially contradictory like “sympathy” and “antipathy”,
but the real issue is not the emotion itself but against or in favour of what it
emerges, i.e., is there a societal agreement that a particular behaviour merits, e.g.,
contempt? This raises the issue of the foundation of the emotions Gabriel Tarde
has listed in order to safeguard societal harmony, and in this context morality
based on the societally accepted interpretation of the relevant societal tradition or
the relevant branch of the appropriate societal tradition at a particular point in
time becomes a societally – and consequently individually – important factor.
The term “societally accepted” has been chosen on purpose in view of the French
Pragmatic Sociology. Émile Durkheim argues that a society cannot legislate in
regard to the substantive content of morals based on its material authority, i.e., its
physical supremacy, but it has to resort to its moral authority (Durkheim, 1924, p.
107). In other words, a society has to rely on acceptance and authority for
establishing the foundation for a significant level of harmony in society. We realize
that Saint Augustine enjoyed a significant level of authority in the Occidental
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societies for several centuries, but his writing was not law stricto sensu. We also
realize that Saint Augustine proposed a separation of power between Imperium
and Ecclesia, and this can be interpreted as a separation of material authority and
moral authority, respectively. We realize that maintaining the separation between
material authority and moral authority has been problematic in Occidental
societies, e.g., the kings enjoyed a semi divine status during l’Ancien Régime which
muddied the distinction between material authority and moral authority.
Morality24 is a sentiment tied to a group, a sentiment based on the identification
of an individual with a group (Sánchez Molinero, 2005, pp. 484-486). This can
constitute a problem. History shows that individuals belonging to a society, subsociety and/or group have violated the requirements of iustitia because of this
affiliation (Trigeaud, 1995, pp. 323-327). Conceptually, two different situations can
be assessed. First, two societies belong each to a different societal tradition or at
least to another branch of the same societal tradition, and these societies consider
the perception of iustitia of the other iniustitia. Second, the perception of iustitia
of a society has changed as the result of its reinterpretation of its societal tradition
or its branch of its societal tradition, and this reinterpretation is not compatible
with the same society’s earlier and later perception of iustitia.
Consensus in the context of order, equilibrium, norm and culture on the one hand
and conflict in the context of change, crisis, disequilibrium, criticism and dispute
on the other hand should not be considered as opposites (Boltanski & Thévenot,
1991, p. 39). If consensus, or agreement, and conflict are not viewed as opposites,
then the issue arises whether agreement and conflict can be viewed as
complementary aspects which exist in society at every point in time, but their
respective weight in society changes over time. If consensus and conflict are not
considered contradictory but complementary, then gaining societal acceptance for
scientific development and/or technological innovation is facilitated, because
conflict in science and/or technology does not automatically have to be considered
a source for wider societal conflict.
Epistemologically, the complementarity of two superficially opposite concepts can
also be seen in the tensions between society and the individual in, e.g., sociology
and economics. Issues relating to the differences between a group and the
individuals associated in some way with this group are studied in sociology, and
the analytical reduction to goods and individuals used in economics is de facto the

24

The term “morals” and “ethics” are not clearly defined and delineated as observed by
Paul Ricœur (Ricœur, 2001, p. 55). In this work, the term “morals” will be used as a rule.
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same, because a market consists of numerous individuals, i.e., a group (Boltanski
& Thévenot, 1991, p. 46).
Opposition – or conflict – plays an important part in creating the tension required
for, e.g., scientific inventions and/or industrial inventions – i.e., scientific
development and/or technological innovation in the parlance of this work – even
though repetition and adaptation may dominate most of the time (Tarde, 1899,
pp. 104-112). In other words, the French Pragmatic Sociology does not see
opposition in its different incarnations as the sole driver for scientific development
and/or technological innovation, because this would not allow for repetition and
adaptation which are also part of the overall societal dynamics associated with
scientific development and technological innovation. This has one particularly
important repercussion: The societally accepted interpretation of the relevant
branch of the appropriate societal tradition and iustitia are not a societally
necessary evil slowing down scientific development and technological innovation,
but a necessary aspect of scientific development and technological innovation
allowing for repetition and adaptation – a lower threshold for scientific
development and/or technological innovation would not give scientists and
innovators the societal impetus to seek to improve existing science and
technology. Bernard Rosier and Pierre Dockès represent a similar viewpoint as
Gabriel Tarde in respect of the importance of opposition: Societal and intersocietal conflicts have been important drivers of innovation throughout history
(Rosier & Dockès, 1991, p. 198).
Individuals could devise an infinite number of potential human actions, but the
only potential human actions which are of practical interest in a society are those
which can be communicated and legitimized – Luc Boltanski and Laurent Thévenot
use the term “justified” – in this same society (Boltanski & Thévenot, 1991, p. 48).
The need to legitimize human actions ties them to a particular society, particularly
its societally accepted interpretation of its societal tradition or its branch of its
societal tradition at a particular point in time, because communication is based on
language which is a product of the society in which it emerged and legitimization
is ultimately tied to a society’s understanding of iustitia which is also a product of
society. This raises two fundamental issues:
9 Language: If a language is a product of the society it emerged in, then a
language is founded on the societal traditions of the relevant society. Does
this mean that it is impossible or at least problematic to comprehend a
society – including its science and technology – if the language of this
society is not used in an assessment? Does this mean that a society through
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its language enables and/or prevents scientific development and
technological innovation, including the adoption of science and technology
of other societies? These issues are assessed in Subchapter (iv).
9 Iustitia: Legitimization in a context related to iustitia requires some
normative foundation. This issue is assessed in Chapter III and Chapter IV.
Considering actions by individuals in society introduces indeterminism which may
take the form of unintended consequences. Alain Boyer writes (Boyer A. , 1992, p.
140): “Le theme des « effets inattendus », et en particulier des « effets pervers » et
des « effets de composition », est dès lors à la base d’une conception individualiste
ou « inter-actionniste » du changement social, et donc de l’histoire.”25
In the Roman Heritage of the Occidental Tradition, iustitia is of decisive
importance: Aristotle maintained that humans are destined to live in societies (the
term “polis” can also be interpreted to be a political entity) and that the glue
keeping societies together is iustitia (Sentis, 2004, pp. 23-26). Aristotle can be
interpreted to the effect that no society and nothing associated with society can
exist without iustitia. Saint Augustine agrees that humans need to live in societies,
but he also requires that society adheres to religion which is the source of virtue
and truth (Sentis, 2004, pp. 53-65). Insofar science and technology are tied to
society Saint Augustine’s standpoint means that science and technology have to
comply with the requirements of virtue and truth in the sense of Occidental
Christianity as well. The term “religion” signified an amalgamation of culture – i.e.,
Saint Augustine’s interpretation of the Greco-Roman philosophy and science – and
the Christian faith to Saint Augustine (Sentis, 2004, p. 173), or more broadly
speaking an amalgamation of the Roman Heritage and Occidental Christianity
which was to form the foundation of the Occidental Tradition. It is not illogical to
consider the Occidental Christian interpretation of virtue and truth a source of
iustitia in an Occidental Christian society.
The importance of iustitia is particularly great in complex societies, because iustitia
enables an individual to correctly assess a societal situation and an interpersonal
situation thus reducing the likelihood of societal and interpersonal tensions
(Boltanski & Thévenot, 1991, p. 266). This implies that a rise in societal complexity
requires a stronger sense of iustitia for the sake of a minimization of societal and
interpersonal tensions. Two issues are tied to this triangular relationship. First,
which sources for norms for iustitia are accepted by society and by the individuals
25

Author’s translation: “The issue of unintended consequences, particularly perverse
effects and composite effects, is at the bottom of an individualistic or inter-agent
conception of societal change and thus of history.”
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in this society? Second, which factors contribute to an increase or decrease of
societal complexity? Whereas individuals are products of the society they are part
of and the time they live in, the sources vary from society to society and from time
to time. We shall see that more sophisticated science and technology have
accompanied an increase in societal complexity. Simultaneously, the sources of
norms within the Romanic Branch of the Occidental Tradition – the branch of the
societal tradition we focus on – have been challenged by science and technology.
This can be interpreted in two ways. First, the importance of iustitia actually
declines when societies become more complex as a result of an increased societal
acceptance of science- and technology-based solutions to societal challenges.
Second, more complex societies result in more societal and interpersonal tensions.
Either of these two interpretations would suggest an adverse relationship between
science and technology on the one hand and iustitia on the other hand.
Émile Durkheim does not see an antagonism between iustitia and utility. The
matter of contention between political economy and Émile Durkheim is not utility
per se but whether individuals derive utility from commercial activities or from
iustitia and collective solidarity (Boltanski & Thévenot, 1991, p. 347). Émile
Durkheim’s understanding of utility ties utility to a society’s understanding of the
common good, or its interpretation of its societal tradition. Insofar utility
maximization is understood as the driving force of science and technology in
general and scientific development and technological innovation in particular,
Émile Durkheim sees the legitimacy for scientific research and technological
innovation in the desire to improve iustitia and societal solidarity (Boltanski &
Thévenot, 1991, p. 347).
Insofar individuals become part of more sub-societies and/or groups as a result of
increasing societal complexity, achieving a societally accepted definition of the
common good become more difficult. An individual belonging to more than one
sub-society and/or group uses insights gleaned from one sub-society or group in
another sub-society or group (Boltanski & Thévenot, 1991, p. 270). Although this
can result in fruitful crossbreeding, the potential for an increase of tensions within
the sub-societies and/or groups increases as well. In other words, a conflict within
one sub-society or group spreads into other sub-societies and/or groups. Even
limiting the search for a definition of the common good to one branch of the
Occidental Tradition does not limit the field in any meaningful way. The three
branches of the Occidental Tradition, the Amerindian Branch, the Germanic Branch
and the Romanic Branch (particularly the Amerindian Branch and the Romanic
Branch will be assessed below), are multifaceted and provide the opportunity to
legitimize numerous viewpoints.
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Introducing societal traditions into a societally accepted definition of the common
good is warranted by inherent conservatism or even a reactionary mentality.
Individuals are prone to return to the status quo ante in their search for a solution
of a troubling situation (Boltanski & Thévenot, 1991, p. 284). In a similar vein: Paul
Ricœur argues that a project is legitimized with history (Ricœur, 1988, p. 81). A
return to the past means that finding a solution is a recursive process and that the
solution is based on the relevant societal tradition. In other words, a troubling
situation caused by, e.g., new scientific knowledge and/or technological innovation
does not result in the creation and adoption of a totally new definition of the
common good but rather one rooted in societal traditions. This is just one instance
of a combination of seemingly antagonistic contradictory dynamics.
There have been attempts to find other foundations for the common good, moral
and ethics than a society’s societal tradition. Several attempts have been made to
find the foundation in metaphysics, but the incoherence of many metaphysical
concepts and different interests of individuals within a society and globally have
been cited as major obstacles for the legitimization of a metaphysics-based
foundation (Gérard, 1995, pp. 92-102). Another attempt has been made to find
the foundation in societal legitimacy based on democratic decision-making in a
society characterized by equality and collective autonomy (Gérard, 1995, pp. 111112). However, any decision taken in accordance with the democratic process
does not guarantee minority rights and intergenerational iustitia – the latter
cannot even be guaranteed by unanimous decision-making, because the future
generations do not exist yet and cannot participate in the decision-making.
Whatever decision-making process is being used, the need for substantive iustitia
framing a legitimization is apparent (Gérard, 1995, pp. 197-213). Consequently,
some tradition is required to safeguard iustitia.
It is necessary to separate iustitia and the societal process that results in the norms
considered iustitia. In the context of truth and truthfulness, it is argued that the
foundation of truth is philosophy and the empirical foundation of truthfulness is
anthropology and psychology (Boyer P. , 1986, p. 325). Although the conclusion
that the process which results in the norms describing iustitia is well founded, a
core issue remains unclear: Can a society ignore its perception of iustitia in the
dynamic of creating the norms for iustitia? The same applies for truth and
truthfulness: Can the truth be identified through a process that is untruthful? This
may happen by hazard, but the likelihood is small. Therefore, the old perception
of iustitia will be a conservative element in the societal process of adopting a new
definition of iustitia.
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Fernand Butel maintains that “civilizations” have five aspects (Butel F. , 1993, pp.
49-67): (i) “civilizations” have a geographical extent, (ii) “civilizations” are
societies, (iii) “civilizations” have economies and (iv) “civilizations” have collective
mentalities. If science and technology, including scientific development and at
least science-based technological innovation, are considered part of a civilization
in Fernand Butel’s sense, then the four aspects of civilization listed by Fernand
Butel can be interpreted as aspects of science and technology as well. For
legitimization from an epistemological standpoint it is noteworthy that
“civilizations” are societies, have economies and have collective mentalities thus
implying that these three aspects of a “civilization” cannot be separated from each
other, and that a legitimization has to address all of these four aspects.

(iii) Legitimization
Justification

and

Justification,

Legitimization

versus

Luc Boltanski and Laurent Thévenot consider the process of legitimization rather
than iustitia per se thus working between the two poles Durkheimian sociology and
individualism in the context of the Occidental Tradition in general and the
Republican nation-state in particular (Ricœur, 1995, p. 122). Paul Ricœur’s
emphasis on the societal limitation is important because it clearly shows that any
legitimization occurs in the context of a particular societal tradition and a particular
interpretation thereof. The aspect of interpretations renders a legitimization timedependent.
Societal norms, including legal norms and social norms, are the foundation for
judgments and/or legitimizations. Legitimizations – Luc Boltanski and Laurent
Thévenot use the term “justification” instead of “legitimization” – play a major role
in society, because they form the basis for societal coordination (Boltanski &
Thévenot, 1991, pp. 53-54). The term “coordination” is of particular interest in this
context, because it does not necessarily convey the message of societal acceptance
of the object for the legitimization. Although the term “coordination” does convey
the message of actions by the addressees of the legitimization – without actions
by the addressees no coordination would be necessary – actions by the addressees
do not always require acceptance. Actions against the object are hardly the
objective of the subjective of the legitimization.
Therefore, the term
“coordination” does not describe the primary objective of the subject, i.e.,
acceptance. E.g., it is difficult to see a constructive coordination in the context of
scientific development and/or technological innovation without prior acceptance.
However, scientific development and/or technological innovation occur, and the
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legitimization thereof has to take place ex post and not ex ante based on
coordination.
A representative of the Annales School, Roger Chartier, raises the issue of the
homogeneity of the societal norms within a society. He concludes that there may
be significantly different societal norms within one society at one particular point
in time and that these differences do not necessarily disappear over time (Chartier,
2000, pp. 24-26). The side-by-side of more than one set of societal norms poses
some epistemological challenges for legitimization, e.g., we shall see that the
Castilians26 effectively delegitimized Aztec science, including its medicine and
pharmacology, but that some of this scientific knowledge survived in traditional
Mexican medicine. The point that Aztec science was destroyed in the context of
its delegitimization by Occidental Europe in general and the Castilian society in
particular is thus true stricto sensu only in the sense that it did not receive the
support of the Crown and thus its ability to develop and to form the foundation of
scientific development and/or technological innovation severely limited or even
rendered impossible. This shall not be interpreted as a defence of the actions of
Occidental Europe in Mexico in any way.
The delegitimization of a part of a societal tradition or a branch of a societal
tradition raises the issue of the boundaries of this delegitimization. In this context,
Roger Chartier assesses the extent of the delegitimization of the thoughts and their
antecedents associated with Maximilien Robespierre and his allies (Chartier, 2000,
pp. 113-115). We shall see that a delegitimization may be sweeping and may thus
encompass science and technology which are either separate from or could be
separated from the delegitimized aspects – the delegitimization of Aztec science is
a case in point. This suggests that the broad scope of a societal tradition or a
branch of a societal tradition may result in a broad delegitimization.
Science includes concepts which need to be legitimized using “rules” inherent to
science (Durkheim, 1912, p. 625). A property of concepts is that concepts resist
change (Durkheim, 1912, p. 618). If scientific concepts resist change, then the
legitimation of a different scientific concept is challenging. Émile Durkheim points

26

The terms “Castile” and “Spain” on the one hand and “Castilian” and “Spanish” on the
other hand are used interchangeably in this work. The Spanish Americas were part of
the Crown of Castile, but the Crown of Aragon and the Crown of Castile are often
subsumed under the Crown of Spain after the reigns of Isabel I de Castilla and Fernando
II de Aragón. It would be more correct to use the terms “Castile” and “Castilian”, but it
“Spain” and “Spanish” are commonly used even in the Mexican and Spanish literature
dealing with the 15th, 16th, 17th and 18th centuries.
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out that it is not sufficient that a new scientific concept is true, it also has to comply
with all collective beliefs in order to be accepted (Durkheim, 1912, p. 625). In other
words, any part of the societally accepted interpretation of the relevant societal
tradition or the relevant branch of the appropriate societal tradition at the point
of time when a different scientific concept is presented can prevent the
legitimization of this scientific concept.
We have seen that the two terms “justification” and “legitimization” are used sideby-side by, e.g., Paul Ricœur (Ricœur, 1988, pp. 69-70). Luc Boltanski and Laurent
Thévenot prefer the term “justification”, because they consider that it is
unequivocally tied to the common good as the foundation of a justification
contrary to the – in their opinion – ambivalence of the foundation of a
legitimization (Boltanski & Thévenot, 1991, pp. 53-54). However, the term
“justification” has two inherent shortcomings. First, it does not clearly indicate
that it is founded on a societal norm, including legal norms and social norms. Any
judgement in regard to the acceptability of a particular justification without the
existence of relevant norms becomes a subjective judgement rendering the
justification subjective as well. Second, Luc Boltanski’s and Luc Thévenot’s
emphasis on the common good does not deal with the contradictions between the
common good and iustitia. Therefore, the term “legitimization” is preferable – in
spite of some historical baggage discussed by Luc Boltanski and Laurent Thévenot
(Boltanski & Thévenot, 1991, pp. 53-54).
Although the term “judgement” conjures up the impression of legal proceedings in
a court of law, various judgements occur all the time also outside of the judicial
realm without reference to legal norms but based on other norms, i.e., other
“justifications” (Thévenot, 1992, pp. 1282-1283) or legitimizations. Paul Ricœur
argues that judgements are decisions (Ricœur, 1988, pp. 42-43). “Justifications”
based on confidence and trust form the foundation of the actions of numerous
formally independent decision-makers (Thévenot, 1992, p. 1288). In other words,
from an anthropocentric standpoint decisions taken by individuals occur in the
context of interpersonal relationships and thus in the context of a society or a
subsection of a society.
In a society characterized by dynamism driven by, e.g., science and technology in
general and scientific development and technological innovation in particular, it is
logical to expect that also legitimizations are influenced by societal dynamics.
“Justifications” are actions which cannot be limited to an assessment of the
proposition underlying a “justification” or to comprehending the sense of a
“justification”, but a “justification” is a dynamic process (Thévenot, 1992, p. 1283).
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In other words, an action aimed at the legitimization of another action has to
contend with changing arguments in a society, and these changing arguments
result in dynamism in legitimization process even when the societal norms do not
change. An additional dynamism is associated with the legitimization process if
the relevant societal norms change.
An increase in societal complexity raises the spectre of contradictory norms. A
compromise is a way to render a judgement in the case of contradictory norms,
but a compromise is a fragile foundation for a judgement (Boltanski & Thévenot,
1991, p. 338). A fragile foundation of a judgement increases the likelihood of
criticism against a judgement and increases the likelihood of a reversal at a later
point in time. In other words, a judgement based on a fragile foundation increases
societal uncertainty.
If it is accepted that scientific development and technological innovation increase
societal complexity, then scientific development and technological innovation also
result in an increased need for compromises and thus an increase in societal
uncertainty. An increase in societal uncertainty is not solely problematic from the
standpoint of capital investments and the need of higher risk premiums, but more
importantly societal uncertainty endangers societal peace. The search for a
societally accepted foundation of a compromise leads to a particularly serious
problem, because a compromise appears as an assortment of components without
basis (Boltanski & Thévenot, 1991, p. 408). Thus, a compromise is not a viable
medium- to long-term solution to limit societal uncertainty in the face of an
increase of societal complexity accompanying scientific development and/or
technological innovation. A need for a new definition of the common good arises
from a fragile compromise (Boltanski & Thévenot, 1991, p. 345). This assertion by
Luc Boltanski and Laurent Thévenot also demonstrates the societal fragility of the
interpretation of the common good.
Marc Bloch raises another aspect of judgements: Is a historian impartial (Bloch M.
, 1993, p. 156)? Whatever the ideals of a historian and historical assessments are,
the work of Luc Boltanski and Laurent Thévenot suggests that all human actions
are based on judgements. This means that a historian and historical assessments
cannot be completely detached from the societal norms underpinning judgements
at the time of the assessment. This means that no objective truth can be subsumed
to underlie any human action, because the societal norms are relative.
Lucien Febvre, another prominent representative of the Annales School, raises a
further issue related to the impact of the point of time on a legitimization. He

49

Legitimization of Science and Technology

separates the true Aristotle from the Renaissance Aristotle (Febvre, 2009, p. 279).
If the legitimization of, e.g., science at least partially rests on the authority of
another person and/or text, then the interpretation of this person and/or text may
change as a function of time. This means that the foundation is not this person
and/or text stricto sensu but the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at the time of the legitimization applied
to the person and/or text in question. E.g., the authority is the perception of
Aristotle rather than the true Aristotle.
The substantive assessment of the societal norms and the drivers of change
resulting in the change of the societal norms require an understanding of the
sources of the societal norms. Émile Durkheim concludes that a society is
characterized by its moral aspects, economic aspects, political aspects and legal
aspects, and the interdependence of these aspects (Thévenot, 1992, pp. 12801281). The meaning of the term “moral” is not uniformly defined, e.g., it may
signify that social norms relating to the well-meaning treatment of others and it
may signify the adherence to explicitly or implicitly agreed on social norms
(Boltanski & Thévenot, 1991, pp. 42-43). There are individuals in a society, but the
existence of individuals is not sufficient for a society to exist. Luc Boltanski argues
that a society does not exist where there are solely individuals, but there has to be
a common good as well (Boltanski, 1990, pp. 31-32). We have seen that Aristotle
considered iustitia to be the foundation of human society. The difference between
the “common good” and “iustitia” is important.
The search for a substantive content of the term “societal norm” has thus led to
the term “common good” that needs to be filled with a substantive content. Even
if the search is limited to the Occident, it soon becomes obvious that no
universally27 accepted substantive content for the term “societal norm” can be
found. There are numerous potential sources in which the different facets of the
common good have been developed, and one influential one have been theological
treatises, including Saint Augustine’s writing, in the Occident (Boltanski &
Thévenot, 1991, pp. 92-96). This means that any assessment of legitimizations
used in decision making in the context of, e.g., science and technology has to start
27

Caution with the term “universal” is warranted, because it may have two very different
meanings. First, the term “universal” may refer to the entire world, e.g., a universally
accepted concept is accepted worldwide. This is the meaning of the term “universal” in
this work. Second, the term “universal” may refer to the acceptance of a concept by all
individuals living in one society. At appears that Philippe Gérard uses the term in this
latter meaning, because he is referring to semantic rules which would suggest linguistic
obstacles to a wider acceptance (Gérard, 1995, pp. 18-20).
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with the choice of the societal norm that forms the foundation of the
legitimization.
We have seen that legitimizations occur in the context of individuals, societies and
subsections of societies. It is inconsequential whether the aim of a legitimization
is to influence the person making the legitimization or other persons, but at least
some level of interaction between an individual and the relevant society cannot be
ruled out. The assessment of the interdependence requires that the dynamics is
considered at both the level of an individual and at the level of a group (Thévenot,
1992, p. 1282), either a sub-society or a group of individuals:
(1) Individual: The assessment has to include the understanding the individual

has of his/her environment, and it has to pay attention to the individual’s
cognitive limitations.
(2) Group: The assessment has to take into account the different uncertainties
in the common environment, and comprehending the relevant
anticipations, the relevant mutual interpretations and their convergences
in addition to the limits of the common knowledge.
The use of the term “individual” does not signify the supremacy of the individual.
Michel Piteau maintains that the very act of a legitimization in the sense of Luc
Boltanski and Laurent Thévenot can be performed only by an individual, but the
norms used for a legitimization are based on “social” acceptance (Piteau, 1992, pp.
1025-1026). This need for societally accepted norms which are an expression of
the societally accepted interpretation of the relevant societal tradition, or the
relevant branch of the appropriate societal tradition, means that science and
technology are embedded in society, because any attempt to legitimize them is
based on societally accepted norms. An individual cannot legitimize science and
technology alone and isolated from society.
The factors “anticipations” and “interpretations” raise the issue of the substantive
content of societal norms again, because the societal norms set limits to actions
and thus limit the potential anticipations and interpretations. This does not mean
that every individual respects the limits set by societal norms, and any
legitimization has to contend with the level of confidence a decision-maker deems
appropriate to have in other individuals based on their reputations. Confidence
and reputation are of decisive importance in a judgement (Thévenot, 1992, p.
1290), and there is no convincing reason to assume that this would be different in
the case of a legitimization in general and the legitimization of science and
technology in particular.
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The question of substantive societal norms relevant for the assessment of the
appropriate level of confidence and reputation must be raised. If the criteria used
for assessing confidence and reputation are based on common knowledge, then a
significant level of uncertainty is associated with this assessment in particular
bordering on doubts expressed in regard to the existence of a homo sociologicus
in general (Boltanski, 2009, pp. 88-93). These doubts raised by Luc Boltanski are
relevant in a society characterized by relatively weak societal reactions to
violations against the relevant societal norms and/or a willingness of individuals to
challenge the societal status quo. It would be problematic to assume without proof
that societal reactions and/or the willingness to challenge societal norms exist in
all societies, and it would be equally problematic to assume that these two factors
are constant in one particular society over time. We shall see that the seigneurial
system of l’Ancien Régime was characterized by tightly knit societal
interrelationships, and these interrelationships were conducive to interpersonal
confidence.
The source of uncertainty in the assessment of confidence and reputation can be
seen in a discrepancy of societal reality and social construction of reality, and this
uncertainty is further subject to the effectiveness of ways to manage the societal
impact of societal tensions (Boltanski, 2009, pp. 93-98). Considering the
discrepancy of societal reality and the social construction of reality from the
historical perspective, the change in the societal reality may move into another
direction and/or at another pace than the social construction of reality. If scientific
development and technological innovation are considered a reason and/or a result
of a changing societal reality, then the gap between the societal reality and the
social construction of reality may widen thus increasing societal tensions. In other
words, change based on science and technological innovation needs a society
capable of dealing with uncertainty and reformulating its social construction of
reality.
Cognition is a way to deal with uncertainty. Cognitive issues are not limited to the
level of the individuals, but a group has a collective cognition as well (Thévenot,
1992, p. 1286). Cognitive activities include the mental perception, memory and
representation of the registration of, elaboration of, transformation of, utilization
of and reaction to stimuli associated with an – not necessarily human – action
(Padioleau, 1986, p. 48). In other words, cognition helps in the comprehension of
stimuli, but it also has the propensity of limiting what the human brain perceives
and the way stimuli are processed as a consequence.
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Apart from cognitive issues, societal change caused by and/or resulting in scientific
development and technological innovation may require changes to societal norms.
The development and acceptance of norms, rules and customs of a group can be
interpreted as an investment particularly in the sense of representing a sacrifice
particularly in the context of reversibility and irreversibility (Thévenot, 1989, pp.
157-158). In other words, scientific development and technological innovation
may result in the obsolescence of past societal investments and may require new
societal investments. Thus, monetary benefits resulting from the application of
scientific development and technological innovation do not necessarily offset the
overall costs associated with the obsolescence of past investments and the need
for new investments in the context of societal norms.
Cognition is not sufficient for creativity and thus for scientific development and
technological innovation. Reflection that forms the foundation of thinking and
knowledge arrived at by means of mental activities can also be considered at the
level of an individual and a group, the modus operandi of the latter is through
group feedback to the individual in question (Boltanski, 2009, pp. 152-156). This
does not answer the question which of these two, individual reflection or group
feedback, is more important or supreme. It is doubtful that a generally applicable
answer can be given to this question. In the case of science and technology, the
importance of group feedback – or societal acceptance – should not be
underestimated. Science that is not accepted by society will hardly find adepts and
financing, and technology that is not societally accepted will not find buyers and
thus it will fail commercially thus transforming a potential technological innovation
into an inconsequential technological invention.
The assertion that it is impossible to answer the question about the supremacy of
an individual or society in regard of reflection also means that it is impossible to
claim universally whether an individual or society has more and/or better
knowledge. Any kind of assessment whether a society favours or stands in the way
of reflection in general and science and technology in particular have to take into
account societal norms and cognitive factors at the individual level and particularly
at societal level.
The societal and individual limitations based on issues relating to cognition and
reflection presented above give rise to significant hesitations in regard to the
possibility of rationality in human society and in the human brain. The term
“rationality” can be used in different contexts. Therefore, the meaning of the term
“rationality” contains some ambiguity. Jean Baechler considers three main
categories of rationality, i.e., biological rationality, anthropological rationality
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(divided into interpersonal one-on-one situations and “cultural” situations) and
psychological rationality (Baechler, 2009, pp. 79-85). The existence of different
categories of rationality raises the prospect of contradictions between the
different categories of rationality. E.g., an action that is rational from the
standpoint of psychological rationality need not be rational from the standpoint of
anthropological rationality.
For the comprehension of the foundation for legitimization it is necessary to briefly
consider the term “rational” which forms the basis for the term “rationality”. The
term “rationalis” is the opposite of the term “realis” in science (Gonzáles G. , 1987,
p. 71). The contradiction between “rationalis” and “realis” means that any rational
scientific concept is not (necessarily) realistic but founded on some type of ideal
that is based on a societally accepted interpretation of a societal tradition or a
branch of a societal tradition. In other words, a rational scientific concept is not
and cannot be valid in all societal traditions or all branches of a societal tradition.
A rational scientific concept is not universal but relative. Applied science and
technology can be seen as incarnations of “realis”, and theoretical science can be
seen as incarnations of “rationalis” (see Chapter V).
Consequently, another threshold is required for the legitimization of human
action. The foundation of “justification” and coordination of actions is rather
reasonableness rather than rationality (Thévenot, 1989, p. 148). This raises the
issue of the foundation for the assessment whether a legitimization is reasonable.
An important aspect of “justification” and thus reasonableness is that
reasonableness has several objects, i.e., a universally objective “justification” does
not exist (Thévenot, 1989, pp. 160-161). Specifically, the optimization of the
outcome for one object does not meet the requirements of reasonableness in the
context of legitimization. The criterion “reasonable” is arguable more in line with
the term “realis”, because it allows for the incorporation of all societal factors
affecting a decision-maker in the legitimization process.
Let us briefly transgress to “rationality” in science. Stefano Gattei writes in the
context of assessing Stephen Toulmin’s work that “the rationality of science cannot
depend exclusively on the formal validity of the inferences drawn within the
scientific theories of a given historical period” (Gattei, 2008, p. 20). In other words,
the formal validity of an argument does not guarantee its “rationality”. Stefano
Gattei goes on to argue in reference to Paul Feyerabend that the adoption of
“scientific theories” affects “our general beliefs and expectations, and therefore
also our experiences and our conception of reality” (Gattei, 2008, p. 22). Although
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there is a grain of truth in this, the greater and more important issue is the impact
of the “general beliefs and expectations” on “scientific theories”.
The multivariate property of reasonableness means that any attempt at
legitimization is characterized by complexity and at least the perception of
arbitrariness. This can effectively undermine an attempt at legitimization: The
absence of objectivity translates into suspicion (Thévenot, 1989, p. 174). One way
to deal with this challenge is to have a societally accepted foundation for a
multivariate assessment of the reasonableness of a legitimization. At this point the
argumentative circle closes, because the same potential sources for societal norms
also offer a foundation for the assessment of reasonableness. One potential
source in the Romanic Branch of the Occidental Tradition is Saint Augustine’s work.
Societal norms are not necessarily founded on individualism in the sense of
selfishness. The challenge of operationalizing the continuum society – individual
in the context of defining the common good has been a major undertaking in the
Occident, and the suggested solutions have been contradictory (Piteau, 1992, pp.
1028-1031). Some concepts maintain that a social science based on selfish
interests, unconscious motivations and/or hidden motivations would describe an
unlivable society, and a social science that would be based on altruism would
describe an unrealistic und unreal society (Boltanski, 2002, p. 287). If the term
“social science” is considered to de facto mean “societal norms”, or “social norms”,
then it can be argued that societal norms founded on selfish interests, unconscious
motivations and/or hidden motivations would result in an unlivable society. The
step equating societal norms and the social sciences in this particular case is
warranted, because one of the research objects of this work is the societal norms.
Consequently, a livable society should thus incorporate both selfish and altruistic
aspects.
It has been claimed that criteria associated with a market economy including profit,
competition and efficiency gain societal legitimacy over time (Lander, 2007, p.
301). If this claim were true, then the societal norms would be flexible to such a
degree that potentially alien components could become part of them. However,
the Occidental societies have had markets with different configurations for
centuries, and the basic ideas of profit, competition and efficiency, among others,
are thus not alien to the Occidental Tradition. It is a completely different issue to
expect that these basic ideas have been, are or will be able to supersede and even
replace some fundamental tenets of the Occidental Tradition, e.g., caritas and
iustitia.
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A way to observe and research the limitations of cognition and reflection is to
consider social life. It has been argued that social life is not coherent and that this
incoherence means that it is impossible to articulate coherent “social norms”
(Boltanski, 2002, p. 286). Incoherence does not necessarily mean complete
indeterminism. In the context of social actions it is argued that social actions are
stochastic displaying simultaneously deterministic and indeterministic aspects
(Padioleau, 1986, pp. 59-63), i.e., social actions are simultaneously unpredictable
and limited to social norms thus setting boundaries for the social actions including
judgements and legitimizations. If social actions are simultaneously deterministic
and indeterministic, then this raises the issue of the societal factors requiring
determinism and allowing indeterminism in human actions. We shall return to the
issue determinism versus indeterminism.
Changes in the substantive norms forming the foundation of legitimization
introduce the metaphysics of hazard into the legitimization (justification) process.
If the criteria used in legitimization do not change over time, then the criteria are
sufficiently known to render the legitimization process deterministic both in terms
of the arguments used and the outcome. The metaphysics of hazard is based on
the idea that human life – and thus human society – is accidental and unpredictable
(Morin E. , 1982, p. 146). Consequently, the criteria for and the outcome of
legitimization are indeterministic. Edgar Morin argues that “determinism” and
“indeterminism” are both epistemologically and ontologically complementary
instead of contradictory terms (Morin E. , 1982, p. 171). This argument opens the
way for the argument that theological dogma on the one hand and the
development of science and technology on the other hand are not necessarily
contradictory but complementary.
One way to reduce societal uncertainty in the context of international
legitimizations would be the creation of global societal norms associated with
changing the societal traditions to mirror such global norms (Garzón Valdés, 2001,
p. 102). Such an approach would raise significant issues relating to iustitia. First,
the legitimization of a norm in a society considering it a violation of its perception
of iustitia and even its societal tradition would be impossible and thus illegitimate.
Second, no norm can be specific to such a degree that it does not have to be
interpreted, and this would result in differences based on the societal traditions
around the world – thus defeating the purpose of the creation of global norms.
Third, any attempt to introduce global norms can be considered at least
problematic from the standpoint of iustitia, because the implementation of a
global norm anchored in one societal tradition would be a sign of disrespect of all
other societal traditions without any universally accepted legitimization.
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After assessing different aspects of societal norms and social actions – including
judgements and legitimizations – based on societal norms, it is warranted to
consider the term “action”. An action – including social actions – can be simply
defined as the opposite of an event, and an action encompasses both a motivation
and an intention (Loute, 2008, pp. 152-157). In the same way as judgements and
legitimizations, motivations and intentions underlying actions are limited by
societal norms although the relevant societal norms do not necessarily guarantee
compliance resulting in uncertainty. Individuals do not always act in a particular
way for reasons related to ignorance of social norms and different interpretation
of the same “social norms” (Padioleau, 1986, pp. 69-74), and there is no plausible
reason to maintain that this would not apply to other societal norms as well.
From the standpoint of science and technology the intended or unintended
noncompliance with societal norms is of interest in this work. If science and
technology do not comply with the existing societal norms and/or result in societal
change, then it is likely that science and technology violate the societal norms of
the status quo. An important question for science and technology is thus the
possibility to engage in these activities threatening the societal status quo without
breaching the societal norms to such a degree that societal sanctions are meted
out. In other words, the societal norms set limits for the legitimization of science
and technology. It has been argued that contradictions in social life can be seen to
form the foundation for actions by individuals (Boltanski, 2002, p. 287). In the case
of science and technology contradictions in social life can motivate and/or give rise
to the intention to change the status quo, and science and/or technology can cause
contradictions in social life.
Scientific development and technological innovation require a minimum degree of
societal flexibility in order to achieve societal acceptance. In addition to assessing
flexibility it is also necessary to assess the limits of flexibility (Thévenot, 1992, p.
1285). Creative processes and processes resulting in inventions – considering the
creative and inventive aspects of scientific development and technological
innovation this idea also applies to them – cannot be reduced to the logic of an
artificial machine, because creativity and inventing exhibit strategic behavioural
patterns (Morin E. , 1982, p. 72). Insofar an individual is attuned to the flexibility
in society, the limits of societal flexibility set the limits for creativity and inventing,
and thus the limits are also set for scientific development and technological
innovation. As Edgar Morin states, science is not solely about identifying
regularities and scientific laws, but it is also about dealing with indeterminism and
unpredictability (Morin E. , 1982, p. 117). Edgar Morin goes further in asserting
that the separation of the imaginary from the real is founded on, e.g., culture,
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comparison with other humans, memory and logic in the human brain (Morin E. ,
2001, p. 108). In other words, all human thinking has a societal context.
Consequently, the source of the indeterminism and unpredictability is not solely
found in the natural phenomena being studied in science but also societal
phenomena impacting science. The legitimization may differ substantially
between these two.
An individual and/or a society may be willing to accept scientific development
and/or technological innovation in principle, but further action may be required to
deal with the outcomes of the resulting societal changes. This requires at least
some level of interpersonal and societal coordination. If legitimization and
reasonableness are to provide coordination, then an accepted agreement of the
foundation of “justification” and reasonableness has to exist within the relevant
sub-society or group (Thévenot, 1989, p. 170). A particular problem is that a
“justification” can be considered congruent with iustitia within a sub-society or a
group, but it may be considered a breach of iustitia by society (Boltanski &
Thévenot, 1991, p. 410). In other words, a legitimization is not necessarily valid
universally – not even within one society at one point in time. This is the case for
legitimizations of scientific development and technological innovation as well.
Even if scientific development and technological innovation were to be considered
societally subversive to some degree, the management of societal outcomes
underlines the need for societal norms. This leads to the somewhat contradictory
situation that scientific development and technological innovation simultaneously
breach societal norms and need societal norms to manage the outcomes of their
actions.
The pretense of universality in the “justification” of actions can be assessed
(Thévenot, 1989, pp. 190-191), but this pretense raises serious issues. The
foundation of “justification” and reasonableness may differ between different
social groups (Boltanski, 1971, p. 217), and it may differ based on the expected
duration of the action (Boltanski, 2002, p. 285). The foundation of legitimization
may be dynamic over time. Another way to look at the “justification” of actions is
to resort to the separation of the “technical” methods on the one hand and moral,
sociological, economic and political interpretations on the other hand (Thévenot,
1994, p. 18).
A “justification” is not the same as iustitia (Thévenot, 1992, p. 1289). This
statement may appear trivial at first glance, but it is of fundamental importance.
In fact, legitimizations may be formulated in cases of serious breaches of iustitia.
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Close attention has to be paid to societal changes and changes to societal norms
over time. The prevalence of a societal situation that appears to be a
contravention of iustitia from today’s perspective is not necessarily a
contravention with a different understanding of iustitia at another point in time.
This does not necessarily mean that humanity has become wiser over time. Rather,
it means that with societal changes societal norms and the understanding of
iustitia have changed – for better or worse.
An assessment of societal norms which form the foundation for legitimization has
to encompass an assessment of the “who” in the context of setting the societal
norms. Several terms could be used here, and the term “domination” has been
chosen, because it encompasses both authority and power. The term
“domination” has multifaceted implications, and it is impossible to embark on an
exhaustive assessment of it here. The term offers some important perspectives in
regard to legitimization and social norms, and this warrants a brief noncomprehensive discussion thereof. A caveat is in place at the outset: Domination
implies asymmetries, but these asymmetries need not to be identical or even
similar in all societal aspects (Boltanski, 2009, p. 17). This caveat has significant
implications for the assessment of science and technology in the Occident, because
the societies in question did not necessarily have one singular individual or
organization dominating all aspects of the society in question. In other words, if
organization O1 dominated the legislative process, then another organization O2
may have dominated the societal aspects relating to science and technology. This
point can be taken further: The organization O2 contrary to organization O1 may
have been more favourable to science S1 than to science S2. This intuitively selfevident issue can easily be forgotten in the context of assessments of science and
technology in toto.
A problematic aspect of the term “domination” is that it is often used in societal
meta-criticism, and that it gets a normative dimension as a consequence
(Boltanski, 2009, pp. 19-22), e.g., all domination is bad or one particular type of
domination is (always) good. The stance that all domination is bad has the de facto
result that domination is replaced with some other form domination rather than
that domination is eliminated altogether. Without domination of some sort it is
difficult to see how societal norms underpinning legitimization can be adopted
and/or modified, if it is not assumed that society is not based on auto-organization.
This assumption would contradict the history of the Occident.
Tolerance may reduce the effects of domination. It has been claimed that
tolerance is based on a low level of reflection apart from a lack of action (Boltanski,
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2009, pp. 100-107). In the context of science and technology this assertion of a
low level of reflection is problematic, because tolerance may be the door that
allows for reflection and changes in science and technology. As argued above,
scientific development and technological innovation contain some level of societal
subversion. Without tolerance of this kind of subversion there would de facto be
no or very little scientific development and technological innovation.
Luc Boltanski considers a society in which criticism against the “justification” of the
social norms is not tolerated or remains without effect to be a simple domination
and societies formally tolerating criticism within the democratic system but still
allowing de facto inequality a complex domination (Boltanski, 2008, pp. 149-158).
If criticism, or rather a critical mind, is considered the foundation of scientific
development and technological innovation, then the lack of criticism in a society
characterized by simple domination would mean less scientific development and
technological innovation than in a society based on democracy. The question here
is whether a substantive issue – a critical mind – can be equated with a procedural
issue – a constitutional settlement? Paul Ricœur points out those attempts to
develop substantive iustitia based on process have resulted in the legitimization of
iniustitia, e.g., religious intolerance and slavery (Ricœur, 1990, pp. 274-275). This
view would cast doubt over equating societal procedure on the one hand and
scientific development and technological innovation on the other hand.
Criticism, or more precisely a critical cognitive process, can be viewed as a
foundation of scientific development and technological innovation. Critical
cognitive processes are not limited to a few persons and they can occur throughout
society, but identifying and measuring critical cognitive processes is difficult,
because many of the methodologies suggested, e.g., lab experiments, cannot be
used in historical assessments for obvious reasons (Boltanski, 1990, pp. 54-63).
Rather than focussing on criticism and constitutional settlements, it is important
to consider iustitia in the context of science and technology, and particularly in the
context of scientific development and technological innovation. If any form of
domination results in the legitimization of acts which contravene iustitia, then the
role of iustitia instead of the constitutional settlement as a driver of scientific
development and technological innovation becomes an issue. Furthermore, if
iustitia is considered important for scientific development and technological
innovation, then a society respecting the requirements of iustitia irrespective of its
constitutional settlement could be successful at scientific development and
technological innovation. In other words, iustitia would important irrespective of
the constitutional settlement.
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Another perspective of domination is the role of ideologies. Luc Boltanski argues
that ideology has lost much of its importance in the “justification” in societal
decision-making in recent years because of the rising influence of “science”
(Boltanski, 2008, pp. 159-171). Leaving aside the issue of defining the term
“ideology” and delineating it from science, philosophy and religion, Luc Boltanski’s
assertion is problematic in the sense that it would seem to indicate either that
science is independent from society and ideology is not, or that science is
dependent on society and ideology is not. Furthermore, it would seem to mean
that societal legitimization can be separated from society. This work starts from
the very opposite premise: Throughout the history of the Occident starting with
Saint Augustine’s work in the late 4th century societal legitimization has been based
on religion and/or philosophy, and both can be considered a form of ideology in
the sense of legitimizing a view of society.
The reference to the Occident in the context of legitimization means that a
relativism of the criteria used in legitimization is accepted in this work. The use of
the term “relativism” can be interpreted as the rejection of all definitions of the
common good (Boltanski & Thévenot, 1991, p. 414), but here it is used in the
meaning of every society having a different definition of the common good, or a
different interpretation of its societal tradition. The rejection of the term
“legitimization” by Boltanski and Thévenot is based on the purported relativity of
this term (Boltanski & Thévenot, 1991, pp. 53-54). However, they do not provide
a convincing argument underpinning the supposed non-relativity of the act of
“justification”. Boltanski and Thévenot use the “justification” of the market
economy as an example for the process leading to an agreement in political
philosophy (Boltanski & Thévenot, 1991, pp. 60-82).
Relativism can also be considered in the context of the legitimization of different
scientific disciplines within one societally accepted interpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition at one
particular point in time. The norms forming the foundation of different scientific
disciplines may differ according to the experimental philosophy of science (Pépin,
2012, p. 524). We shall see that this relativism was of significant importance in the
development of modern chemistry.
Marcel Mauss discusses the phenomenon that the same society has more than one
societally accepted interpretations of its branch of the applicable societal tradition
which alternate regularly (Mauss & Besnard, 1979, p. 216). These alternating and
recurring interpretations bear witness to another form of relativism which may be
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explained by, e.g., natural phenomena forcing society to adopt alternating
interpretations.
Insofar political philosophy in general and Saint Augustine’s elaborations in
particular are used as the foundation of legitimization, the specificity of these
sources becomes an issue. It has been argued that political philosophy contains
only general principles and that the practical realization of these general principles
may differ significantly from them (Boltanski & Thévenot, 1991, p. 162). This lack
of specificity means that the general principles have to be interpreted to achieve a
sufficient level of specificity in the context of societal implementation. Whereas a
general principle can be interpreted in several ways, the interpretation and
reinterpretation process allows for dynamism. This does not mean that the
underlying general principles have to change. In other words, a reinterpretation
process goes back to the original general principle and gives it a new meaning – a
reinterpretation process is thus recursive.
Luc Boltanski agrees with the notion that religion, he uses the term “illusion” in this
context in an attempt to separate religion from “reality”, has been an important
driver in societal change, because “illusions” have been important criteria in
decision-making in history (Boltanski, 1990, pp. 40-48). As already noted in the
context of societal norms, theological treatises are a potential source for the
substantive content of societal norms. Consequently, it would be illogical to claim
that the basis of societal norms would not have at least impacted societal change,
and as a consequence science and technology.
In the same way as an enterprise can be considered a compromise of different
aspects of actions relating to markets and production (Thévenot, 1989, p. 180),
society can be considered a compromise of different aspects of human life.
Assuming that this compromise has been forged at the point of time t 1, then a key
question is how this compromise favours or hinders change in the different aspects
of human life which occur at the point of time t2? The mechanism favouring or
hindering change would be through the substantive foundation of legitimization,
i.e., the compromise of the different aspects of human life at the point in time t 1.
The compromise at the point in time t1 becomes particularly rigid, if it is elevated
to dogma or at least authoritative. In the Occident, the works of the Doctors of
Church, Saint Augustine among them, have enjoyed significant authority in the
history of the Occident.
The foundation and the way of the legitimization may change significantly over
time in the context of theology. It has been claimed that a theological dogma does
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not allow for contestation as opposed to a scientific concept (Morin E. , 1982, p.
51). Obviously, any legitimization in a society with strong religious overtones
would have to be compatible with the relevant theological dogmas as interpreted
at the time of the justification attempt. A problem with Edgar Morin’s view in
regard to theological dogma is that it appears to assume that theological dogma
does not change, and the lack of change in theological dogma would mean that the
justification of change would be difficult. Ultimately, this would make the
legitimization of the dynamics of science founded on “contestation” as Edgar
Morin calls it de facto impossible. However, has theological dogma not changed
throughout the history of the Occident? Such a change would mean that
theological dogma would not necessarily be incompatible with scientific
development. It could even mean that changes in theological dogma have driven
the scientific development in the Occident. Accepting that theological dogma
changes over time contrary to Edgar Morin’s argument means that the problem of
an erroneous truth discussed by him would lose at least some of its potency (Morin
E. , 1982, p. 242).
Edgar Morin maintains that science, technology and society form a dynamic
triangle characterized by an interdependence that results in mutual changes
(Morin E. , 1982, p. 54), e.g., a societal change creates the prerequisites for changes
in science and technology which in turn cause scientific change in the guise of a
strengthening feedback loop – we have seen a similar argument above.
Technology has not been the sole or decisive factor in societal change although it
has been a powerful change agent (Morin E. , 2001, p. 247), and the same can be
said for science. If scientific development and technological innovation can be
observed in society, then this change would mean that either the relevant society’s
criteria for legitimization have changed or the relevant society has abandoned the
source of the criteria used for legitimization. In other words, in the case of a society
with deep-rooted religiosity the theological dogma has changed or the society does
not use theological dogma as a source for criteria used in legitimization.
Considering the presumed interdependence between science, technology and
society, changes in theological dogma also drive change in science and technology.
Ergo, church history in a broad sense is part of societal history that includes the
history of science and the history of technology, particularly through its impact on
the criteria used in legitimization.
We have seen that cognition and reflection have both individualistic and societal
aspects, and it is warranted to consider this dualism more as a gate to the
assessment of morals and ethics in the context of scientific development and
technological innovation. Émile Durkheim argues that it is necessary to consider
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individuals in their societal context, because the society of which an individual is
part of decisively impacts the individual’s thinking (Durkheim, 1970, pp. 314-315).
In keeping with the term “homo duplex” Émile Durkheim maintains that an
individual’s thinking has an individualist aspect and a societal aspect (Durkheim,
1970, p. 318). In other words, it is impossible to separate an individual’s thinking
from the society the individual is part of. The view of the supremacy of society or
the dualism society-individual is not accepted in all social sciences; most notably
the supremacy of the individual forms the foundation of economic theory
(Boltanski & Thévenot, 1991, pp. 44-46). In this work, the emphasis is on society
and a society’s interpretation of its societal tradition, and considering the strong
impact society has on the thinking of the individuals living in it, this approach can
be thus convincingly legitimized.
Another aspect of Émile Durkheim’s “homo duplex” is that a human being is torn
between an egoistical self and a social self, and the equilibrium of these competing
aspects depends on society (Laval, 2002, pp. 279-280). Consequently, there is not
a conflict between individual and society in the context of the legitimization of
human actions, but the conflict is intra-individual and the outcome depends on
society, and more specifically the societally accepted interpretation of the relevant
branch of the appropriate societal tradition.
Societal norms, including legal and social norms, and the sanctions are not the only
way individuals “toe the line” in a society. An individual’s autonomy is subject to
social and cultural factors, and individuals are prone to arrange themselves with
society and the societally accepted interpretation of the society’s tradition by
means of auto-organization in a complex society (Morin E. , 2005, pp. 87-91). This
auto-organization also means that an individual legitimizes his/her actions using
the relevant society’s norms instead of the individual’s own norms.
Care has to be taken in regard to legal norms: The legal system is an autonomous
and closed system (Briant, 2011, pp. 74-77). Equating legal norms with social
norms, morals and/or ethics would be problematic.
Societal norms are brought closer to moral theology and/or ethics by the
introduction of the term “conscience”. A social problem may be perceived to
constitute a breach against the common conscience (Boltanski, 1971, p. 205).
Émile Durkheim criticizes political economics for excluding everything else save
selfish and destructive interests (Thévenot, 1994, pp. 13-14). Luc Boltanski argues
that economic analysis does not form a foundation for authorizing the limiting an
individual’s “habitus physique” (Boltanski, 1971, p. 209) and this argument can be
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extended to other forms of habitus as well. Although not limited to economics,
Edgar Morin’s criticism of reason – which is the foundation of economics – is of
particular interest in this context, because he maintains that reason means the
dehumanization of humans (Morin E. , 1982, p. 259). In the context of scientific
development and technological innovation this means that human emotions are
excluded, among them the religious beliefs and societal relationships of the
scientists, inventors and innovators. Thus, a challenge is to find the interaction of
the common conscience on the one hand and scientific development and
technological innovation on the other hand.
Luc Boltanski argues that scientific development and technological innovation can
be viewed through the lenses of economics and/or economic history, but
economics and economic history reduce society to one dimension (Boltanski, 2002,
p. 277). It would be odd that a prominent representative of the French Pragmatic
Sociology would endorse the notion that economics is the only factor in scientific
development and technological innovation. The challenge is to identify the
criticisms and legitimizations used in the context of actions rather than distinguish
between individualism and holism (Boltanski, 2002, p. 278). Marcel Mauss argues
that there is an individualization of prayer in societies incorporating Semitic and
Christian components, and this individualization raises the issue whether
individualism has been legitimized in a wider context in these societies (Mauss &
Besnard, 1979, p. 217). If this were the case, then legitimization based on
individualism cannot be subsumed valid in societies not encompassing at least one
of these components. From an epistemological standpoint, Luc Boltanski argues
that the iustitia-based arguments invoked by individuals in the context “justifying”
their actions provide insights into their pretensions (Boltanski, 2002, pp. 283-284).
It should be noted that iustitia does not replace interpersonal and/or societal
conflict, but iustitia replaces violence as a way to resolve conflict (Boltanski, 1990,
p. 138). Thus, iustitia offers the promise of a reduction of uncertainty and the
incorporation of morals and/or ethics into decision-making. The elimination of
societal conflict could be problematic, because in the view of Paul Ricœur it is
conflict that is important for change (Ricœur, 1995, p. 141).
A few words about ethics are warranted. A serious issue relating to ethics is that
it does not possess a universally accepted foundation. Ethical norms are based on
(i) an individual’s inner convictions, the culture, beliefs and norms observed in the
relevant society and (ii) genetically and historically transmitted factors (Morin E. ,
2004, p. 15). Thus, ethical legitimization cannot be universally valid in a world with
numerous societal traditions encompassing different cultures, belief systems and
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norm systems. Consequently, any ethical assessment has to contain a definition
of the ethical norms being used, and even then another assessment using different
ethical norms can arrive even at the opposite conclusion.
Morals also lack a universally accepted source. This is the same problem as with
ethics: There are no universally accepted sources of substantive norms. These
sources in ethics and morals are significantly different: The source of morals is
religion, particularly moral theology. We have seen that reason depends on
societal factors, including a society’s culture, history and religion. Whereas these
factors and the interpretation of them are not the same for all societies, it is
impossible to define a universally accepted set of ethical norms and their
interpretation. In the case of morals, significant differences in religious teachings
effectively prevent the formulation of universally accepted moral norms. As a
result of this, an in-depth understanding of the drivers of science and technology
in general and scientific development and technological innovation in particular
from the perspective of ethics or morals has to start from the ethical or moral
norms of the society being assessed.
The influence of ethics and/or morals on science and technology has varied
throughout the history of the Occident. Edgar Morin opines that knowledge and
ethics have diverged, but the increased power of science and technology to destroy
and manipulate gives reason for concern (Morin E. , 2004, p. 59). The same can be
said for the relationship between knowledge and morals. It would be odd to limit
the danger of destruction to the 20 th and 21st century, because humanity has had
a significant impact on the biosphere and human societies for millennia. For this
reason, an assessment of the societal impact of science and technology in the
context of ethical and/or moral norms, including moral theology and the work of
Saint Augustine, contains some interesting questions – which are outside of the
scope of this work.
Another way to look at a changing role of ethics and/or morals in society is to
consider the source of ethical and/or moral norms. Edgar Morin argues that
historically these norms have been based on an entity, i.e., religion, family and
society, but individualistic auto-ethics has emerged which leads to at least some
degree of ethical uncertainty (Morin E. , 2004, pp. 109-111). If societal ethics
and/or morals can be considered an impediment to scientific development and/or
technological innovation, then auto-ethics may be a way to provide individuals
ways and means to legitimize science and technological innovation – maybe even
one person at a time. We shall see that the societal influence of the Catholic
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Church declined during l’Ancien Régime in the 18th century, and this can be viewed
as an example of an individualization of ethics and/or morals.
Legitimization is required within science and technology based on methodological
and epistemological conventions on the one hand and for the (outside) societal
acceptance of science and technology based on the societally accepted
interpretation of the relevant branch of the appropriate societal tradition on the
other hand. This raises the issue of the possibility of the universality of science and
technology. A strong argument can be made against the universality of both
science and technology based on the dependence of knowledge on society.
Science and technology – including scientific development and technological
innovation – contain knowledge. Edgar Morin argues that knowledge is not insular
but peninsular, and that the continent to which this peninsula is attached is made
up of biological, cerebral, spiritual, logical, linguistic, cultural, social, historical
aspects (Morin E. , 1986, p. 18). Similarly, Nicole Pigeot argues that the cultural
and cerebral evolution of humans was the beginning of history and tradition which
in turn made imitation and amelioration of tools possible (Pigeot, 1991, p. 178).
Whereas culture, history and tradition are societal phenomena, scientific
development and technological innovation in the sense of imitation and
amelioration depend on society. These characterizations by Edgar Morin and
Nicole Pigeot do not directly address with the impact of science and technology on
particularly the contents of the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at a particular point in time. We shall
return to this relationship in Chapter VI. Nevertheless, if the legitimization of
science and technology are based on the different societally accepted
interpretations of the relevant branch of the appropriate societal tradition, then
there cannot be universal science and technology.
If the argument of the non-universality of science and technology is accepted, then
the next challenge is to identify the societies in which the aspects listed by Edgar
Morin are sufficiently homogeneous to allow for joint assessment and the
generalization of the results of a multi-society assessment. Even in the case of the
Occident based on the Roman Heritage and Occidental Christianity there may be
too many differences to allow for an assessment of the entire Occident and the
different Occidental societies as one block. This can be easily observed when some
of the aspects listed by Edgar Morin are considered:
9 Spiritual Aspect: Since the 16th century, Occidental Christianity has been
divided raising the spectre of different interpretations affecting both
legitimization and knowledge.
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9 Linguistic Aspect: Several different languages are found in the Occident,
and some of these languages are not closely related. The most significant
divide is between the Romanic languages and the Germanic languages,
because the sum of the population of the societies using Romanic
languages as an aggregate and the societies using Germanic languages as
an aggregate are the two largest aggregates within the Occident. These
differences affect legitimization and knowledge.
9 Historical Aspect: The different Occidental societies have very different
histories, and these differences affect both legitimization and knowledge.
For the purpose of this work, one part of the Occident will be assessed, i.e., the
predominantly Roman Catholic societies in which Latin-based languages dominate.
This choice reduces the potential errors relating to different societal norms caused
by different historical developments and languages (see below for Edgar Morin’s
assessment of the interrelationship of language on the one hand and culture,
intelligence, thought and consciousness on the other hand). The logical result of
this is that literature that in non-Romanic languages has not been incorporated to
eliminate errors emanating from linguistic incompatibilities.
Edgar Morin notes that la Grande Disjonction has characterized Occidental
societies since the 17th century, and this has meant the separation of the Human
Spirit and the Human Brain, he equates the latter with science (Morin E. , 1986, p.
70). In this work, the long-term perspective allows for the comparison of scientific
development and/or technological innovation both prior to and after la Grande
Disjonction. The limitation to societies with significant similarities allows for the
minimization of the impact of errors rooted in Edgar Morin’s list. This makes this
work uncommon.

(iv) Language
Language is essential for communication, or as Ludwig Wittgenstein asserts
(Wittgenstein, McGuinness, & Schulte, 1989, p. 178): “Wovon man nicht sprechen
kann, darüber muß man schweigen.”28 Ludwig Wittgenstein does not expand on
this statement in the Tractatus logico-philosophicus, but it is unlikely that he
referred here to his personal life because of the context this statement is made in.
If it is necessary to remain silent about everything that cannot be expressed
verbally, then ideas that cannot be expressed verbally remain silent and thus will
28

Author’s translation: “One has to keep silent about something one cannot speak
about.“
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not enter science and technology. In other words, the insufficiency of a language
in the expression of an idea condemns this idea to remain silent and thus to
disappear because of the impossibility to communicate it.
Considering Ludwig Wittgenstein’s assertion of the importance of language,
Thomas Kuhn’s work on the importance of language is a further development of
Ludwig Wittgenstein’s work. Stefano Gattei writes that a “scientific revolution” is
the result of science being based on classifications, and at the bottom of a
“scientific revolution” is the reclassification of the objects which are described in
science with accompanying changes in the meaning of the vocabulary used in the
description and categorization (Gattei, 2008, pp. 144-146).
Thomas Kuhn’s position on the structure of “scientific revolutions” is founded on
two critical assumptions, and neither is necessarily true. First, he assumes that
language and ultimately society bends to the demands of science and allows for
the modification of the meaning of the vocabulary. Here Thomas Kuhn is
supported by Jacques Ellul who claims that the Occident has modified its languages
to correspond with the requirements of “la raison” (Ellul, 1975, p. 62). However:
If society refuses to follow suit, then Thomas Kuhn’s logic would mean that a
“scientific revolution” would not occur. To consider this issue in another way,
Thomas Kuhn assumes that there is some sort of “scientific determinism” directing
the development of language without acceptance from the society from that the
language in question has emerged. Second, Thomas Kuhn’s logic does not address
the issue of two different languages which are founded on very different traditions,
including the way the natural phenomena are viewed. There is no guarantee that
the other language is malleable to a new categorization in science. In other words,
Thomas Kuhn assumes either that a language is endlessly elastic, or at least that all
languages are similar enough to follow the precedent set in another language,
considering Thomas Kuhn’s origin this other language would have been English.
Let us remind ourselves, neither of these two assumptions does necessarily hold
water.
Language alone cannot explain scientific development, because language is tied to
numerous aspects of society as Geert Edel concludes in his critique of the
“Linguistic Turn” associated with, e.g., Thomas Kuhn (Edel, 2010, pp. 429-432). In
this work, language is considered a product of society, i.e., language is not
considered to be separate from society.
Gabriel Tarde argues that language – or more precisely the learning of language –
is based on imitation (Tarde, 1898, p. 228). Obviously, the prerequisite for
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imitation is that there is something to imitate. One aspect of a language is its
vocabulary. It is unlikely that a language does not contain words associated with
basic human behaviour like “to sleep” or “to eat”, but there may not be words – or
expressions – relating to science and technology. This raises the issue how issues
relating to science and technology can be learned and expressed irrespective of
language as an expression of the societal tradition the language or the branch of
the societal tradition is a part of.
Imitation also requires that there is a willingness to imitate. The act of imitation
requires like every act a legitimization, and this legitimization has to be based on
societal norms accepted by the society in which the person contemplating an act
of imitation lives. In the case of societies founded on an interpretation of the
Romanic Branch of the Occidental Tradition this means the Roman Heritage and
Occidental Christianity at the point of time of the contemplated act of imitation. If
the words and/or expressions are unpalatable to the Romanic Branch of the
Occidental Tradition at the relevant point in time, the willingness to imitate is
arguably low. As will be seen, there was a willingness to imitate words and/or
expressions coming from Arabic and based on the Greco-Roman Heritage which
was one of the roots of the Occidental Tradition in the late Occidental Middle Ages,
but there was very little if any willingness to imitate words and/or expressions
coming from the Aztec interpretation of the Amerindian Tradition after the
conquest of the Aztec Empire by the Castilians.
Language is not necessarily a given. There have been attempts to change a
language to fit the needs of a particular theology or philosophy. At the end of the
2nd century a Christian Latin emerged in North Africa (Gonzáles G. , 1987, p. 189).
Christian Latin encompassed expressions and words needed for the
comprehension of Christianity, and it was a conscious effort to change the classical
Latin language (Gonzáles G. , 1987, p. 199). Consciously changing a language can
also be seen in a more sinister light, because Christian Latin was different from
classical Latin and thus created an obstacle to understanding texts in classical Latin,
including translations of Greek philosophy and science. In other words, Christian
Latin contained the seed of changing the societal discourse and thus the
interpretation of the Roman Heritage in general and the Greco-Roman philosophy
and science in particular.
Insofar discourse is considered the foundation of the legitimization of human
actions in the realm of, e.g., science and technology, Michel Foucault raises the
issue of the impact of “silent” constraints which exist prior to the discourse
(Foucault, 1969, pp. 100-101). Science and technology in general and scientific
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development and technological innovation in particular may be constrained by
insufficient scientific and/or technological knowledge, mental factors, and/or
tradition (Foucault, 1969, pp. 248-251). These insufficiencies raise the issue of
linguistic constraints, because there is no reason for a vocabulary to exist in a
particular language for something that does not exist in the pre-discourse science,
technology, mentality and/or tradition thus effectively precluding a discourse, or
at least making it more difficult. There may be different ways to solve this
challenge, e.g., a new vocabulary may be invented, borrowed from another
language and/or reactivated from the past, but this requires that the new
discourse commences without the proper linguistic tools for learning, thought and
expression.
The choice of Saint Augustine’s work as a source for the criteria used in
legitimization is not only warranted by the importance of Saint Augustine’s work
in the Occident at least until 1789 and arguably beyond, but it also allows for
closing the gap between the Human Spirit and the Human Brain in the context of
la Grande Disjonction that emerged in the 17th century. It is common to conduct
scientific and technological research in the context of the rise of reason particularly
in its Enlightenment connotation and excluding any favourable impact Christianity
in general and Saint Augustine in particular may have had on science and
technology. Closing of the gap between the Human Spirit and the Human Brain
allows for an uncommon way to assess the dynamics of science and technology in
deeply religious Occidental societies as were those in the 18th century and earlier.
The foundation of a representation and thus any analysis and/or synthesis is a
cognitive process explicitly or implicitly based on words and ideas according to
Edgar Morin (Morin E. , 1986, pp. 106-107). A connection between human thought
and human language is not a new idea. E.g., in 18th century philosophy, it was
argued that grammar reflects the way the human spirit works (Rastier, 1993, p.
162). Stricto sensu, this 18th century view postulated that the human spirit was
able to change language and thus language was not an obstacle to the human
spirit, including science and technology. This 18th century view is not necessarily
accurate in spite of the precedence set by Christian Latin.
It has been argued that “social” actions transpire on the foundation of linguistic
exchanges (Padioleau, 1986, p. 53). This means knowledge is tied to previously
existing language and ideas which may favour, direct or hinder science and
technology. There is no reason to assume that the relevant language and ideas
could not be old, e.g., the classical Latin needed for the comprehension of the
Greco-Roman philosophy and science was significantly older than Church Latin. In
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other words, it is necessary to comprehend the historical development of a
language and ideas in order to understand the success, partial success or failure of
science and technology. The long-term perspective chosen in this work along with
its limitation to societies with Latin-based languages and adhering to the Ecclesia
Catholica Romana minimizes the cognitive dissonance and makes a better
understanding of the dynamics of science and technology possible. This is founded
on the consideration that significant errors are made in research, if the researcher
does not comprehend the sources fully (Boltanski, 1990, p. 147). We have seen
that this limitation is both uncommon and fruitful.
Edgar Morin emphasizes emphatically the importance of language for the
development of culture, human intelligence, human thought and human
consciousness (Morin E. , 1986, pp. 119-121). This emphasis raises the issue of the
possibility to comprehend the culture and thinking in a society using another
language than the one spoken in the society being assessed. Whereas science and
technology are founded on thinking and consciousness, this emphasis on language
has to be considered relevant for an assessment of scientific development and
technological innovation. Edgar Morin’s emphasis on language strongly suggests
that an assessment of French, Portuguese and Castilian speaking societies warrants
the use of sources in French, Portuguese and Castilian, respectively. Therefore,
this work is predominantly based on sources in French, Portuguese and Castilian.
The use of sources in Italian is defensible, because Italy is a Roman Catholic society
founded on the heritage of the Imperium Romanum and Italian is a Latin-based
language minimizing the danger of errors in the assessments based on linguistic
issues.
Pierre Bourdieu touches on the development of language in the context of
centralization and attempts to redefine civilization in a realm. Pierre Bourdieu
argues that centralization is associated with the societal legitimization of a
language spoken in the entire realm and the societal delegitimization of all the
other languages spoken in the realm (Bourdieu, 2000, pp. 273-274) – i.e., an
emerging official language is legitimized and all the regional languages are
delegitimized. The legitimization of a language is based on logically arbitrary
societal factors. In other words, the tool to create and express concepts is the
result of societal processes (Bourdieu & Boltanski, 1975, p. 8). As seen above, a
language is an expression of, e.g., a culture of a society and human thought, and
the delegitimization of a language is simultaneously an act of delegitimization of a
culture and some human thought. It stands to argue that science and technology
– the latter probably to a lesser degree – associated with a delegitimized language
are delegitimized as well.
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The assessment so far may have given the impression that all societies give the
same relative weight to language and linguistic cognition. Such an impression
would be wrong. The Occidental Tradition attaches credibility to visual
occurrences since the early period of the Greco-Roman philosophy and science,
i.e., the Occidental Tradition is optocentrique (Rastier, 1993, p. 172). This does not
preclude that other societal traditions are optocentrique. Differences in this regard
may significantly impact cognition and thus impact science and technology in
society.
If decision-making is equated with judgements, then it has to be noted that the
arguments are expressed linguistically (Boltanski & Thévenot, 1991, pp. 436-438).
This means that any linguistic strength and/or weakness have the potential to
impact a decision. An epistemological issue in this context is whether the lack of
science and technology in general and scientific development and technological
innovation in particular has to be attributed to linguistic factors or other societal
factors. To eliminate this potential source of error, the focus in this work is on
realms in which Latin-based languages are and have been predominant.
A language is rooted in a societal tradition or a branch of a societal tradition. If
different languages are spoken in societies with different societal traditions, then
an attempt at translating a societal norm from one language into another does not
capture the underlying societal tradition making the comprehension of the
meaning of the norm impossible (Changeux & Ricœur, 1998, pp. 124-125). In the
context of science and technology, this societal specificity of language raises
fundamental epistemological and methodological issues in regard to the use of
sources, literature and concepts developed in another language than the object of
the research work, because not even scientific and technological words are
necessarily societally neutral because of linguistic reasons.
Intelligence is always strategy in the opinion of Edgar Morin (Morin E. , 1986, p.
179). This can be interpreted to mean that science and technology based on
human intelligence have to be strategic in the sense of being palatable to society
in order to be accepted by society. In other words, for the societal success of a
concept based on intelligence it is insufficient that it works scientifically and/or
technologically but it has to work strategically in order to garner societal
acceptance. In religious societies the strategic behaviour obviously has to take
theological issues into account. Using the work of Saint Augustine as the
foundation for the justification of science and technology is uncommon, but this
renders this work particularly realistic and thus robust.
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The affirmation and development of human intelligence require nourishment and
fortification (Morin E. , 1986, p. 181). At least until 1789 the Roman Catholic
Church had a not insignificant role in the nourishment and fortification of the
human intelligence in the Roman Catholic societies predominantly using a Latinbased language. This does not mean that the content and quantity of the
nourishment and fortification was the same over the centuries. Therefore, the
long-term perspective is needed to assess the impact of the changing contents and
quantity of the nourishment and fortification on science and technology. Although
there are numerous assessments on the theological changes in the Occident the
connection with scientific development and technological innovation as in this
work.
Individual creativity is based on a deviance and inaptitude to be integrated into a
group according to Edgar Morin (Morin E. , 1986, p. 201). If scientific development
and technological innovation are considered forms of creativity, then the issue
becomes how a society accepts creative individuals in spite of their demonstrated
subversive tendencies. The long-term perspective adopted in this work is needed
to incorporate the impact of societal changes on creativity in the context of science
and/or technology.

(v) Neuroscience and Legitimization
The evolving discipline of neuroscience offers significant insights into the impact of
societal traditions on the cerebral processes of individuals. Comprehending the
cerebral processes of individuals allows for a founded understanding of, e.g.,
cognition, imitation and the cerebral limitations to creativity. In the Annales
School, the focus has been on mentalités. A de facto insurmountable challenge
facing anyone attempting to comprehend the understanding of mentalités is that
this concept is characterized by complexity and the resulting contradictions in the
Annales School. André Burguière (Burguière, 2006, pp. 43-44) summarizes the
complexity in the context of the work of one early representative of the Annales
School, Marc Bloch: Mentalités are both a cognitive structure and an emotional
structure, both a system of representations and a way to comprehend unconscious
signals. At the same time, it is necessary to note that mentalités change from time
to time as Emma Rothschild, and that the comprehension of texts from a particular
period requires the comprehension of the mentalité during the period in question
(Rothschild, 2001, pp. 47-51).
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In discussing the understanding of mentalités of two early representatives of the
Annales School, Marc Bloch and Lucien Febvre, André Burguière concludes that
there are significant differences between different representatives of the Annales
School in regard to the foundation of mentalités, particularly the role of “biology”
and “history” in mentalités (Burguière, 2006, pp. 78-82). Ronaldo Vainfas notes
that mentalités are imprecise and ambiguous (Vainfas, 1997, p. 137). The
differences between different representatives are very fundamental, and it calls
into question the very concept of mentalités as used by different representatives
of the Annales School. Hervé Coutau-Bégarie goes a step further by concluding
that there is no definition for mentalité (Coutau-Bégarie, 1983, p. 154).
Mentalités in history have not been defined as supposedly objective events but as
representation of these events according to Philippe Poirrier (Poirrier, 2004, p. 58).
The key idea of mentalités is that the thought at a particular point in history is
understood in the way that was prevalent at that point in time as pointed out by
Alain Boureau (Boureau, 1989, p. 1494) and Peter Burke (Burke, 1986, p. 442). A
fundamental problem with mentalités is that they have to be tied to all other
societal factors according to, e.g., Fernand Braudel (Poirrier, 2004, pp. 60-61), and
that mentalités have at times been considered separately from society (Burke,
1986, p. 444). An additional problem relates to the level of assessment, i.e.,
mentalités are based on the level of society and not the level of individuals, i.e.,
the subjects acting on the foundation of psychology (Boureau, 1989, p. 1494).
Roger Chartier concludes that the rejection of the society of l’Ancien Régime
resulted in the strengthening of important aspects thereof after 1789 (Chartier,
1990, pp. 237-238). This casts doubts as to the validity of the relevancy of
particularly short-term mentalités in societal development, including the
legitimization of science and technology. A basic problem with mentalités is that
mentalités do not offer an explanation of the way they operate psychologically and
neuronally. Consequently, mentalités do not offer a way to explain the
legitimization of science and technology which can be delineated from short-term
historical events. Neuroscience has been used by sociologists and it offers the
perspective to comprehend medium- to long-term developments. In other words,
it offers a robust explanation for the legitimization of science and technology in
society.
François Dosse notes that there was an attempt to divide mentalité into one
consisting of savants and the rest in historiography in the 1970s (Dosse, 2003, p.
141). Such an attempt has to contend with the problem of the rest can react
against les savants. Chapter VII includes two examples of the delegitimization of
l’Ancien Régime, i.e., the separation of le roi from the people as the result of the
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activities of the physiocrats and the tensions caused by involvement of the
aristocratic seigneurs in production operations ultimately leading to the fall of
l’Ancien Régime. A separation of the interpretation of the relevant branch of the
appropriate societal tradition between different groups at the same point in time
causes societal tensions, and these tensions erupt more or less violently. In the
case of l’Ancien Régime, the eruption was quite violent. In the older Annales
School, such a separation would have been illogical, because science was seen to
be connected with subtle and complex ties to humans (Massicotte, 1981, p. 24).
The terms “subtle” and “complex” suggest that all of society was affected.
It is noteworthy that it is precisely one of the most famous and earliest
representatives of the Annales School – Lucien Febvre – who opens the door to a
psychologically and physiologically more deeply rooted explanation of human
behaviour in history, including the history of science and technology. Let us briefly
consider Lucien Febvre’s words on the way the Occidental Tradition is anchored in
the human mind (Febvre, 1962, p. 563): “L’absorption, l’assimilation partielle de
la pensée antique par des gens que dix sieècles séparaient déjà du monde antique,
à qui d’ailleurs dix siècles de Christianisme avaient façonné un cerveau, un cœur,
de la conscience profondément différents du cerveau, du cœur, de la conscience des
anciens : oui, sans doute, la renaissance a réalisé cela.”29
The quote is noteworthy for both what is missing and what is in it. First, the term
“mentalité” is missing. Lucien Febvre is way too good a writer that this can be
explained away as an accident. Second, he does write that “avaient façonné un
cerveau”, i.e., he implies that the human brain has been affected by 1000 years of
Occidental Christianity. This is much more than just “mentalité”. This is about the
functioning of the human brain. And thus Lucien Febvre brings us to neuroscience.
The concept of “mentalité” has also been rejected by economists as assessed by
Joel Mokyr (Mokyr, 1990, p. 171): “Economists have traditionally been leery at
mentalités as a factor in long-term economic development. In the budding
literature on the economic rise of the West, such factors have been ignored or curtly
dismissed. In the past, economists’ hostility to religious factors stems from the
incompleteness of such theories. Attitudes were a matter of degree, not of
absolutes.”
Technological innovation allows for more precise non-destructive observation of
cerebral processes and this allows for scientific development, in this case in
29

Author’s translation: “The 1000 years of Antiquity and the 1000 years of Christianity
have formed another heart and another brain than those of people in Antiquity.”
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neuroscience. Although the focus of this scientific research is at the individual
level, it does not mean that neuroscience would delegitimize the supremacy of
society in science and technology in general and in scientific development and
technological innovation in particular as found in the Annales School and
particularly in the French Pragmatic Sociology. We shall see that the societally
accepted interpretation of the relevant societal tradition or the relevant branch of
the appropriate societal tradition becomes an integral part of an individual’s
childhood and thus the societal tradition also impacts science and technology
through the individuals comprising the society in question.
Neuroscience is confronted with the complexity of human thought founded on the
complexity of human society. This complexity is exemplified by the different
aspects of rationality. A key issue is how the cerebral processes associated with
rationality are established in the brain of an individual. We shall see that learning
plays a decisive role in this context – the chemical and electrical reactions
associated with cerebral processes do play a decisive role as well.
Whereas it cannot be ruled out that the different aspects of rationality identified
by Jean Baechler do not yield contradictory results, it is evident that the opinion of
one of prominent representatives of the Annales School, Fernand Braudel, that
there is not one history but many histories founded on a multitude of curiosities,
viewpoints and possibilities suggests that the concept of the existence of many
rationalities can be easily reconciled. Extending the consideration from individuals
living and acting within the confines of one interpretation of a societal tradition or
a branch of a societal tradition to individuals living and acting in different
interpretations of a branch of a societal tradition or even a completely different
societal tradition means that many histories are the result of different curiosities,
viewpoints and possibilities, and thus arguably different biological rationalities,
anthropological rationalities and psychological rationalities. In other words, there
is more than one way for the cerebral processes related to rationality to take place.
We have seen that Fernand Braudel argues that history – and ultimately human
action – is characterized by interrelatedness. Interrelatedness exacerbates
complexity, in this case particularly societal complexity. This speaks to Lucien
Febvre’s assertion that a historian has to erase the word “simple” from both
his/her vocabulary and his/her spirit. Consequently, cerebral processes and
rationality have to be capable to deal with complexity in “realis”. In other words,
cerebral processes have to result in actions which work in “rationalis” and
particularly in “realis”. In order to work without disintegrating into chaos and
incessant conflict a society has to find an interpretation of its societal tradition or
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its branch of its societal tradition that works in “rationalis” and particularly in
“realis”. Because of the limited lifespan of humans, this interpretation has to be
reached from one generation to the next, if the society in question is not to
experience chaos and conflict over time. We shall see that learning and the
“hardwiring” of the learned interpretation of a societal tradition or branch of a
societal tradition is the way.
Chaos and conflict cannot be avoided completely in human societies. Fernand
Braudel’s view that perturbations – or discontinuities – in some aspect of society
take place in the context of continuities in the other aspects of society suggests
that the cerebral processes and a societal tradition or branch of a societal tradition
resist change. This line of argument goes to the core of the argument between
two prominent representatives of the French Pragmatic Sociology, Émile
Durkheim and Gabriel Tarde, on the role of Cartesian order, societal regularities,
spontaneous inventiveness, hazard and probabilistic behaviour in society. Fernand
Braudel’s view on perturbations suggests that it is not a case of either-or but of
both-and.
We have seen that Marc Bloch argues that a socially accepted interpretation of a
societal tradition or a branch of a societal tradition – or “shared beliefs” in Marc
Bloch’s parlance – can form the basis for societal disintegration. In other words,
the relevant interpretation has to be robust enough to withstand chaos and
conflict, but it should not be robust to a degree that prevents change that is
required for avoiding societal disintegration. The cerebral processes have to be
capable of operationalizing the requirements of different rationalities in order to
be workable in “realis”.
We have seen that science and technology in general and scientific development
and technological innovation in particular – or “progress” in Gabriel Tarde’s
parlance – are rooted in collective thought without a single brain and made
possible by multiple brains acting on the foundation of mutual solidarity and
imitation in Gabriel Tarde’s view. This view underlines the need for cerebral
processes to be attuned to society. In a similar vein, Émile Durkheim argues that a
society is not the sum of individuals, but it has a specific reality and its own
characteristics irrespective of those of one or several individuals (Durkheim, 1895,
p. 127).
At first glance, Émile Durkheim’s standpoint would preclude any meaningful
assessment of cerebral activities which by their very nature focus on individuals.
Two counterarguments can be made to such a reading of Émile Durkheim. First, a
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society cannot be based on something that is cerebrally impossible. This objection
does not mean that, e.g., the sum of the cerebral capabilities of several individuals
cannot enable a society to achieve feats impossible for an individual to achieve. It
does mean, however, that there may be limits to cerebral capabilities. Second, the
assessment of human cerebral capabilities does not necessarily mean that the
relationship is individual → society, but the society may impact the human cerebral
capabilities to such an extent that the relationship is society → individual, i.e.,
society sets limits to the cerebral capabilities of an individual.
In the beginning of human life and thus of every individual is childhood, and the
species homo sapiens is characterized by a long duration of cerebral development
that results in “cultural” and “social” factors becoming deeply rooted in the brain
and in the functioning of the human brain (Changeux, 2008, p. 95). Additionally,
the substance of the common good – and arguably also at least the perception of
iustitia – is deeply rooted in the brain (Changeux, 2008, p. 43). In other words, the
societal factors prevalent in the society an individual lives in are not simply
behavioural options the individual in question can choose to apply but these
societal factors are “hard-wired” in the brain. Jean-Pierre Changeux’ argument is
founded on the cerebral development during childhood, and this suggests that
cerebral development during adolescence and particularly during adulthood is at
least limited if not impossible. This warrants the use of the word “hard-wired”
here. This means that any scientific development and/or technological innovation
which are not congruent with the societally accepted interpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition are
not only rejected by the society but also by the individuals in question because of
cerebral reasons. In the case of the individual the relevant interpretation is not the
one at the time of the emergence of the scientific development and/or
technological innovation but the one at the time of the individual’s childhood.
Obviously, this adds at least a conservative if not reactionary aspect to the
legitimization of science and technology in general and scientific development and
technological innovation in particular.
If the societal norms used in and for legitimization are “hard-wired” in an
individual’s brain, then the epistemological and methodological need to separate
between different societal traditions and the branches of different societal
traditions becomes obvious. The societally accepted interpretation of the relevant
societal tradition having become cerebrally “hard-wired” will affect any
legitimization of any human action. In other words, a legitimization founded on
another interpretation of a societal tradition or another branch of the same
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societal tradition is not necessarily congruent with the cerebrally “hard-wired”
interpretation of a societal tradition or branch of a societal tradition.
Neuroscience has to be considered in the broad context of society and individuals.
It is argued that there is a unity encompassing human cognition, cognitive
psychology, experimental psychology, neuroscience, language, computing and
philosophy (Changeux & Ricœur, 1998, pp. 104-105). Two points shall be made
about this unity. First, this unity clearly suggests a relationship between
neuroscience and language. This indicates that the interrelationship between
neuroscience and language will affect metaphysics, including philosophy, and one
particular language will result in a different metaphysics than had been the case if
another language had been used. The important point here is not that the
language resorted to influences metaphysics – and thus the relevant societal
tradition or the relevant branch of the societal tradition – but that this influence is
cerebrally “hard-wired”.
Second, the reference to computing suggests that quantitative assessments are
not immune to the influence of the relevant society and the societally accepted
interpretation of its societal tradition. Whereas mathematics is fundamentally
formalized logic and logic is a part of philosophy, the dependence of quantitative
assessments on the interpretation of the societally accepted interpretation of the
relevant societal tradition is logical. Taking this argument one step further, any
quantitative assessment is not societally neutral. If this argument is accepted, then
any quantitative assessment is not societally neutral.
Jean-Pierre Changeux’ and Paul Ricœur’s work suggests that quantitative
assessments do not take societal traditions into account: Mathematicians are
criticized for adhering to a Platonic view of the world consisting of deterministic
and harmonic developments and ignoring the idiosyncrasies of the human brain
(Changeux & Ricœur, 1998, p. 109). If it is accepted based on neuroscience that
“cultural” and “social” factors are hard-wired in the human brain, then the criticism
Jean-Pierre Changeux and Paul Ricœur level against the mathematicians and thus
quantitative assessments raises grave doubts as to the applicability of quantitative
assessments in research into science and technology in general and scientific
development and technological innovation in particular irrespective of its temporal
orientation – past, present and/or future. The only way that quantitative
assessments would be congruent with the human brain would be that all the
“cultural” and “social” factors would be incorporated and operationalized in
quantitative assessments. Even Milton Friedman capitulated before this challenge
and claimed that it is sufficient that the quantitative assessments yield a correct

80

Legitimization of Science and Technology

result (Friedman, 1953, pp. 10-15), but a correct result may be rather the result of
chance than proof of the accuracy of the quantitative assessments, of course. The
criticism levelled against mathematics by Jean-Pierre Changeux and Paul Ricœur is
in line with the view of Serge-Christophe Kolm who states that the use of
mathematics yields more in terms of logic in an assessment, but it yields less in
terms of taking into account emotions, intuition, esthetics, effort, et cetera (Kolm,
1978, p. 606).
Neuroscience adds a third dimension to the assessment of the Occidental societies
and the three branches of the Occidental Tradition the Amerindian Branch, the
Germanic Branch and the Romanic Branch. In morals and ethics, the assessment
has hitherto dealt with the “should be” and “is” (Changeux, 2008, p. 91).
Neuroscience adds the dimension of “can be” into the assessment. Although the
assessment of “can be” is not novel per se, neuroscience is in the process of
establishing natural laws governing and limiting human thought and human
cognition based on natural phenomena related to, e.g., chemistry. Although the
sources of “should be”, “is” and “can be” are all rooted in the relevant societal
tradition or the relevant branch of the appropriate societal tradition, the
dimension of “can be” emphasizes that the boundaries of a legitimization are strict
and not subject to changes based on an interpretation of another societal tradition
or another branch of the same societal tradition. From the standpoint of
neuroscience, such attempts cannot be legitimate and thus successful.
An individual takes decisions based on cognitive rationality and/or instrumental
rationality (Viviani, 1994, p. 107). Although this classification differs from Jean
Baechler’s classification, the decisive point is that there are numerous rationalities,
and some of them are related to the societally accepted interpretation of the
relevant societal tradition or the relevant branch of the appropriate societal
tradition. Jean-Laurent Viviani’s “cognitive rationality” is heavily influenced by
societal factors. This brings us to the term “instrumental rationality”. It would be
futile to ignore human emotions in the context of the assessment of “rationality”:
It is impossible to conceive a social order outside of the human emotions
(Rosanvallon, 1979, p. 14).
A concept of legitimization founded on the idea that the relevant norms change
over time is problematic in the context of the Occidental Tradition. Occidental
Christianity and Platonism have the similarity of dividing the world into a celestial
world and a terrestrial world with the first one being governed by unchangeable
norms (Changeux, 2008, p. 40). If this idea is combined with the conservatism
suggested by the cerebral “hardwiring” of the societally accepted interpretation of
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the relevant societal tradition or the relevant branch of the appropriate societal
tradition during childhood, then it seems unlikely that a fundamental metaphysical
tenet like the division of the world into a celestial world and a terrestrial world can
be eliminated from any interpretation of the Occidental Tradition.
It has been argued that a concept of history taking into account biological,
informational and psychoanalytical factors means that a rupture between an
organism and its environment results in the destruction and restructuration based
on memory and adaptability (Barret-Kriegel, 1973, p. 1453). Keeping in mind that
neuroscience contains biological, informational and psychoanalytical aspects, this
can be interpreted as an endorsement of the view that an interpretation of a
branch of a societal tradition is destroyed and then a reinterpretation based on
memory as contained in the branch of the societal tradition and adaptability as
demanded by the societal situation occurs. In other words, the societal process
generating the societally accepted interpretation of a societal tradition or branch
of a societal tradition used in a legitimization is required by neuroscience, and it
impacts the brain of the individuals forming a society.
It is noteworthy that the term “destruction” does not mean that everything is
irretrievably destroyed, because memory is involved in the restructuration. In
other words, there is a substantive continuity bridging the destruction and
restructuration processes, or rather the destruction and restructuration process.
This means also that the societally accepted interpretations of the relevant societal
tradition or the relevant branch of the appropriate societal tradition used in
legitimization may exhibit a significant continuity irrespective of the number of
destruction and restructuration processes, if the memory is equated with the
collective societal memory rather than the memory of individuals. Considering the
cerebral “hardwiring” during childhood it is evident that such a collective societal
memory exists.
Whereas human “social” behaviour is largely acquired, genetic changes resulting
in cerebral changes are not required for societal change (Changeux, 2008, p. 43).
A fundamentally important point shall be made immediately: The insight that
inter-societal differences are not the result of cerebral differences is important for
and in the rejection of all forms of racism. Actually, the fact that there are no
cerebral differences underlines that societies in general and their science and
technology in particular are best understood in the context of their traditions.
The idea of an interpretation of a societal tradition or a branch of a societal
tradition being limited by rigid genetic cerebral boundaries is interesting, because
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it provides a way to comprehend societal change and limitations to science and
technology as well. Replacing the term “human behavioural” with the term
“societal” and the term “genetic cerebral boundaries” with the term “societal
tradition” suggests that the ideas underpinning Changeux’ concept and the
concept arrived at in this work are analogous. The work of Jean-Pierre Changeux
erects a bridge between the French Pragmatic Sociology and the Annales School
on the one hand and neuroscience and cerebral processes on the other hand. The
idea of (partial) societal discontinuity with simultaneous cerebral continuity ties
the argument between Émile Durkheim and Gabriel Tarde to neuroscience and
cerebral processes in a way that recognizes the complementarity of their views. It
also ties Fernand Braudel’s idea of discontinuities taking place in the context of
continuities to neuroscience and cerebral processes.
The idea of the complementarity of discontinuity and continuity in the
interpretation of a societal tradition or a branch of a societal tradition suggested
by the French Pragmatic Sociology, the Annales School and neuroscience is also
interesting from the standpoint of the legitimization of science and technology in
general and the legitimization of scientific development and technological
innovation in particular. We pursue this path in the following chapters.

(vi) Chapter Assessment
In this Chapter, the interaction between society and individuals is one of the issues
being assessed. It is certainly true that individuals take decisions, but it is equally
true that individuals take their decisions within the confines of society. The
legitimization of science and technology is one example of the individuals’ need to
convince society that they act within the confines of society. In other words, it is
not a question of individuals versus society, but individuals within society.
A society is based on its tradition, and this tradition contains the foundation of any
legitimization, including the legitimization of science and technology. A society’s
tradition does not only limit what can be legitimized, but a society also limits what
science and technology emerging within the society in question. Two aspects of
society are of particular importance in this context: language and neuroscience.
Language enables interpersonal communication, learning and an individual’s
thought process. The example of the development of Church Latin demonstrates
that it may be impossible to express some thoughts and conversely discourage
some other thoughts without changing the language spoken in a society. In other
words, the language spoken in a society contains the tradition of this society, and
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expressing some part of the tradition of another society may be virtually
impossible. This has implications for the legitimization of science and technology
in two ways. First, language sets limits to what is conceivable by individuals in a
society, and what can be legitimized in a society. Second, language sets limits to
what can be understood and legitimized in regard to science and technology
originating from another society. Consequently, language tends to defend the
status quo and the tradition against change, either from within the society in
question or from other societies.
Neuroscience provides another line argument that shows that individuals in a
society are prone to stay with the status quo and the tradition. The neurosciencebased argument is broader than the language-based argument, because it involves
a society’s tradition in toto rather than indirectly through the tradition as it is
embedded in the language in question. Whereas the tradition is “hard-wired” in
the brains of individuals, significant obstacles prevent change. This limits what can
be legitimized. As is the case with language, neuroscience sets limits to science
and technology within a society, and it sets limits to absorption of science and
technology from other societies.
At first glance, the points made in regard to language and science may appear to
be truisms. They are anything but. They have far-reaching implications for the
legitimization of science and technology. Both points mean that there cannot be
and is no universal science. The absence of universal science has two major
implications for the contents and direction of science. First, the legitimization of
science – and hence the contents and direction of science – occurs society-bysociety. This means that science may differ significantly between two societies
even if these societies adhere to the same branch of the appropriate societal
tradition at a specific point in time. The differences can be expected to be even
greater, if the societies hail from different societal traditions.
Second, science cannot be objectively true for any other society than where it has
emerged and where it has been societally accepted. This societal relativity of
precludes any objective assessment of the accuracy between science in one society
(Science A) and science in another society (Science B). Any such assessment is
always relative in the sense that the accuracy of Science A is assessed on the
foundation of Science B without any guarantee that Science B is objectively and
universally accurate. The reason for a rejection of the accuracy of Science A by
Science B does not even have to be founded on science but on other societal
factors which are operationalized with the help of, e.g., language and
neuroscience.
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The societal relativity of science caused by differences in legitimization calls for
caution in any assessment of science. Societal differences affecting the criteria
used in the legitimization of science may also affect the perception of accuracy the
science being assessed. The very true danger exists that the rejection of the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition at a specific point in time affects the assessor to such a degree
that the science that has emerged from this society is rejected as inaccurate by the
assessor. Chapter VIII highlights this issue: The rejection of Aztec science by the
Occident can be interpreted as a result of the rejection of particularly the religious
beliefs of the Aztecs rather than the accuracy of Aztec science. In other words, the
delegitimization of one aspect of a society – the religious beliefs of the Aztecs, for
example – are generalized to a blanket delegitimization of everything associated
with this society – including Aztec science. Such a blanket delegitimization is
operationalized by language and particularly neuroscience.
The society-dependent criteria used in legitimization – including the legitimization
of science and technology – are not necessarily direct. Language is characterized
by the existence of grammatical rules, cognition can be interpreted as rules, and
the criteria used in the legitimization of science and technology can also be
interpreted as rules. The society-dependent criteria used in legitimization are
evidently a representation of the society in question, and they influence what is
considered legitimate science and technology. Hence, these criteria legitimize the
science and technology of the society in question, but the criteria may be such that
they de facto delegitimize every other science and technology. E.g., the demand
for formal education in an engineering school (see Chapter V) legitimizes
Occidental science and technology, because such schools existed in the Occident,
but automatically delegitimizes the science and technology in societies which did
not have such schools – irrespective of the science and technology in question. In
other words, any assessment of science and technology is not objective in a
universal sense but at most objective in a relative sense.
This sets the stage for considering the limits relating to the legitimization of science
and technology in the Occidental Tradition and later the Romanic Branch of the
Occidental Tradition. Chapter III and Chapter IV deal with the two roots of the
Occidental Tradition, the Roman Heritage and Occidental Christianity, respectively.
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III. First Root: Legitimization in the Occidental Tradition – The
Roman Heritage
As defined in Chapter I, the Sub-Objective of this Chapter III is: The Second SubObjective is to assess the sources for societal norms based on the Roman Heritage
and Occidental Christianity used in the legitimization of science and technology in
Occidental societies and in the Occidental Societal Tradition.
In the Occidental Tradition, the Roman Heritage offers a non-religious foundation
for the legitimization of science and technology in the Occident; and Occidental
Christianity offers a religious foundation for the legitimization of science and
technology in the Occident. As we shall see in Chapter IV, these two foundations
cannot always be neatly separated because of a certain degree of amalgamation
of the two evidenced in, e.g., the work of Saint Augustine. Although the
importance of the Roman Heritage for the legitimization of science is assessed
more extensively particularly in Chapter VI, it is warranted to clarify the importance
of the Roman Heritage in the legitimization with the help of two of examples: (i)
Francis Bacon legitimized his view that the philosophie of nature – and thus science
– has to be separated from theology with references to the work of Plato (Pépin,
2012, pp. 53-56), and (ii) le comte de Buffon (Georges-Louis Leclerc), Paul Joseph
Barthez and Xavier Bichat used Aristotle’s ideas in their work on physiology
(Duchesneau, 1982, pp. 441-442). The use of Aristotle’s ideas can be considered a
way of legitimizing their own work.
Plato and Aristotle were Greeks, of course. Superficially, the argument that the
Roman Heritage is the foundation of legitimization while the foundations of the
legitimization were not even Roman may seem contradictory. However, in matters
scientific the Roman Heritage draws heavily from Greco-Roman philosophy and
science – this matter is assessed later in this Chapter III. The impact Ancient Greece
had on the Roman Heritage demonstrates that is not a matter on military and
political dominance, and the militarily and politically weaker society may dominate
the legitimization of science: As Henri Pirenne observes, intellectual dominance
does not result in political dominance, and political dominance does not translate
into intellectual dominance (Pirenne, 1936, p. 264).
A disconnect between the military and political dominance based on historical
development on the one hand and the intellectual dominance on the other hand
exemplified by the Greek intellectual dominance after the Roman conquest
suggests that historical and societal developments do not need to be congruent.
This contradicts Henri Sée at first glance: He writes that historical development
and societal development cannot be separated from each other (Sée, 1928, p.
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128). Particularly, the legitimization of technology – and science – may be founded
on a societally accepted of a branch of a societal tradition that significantly
precedes the time of the legitimization and thus excludes significant parts of the
historical development between the establishment of norms used in the
legitimization and the legitimization of technology – or science.
The reliance of the Occidental Tradition on Greco-Roman philosophy and science
in the legitimization of science raises the issue of the substance of the GrecoRoman philosophy and science. Considering the vastness of the Ancient Greek
literature on philosophy and science alone, it is obviously impossible to assess the
substance the Greco-Roman philosophy and science in the context of this work. It
did have limits which impacted the legitimization of science and technology in the
Occident for millennia.
Philippe Forget maintains that the philosophical and scientific work was geared
toward natural phenomena and society, but that it excluded issues relating to, e.g.,
military strategy and technology (Forget, 2008, pp. 25-28). The reference to
military strategy is of particular interest in the context of legitimization, because
the legitimacy of warfare can hardly be disputed in the Hellenistic world after the
conquests by Alexander the Great and definitely not in Roman society with many
emperors with military experience, e.g., Tiberius, Trajan and Hadrian.
The legitimacy of the military pursuits of Tiberius, Trajan, Hadrian and many others
suggests that the Roman Heritage does not limit legitimacy to intellectual pursuits
related to the Greco-Roman philosophy and science. The activities of the Roman
Imperatores suggest technology was legitimate as well. Apart from what
nowadays is called military engineering the Roman Imperatores actively pursued
civilian construction project, e.g., the construction of the Pantheon in Rome. In
some literature such legitimacy is tied to the term “culture”: Philippe d’Iribarne
argues that legitimacy is based on culture (Iribarne, 1991, p. 608). In the parlance
of this work: A society’s culture as it relates to legitimacy at a point in time is the
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition at this point in time.
The Roman Heritage provides legitimization to science and technology potentially
within the same constraints relating to philosophy as the brief assessment above
shows. The legitimization is operationalized by individuals acting alone or together
on the foundation of the Roman Heritage: An individual is the product of multiple
factors, including the individual’s history and education, the history of the group
the individual belongs to, all individual and collective factors influencing the
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individual’s understanding, perception and values, and ´which depend on the
incorporation of societal structures (Bourdieu & Chartier, 1988, p. 74). This view
is similar to Émile Durkheim’s. These multiple factors provide the foundation for
human action related to scientific development and technological innovation:
Creativity and “progress” are based on human action (Giorgetti, 2009, p. 68).
Using criteria founded on the Roman Heritage as the basis for legitimzation does
not necessarily mean that the criteria have to be exactly the same as in Antiquity.
It is certainly correct when Lucien Febvre writes (Febvre, 1962, pp. 563-564): “Des
esclaves de l’Antiquité, ces hommes ? Non. Quand Gargantua, avec son formidable
et symbolique appétit, se met à sa table, c’est toute la nature, y compris l’Antiquité,
qu’il y voit étalée plantureusement. Puis il s’assied en faisant le signe de la croix et
en disant le Benedicité du Chrétien. Pensée antique ; tradition chrétienne ; culte de
la nature ; voilà ce qui, tout à la fois, nourrit, gorge ces hommes à la passion violente
ils dévorent.”30 Greco-Roman philosophy and science, Occidental Christianity and
the appreciation of the wonders of nature were hardly anything which had not
existed prior to the 13th and 14th centuries. In other words, different sources for
criteria were used to create a new combination. Or: A recombination occurred.
And this recombination resulted in something new.
Pierre Bourdieu and Roger Charter mention above that history and values among
other factors which impact human actions in the context of society. Thus, the
factors mentioned can be seen as having an impact in opening up and limiting
human actions, i.e., history, values and the other factors provide a foundation for
an individual to legitimize his/her actions to him- or herself and in society.
Whereas the history of Occidental science and technology reaches back 3000
years, it is warranted to briefly assess three roots of the Roman Heritage:
Phoenicia and Syria, Ancient Greece and the Imperium Romanum. This list is not
comprehensive, of course, but these three roots highlight different aspects of the
Roman Heritage.

30
Author’s translation: “Slaves of antiquity, these men? No. When Gargantua, with his
great and symbolic appetite, goes to the table, it's all nature, including antiquity, he sees
spread out plentifully. Then he sits making the sign of the cross and saying the Grace of
the Christian. Ancient thought; Christian tradition, worship of nature is what, at the same
time, nourishes, saturates men to violent passion that devours them.“
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Figure 1: The main direct intellectual influences on the Occidental Tradition until
its break-up into the Romanic Branch and the Germanic Branch in the early 16 th
century. The Roman Heritage consists of “Latium”, “Graecia” and “Phoenices et
Syria” in the graph.

The Occidental Tradition consists of numerous sources. Some of the most
important sources are visualized in Figure 1. The Germanic Tradition merged with
the Occidental Tradition in the context of the Germanic incursions into the
Occidental Imperium Romanum. The re-emergence of the Germanic Tradition in
the emergence of the Germanic Branch of the Occidental Tradition means that the
development of the Occidental Tradition is not a straightforward one. The
influence of the Roman Heritage – including the Greco-Roman philosophy and
science – and Occidental Christianity is obvious in the Occidental Tradition, but the
influence of the Phoenician on the Roman Heritage is not clear.
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(i) Roots of the Occidental Tradition: Phoenicia
The role Phoenicia played in the emergence of the Roman Heritage is not clear.
The problems associated with this relate to, e.g., the climate in Phoenicia that is
not conducive to the preservation of organic material, the impact of Hellenism
after the conquests of Alexander the Great, and the long commercial and military
conflict between Carthage and Rome. If the Phoenicians impacted the Roman and
Greek societies in general and their science and technology in particular, then
leaving the Phoenicians out of an assessment would exclude societies speaking
Semitic languages with a geographical reach from the North African Mediterranean
coast to Antioch in the northeastern corner of the Mediterranean.
The Phoenicians arguably provided the Roman Heritage with a commercial
legitimization of science and technology: Both the Greeks and the Romans
achieved military glory, but as the Romans admitted themselves, the Phoenicians
invented commerce (Decret, 1977, p. 103). Of course, all commerce does not
facilitate science and technology, but the demand for science- and technologybased products and services may facilitate them, e.g., commerce with slaves
destined to teach philosophy and science thus requiring the necessary educational
facilities, and products based on technological innovation. Thus, the Phoenician
commerce at least had the potential of legitimizing science and technology in the
Roman Heritage.
The potential impact of Phoenicia on the Roman Heritage can also be viewed in a
wider context. If the maritime commercial activities of Phoenicia and particularly
Carthage legitimized maritime activities along the coasts of the Mediterranean,
then Phoenicia was of decisive importance in the legitimization of maritime
activities which allowed for sea transportation during the Crusades and the
maritime expeditions in later centuries. Consequently, the Phoenicians stood at
the beginning of the legitimization of science and technology needed in naval
construction and navigation. The Atlantic maritime heritage of the Phoenicians and
Carthaginians was not fully embraced by the Romans. Certainly, there was
maritime trade along the Atlantic coast from Mauretania Tingitana to Britannia.
However, the Romans chose not to believe in the accuracy of reports detailing
Carthaginian maritime explorations further south as evidenced by Plinius the Elder
(Butel, 2012, pp. 28-29).
It is very difficult to establish the influence of the Phoenicians and Carthaginians
on Greco-Roman science and technology. The problem is that the Phoenicians
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used papyrus, and in the climate in the coastal Mediterranean the Phoenicians
documents have largely disintegrated over the centuries (Donnay, 1993, p. 9). The
destruction of the Phoenician documents may be the reason why it is maintained
that the ancient Greeks were the instigators of scientific work on management and
the moral aspects of wealth (Espinas, 1891, pp. 19-21), but the destruction of
documents makes proving the origin of management thinking impossible. This
absence of Phoenician sources prevents modern-day scholars from establishing
what philosophy and science was the result of original Greco-Roman work and
what was adopted from Phoenicia and Carthage. Although the Egyptian,
Babylonian, Hebrew and Greek influences have been credited with favouring the
scientific work at the School of Alexandria (Brunet, 1957, pp. 241-242), the direct
and indirect influence of the Phoenician Heritage is still largely unknown.
Non-Phoenician sources could contain information about Phoenicia, but there is
not much information to be gleaned from them: The Greek and Roman sources
contain some information on Phoenicia and Carthage (Mauroy, 1846, p. 17). The
most direct path for information to reach Rome would have been from Carthage
to Rome, but this path is effectively a cul-de-sac. Sabatino Moscati notes that the
Greek and the Romans on the one side and the Etruscans and Carthaginians on the
other side were opponents during a long time period (Moscati, 1986, p. 361), and
this may have affected the willingness of the surviving sources to admit to
Phoenician and Carthaginian influences.
The silence of the Greek and Roman sources raises a challenge when the sources
for the Roman Heritage are assessed. A potential reason might be that there was
nothing of importance to write, but this potential reason is rendered unplausible
by, e.g., the commercial, mining and artisanal activities the Phoenicians and
Carthaginians engaged in throughout the Mediterranean world.
The importance of the Phoenicians in the development of Mediterranean
commerce was recognized by the Neo-Platonist philosopher Proclus Lycaeus in the
5th century AD (Salhab, 2006, pp. 49-50). It is argued that the Carthaginian society
was one of artisans and merchants which had no affinity to warfare, and thus
warfare was left the mercenaries (Decret, 1977, p. 226). Insofar this meant that
the Carthaginians were into commerce rather than conquest, this resulted in less
captive markets than what could be achieved with conquest. This required
technology and technological innovation.
The Phoenicians were also outstanding artisans producing both standard products
and high-end luxury products (Decret, 1977, p. 30). The Carthaginian luxury
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products have been faulted of having been artistically of lesser quality than the
contemporary Greek products, but this opinion has been relativized by the
observation that the Carthaginian products were distinctive (Decret, 1977, p. 93).
As with any opinion about the aesthetic qualities of products, some room for
subjective opinions based on the observer’s societal background has to be allowed.
Textiles manufacturing and the associated chemical operations are very poorly
documented and it is therefore impossible to assess them in any reasonable way
(Decret, 1977, p. 94).
There is evidence of Phoenician artisanal knowledge being adopted by the Romans
in the manufacture of luxury textiles (Marchis, 2005, p. 8). In other words, the
Romans were not fundamentally opposed to adopting Phoenician and
Carthaginian technology. Consequently, the Romans may have adopted
Phoenician and Carthaginian technology in a larger scale without evidence thereof
surviving.
The maritime orientation of Carthage meant that the Carthaginians possessed
sophisticated technology for the time in regard to shipbuilding and ship
maintenance. In Carthage, a large number of ironworks and carpenter operations
were associated with its merchant navy and its military navy (Decret, 1977, p. 93).
Carthage sold manufactured products and it received metals as payment. The
wealth of Carthage was founded on its importation and accumulation of metals,
including iron, tin, lead, copper, silver and gold (Decret, 1977, p. 117). Commerce
can also be viewed as societal and political actions, and the exchange of goods
between the Carthaginians and Phoenicians on the one hand and their commercial
partners on the other hand is also viewed in this light (López Castro, 1995, p. 48).
Commerce took place on barter-basis, and Carthage was late in issuing coins: The
first Carthaginian coins were issued in Sicily in BC 404 (Decret, 1977, p. 119). The
breakthrough of monetary commercial exchanges occurred with the Roman
conquest on the Iberian Peninsula (López Castro, 1995, p. 127).
The Phoenician and Carthaginian presence on the Iberian Peninsula was intense
resulting in extensive cultural, technological and commercial interactions, and the
penetration of the Phoenician culture into the indigenous cultures (Blásquez, 1992,
p. 465). The Phoenicians and Carthaginians appear to have had agricultural
operations as well as mining operations in their view, and the presence of the
Phoenicians and Carthaginians resulted in the spread of the Phoenician culture and
technology until the Roman Republic conquered Carthage and the Iberian
Peninsula (Plácido, 2009, pp. 128-131).
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The examples of the commercial, mining and artisanal activities suggest that the
legitimization of technology was not negligible in Phoenicia and Carthage, but this
still leaves the legitimization of science unanswered. The lack of documentary
evidence makes taking any position difficult. Keeping in mind that Phoenicia was
in the Middle East, the assessment of Jacques Ellul that “technique” orginated in
the Middle East is noteworthy (Ellul, 1990, p. 25). If Jacques Ellul’s assessment is
correct, then the lower status awarded to technology poses the question whether
this non-science statuts of technology is truly warranted. If it is assumed that the
ancient Greeks thought that they had invented science but not technology, then
the lower status of science may be the result of nationalism.
Jacques Ellul claims that the Middle Eastern “technique” was not science-based
adding that the “Orient” was characterized by mysticism contrary to the
“Occident”31 (Ellul, 1990, p. 25). What remains unclear here is why mysticism
would be an impediment to science. A case suggesting the existence of a
significant Phoenician and Carthaginian science can be built around three points.
First, the roots of Greek philosophy and science remain obscure, i.e., it appears
that it emerged out of nowhere by spontaneous combustion. This spontaneous
combustion is unplausible, and the most plausible roots would have been
Pheonicia, either as an original source or as an intermediary. Second, the
commercial, mining and artisanal activities suggest the existence of intellectual
curiosity that may also have resulted in science. Third, the silence of the Greek and
Roman sources may be explained by a delegitimization of Phoencian and
Carthaginian philosophy and science as the result of hostility as evidenced by
military strife between Carthage and Rome. However, the lack of written sources
means that all of this has to remain speculation.
A lack of written sources does not bedevil the important role the peoples speaking
Aramaic languages in the eastern Mediterranean played after the Arab conquest.
E.g., the Syriac speaking translator Sergius of Reshaina, was of great importance
building the bridge between Ancient Greece to the Arabs. Nestorians living in
Mesopotamia and Persia did not only translate Greek works on philosophy and
science into Syriac, but they also worked and studied at centres of learning, e.g., in
Edessa and Nisibe (Benoit & Micheau, 1997, pp. 239-240). This was of vital
importance for the survival of Greek philosophy and science during the Occidental
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It is contextually apparent that the Occident encompasses Greece contrary to the
delineation used in this work.
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Middle Ages, and their subsequent reintroduction into the Occident particularly in
the 12th century.
The work of Aramaic speakers did not only create a depository for Greek
philosophy and science in the Arab societies, but it also meant that there was a
body of philosophy and science available to the Occident that was easily
legitimized. It was easily legitimized, because the Occident could see itself as the
inheritor of the Roman Heritage as evidenced by the filling of the Imperial Throne
in AD 800. It is and has to remain an open question whether the Occident would
have been equally prepared to consider legitimate and thus absorb philosophy and
science which would not have been part of the Roman Heritage. Considering the
warfare associated with, e.g., the Crusades in the Near East and the MoorishChristian conflict on the Iberian Peninsula would allow for strong case to be made
that the absorption of purely Arab philosophy and science would have been much
more difficult for the Occident.
Ahmed Djebbar argues that Arab chemistry was founded on Greco-Roman and
Egyptian philosophy and science, and he mentions also the School of Alexandria
and persons of Ptolemaic Egypt (Djebbar, 2001, pp. 337-340). The latter create a
nexus with Greco-Roman philosophy and science, a fact that has to be borne in
mind in the context of the legitimization of science. Arab chemistry encompassed
both empirical and theoretical – in the sense of philosophical, esoteric and mystical
aspects – considerations contrary to its Occidental counterpart that separated
between chemistry and alchemy, respectively (Djebbar, 2001, pp. 333-334). The
holistic view of chemistry was embraced by the Occident several centuries later
with the work of, e.g., Antoine Laurent de Lavoisier (see Chapter VII).
Aldo Mieli makes the point that ideas proposed in alchemy and subsequently
discounted as patently false in modern chemistry, e.g., the existence of the pierre
philosophale, have analogous concepts in modern chemistry, e.g., catalysts (Mieli,
1966, pp. 131-132). The analogy between the pierre philosophale and catalysts
suggest the existence of recursivity in science. Although a concept may be false in
its original meaning, the discounted concept may provide a foundation for another
concept later on in science.
In medicine, Persian and (East) Indian medicine were important sources in addition
to Greco-Roman philosophy and science, but Persian medicine was based on East
Indian, Egyptian and Greek medicine (Djebbar, 2001, pp. 304-306). From the
standpoint of legitimization of Arab medicine in the Occident, it would be
important to know whether the Occidental medical practitioners and translators
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knew the original source of the individual pieces of science in Arab medicine. Even
if they had known that a particular piece of science had originated outside of the
Roman Heritage, the perceived close association of Arab science with GrecoRoman philosophy and science provided them with the argument that this
particular piece of science had been absorbed into Greco-Roman philosophy and
science.
In addressing obstacles to further development in mathematics, Ahmed Djebbar
notes that Arab mathematicians were reluctant to admit failures attributable to,
e.g., erroneous hypotheses and false propositions (Djebbar, 2001, p. 236). It would
be logical to surmise that this obstacle existed in Arab science as well. A potential
source for this obstacle is the dubious thought that whereas religion was infallible
the intellectual products of mathematicians and scientists had to be infallible as
well.
The Phoenician Heritage did not vanish with the conquest and destruction of
Carthage by the Roman Republic. In Sicily, a funeral that took place in the 1 st
century shows that the Phoenician Heritage survived into the Roman Empire
(Moscati, 1986, p. 48). As the writing of Saint Augustine shows, the Phoenician and
Carthaginian Heritage was still significant in North Africa in the 5 th century
(Moscati, 1986, p. 366). Contrary to the widespread recorded bilingualism
(Phoenician and Latin) in Sardinia and North Africa, Latin became the sole recorded
language on the Iberian Peninsula after the Roman conquest (López Castro, 1995,
p. 216). In North Africa, the Phoenician and Carthaginian Heritage adapted to the
local situation, and the spirit of Phoenicia and Carthage was preserved for
centuries (Decret, 1977, p. 114).
The survival of the Phoenician Heritage in one of the most important and richest
provinces of the Imperium Romanum makes the possibility viable that Phoenician
ideas about legitimization of science and technology subtly entered the Roman
Heritage over the centuries. This case outlines the difficulty associated with the
identification of the roots of a societal tradition and a branch of a societal tradition
in the face of a lack of sources.

(ii) Roots of the Roman Heritage: Ancient Greece
Romans thought that the Roman society was not indebted to any other society
(Roman, 2008, pp. 63-64). Considering the impact of Greek philosophers and
scientists on Roman thinking, this view is dubious. There are references to ancient
Greek philosophers and scientists throughout this work, and this demonstrates
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that they have been important in the legitimization of at least science in the
Occident.
The origins of Occidental science can be traced back to Ancient Greek philosophers
and scientists (Delzant, 2001, p. 83). It has been claimed that the Ionians were the
first to attempt to explain the world without reference to religion in the 6 th century
BC (Amouretti & Comet, 1993, p. 65). In this context, it is necessary to be cautious,
because the direct influence from Greece to Rome does not necessarily mean that
there was not some other original source, e.g., Indian and/or Phoenician. Even the
absence of written sources proving another origin than a Greek one does not
necessarily rule out that there was not a non-Greek origin, because written sources
may not have been found yet or such sources may have been destroyed over the
centuries. Guy Donnay observes that the ancient Greeks, among them Herodotus
and Proclus, admitted that the Greeks were not the original source of science, and
that Greek philosophy and science was rooted in the achievements of the
Egyptians, Mesopotamians and Phoenicians (Donnay, 1993, pp. 8-9).
Philosophy and science was limited to a small elite consisting of scribes in Egypt
and Mesopotamia (Gingras, Keating, & Limoges, 2000, p. 23), and this raised a
societal obstacle to scientific development. Another obstacle could have been
nationalism, but the Hellenistic kings were not necessarily adverse to non-Greek
science being absorbed into Greek science: They encouraged the absorption of
Egyptian, Mesopotamian, Phoenician and other science (Donnay, 1993, p. 79). This
suggests that Greek science as of the Hellenistic era is not necessarily limited to
Greek achievements. This also indicates that the term “Hellenistic” in Syria and
other parts of the Mediterranean world does not rule out other societies as the
source for science.
The ancient Greeks introduced a strict separation between science and
“technique” effectively rejecting science-based “technique” and science-based
“technique” innovation (Ellul, 1990, p. 25). In other words, the ancient Greeks de
facto attempted to delegitimize and thus prevent the emergence of applied
science. This did not only have a detrimental impact on technology, but scientific
development was impacted by the lack of empirical data derived from applied
science and technology. From this standpoint, the ancient Greeks contributed to
a lower pace in scientific development. It has to be recognized, however, that this
detrimental effect did not necessarily manifest itself in all disciplines, e.g., one of
the precursors of chemistry, alchemy, was characterized by empirical work.
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The assertion of a strict separation of science on the one hand and technology and
applied science on the other hand in Greece and in the Hellenistic world is
rendered problematic in view of one of the precursors of chemistry, alchemy, and
medicine. The work on alchemy by, e.g., Maria the Jewess suggests that
applied science and, in the inventions relating to equipment used in
emprirical work, technology have played a significant role in the history of
alchemy and thus in the history of chemistry. The work on medicine by men
like Hippocrates of Kos, Herophilus of Chalcedon and Erasistratus of Ceos can
hardly be described in another term than applied science in modern-day parlance,
and to the extent that they worked in surgery, also technology. It may be that
much of the assessment of Greek science in the history of science has focussed too
much on Greek physics at the detriment of other disciplines.
Jacques Ellul argues that the ancient Greeks were distrustful vis-à-vis improving
day-to-day life and technology, that they were keen to safeguard human
supremacy, and that they held manual labour in low esteem (Ellul, 1990, p. 26). If
this assessment is accepted, then the legitimzation of technology needs to address
these points in the context of the Roman Heritage. Let us briefly touch on the three
points Jacques Ellul raises. First, the legitimization of technology has to be based
on a societally accepted interpretation of the relevant branch of the appropriate
societal tradition that includes a wish to improve everyday life. Second, the
legitimization of technology requires that society is willing to yield some control to
technology. Third, the legitimization of technology requires that the esteem of
manual labout is improved by, e.g., a reinterpretation of the relevant branch of the
appropriate societal tradition. A reinterpretation yielding changes to the three
points Jacques Ellul presents would be difficult, if Hubert Feas were correct: He
claims that all Occidental moral prohibitions can be traced back to Ancient Greece,
and it has even been argued that the thought that Occidental moral and ethical
norms are of Judaeo-Christian origin is a myth (Feas, 2005, p. 16). The problem
would be that a reinterpretation could not be based on a component contradicting
Greek philosophy.
The ancient Greeks understood the economy to include societal factors: The Greek
term oikonomia that consists of the words oikos and nomoi, i.e., the economy is
not solely the instrumental rationality but it is subordinated to societal traditions
and societal needs (Freitag, 2008, pp. 69-70). In the Greco-Roman world, the term
“oikonomia” referred to the management of the resources of a tightly knit unit
based on close interpersonal ties (Steiner, 2006, pp. 16-17). If the legitimization of
technological innovation is understood to be the economic success of a
technology, then the ancient Greek definition of the term “oikonomia” would
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suggest that a technological innovation is not solely a technology resulting in
monetary profits, but the measure may also be another societal factor.
The Romans and the Greeks differed in one fundamental respect: Whereas the
Romans were interested in finding practical solutions to concrete challenges, the
Greeks tended to favour metaphysics and speculation (Marchis, 2005, pp. 50-51).
The Romans were characterized by a practical spirit as well as an unwillingness to
engage in dialectic and complicated intellectual debates (Brunet, 1957, pp. 273275). More specifically, the Romans were interested in teaching and learning
about agriculture, military prowess, law and practical medicine as part of their
education (Malavolta, 2004, p. 140). Consequently, the Romans were more
attuned to technology, and insofar it existed in Antiquity, applied science, and the
Greeks were more attuned to science. In other words, the Roman Heritage
legitimizes both science and technology in its metaphorical DNA.

(iii) Roots of the Roman Heritage: The Imperium Romanum
Although much of the legitimization of science within the realm of Roman science
can be traced to Greek philosophers and scientists, the Imperium Romanum is of
particular interest in the context of the legitimization of science external of science
and the legitimization of technology. The legitimization of science external of
science is based on the societally accepted interpretation of the relevant branch of
the Occidental Tradition in Occidental societies. The stronger focus on technology
also renders the Imperium Romanum particularly interesting for the assessment of
the legitimization of applied science and technology in the context of Roman
Heritage and subsequently the different branches of the Occidental Tradition.
The focus is here on the legitimization of technology in the Imperium Romanum. It
would be an oversimplification to claim that the Greek and Roman legitimization
of technology would have been identical: Jacques Ellul argues that there was a
decisive difference in the thought of the Greeks and the Romans which also had
significant implications for “technique”32. Whereas the Greeks were keen to
safeguard human supremacy in society and distrusted “technique” (Ellul, 1990, pp.
25-27), the Romans were keen to find equilibrium between humans and

32

For a comparison of the terms “technique” and “technology” refer to the Chapter V.
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“technique” thus accepting “technique”33 (Ellul, 1990, pp. 27-29). In other words,
the Romans were prepared to surrender some control to “technique”.
The greater legitimacy the Romans gave to technology suggests that the Romans
were or would have been more prepared to legitimize what is considered applied
science nowadays. Considering the civil engineering feats of the Romans, the
Romans had significant knowledge about what is labelled materials science
nowadays, and materials science is an applied science. The engineering feats of
the Romans provides a starting point for a line of argument that (i) civil engineering
emerged much earlier than in 17th century, and (ii) applied science existed as part
of engineering in general and technology in particular in Antiquity. These issues
are assessed in Chapter V.
To better comprehend the legitimization of science and technology in the Roman
Heritage, the traditions and society of the Imperium Romanum contain
information. Characteristic to the society during the late Roman Republic and the
Imperium Romanum was its heavy reliance on slave labour which contributed to a
division of labour and thus specialization, and the establishment of monetary
commercial exchanges throughout the Mediterranean world (López Castro, 1995,
pp. 114-115). Henri Sée argues that the domestic economy and the extensive use
of slave labour prevented a societal dynamic from emerging that would have led
to the establishment of large-scale manufacturing operations in the Imperium
Romanum (Sée, 1926, p. 9). To this argument may be added that the domestic
economy and slave labour were solidly implanted in the mores of the Roman
society, and this may have prevented the emergence of a “spirit of invention” that
would have led to mechanization in Antiquity (Lot, 1951, pp. 73-74). The term
“spirit of invention” is potentially misleading. As the work of, e.g., Philippe Fleury
(Fleury, 2008, pp. 119-124) shows, there were technological inventions, but these
technological inventions did not always result in technological innovations. Thus,
the challenge was rather a lack of a “spirit of innovation” than a lack of a “spirit of
invention”.
Stagnation in science and technology as a result of large-scale use of slave labour
and the low esteem of manual labour among the Romans (Traina, 1994, pp. 12-13)
is not universally accepted in the literature, and it is also argued that the Roman
society oscillated between embracing and rejecting technological innovation
(Traina, 1994, p. 21). This oscillation was time dependent: During the reign of
33

It is noteworthy that Jacques Ellul uses here Roman Law as evidence in his
argumentation and not direct references to literature dealing with the Romans’ attitudes
toward technology.
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Trajan significant development in engineering started which was based on
technological innovation and creativity (Traina, 1994, p. 41). During the reign of
Trajan’s successor as Imperator, Hadrian (Figure 2), several challenging structures
from the standpoint of engineering were built in Rome, e.g., the Pantheon, the
Temple of Venus and Roma, and the Mausoleum of Hadrian (the present-day
Castel Sant'Angelo) and elsewhere, e.g., the building programme in Italica in
Hispania Baetica.

Figure 2: Caesar Publius Aelius Traianus Hadrianus Buccellanus Augustus (Museo
Arqueológico de Sevilla).

The Romans favoured self-sufficiency and thought that a good pater familias sells
but does not buy; this attitude was shared by Plinius the Elder and Cato the Elder
(Veyne, 1979, p. 212). If the ideal of self-sufficiency can be equated with the
Romans’ perception of what was to be considered natural, then the self-sufficient
villa estates using numerous slaves would indicate an intrinsic hostility toward
technology and technological innovation. During the Res Publica Romana
technological innovation was considered contra naturam, and even Imperatores
were criticized for using innovative technology (Traina, 1994, pp. 44-46). The ideal
of self-sufficiency can be considered the ideological foundation of self-sufficient
villa estates which were to gain societal importance in the context of the urban
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decline commencing in the 3rd century. The urban decline was favoured by the
incursions of the Germanic tribes into the Oriental Imperium Romanum and
particularly the Occidental Imperium Romanum. The result was an essentially rural
character of much of the Occidental society during the Occidental Middle Ages as
will be assessed in greater depth in Chapter VI.
In the Imperium Romanum, the diffusion of Greco-Roman philosophy and science
on the one hand and technology on the other hand did not follow the same
pattern. It is argued that in the case of philosophy and science written texts were
important, but in the case of technological innovation personal contacts were of
decisive importance (Amouretti & Comet, 1993, p. 90). This was evidenced even
later, e.g., the propagation of technological innovation was done by migratory
craftsmen in the Occident in the early 14th century (Belhoste, 2004, p. 273).
Another and somewhat contradictory impact of the ruralisation and the limited
contacts became clearer with the passage of time, and by the 18th century a great
variety of different measurements and windmill designs, among other issues,
existed in the Occident (Marchis, 2005, p. 208). From the standpoint of additional
technological innovation, this fragmentation offered a greater foundation of
alternative further development, but it also mounted significant obstacles to the
dissemination of technological innovation.
Manufacturing in the Imperium Romanum was characterized by an almost total
lack of medium- and large-sized manufacturing operations; the only medium- and
large-scale manufacturing operations were owned and managed by the emperor,
and their task was to supply the legions and Rome (Lot, 1951, p. 86). The rural bias
of Plinius the Older and Cato the Elder may have been a reason for this, but the
imperial activities in medium- to large-scale manufacturing may also have
discouraged potential private entrepreneurs.
A decisive difference between the Occidental Imperium Romanum and the Oriental
Imperium Romanum is seen in a higher level of urbanization in the Orient (Morin
G.-A. , 2007, p. 430). The decline of the urban centres did not commence with the
Germanic incursions into the Occidental Imperium Romanum, but it could be
observed already in the 3rd century, and a significant ruralisation of the Occidental
society took place in the 5th and 6th centuries (Musset, 1969, pp. 184-186). The
urban decline did not occur everywhere in the Occidental Imperium Romanum in
the 3rd century, e.g., in North Africa the urban centres remained largely unscathed
(Lepelley, 1998, pp. 102-104). It is noted that the decline of the urban centres and
the development of the rural villa estates went hand-in-hand (Plácido, 2009, p.
533). Incursions across the borders of the Imperium Romanum and associated
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devastations of urban centres had occurred before but these had not resulted in a
sustained urban decline, e.g., Italica and Singili Barba in Baetica experienced
incursions by the Moors in 176 (Plácido, 2009, p. 501).
A profound societal and military crisis in the Imperium Romanum in the 3rd century
is postulated by Yann Le Bohec, but the severity and geographical reach thereof is
disputed, e.g., the reduction of donations for civic buildings by the nobility of the
Roman province Africa may be an indication of economic difficulties or a change in
mentality – or a reinterpretation of the relevant societal tradition – among the
members of the local nobility (Le Bohec, 2005, p. 82). However, any assessment
of the depth of a societal crisis in the 3rd century is made difficult by the different
situations in different parts of the Imperium Romanum, e.g., Africa was spared
Germanic incursions until the Vandals conquered Carthage in 439.
An indication of the crisis in the Imperium Romanum was that the gold coins
disappeared from circulation because of hoarding in the 3 rd century (Veyne, 1979,
pp. 216-217). In the case of the diocese Hispaniarum, Francisco Gómez finds that
the urban decline has occurred during the 4th and 5th centuries with the
simultaneous erection of city walls indicating that the security situation had
deteriorated (Gómez Fernández, 2007, p. 172). Another sign of the urban decline
was the reduction of the urban area indicating a decline in the urban population,
and dismantlement of the public buildings around the forum (Gómez Fernández,
2007, pp. 178-185). Francisco Gómez argues that alongside the urban decline an
increasing pauperization took place (Gómez Fernández, 2007, p. 200).
After the urban centres had been abandoned by the secular administration, the
Ecclesia Catholica Romana was instrumental in maintaining at least some of the
greatly reduced urban centres as centres of the ecclesial administration (Pirenne,
1936, p. 61). After a period of decline, the economic resources of the bishops
contributed to a limited urban revival in the 7th, 8th and 9th centuries (Contamine,
Bompaire, Lebecq, & Sarrazin, 2000, pp. 70-71).
Several port cities were destroyed in the context of the Germanic incursions and
the Arab conquests, e.g., Sagunto, Cartagena, Genoa and Tarragona (Guichard,
1978, p. 188). This destruction and the associated loss of life were tragic, but from
a commercial standpoint the next issue is the pace of reconstruction. On the
Iberian Peninsula the Arab conquest introduced a non-Occidental aspect into the
reconstruction issue, and the pace of reconstruction on the Iberian Peninsula can
thus not be considered representative of the development of the urban centres in
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the realms subscribing to the Occidental Tradition. However, the vulnerability of
urban centres in times of war is demonstrated by these events.
The increasingly luxurious rural villae as evidenced by artistically outstanding floor
mosaics indicate that the honestiores preferred to live away from the urban
centres (Gómez Fernández, 2007, p. 192). In the 5th century, several societal
conflicts played out on the Iberian Peninsula, particularly the incursions of the
Germanic tribes, the increasing oppression of the humiliores by the honestiores on
the latifundias, and the conflict between the Ecclesia Catholica Romana and the
remaining Pagans (Gómez Fernández, 2005, p. 194).
The Oriental Imperium Romanum was freer, livelier, more civilized and more
political than the Occidental Imperium Romanum according to Ernest Renan
(Renan, 1882, p. 623). This comparison should not divert from the more
fundamental differences between the Oriental Imperium Romanum with its strong
Hellenistic and arguably Aramaic34 societal components, and the Occidental
Imperium Romanum with its strong Latin societal components. The ideological
foundation of the Occident was agriculture and in the case of Rome also conquest;
and the ideological foundation of the Orient was industry and commerce. The
important difference was commerce: Commerce favours urban centres, and urban
centres favour knowledge exchange related to science and technology. From this
perspective, commerce was the foundation for more freedom, more life and more
civilization in the Occidental Imperium Romanum with Hellenistic and Syrian
commercial centres like Antioch on the Orontes, and the still active ancient
Phoenician commercial centres like Tyre.
It is noteworthy that the commencement of the urban decline in the 3 rd century
coincided with a declining dynamism in Greco-Roman science and philosophy. The
stagnation of science and philosophy is associated with the decline of the School
of Alexandria, but the reasons for this stagnation have not been satisfactorily
explained according to Maurice Daumas (Daumas, 1957, pp. 21-22). Marie-Claire
Amouretti and Georges Comet argue that after the 3rd century no original scientific
development occurred in the Imperium Romanum, and that the scientific texts
were commentaries or summaries of earlier texts (Amouretti & Comet, 1993, pp.
76-77). They consider that the authority of older science and philosophy created
an obstacle to the acceptance and dissemination of newer texts in Antiquity

34

The term “Aramaic” is used to refer to the people and societies reaching from the
eastern coast of the Mediterranean through Mesopotamia to the Persian Gulf. This
includes the Syrians. We shall return with a more extensive description.
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(Amouretti & Comet, 1993, p. 90). Chapter VI shows that this belief in authority
continued for about a millennium in the Occident.
The effect of the urban decline can also be assessed based on the work of Gabriel
Tarde. As Jussi Kinnunen (Kinnunen, 1996, p. 433) observes, Gabriel Tarde’s
thinking on the frequency of inventions was that the more there is interpersonal
interaction the more inventions are made. Obviously, the urban decline meant
that the number of different people an individual had interpersonal interactions
with declined. This, in accordance with Gabriel Tarde, meant a decline in
inventions. There is no fundamental reason for this dynamic not applying to all of
science and technology.
An obstacle for science and particularly technology was the societally accepted
interpretation of the Roman Heritage during the Res Publica Romana and the
Imperium Romanum in keeping with scientia est immersa in societate and technicae
est immersa in societate. In Roman society, societal recognition was based on an
individual’s societal status rather than some attribute of success other than the
societal status an individual had achieved (Marchis, 2005, p. 6). Another obstacle
related to language: Much of the scientific and philosophical literature was in
Greek and thus inaccessible to people outside the bilingual (Latin and Greek)
Roman elite (Malavolta, 2004, pp. 142-143). In cases when science is considered
important for technology and technological innovation, then the lack of access to
much of the scientific literature of the day hindered or at least slowed down
technological innovation in the Latin Occident.
The Imperatores did not necessarily favour technological innovation – because of
societal reasons. A case in point is that Tiberius not only refused to grant
permission to the inventor of shatterproof glass to commence production, but the
Imperator also forbade the inventor to publicize his invention, because the
Imperator was concerned about the livelihoods of the glassmakers (Malavolta,
2004, p. 151). It is necessary to keep in mind that generalizing from one example
is epistemologically and methodolically problematic. If it is assumed that Tiberius
acted consistently and in accordance with the Roman Heritage, and there is no
reason to think that he did not, then this example indicates that the legitimization
of technology was subject to safeguarding employment and thus peace within
society: Technicae est immersa in societate.
The ambivalence of the Imperatores raises serious doubts vis-à-vis the societal
acceptance of scientific development and technological innovation as sources for
societal recognition. This would have impacted unfavourably cognitive factors in
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regard to scientific research and technological innovation in the Imperium
Romanum. If the foundation of societal recognition was not monetary wealth,
then this also raises serious doubts vis-à-vis the demand for scientific development
and technological innovation, because scientific development and technological
innovation was not a viable path to achieving or maintaining societal status.
Any assessment of the level of technological knowledge and technological
innovation during Antiquity has to contend with the phenomenon that there was
a discontinuity between science and the artisans, and technological innovation
occurred separately from science and scientific development (Andreau, 2010, p.
36). During the Imperium Romanum, numerous innovative technologies existed,
but the associated machines were often not used in manufacturing operations,
e.g., the Ctesibica machine could be used to generate a water jet, and technology
needed to generate compressed air was known as well (Fleury, 2008, pp. 119-124).
This does not mean that no technological innovation reached production
operations, e.g., significant technological innovation in connection with agriculture
took place in Roman Gallica (Raepsaet-Charlier, 1998, p. 190).
Textile manufacturing seems to have been based on an organizational set-up best
described as a home-based proto-industry (Andreau, 2010, p. 110). This means
that the manufacturing operations were labour-intensive and capable of product
customization. However, it is unlikely that the entrepreneurs had any scientific
and philosophical education and thus the capability to disseminate science to
engage in science-based technological innovation. This form of manufacturing also
implies that the entrepreneurs would hardly have had sufficiently capital to engage
in significant capital investments in the context of technological innovation.
The Imperium Romanum did not introduce any significant technological innovation
into agriculture in southern Gallia, but mining activities were started and
developed in Gallia and Hispania (Leveau, 1997, p. 333). One reason may have
been that specialized knowledge did not enjoy high esteem in Roman society,
particularly not during the Roman Republic (Moatti, 2003, pp. 322-323). The Late
Occidental Imperium Romanum was capable of technological innovation in spite of
the crisis as evidenced by, e.g., the improvement of watermills and harvesters
(Morin G.-A. , 2007, p. 439).
Some wealthy plebeians were active in manufacturing and banking, but the vast
majority of the wealthy plebeians chose to invest into agriculture in the 1st and 2nd
centuries (Veyne, 2000, p. 1174). It was not uncommon that urban fortunes were
extended to include real estate, but the big difference between the fortunes of
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senators and non-senators was that the senators were not allowed to own larger
ships (Tchernia, 2011, p. 92).
The road network of the Imperium Romanum was valuable in the context of
commercial traffic. The question whether the Roman road network served
primarily military or commercial purposes is irrelevant, if the road network
connected the commercial centres in an efficient manner. Major commercial
centres tend to be major military centres and vice versa. Also, in any military
conflict the wealthy commercial centres tend to be interesting military targets
adding to need to establish an efficient military transportation infrastructure for
wealthy commercial centres. Additionally, commercial centres require a
transportation infrastructure for them to be commercial centres. Apart from the
road network, the efficiency of the moving stock is of interest. The efficiency of
road transportation was enhanced by the introduction of Gallo-Roman yoke
(Raepsaet, 2008, p. 99).
The Romans improved on Greek shipbuilding without introducing anything
fundamentally new (Marlier & Pompey, 2008, S. 114). The Imperium Romanum
maintained trade relationships with India using both the land-based route from,
e.g., Antioch and Palmyra, and the maritime route starting in the Red Sea
(Schwartz, 1960, pp. 28-29). It is argued that the Imperium Romanum had a
significant deficit in its trade with India resulting in the exports of precious metals
to cover the difference (Schwartz, 1960, p. 39). The argument of trade deficit and
the exports of precious metals is not universally accepted (Veyne, 1979, p. 219).
The vacancy on the imperial throne of the Occidental Imperium Romanum
commenced either in 476 with the abdication of Romulus Augustulus or in 480 with
the assassination of Julius Nepos. This did not mean that the Roman judicial,
administrative and cultural ceased. The Merovingian kings continued to adhere to
the Roman practices and traditions, including a separation of Imperium and
Ecclesia, and secular education particularly for the (former) Roman nobility
continued into the early 8th century (Pirenne, 1951, pp. 142-147). The
administration of the provinces in the Occident continued largely as before the
vacancy on the Imperial throne (Lot, 1951, pp. 279-280). The term “vacancy” is
appropriate under the premise that Odoacer disposed the fiction of an Occidental
Emperor and ruled nominally in the name of the Oriental Emperor (Lot, 1951, p.
294).
The argument used by Henri Pirenne and in this work in regard to the events in the
late 5th century is one characterized of rather continuity than discontinuity – a view
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compatible with Fernand Braudel’s argument about the simultaneousness if
discontinuity and continuity. There have been arguments focussing on
discontinuity in the sense of the claim that the Occidental Imperium Romanum
ceased to exist in 476, 480 or some other year. The suggested reasons for a
postulated cessation are multiple a can be divided into two main categories, i.e., it
was caused by an internal collapse related to economic contraction, demographic
decline, immorality and/or religious conflict, or it was caused by external
aggression (Baechler, 2002, p. 227). Accepting Henri Pirenne’s argument does not
mean that discontinuity did not occur in some aspects of the Imperium Romanum.
The Imperium Romanum included societies in Europe, Asia and North Africa with
very different societal traditions, and the vacancy on the throne in Rome meant
that the unifying force between these societal traditions was removed making the
Mediterranean into a frontier (Baechler, 2002, pp. 228-229).
A potential contradiction with the existence of secular education is the notion of
the decisive role the Ecclesia Catholica Romana had in preserving the Roman
Heritage in the 5th, 6th and 7th centuries (Pirenne, 1936, p. 27). During the
Merovingian dynasty, at least some of the early bishops of the Ecclesia were
descendants of the Roman senatorial aristocracy (Gaudemet, 1994, p. 155). Monks
and nuns played a decisive role in the overall efficient functioning of the Ecclesia
Catholica Romana (Lot, 1951, p. 354). In other words, the educational background
of these men suggests that a number of them were probably cognizant of the
Roman Heritage and not solely Occidental Christianity. Irrespective of the official
motivation in written sources, their knowledge of the Roman Heritage probably
impacted their thought and legitimization processes.
A view bridging these two stances is to argue that the Ecclesia Catholica Romana
maintained some level of unity in the Occident and projected the grandeur of the
Occidental Imperium Romanum, and that l’ordo senatorius was able to rise into a
position of influence and power based on its intellectual superiority until the 8 th
century (Musset, 1969, pp. 181-182). Marc Bloch has concluded that members of
l’ordo senatorius continued to stress their ancestry even during the Merovingians
(Bloch M. , 1949b, pp. 2-3). Obviously, the importance attached to the ancestry by
members of l’ordo senatorius was also conducive to the memory of other aspects
of the Imperium Romanum. Another way to reconcile these positions is to argue
that the role of the Ecclesia Catholica Romana was constrained from acting as the
repository of the heritage of the Occidental Imperium Romanum because of the
power of the Oriental Imperium Romanum after the (re-) conquest of parts of the
Occidental Imperium Romanum during the reign of Emperor Justinian, but after
the power of the Occidental Imperium Romanum waned particularly after the Arab
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conquest35 of the old Roman provinces Syria, Aegyptus and Africa, the Ecclesia
Catholica Romana played a decisive role in maintaining a part of the heritage of
the Occidental Imperium Romanum (Lot, 1951, pp. 60-61). Additionally, the pest
in the 6th and 7th centuries took a heavy toll in the Occident (Contamine, Bompaire,
Lebecq, & Sarrazin, 2000, p. 43), and this depopulation may have contributed to
the disappearance of the well-educated l’ordo senatorius as a powerful group in
the Occidental royal courts. This meant also the disappearance of knowledge
about the Roman Heritage, and this would have impacted the legitimization of
science and technology.
Whichever way, the preservation of the heritage of the Occidental Imperium
Romanum and its official language (Latin) was of significant importance later in the
history of the Occident, because it facilitated the reintroduction of ancient
philosophy and science into the Occidental consciousness from the Renaissance on
(Maravall, 1986, p. 255). After the 9th century, the Ecclesia Catholica Romana was
the only organization, and the priests and monks were the only group in which
intellectual matters were pursued. This meant that the Ecclesia Catholica Romana
was the only educational organization and it penetrated the souls of the people
thus being able to create a society in its image (Imbart de la Tour, 1905, p. 6).
It is argued that the destabilization of the Germanic kingdoms in the 8 th century
resulted in the disappearance of the last vestiges of imperial (royal) administration
and the fragmentation of kingdoms into small entities in an attempt to safeguard
some semblance of public order (Nemo, 2012, pp. 766-767). The ensuing
Feudalism successfully contained the external military threats, but it also meant
that the Ecclesia Catholica Romana was increasingly powerless in protecting the
local populations thus convincing the ecclesial hierarchy of the wisdom of
supporting the royal authority vested in the Capet dynasty since the 10 th century
(Chauprade, 2007, pp. 215-219).
The continuity of the Roman traditions was aided by the conversion of the
Germanic tribes to Christianity, either directly to Roman Catholicism or via
Arianism, and the increasing adoption of Roman administrative, fiscal and legal
35

The term “Arab conquest” is used in this work. An alternative to this term would be “Islamic
conquest”. The use of the term “Arab conquest” is warranted by the consistency, because in the
context of the conquest of lands within the Occidental Imperium Romanum the reference is made
to Germanic tribes rather than their religious affiliation, and in the context of the conquest of the
Aztec Empire the reference is made to Castile and the Castilian society rather than the dominant
religion in the Castilian society. Consistency would require that the use of the term “Islamic
conquest” would be accompanied by the use of the terms “Arian conquest” or “Arian Christian
conquest” for the Germanic incursions and “Roman Catholic conquest” for the conquest of the
Aztec Empire.
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practices by the Germanic kings during centuries following the vacancy on the
throne of the Occidental Imperium Romanum (Pirenne, 1936, pp. 1-12). The
Imperial legislation from the 3rd century onward did neither encourage nor
discourage private enterprise (Andreau, 2010, p. 203). This does not seem to have
been enough to halt and reverse the urban decline taking hold of the Occidental
Imperium Romanum.
Ernest Renan argues that key to the success of the Ecclesia Catholica Romana was
its cooperation with the Carolingian dynasty which culminated in the reactivation
of the imperial throne in the Occident in 800 (Renan, 1882, pp. 623-624).
Ultimately, the Imperium Romanum Sacrum was a failure, because instead of
creating a societal dynamics relating to the unity of Occident, particularism would
gain the upper hand in the following centuries (Cognasso, 1967, p. 41).
This elucidation that the reactivation of the imperial throne was a sign of strength
is not universally accepted, and it has also been argued that the crowning of the
Imperator in 800 was rather an attempt by the Ecclesia Catholica Romana to
establish some form of coherent societal organization under the supremacy of the
Ecclesia in a chaotic Occident (Cognasso, 1967, p. 36). In other words, the
reactivation of the imperial throne was more or less an act of desperation.
The crowning of the Imperator can be seen as part of a longer evolution;
particularly the ecclesial reforms instigated by Gregorius VII laid the foundation for
an Occident under the leadership of the Ecclesia Catholica Romana (Cognasso,
1967, p. 37). Considering this background, it is only logical that it would be the
Ecclesia that would take the initiative for the most important military offensive of
the Occident in several centuries: the Crusades.
The Occidental Imperium Romanum as a legal entity ended with the fall of
Constantinople in 1453, but the Byzantine Heritage survived particularly in Russia.
Keeping in mind that non-Occidental societies fall ouside of the scope of this work,
a few words should be allowed on the Byzantine Heritage. Jacques Ellul observes
that the Greek Orthodox Christinianity practiced in Russia was steeped in
mysticism, and this mysticism was not conducive to enrichment based on
commercial activities and “technique”, including “technique” innovation (Ellul,
1990, p. 30). This view underlines the need to consider the role of Occidental
Christianity in the legitimization of not only technology but also science.
Keeping in mind that every generalization is wrought with problems, an attempt to
draw a conclusion on the basis on the legitimized and delegitimized technological
innovation assessed above would suggest that the legitimization of technology
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during the Imperium Romanum was tied to its compliance with the societal status
quo. In other words, technology was legitimized, if it resulted in stronger legions
and a more enjoyable life as long as peace in society was not compromised. This
limited the scope of technological innovation, because any attempt to increase
labour productivity threatened to increase the number of the unemployed and
thus increase the likelihood of unrest in society.
A word of caution in regard to the difference between Greece and the Imperium
Romanum on the one hand and Europe on the other hand establishes the bridge
between Greece and the Imperium Romanum. One prominent representative of
the Annales School, Lucien Febvre, has argued that Greece and the Imperium
Romanum – and thus the Greco-Roman Heritage – are Mediterranean and not
European (Febvre, 1999, pp. 61-66). From the standpoint of the extent and
contacts during Antiquity this point is definitely valid as, e.g., Publius Quinctilius
Varus would certainly have attested to, but such a standpoint would
underestimate the impact of the Roman Heritage in Occidental Europe in general
and in the societies with a language based on Latin and adhering to the teaching of
the Ecclesia Catholica Romana in particular.
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(iv) Chapter Assessment
This Chapter deals with one of the two roots of the Occidental Tradition: The
Roman Heritage. Part of the Roman Heritage is the Greco-Roman philosophy and
science, which has had a significant impact on the legitimization of science and
technology in the Occident. It has to be noted that the Roman Heritage and
Occidental Christianity are not independent from each other, particularly the
Roman Heritage has impacted Occidental Christianity for the last 2000 years.
Because of the lack of a sufficient volume of sources, it cannot be accurately
assessed how much Middle Eastern thinking espoused by Phoenicia and Carthage
impacted the Roman Heritage prior to the emergence of Occidental Christianity.
The bias against applied science and technology found in the Greco-Roman
philosophy and science means that the legitimization of applied science and
technology on the one hand and theoretical science on the other hand has been
impacted in the Occidental Tradition. In the Greco-Roman philosophy and science,
the higher esteem accorded to theoretical science favoured speculation, i.e.,
metaphysics.
Whereas theoretical science was accorded a significantly higher esteem, applied
science – including empirical science – exemplified by chemistry and its different
precursors faced a disadvantage. As Chapter VII shows, it took until the 18 th
century for applied science – and empirical science – to be fully legitimized in
Occidental societies. From this standpoint, the Greco-Roman philosophy and
science was detrimental to science and technology in the Occident in two ways.
First, the Greco-Roman philosophy and science did not provide the Occidental
societies with a way to legitimize applied science and empirical science. This
impacted Occidental technology unfavourably. Second, the Greco-Roman
philosophy and science did not provide a foundation for the legitimization of nonOccidental science based on applied science and empirical science. This impacted
Occidental science unfavourably.
The low esteem of applied science may have impacted the historical written
sources. To the degree that applied science was performed by illiterate people and
theoretical science was performed by literate people, it cannot be expected that
written sources dealing with applied science were generated contrary to sources
dealing with theoretical science. An absence or a near absence of sources dealing
with applied science does not mean that applied science did not exist or that
applied science did not merit the epitaph “science”, it just means that there is a
bias in favour of theoretical science in the written sources. The existence or nonexistence of applied science has to be inferred to indirectly (see Chapter V).
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The existence of applied science in Occidental societies prior to the 18 th century
points to insufficiency in limiting the search for the foundation of legitimization of
science and technology to written sources. The existence of applied science in
Occidental societies prior to the 18th century demonstrates that the societally
accepted interpretation of the Occidental Tradition or the societally accepted
interpretation of the relevant branch of the Occidental Tradition at the appropriate
points in time allowed for the legitimization irrespective of the existence or nonexistence of written sources dealing with their legitimization. A societally accepted
interpretation of the relevant branch of the Occidental Tradition does not need to
be explicit, it may be tacit. This suggests a dilemma: Finding explicit written
sources on something that is tacit is an oxymoron.
The challenges caused by the bias in the Greco-Roman philosophy and science are
also found in any assessment of technology in the Occident. There cannot be any
doubt that sophisticated technology existed in Antquity, but this does not translate
into an abundance of written sources for the higher legitimacy of theoretical
science on the one hand and the incompatibility of tacit knowledge and written
sources on the other hand.
It could be argued that the urban decline during the last centuries of the Imperium
Romanum would have favoured applied science and technology at the expense of
theoretical science. After all, the owners of the villa estates were on the spot when
challenges relating to applied science and technology had to be solved in the
management of their estates. There are three major arguments against such a
view. First, the urban decline in the Occident was not conducive to contacts with
the urban centres in the eastern Mediterranean, e.g., Antioch and Alexandria, and
their industriousness in terms of applied science and technology as exemplified by
the School of Alexandria. This isolation of the Occident from an interpretation of
the Greco-Roman philosophy and science providing a stronger societal
legitimization of applied science and technology was not conducive to increasing
the legitimacy of applied science and technology in the Occident.
Second, the urban decline meant a stronger emphasis on self-sufficiency and thus
a lessening of competition between the villa estates in the cases when such a
competition had existed before. The lessening of competition between the villa
estates was detrimental to the demand for science and technology relating to
competitive advantages on the markets. The only source of demand for science
and technology would have been related to the need to feed a growing population
on a villa estate or dealing with some natural calamity.

112

Legitimization of Science and Technology

Third, the urban decline meant that the probability of an exchange of knowledge
as it related to applied science and technology declined, because there was not a
location for such an exchange – the urban centres had been such a forum. This
affected both the dissemination of Occidental applied science and technology
within the Occident and the dissemination within the Occident of applied science
and technology from the Orient.
The urban decline and the associated decline in the dissemination of applied
science and technology meant that society did not – for the lack of a better word
– experience the dissemination of applied science and technology. This
infrequency is easy to be equated with unimportance. If something is perceived to
be unimportant, then it is unlikely that it would be considered important in the
societally accepted interpretation of the Occidental Tradition during the last two
centuries of the Imperium Romanum and the Medieval Occident. Whereas the
criteria used in legitimization are founded on the societally accepted interpretation
of the relevant branch of the appropriate societal tradtion at the point in time in
question, this meant that the criteria would not have offered much in the way of
legitimizing applied science and technology.
The legitimization of – both theoretical and applied – science and technology
contains a paradox: The lack of science and technology compromizes the
legitimization of science and technology, because what is infrequent is not part of
the societally accepted interpretation of the relevant branch of the appropriate
societal tradition at the point of time in question. An enhancement in the
legitimization of science and technology requires thus an initialization, an
initiatization that results in a reinterpretation of the relevant branch of the
appropriate societal tradition particularly as it relates to the legitimization of
science and technology. In the case of the Occident, the events surrounding the
Crusades are of interest in this context (see Chapter VI).
The emphasis on theoretical science in the Greco-Roman philosophy and science
coincided with a way of argument that focused on the authority of certain
individuals, e.g., Chapter VI shows the importance of Aristotle. Such a reliance on
authorities is conducive to closing Occidental science to outside influences,
because these outside influences do not have the authority of the authorities
accepted in Occidental science. In other words, the high esteem of theoretical
science meant that Occidental science became more of a closed system. This can
be seen at work in the delegitimization of Aztec science by the Occident particularly
in the 16th century (see Chapter VIII).

113

Legitimization of Science and Technology

IV. Second Root: Legitimization in the Occidental Tradition –
Occidental Christianity
As defined in Chapter I, the Sub-Objective of Chapter IV is: The Second SubObjective is to assess the sources for societal norms based on the Roman Heritage
and Occidental Christianity used in the legitimization of science and technology in
Occidental societies and in the Occidental Societal Tradition.
Of the many Doctors of the Church and other authorities, the focus here is on Saint
Augustine. His importance for the Occident is exemplified by the high esteem in
which Charlemagne held him: Charlemagne based the legitimization of the empire
he established on Saint Augustine’s De civitate Dei (Hattenhauer, 2004, p. 178).
Saint Agugutine’s work also had a broader impact. Paul Veyne has argued that
Saint Augustine’s De civitate Dei had a significant influence on thinking and the
relationship between Imperium and Ecclesia in the Occident in the 15 centuries
following its publication (Veyne, 2005, p. 896). The important place Saint
Augustine has in the Occidental Tradition is also shown by the fact that his work
spans both ecclesial and secular issues: Luc Boltanski and Lauren Thévenot write
that Saint Augustine’s De civitate Dei contains both theology and political
philosophy (Boltanski & Thévenot, 1991, p. 107).
Philippe Nemo writes that the thoughts of Saint Augustine, or political
Augustunism, dominated in the Occident from AD 476 to the 14th century, but the
interpretation of them evolved over time and men like Gregory the Great and
Isidore of Seville had some influence (Nemo, 2012, p. 777). A look at the list of the
Doctors of the Church shows that other men influenced the theological and
philosophical foundation of the Ecclesia, including Saint Ambrose and Saint
Thomas of Aquinas (the work of Saint Thomas of Aquinas is assessed in Chapter
VI). Additionally, several men influenced the substantive content of the Second
Root, e.g., Saint Francis of Assisi (he stressed the importance of caritas arguably
even more than Saint Augustine) and Saint Ignatius of Loyola (the importance of
the work of the Jesuits is assessed in Chapter VIII). The focus in Chapter IV is Saint
Augustine because of his long-lasting and significant influence on the substantive
content of the Second Root.
Saint Augustine was not the first to combine Christianity and Hellenic philosophy,
one of the first was Origines of Alexandria (Giner, 1994, p. 125). However, this was
not a complete amalgamation: It has been argued that the “Greco-Roman
Heritage” did not disappear with the advent of Christianity, but the “Greco-Roman
Heritage” evolved (Amouretti & Comet, 1993, pp. 75-76). The lack of a complete
amalgamation facilitated later work on the “Greco-Roman Heritage”. Saint
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Augustine was not the last to combine Christianity and Hellenic philosophy, e.g.,
this occurred during the Occidental Middle Ages as well (Trigeaud, 1995, p. 331).

(i) Legitimization in the Imperium According to Saint Augustine
Saint Augustine’s work contains thinking on the legitimitation of the Imperium
Romanum, and it can be applied to later realms as well. The thinking of Saint
Augustine in regard to Imperium and Ecclesia can be summarized thus (Maravall,
1997, p. 76): “Totus mundus est quasi una civitas in qua Deus est suprema potestas,
quae Papam et Imperatorem instituit.” It remains unclear whether the Ecclesia or
the Imperator has the decisive power in the case of conflict: The Imperator was a
son of the Ecclesia and thus the Ecclesia had influence particularly over his
perception of iustitia, but the Imperator wielded all temporal power which
affected even the Ecclesia (Combès, 1927, pp. 323-324).
The lack of clarity can be beneficial and detrimental. It can be beneficial, if one of
the two powers is weakend to the point that the other power has to take over
more responsibility or if the two powers compete constructively to offer, e.g.,
better circumstrances for science and technology. It can be detrimental, if it gives
rise to conflict that results in a radicalization that discourages, e.g., science and
technology. This is not simply an issue of constitutional conventions as the quote
above would suggest. It is an issue about the societally accepted interpretation of
the relevant branch of the appropriate societal tradition at a particular point in
time that impacts the actions of the Imperium and the Ecclesia alike. In other
words, the the societally accepted interpretation is prone to encourage both
Imperium and Ecclesia or to discourage both Imperium and Ecclesia to engage in
science and technology, because the societally accepted interpretation offers the
legitimization of science and technology – or not.

(ii) Iustitia in Society According to Saint Augustine
Iustitia is of fundamental importance for Saint Augustine (Combès, 1927, p. 90):
Iustitia is eternal and does not change over time, iustitia rules across space and
throughout time, and iustitia imposes itself on every country, institution and
conscience. Iustitia is also of decisive importance for societal legitimacy according
to Saint Augustine: Iustitia is the foundation of power, and who violates iustitia
loses power (Combès, 1927, pp. 91-92).
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If societal legitimacy depends on iustitia, then the person or organization in power
has to legitimize his/her/its actions on the basis of iustitia. This raises the issue of
the substantive iustitia and the norms defining substantive iustitia. Saint Augustine
developed substantive norms for iustitia. Whereas science and technology exist in
society, Saint Augustine’s substantive iustitia imapcts the legitimization of science
and technology as well.
Another option would be to limit the consideration to procedural iustitia: It can be
argued that it is impossible to develop sufficiently specific norms for iustitia and
thus that it is necessary to limit iustitia to procedural norms (Renault, 2004, pp.
174-178). Without getting into a debate about substantive iustitia versus
procedural iustita, the stance adopted in this work is based on the view that the
legitimacy of decisions which are compatible with procedural iustitia and
incompatible with substantive iustitia are ultimately deemd iniustitia by society.
As stated above, decision-makers violating iustitia will ultimately lose their societal
legitimacy.
Saint Augustine writes in Book XIX Chapter XXIII that (i) the sole source of societal
legitimacy and iustitia is God, not the Imperator, the Senatus or the people and
that (ii) the requirements of caritas are fulfilled in the interpersonal relationships
of individuals and in the relationship between society and individuals (Augustinus,
1960, pp. 160-162). The first point signals Saint Augustine’s scepticism toward
discovering substantive iustitia based on temporal procedure. This raises serious
doubts as to any attempt to reduce iustitia to procedural iustitia in the context of
Saint Augustine’s view on iustitia and legitimacy. The second point brings Saint
Augustine’s emphasis on caritas as the key to substantive iustitia and consequently
societal legitimacy into focus. Caritas can also be viewed in the context of
solidarity.

(iii) Solidarity in Society According to Saint Augustine
Saint Augustine’s idea of solidarietas (solidarity) demonstrates that society is
characterized by numerous horizontal and vertical societal relationships as
exemplified by the duties of the Imperator: An Imperator is required to protect
the individuals dependent on him and to renounce selfish satisfaction (Boltanski &
Thévenot, 1991, p. 123). The most obvious case is that the Imperator has the duty
to protect the populace against transgressions and violence. Insofar the
perpetrators are internal to the Imperium, this emphasises the role of the
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Imperator to maintain an efficient and effective administration of law within the
Imperium.
Solidarietas is not based on an expectation of reciprocity: It has been argued that
reducing moral to reciprocity is a form of selfishness (Sánchez Molinero, 2005, pp.
459-460). In other words, the demand for solidarietas is absolute, because
arguably the worst transgression in a relationship based on solidarietas is that
solidarietas is not observed by all parties involved. Consequently, no smaller
reasons constitute an excuse to act against the demand for solidarietas, including
reasons related to scientific development and technological innovation.

(iv) Caritas in Society According to Saint Augustine
For Saint Augustine, the essence of God is caritas (Lemmens, 2011, pp. 119-120).
Caritas is the foundation of God’s love for humans and caritas sustains all human
hope, but caritas is also the model according to which humans should treat each
other (Vives, Calero Calero, & Coronel Ramos, 2009, p. 195). Because Saint
Augustine does not limit his demand for caritas to any particular relationships, the
demand for caritas remains irrespective of change within society based on, e.g.,
scientific development and technological innovation.
In the City of God, caritas means the supremacy of the common good over
individualism (Boltanski & Thévenot, 1991, p. 109). In other words, Saint Augustine
maintains that in the City of God individuals work unselfishly for the common good.
Assuming that the common good is served by scientific development and
technological innovation, implementing the ideal described by Saint Augustine
would mean that a monetary reward for scientific development and technological
innovation would be unacceptable. The pursuit of “vain glory” is equally
unacceptable for Saint Augustine (Boltanski & Thévenot, 1991, p. 111). The
motivation for scientific development and technological development would be
caritas and not, e.g., monetary wealth.
Caritas consists of, e.g., giving food to the hungry, looking after the poor, living
peacefully with one’s neighbours and making peace with one’s adversaries (Sentis,
2004, pp. 266-267). The first two criteria are of particular interest in the context
of science and technology, because they raise the issue of the possibility to
legitimize scientific change and technological innovation which result in more
hunger and poverty in society. This would suggest that Saint Augustine would have
disapproved of increasing labour productivity with the help of, e.g., machinery.
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Because Saint Augustine demands that everyone acts in accordance with caritas,
this would include the owners and operators of production facilities.

(v) Saint Augustine and the Legitimization of Science and
Technology
The vast work of Saint Augustine offers insights into the Occidental Tradition as it
relates to the legitimization of science and technology. The focus is on selected
points in Saint Augustine’s work which have implications for the legitimization of
science and technology in the Occident.
Saint Augustine argues in De Civitate Dei (XXXIV, 551) that the City of God is
universal. The argument of universality is interesting from the standpoint of the
legitimization of particularly Occidental science. If Occidental science claims to be
universal, then the legitimization does not need to be the Roman Heritage. The
foundation of the claim to universality can be based on Saint Augustine’s work. In
other words, an argument in favour of the universality of theology and science
suggests the possibility of a close relationship between the two in terms of
legitimization in the Occident: Science is legitimized because it is as universal as
theology.
If science is legitimized based on empirical observations, then the teaching of the
Ecclesia Catholica Romana could use the observation of nature as one foundation
of its teaching. The Fathers of the Ecclesia Catholica Romana hesitated to
condemn the study of profane literature, and at the end Saint Augustine and Saint
Jérôme condemned it, but they did not forbid Christians to study it (Lot, 1951, p.
430). Saint Augustine accepted science within the confines of the teaching of
Occidental Christianity (Gonzáles G. , 1987, p. 264). Saint Augustine favoured the
study of nature, because nature had been created by God, and the study of nature
would strengthen an individual’s belief in God (Passet, 2010, p. 86). For his
personal part, Saint Augustine was satisfied to accept the Biblical teaching without
paying any attention to worries raised by Aristotle (Gonzáles G. , 1987, p. 267).
Considering empirical science like chemistry, Saint Augustine offers a parallel. In
Saint Augustine’s thinking natural phenomena proved the truth in the Holy Bible.
In empirical science natural phenomena are used to legitimize science, because
science is a description of natural phenomena. The difference is, obviously, that in
empirical science the ultimate authority lies with the natural phenomena whereas
in Saint Augustine’s thought natural phenomena just strengthen the theological
argument.
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Saint Augustine was of the opinion that only something that is inalterable can be
true, and therefore these truths are not the product of human reasoning but they
are from God (García Grimaldos, 2005, pp. 285-286). This signifies that in Saint
Augustine’s view there is only one truth, i.e., God. Considering Occidental science,
the work of, e.g., Gaston Bachelard that is assessed in Chapter V is based on the
premise of science getting more accurate in describing natural phenomena
(“connaissance approchée”) over time. Such a convergence would be impossible,
if the underlying natural phenomena changed over time thus suggesting that the
natural phenoma and their causes are considered immovable over time. In both
cases, there is the premise of one immovable truth. Because of the Occidental
Tradition, it may be easier to legitimize science based on one immovable truth than
some other premise.
The view of the Ecclesia Catholica Romana during the Imperium Romanum in
regard to technological innovation has been considered hostile: Technological
innovation was considered diabolical and unfruitful (Traina, 1994, p. 57). This can
be seen as a delegitimization of technology in Occidental Christianity. This
delegitimization raises the issue of the circumstances technology is legitimate in
Occidental societies, i.e., an attempt to relativize a superficially categorical
scepticism toward technology.
The need to relativize arises during a reinterpretation of the relevant branch of the
Occidental Tradition that is less sceptical toward technology, i.e., it contains a spirit
favourable to technology. After emphasizing the decisive importance of the
“technical” spirit for “technique” and innovation, Jacques Ellul claims that
Occidental Christians were not interested in legal and “technique” activities, and
he agrees with Julian the Apostate that the Christians destroyed the Roman
industry (Ellul, 1990, pp. 30-31). Jacques Ellul claims that the predominance of
Occidental Christianity in Occidental societies lasted from the 4 th to the 14th
century, and that there was no interest in “technique” in general and using
“technique” in particular from the 10th to the 14th century (Ellul, 1990, p. 31).
If scientific development and technological innovation are considered to be the
result of opposition, including conflict as, e.g., Gabriel Tarde does (Tarde, 1899, pp.
104-112), then Saint Augustine’s work and thus the part of the Occidental Tradition
that is influenced by Occidental Christianity poses a challenge: Saint Augustine
writes in De Civitate Dei (XIX, 13) that societal discord and dissent contravenes
God’s intention of societal order and harmony (Vives & Cabrera Petit, 2000, pp.
2068-2070). Juan Vives points out that in Saint Augustine’s thinking all good things
are based on societal peace and all bad things on discord and dissent (Vives &
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Cabrera Petit, 2000, p. 2071). The conclusion would be that in a society modelled
after Saint Augustine’s ideas no scientific development and technological
innovation would occur. This conclusion is congruent with Jacques Ellul’s
assessment: Jacques Ellul claims that Saint Augustine’s De civitate Dei decouraged
all temporal activities and encouraged the withdrawal from the world thus
discouraging “technique”, particularly if the technology in question was deemed a
contravention of Occidental Christianity, with a few exceptions (Ellul, 1990, pp. 3435). This does not mean that Saint Augustine is necessarily wrong. If scientific
development and technological innovation are considered to be founded on, e.g.,
curiosity legitimized by a societally accepted interpretation of the relevant branch
of the Occidental Tradition, then Gabriel Tarde’s opposition and conflict argument
may be invalid at least in some instances.
In the Occident, the idea of the indefatigable homo faber, the creative man, has
achieved a cultural anthropology since the 16 th century (Maravall, 1986, pp. 6061). Humans have been associated with the inclination of cupiditas rerum novarum
since this time (Maravall, 1986, p. 68). This means that the interpretation of the
Occidental Tradition has been favourable to science and technological innovation
since the 16th century, and the actions of the Crown during the 17 th and 18th
centuries demonstrate that the Crown favoured scientific development and
technological innovation, and thus human curiosity.

(vi) Application: Constitutional Customs and Law During l’Ancien
Régime
Charlemagne used Saint Augustine’s De civitate Dei to legitimize his actions to
create God’s kingdom on Earth, and one of the tools he used was the unlimited
legislative power as it had been vested in the Roman Imperatores thus competing
wih customary law (Hattenhauer, 2004, pp. 178-179). This demonstrates the
importance of both the Roman Heritage and Occidental Christianity for
legitimization in the medieval Occident and in the Occidental Tradition.
The actions of Charlemagne also demonstrate the simultaneous separation of
Imperium and Ecclesia, the latter had an effective and efficient administrative
apparatus at its disposal making it largely independent from the Imperium, and the
significant degree to which the two were intertwined as exemplified by the
instructions Charlemagne gave to the aristocracy and the clergy (Hattenhauer,
2004, pp. 178-180). The close relationship between Imperium and Ecclesia
suggests that iustitia and oeconomia were intertwined as well. Figure 3 offers an
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overview of the evolution of the relationship between iustitia and oeconomia from
the Imperium Romanum until the time after the fall of l’Ancien Régime in 1789, i.e.,
outside the timeframe of this work. Until Christianity became the state religion of
the Imperium Romanum, the Imperator possessed both supreme secular power
based on his tribunicia potestas and supreme religious power as Pontifex Maximus.
From this time to the year 376, or 380, there was a built-in tension between the
Imperator and the Papa in the Occident on the question of the ecclesial power of
the Imperator, a question that Saint Augustine attempted to solve with his concept
of the separation of power between Imperium and Ecclesia Catholica Romana.

Tribunicia
potestas

Imperium

Oeconomia

Pontifex
maximus

Ecclesia
Catholica
Romana

Iustitia

Figure 3: Integration and fragmentation of societal power and justice in the
Occident.

After the fall of l’Ancien Régime, oeconomia and iustitia were separated in the
Occident. In the vein of instrumentalism it can be argued that improving
oeconomia equals improving iustitia, but this notion is doubtful in the light of Saint
Augustine’s thinking and thus Occidental thinking until the 18 th century.
Charlemagne’s actions and the legitimizations he used form the direct foundation
of l’Ancien Régime. Jean Bodin’s work offers an in-depth description of l’Ancien
Régime particularly from the standpoint of constitutional conventions. The central
position Charlemagne gave himself and the leigimization of his actions with religion
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suggests that an assessment of the constitutional conventions valid during l’Ancien
Régime should be commenced with the king.
Jean Bodin argued in the 17th century that the actions of the government in the
state have to be based on both law (droit) and morals, and in his assessment Jean
Bodin benefitted from a new translation of Aristotle’s treatises which had a
significant influence on his work (Turchetti, 2006, p. 853). This limitation of the
legislative powers of the king was accepted by the kings until the end of l’Ancien
Régime (Olivier-Martin, 1997, p. 206). In a similar vein, it is argued that as long as
laws are just and government respects the law, laws and government have to be
obeyed (Rigaudière, 2001, p. 336).
The legitimacy of the king was based on the monarchy’s conformity with the
French religious tradition, and that the king received the crown from God (Furet &
Richet, 1973, p. 28). Marc Bloch argues that Charlemagne resurrected the Divine
characteristics of the Imperator in such a way that they conformed to Occidental
Christianity (Bloch M. , 1961, pp. 64-65). The Divine connection of the Capetian
dynasty was underlined by the canonization of Louis IX in 1297 and its possession
of les Reliques de la Passion (Lefranc, 2002, pp. 10-13). Jean Bodin goes as far as
characterizing the king as the lieutenant of God, and the king had to be respected,
revered and obeyed as a consequence (Bodin, 1579, p. 147). Adding to the
religious legitimization of the French kings during l’Ancien Régime, the French kings
were believed to have powers of miracles since king Pepin (Nemo, 2002, pp. 114116). Marc Bloch argues that this power of miracles was attributed to the oil used
in the Coronation ceremony at Reims (Bloch M. , 1949b, p. 152). Royal legitimacy
could be a two-edged sword: The legitimacy of former kings was used to criticize
the king. Such an approach of criticizing Louis XVI was used in 1788 based on the
memory of Louis XII as the Father of the People (Avezou, 2003, pp. 113-115).
Jacques Bénigne Bossuet also emphasized the religious requirements on the king:
The king was required to reign in accordance with iustitae and ius, and to tend to
the needs of his people, particularly the sick and the poor (Rigaudière, 2001, p.
347). In addition to the requirement for pity and charity toward the poor, SaintLouis demanded from his son that he was to safeguard justice for both rich and
poor, for both foreigner and subject, without regard to person, and that he was to
appoint good judges (Montchrestien, 1999, p. 223). The king was required to
honour his agreements in spite of his absolute legislative power as God honours
His promises (Bodin, 1579, p. 107). In other words, Jean Bodin effectively limited
the powers of the king by requiring that the king respected the private property
rights on the basis of ius romanum (Moreau-Reibel, 1933, p. 178).
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Jean Bodin states that the king was responsible to act according to the Divine Law
and natural law thus guaranteeing the natural liberty and property of every subject
(Bodin, 1579, p. 194). This requirement set limits to the actions a king could take
during l’Ancien Régime. The emphasis on religious aspects both in the
legitimization of the king and the king’s decision-making would include solidarietas
and caritas. In other words, Jean Bodin’s assessment of the constitutional
conventions indicate that the king could not approve legislative, administrative or
other measures wchich would have been or were expected to be in violation of,
e.g., solidarietas and caritas. Here is a key point: Did the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition suggest that
science and technology would contravene the requirements of Divine Law and
natural law, or were science and technology considered to offer improvements to
the status quo?
Jean Bodin considered that there existed a vinculum iuris between the king and his
subjects: The king provided justice, advice, aid and protection, and the subjects
accepted the authority of the king (Goyard-Fabre, 1989, p. 128). However, there
is no pactum societatis between the sovereign and the people, because
sovereignty is indivisible and absolute (Nemo, 2002, p. 87). Jean Baptiste Colbert
relativizes these two rather dogmatic statements by arguing that the king has to
act in accordance of Divine Law in order to have the expectation that his subjects
obey the king’s orders, ordonnances and other instructions (Colbert, 1693, pp. 308309). In other words, Colbert implies that there is a triangular relationship
between God, king and subjects.
Jean Bodin concluded that equality leads to discord and thus dissatisfaction and he
rejected equality for this reason (Nemo, 2002, pp. 105-107). This seems to
contradict Saint Augustine’s view in regard to equality, but it has to be
remembered that Saint Augustine also called Christians to obey the Imperator thus
de facto legitimizing Jean Bodin’s views on equality.
The importance of traditions, or customs, should not be underestimated in the
context of l’Ancien Régime. This means that even constitutional conventions were
based on traditions rather than explicit legislative acts (Olivier-Martin, 1988, p. 18),
and customary law played a significant role in all law during l’Ancien Régime.
François Olivier-Martin argues that the societal strength of such a situation was
that the tradition had formed over a number of years in a process characterized by
to-and-fro of various societal interests, and the tradition was subsequently
societally accepted (Olivier-Martin, 1988, p. 254).
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Figure 4 offers a schematic overview of the legal sources during l’Ancien Régime.
In accordance with the ius romanum, the king was the sole legislator in the Realm,
but in the work of the courts les coutumes, i.e., tradition, and the ius romanum
were de facto secondary sources. In some cases, Canon Law was applied by les
parlements, and Christian thinking impacted legal thinking during l’Ancien Régime.

Rex

Traditio

§

Curia

Ius romanum
Figure 4: During l'Ancien Régime, the king was the "fountain of justice". Although
the king could impose almost any statute, Canon Law, tradition (including
customary law), Roman Law and the development of law by the judges were
important sources of law as well.

L’Ancien Régime conformed with Charlemagne’s views on legislative power, but
strains started to emerge: The right to issue ordonnances and other legislation was
de iure within the king’s powers during l’Ancien Régime, more subtle limitations to
his de facto powers emerged during l’Ancien Régime in the late 17th century and in
the 18th century. As during the Merovingian dynasty until the 8 th century, the
aristocracy provided a pool of knowledge needed in government. The experience
in the even more absolute monarchy than the French, the Spanish, was that the
pinnacles of the temporal and ecclesial hierarchies were capable of decisively
influencing the Crown (Maravall, 1984, p. 195).
A de facto unifier of customary law during l’Ancien Régime in the 17th and 18th
centuries was la Coutume de Paris in northern France where different coutumes
were used (Rigaudière, 2001, p. 381). Another way unification took place was the
systematic collection of a particular coutume according to the model of Roman Law
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(Gambaro, Sacco, & Vogel, 2011, p. 225). In southern France, different adaptions
of Roman Law were used (Rigaudière, 2001, p. 386). The coutumes and the
different adaptations of Roman Law may have resulted in very different outcomes
at the end of litigation (Lepointe, 1958, p. 273). An indication of the esteem le
Parlement de Paris and la Coutume de Paris held in the 17th and 18th centuries is
that la Coutume de Paris was used in la Nouvelle-France (Grenier, 2007, p. 75).
It is doubtful that les Parlements had the right to refuse the registration of une
ordonnance prior to 1715 as suggested by Sée (Sée, 1929, pp. 100-101). Jean Bodin
considered that the legislator, i.e., the king during l’Ancien Régime, had the sole
right to promulgate, correct and interpret law, and this concept stripped les
Parlements of any power (Nemo, 2002, p. 83). It has been argued that the kings
did not contest the need of registration by the affected parlements in order for une
ordonnance, une arrêt or any other piece of legislation to become effective
although there were earlier decisions to the contrary (Olivier-Martin, 1997, p. 337).
Although les Parlements could refuse to register une ordonnance royale and
present remontrances against it, the king could order the parlement to register it
in une lettre de jussion, and ultimately the king could override the court of law in
question by a procedure called a lit de justice, but during the reign of Louis XVI the
king was de facto prevented from acting because of the societal influence of the
judges (Szramkiewicz & Bouineau, 1989, pp. 47-51), also (Olivier-Martin, 1997, pp.
344-346). This power struggle between the king and les parlements was not only
limited to fiscal law, but it also prevented the modernization of l’ordonnance sur le
commerce enacted in 1673 (Szramkiewicz & Bouineau, 1989, p. 72).
Le Parlement de Paris attempted to strengthen its position by claiming that it was
the successor of the Placita generalia of the Frankish era and the successor of a
part of the old Curia regis, a claim that was rejected by, e.g., François de Paule de
La Garde in the 1750s (Slimani, 2004, pp. 249-250). This line of argument is
interesting, because it meant that le Parlement de Paris attempted to legitimize its
claim using history, thus recognizing and claiming societal continuity.
The power of the king was demonstrated on 13 April 1771 at a lit de justice at
Versailles when the king registered les ordonnances which meant that the justices
of le Parlement de Paris were dismissed and new judicial offices were established
(Royer, 2001, pp. 234-236). After his ascension onto throne Louis XVI reinstated
the old justices (Royer, 2001, pp. 240-241) – a decision he most likely came to
regret later on.
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The emboldened attitude of le Parlement de Paris can be found in the year 1715
when it was asked by the regent Philippe (II) d’Orléans to strike down the sections
relating to modifications to the Salic Law contained in the testament of Louis XIV
(Royer, 2001, p. 179). The animosity of le Parlement de Paris toward Louis XV and
Louis XVI was also fed by the strong presence of Jansenists on the bench and the
rejection of Jansenism by the kings in accordance with the rulings of the Pope, and
it has been argued that les parlements became increasingly radical during the reign
of Louis XV (Rohrbacher, 1869, p. 186). When Louis XV succumbed to the demand
of le Parlement de Paris and expelled the Jesuits in 1764, this emboldened le
Parlement de Paris further (Royer, 2001, pp. 226-228). In another case, le
Parlement de Paris refused to register a bull of Pope Clement XII regarding the
canonization of Saint Vincent of Paul who had fought against Jansenism
(Rohrbacher, 1869, p. 101). The Jansenists held Saint Augustine’s writings in great
esteem and translated them into French (Dagens, 1953, p. 35).
Another explanation for the increasing intransigence of le Parlement de Paris has
been found in the power struggles between different ministers and other
powerbrokers in Versailles which used le Parlement de Paris as a pawn in their
manoeuverings and destroyed in the process the interpersonal loyalties which
were an important foundation of l’Ancien Régime (Chaline, 2006, pp. 344-345).
The king was at the pinnacle of the web of interpersonal relationships.
La Coutume de Paris did not solely claim its legitimacy based on its long history, it
also claimed to be compatible with Divine Law, nature and reason (Bourjon, 1770,
p. 1). This list is interesting, because it simultaneously caters to the proponents of
l’Ancien Régime and les Lumières.
The emphasis on les coutumes and ius romanum as legal sources raises the
question whether les parlements were hampering scientific development and
technological innovation because of the legal sources were stagnant? Les
parlements were not unwilling to develop les coutumes, and development did
occur exactly by les parlements, because the collections of the contents of les
coutumes de facto meant that this was the only way les coutumes could evolve
(Gambaro, Sacco, & Vogel, 2011, p. 225). Because judges and justices are
embedded in society in the same way as scientists and innovators are, judges and
justices had the potential of being cognizant of scientific development and
technological innovation.
A landmark case demonstrating the tension between the Crown and a parlement
relating to technology is the conflict caused by the establishment of a large
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chemical plant by John Holker at Rouen in 1768. In spite of the support of the
Crown, particularly le Bureau du commerce, the environmental damage affecting
agricultural interests caused by the plant resulted in successful legal action against
the plant in 1770, but the suppression of les parlements in course of the Maupeau
reform re-established the supreme authority of the Crown in this matter (Fressoz,
2012, p. 141). This case shows that the Crown was prepared to prioritize
technology over agricultural concerns in the second half of the 18th century. In this
case, the parlement sided with the agricultural interests, i.e., the seigneurs of the
region. It would be wrong to generalize this case.

(vii) Chapter Assessment
This Chapter deals with one of the two roots of the Occidental Tradition:
Occidental Christianity. The concepts of “iustitia”, “solidarity” and “caritas” do not
have anything to do with the legitimization of science and technology at first
glance, but they are important in this context indirectly.
The three concepts raise significant obstacles to the legitimization of and demand
for science and technology in addition to the legitimization of science and
technology associated with increasing labour productivity, i.e., reducing the
number of jobs. This argument can be made in two ways in, e.g., the relationship
between seigneur and peasant. First, making a peasant redundant would have
deprived the peasant of his livelihood, and such an act would have been at least
dubious from the standpoint of the three concepts. Second, particularly the last
two concepts required the seigneur to provide for the peasants made redundant,
and this would have eliminated any economic benefit from the use of science and
technology. Consequently, Occidental Christianity was conservative by favouring
the continuance of the status quo.
The insistence of Occidental Christianity on it being the only and universal truth
provides another foundation for science and technology. The real or perceived
defense and the expansion of Occidental Christianity establishes a legitimization of
science and technology that is not necessarily part of the day-to-day workings of
Occidental society as evidenced by, e.g., the relationship between seigneur and
peasant. From the standpoint of the legitimization of science and technology, two
situations are of particular interest. First, anything of importance in an armed
conflict between Occidental Christianity and non-Occidental societies can be
legitimized using religion. To the degree that such a conflict involves an external
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adversary, this legitimization does not affect the legitimization of science and
technology based on the concepts of “iustitia”, “solidarity” and “caritas”.
Second, an armed conflict with a non-Occidental adversary raises the issue of the
supply of arms and other materials for the army and the navy. Whereas this supply
is crucial for the military strength particularly during a long conflict, the
legitimization of science and technology based on the defense and expansion of
Occidental Christianity encroaches on society that is not part of the army and the
navy stricto sensu. The more the supply for the army and the navy require science
and technology in society at large, the likelier the ground of the defense and
expansion of Occidental Christianity as the foundation of science and technology
becomes in society at large.
From the standpoint of the legitimization of science and technology, Occidental
Christianity is characterized by a dynamic continuum ranging from limitations set
by “iustitia”, “solidarity” and “caritas” to basically no limitations as long as this
occurs for the defense and expansion of Occidental Christianity. It is noteworthy
that the defense and expansion argument in the context of the legitimization of
science and technology can be extended particularly in the situations. First, giving
the Crown a Divine foundation – as exemplified in the case of le roi during l’Ancien
Régime (see Chapter VII) any conflict involving it can be seen to be covered by the
defense and expansion argument of Occidental Christianity even in conflicts within
the Occident. Strengthening the Realm has to be seen as part of the defense and
expansion argument, and this weaks the limitations set by “iustitia”, “solidarity”
and “caritas”.
Second, the fragmentation of Occidental Christianity from the 16th century onward
meant that the meaning of Occidental Christianity was not clear any longer. The
defense and expansion argument in the context of the legitimization of science and
technology could also be used for conflicts within the Occident irrespective of the
Divine foundation of the Crown. Extending the defense and expansion argument
to conflicts within the Occident further eroded the limitations set by “iustitia”,
“solidarity” and “caritas”.
The relative strength of the concepts “iustitia”, “solidarity” and “caritas” on the
one hand and the defense and expansion argument on the other hand on the
continuum connecting them is the result of the societally accepted interpretation
of the relevant branch of the appropriate societal tradition at a particular point in
time. A reinterpretation does not necessarily mean more or less science and
technology. It can also mean different science and technology.
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It is easy to see that under the premise that any mechanization of production
processes did not increase the economy and thus increased the demand for other
products, the three concepts – “iustitia”, “solidarity” and “caritas” – were de facto
incompatible with the mechanization of production processes. Consequently, the
commencement of mechanization in the 18th century (see Chapter VII) was highly
problematic for l’Ancien Régime, because it undermined one of the perception of
the divine aspect of le roi. In other words, the three concepts did not only limit the
viable alternatives the subjects could choose from during l’Ancien Régime, but they
also limited the room of le roi had to manoeuvre.
From the standpoint of the legitimization of science and technology, Saint
Augustine’s division of power between the Imperium and the Ecclesia Catholica
Romana created the possibility of the legitimization of more science and
technology, if each was societally sufficiently strong to protect and support the
science and technology deemed desirable by either one. At issue is the emergence
of les écoles (Imperium) complementing les universités (Ecclesia). This issue is
assessed in Chapter VII. Obviously, this possibility was reduced, if either one was
dominant in society. The development in the 13th century (see Chapter VI) shows
that the established dominance of the Ecclesia Catholica Romana and the
development in the 18th century the increasing dominance of the Imperium (see
Chapter VII) that the dominance of one or the other coincided with significant
development.
Given the limitations the three concepts set for le roi, the legitimization of for
science and technology was possible only in some cases in a society based on a
societally accepted interpretation of Occidantal Tradition or later the Romanic
Branch of the Occidental Tradition that was significantly influenced by the relative
strength of Imperium and Ecclesia. In other words, the societal dominance of
Occidental Christianity de facto prevented the emergence of the Imperium as a
second source of support for science and technology. Chapter VII shows that the
Imperium became active in supporting science and technology in the late 17 th
century. The interesting point is the impact of the increasing involvement of the
Imperium on applied science and technology in particular.
The legitimization of theoretical science, applied science and technology had to be
based on two alternative ways in a society dominated by the teachings of
Occidental Christianity as formulated by Saint Augustine. First, particularly science
could be legitimized as a way to observe the greatness of God, i.e., science became
a part of the veneration of God. Such a legitimization of science is not conducive
to applied science and technology thus strengthening the Greco-Roman bias
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against the legitimization of applied science. Second, applied science and
particularly technology could be legitimized de facto only in those cases when
human labour was not available or could not be used, i.e., the substitution of
human labour was not a viable option. This line of argument suggests that the
legitimization of applied science and technology is not necessarily a function of the
existence of slavery – as was the case during, e.g., the Imperium Romanum – but it
can be seen to be impacted by the societally accepted interpretation of the
relevant branch of the appropriate societal tradition at the point in time in
question as it related to issues like“iustitia”, “solidarity” and “caritas”.
Overall, one of the two roots of the Occidental Tradition, i.e., Occidental
Christianity, shows that the Occidental Tradition is torn on a continuum between
the concepts of “iustitia”, “solidarity” and “caritas” which set significant limits to
the legitimization of particularly applied science and technology on the one hand
and the de facto limitless legitimization of them under the disguise of the defense
and expansion of Occidental Christianity. The de facto limitless legitimization
based on religious considerations provides the building block for the de facto
limitless legitimization without religious considerations in a reinterpretation of the
relevant branch of the Occidental Tradition at a later time.
The legitimization of science and technology, particularly applied science and
technology, is subject to societal reactions. These societal reactions affect the
legitimization of science and technology both by delegitimizing at least part of
science and technology and by providing new impetus to science and technology
in the context of a reinterpretation of the relevant branch of the appropriate
societal tradition at a particular point in time consisting of the recombination of
the different building blocks contained in the relevant branch of the appropriate
societal tradition – including Occidental Christianity even in an otherwise secular
society.

130

Legitimization of Science and Technology

V. Science and Technology
As defined in Chapter I, this chapter deals with the Third Sub-Objective of this work:
The Third Sub-Objective is to assess the legitimization of science in the context of
the work of Gabriel Tarde, Gaston Bachelard and Edgar Morin, and to assess the
legitimization of technology from a theoretical standpoint based on the work of,
e.g., Jacques Ellul. The key to the legitimization of science and technology is to
develop an understanding of what science and technology are, how science and
technology interact, and how science and technology relate to society.
Reading Fernand Braudel, it is de facto impossible to separate between science and
technology. Fernand Braudel (Braudel, 1979a, p. 291) notes that everything is
technology (“tout est technique”) and concludes after listing several technologies
that all of them are the fruit of accumulated knowledge (“qui sont le fruit d’un
savoir accumulé”). The most challenging issue is Fernand Braudel’s use of the term
accumulated knowledge (“savoir accumulé”), because it does not
compartmentalize knowledge into knowledge in the context of science and
knowledge in the sense of technology. In other words, the source of knowledge in
the context of technology may be science. This issue can be observed particularly
in the case of chemical unit operations and chemical processes, including
metallurgy.
The task of assessing the legitimization of science and technology is rendered
complex by the change within society, science and technology over time, i.e., what
is considered legitimate science and technology may change within science and
technology, respectively. This latter aspect of legitimization is of decisive
importance in the assessment of the role of science in technology particularly in
the context of technological innovation. If science is crudely separated into
theoretical science and applied science, then the most likely context surface
between science and technology is between applied science and technology. If no
or only very little applied science existed during a time period, then the conclusion
that science and technology were strictly separated fails to consider the possibility
that what is today called applied science was not a part of science but a part of
technology during the relevant time period.
The assessment of applied science is complicated by shifting attitudes towards
applied science by scientists hailing from theoretical science: François Caron writes
that scientists (“savants”) were interested in applied science in the 16th century
and in the first half of the 17th century because of pressure from society, but in the
seond part of the 17th century they returned to theoretical science (Caron F. , 2010,
p. 61).
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From a philosophical standpoint, the boundaries of science are impacted by the
role experiments in a broad sense are given in science. The use of rationalism and
sensualism to define the boundaries of science will result in very different
outcomes. If it is considered that science is based on rationalism, particularly in
the sense of the Greco-Roman philosophy and science exemplified by Plato and
Aristotle, then it is difficult to consider science-based technology prior to the 18th
century. If it is considered that science is based on sensualism, then technology
has always been science-based. Consequently, technology has been falsely
claimed to not having been science-based in the time prior to the 18th century.
Additionally, the boundaries of science and technology may differ from discipline
to discipline. What may be true for what is nowadays called mechanical
engineering may be false for what is nowadays called chemical engineering. A case
in point is alchemy which in many ways is the forerunner of modern chemistry and
chemical engineering. Alchemy was always both metaphysical and experimental
(Lafont, 1994, p. 34). In other words, there was no clear boundary between science
on the one hand and applied science and technology on the other hand in alchemy.
The scepticism vis-à-vis the existence of science-based technological innovation
expressed by, e.g., Fernand Braudel (Braudel, 1979a, p. 379) may be inaccurate in
a greater number of cases than he admits.
Fernand Braudel’s views on material life impact the way his view on technological
innovation: He maintains that material life was a prolongation of society from the
15th to the 18th century (Braudel, 1979a, pp. 12-13). Fernand Braudel uses the term
“material life” instead of the term “economic life” in order to include informal
economic activities36, including self-sufficiency (Braudel, 1979a, p. 8). To the
degree that technological innovation is driven by societal demand in the context
of material life and technological innovation drives science, society drives science.
This line of argument does not preclude that there exists another mechanism, i.e.,
society drives and limits science and technology by its interpretation of its branch
of its societal tradition at the appropriate point in time, or its mentalité (see
Chapter II).
Joel Mokyr’s writing suggests that scientists are not only impacted by society – or
in the parlance of this work the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at the point of time of interest – but
also by the established science (Mokyr, 2002, pp. 222-223). If it is considered that
36

The importance attached to, e.g., self-sufficency by Fernand Braudel contradicts the
view espoused by Jean-Yves Grenier that exchange ist he only pertinent measurement
oft he economic activity during l’Ancien Régime (Grenier J.-Y. , 1996, p. 417).
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science is an expression of society – as is done in this work – then obstacles to
science are ultimately founded on the societally accepted interpretation of the
relevant branch of the appropriate societal tradition at the point of time of
interest.
Another issue that adds to complexity in the assessment of the legitimacy of
science and technology is that societally accepted science and technology can form
the basis for the legitimization of scientific development and technological
innovation, but societally poorly received scientific development and technological
innovation may contribute to some degree of delegitimization of science and
technology in toto. In other words, the legitimizing effect of science and
technology is variable over time.

(i) What is Science?
The term science is defined in Chapter I using both societal and substantive criteria:
The term “science” is defined for the purpose of this work as all disciplines of natural
science in the Occident, including Biology, Chemistry and Physics. The term
“sciences” does not refer to the different disciplines of natural science in the
Occident; the term “sciences” is defined for the purpose of this work of the different
sciences of different societies, e.g., Aztec science and Chinese science. The term
“science” is additionally defined for the purposes of this work as a description of
one or several natural phenomena formulated with the aim of understanding it or
them.
Dominique Pestre writes that under the influence of physics, Occidental science is
predominantly considered to consist of propositions which are then tested against
experience (Pestre, 1995, p. 494). This view of science emphasizes the role of
speculation in science particularly in two ways. First, speculation stands before
experience, including experiments, thus limiting the impact experience has on
propositions, e.g., scientific theories. Second, speculation in the disguise of directs
for what proof is sought in experience rather than experience as it may be forms
the foundation of propositions. If the speculation is correct, then the direction the
speculation provides the search for proof in experience is sped up und ultimately
science is sped up. If the speculation is incorrect, then science is slowed down.
This raises the issue of the foundation of the speculation in science. Chapter II
strongly suggests that this foundation cannot be separated from the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at the point of time of interest.
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Two of the objections Dominique Pestre formulates against the physics-based
understanding of science merit closer scrutiny in the context of this work. First,
Dominique Pestre discusses the objection that there are multiple disciplines,
material practices and cognitions rather than one science (Pestre, 1995, p. 495).
This objection is important in two ways. On the one hand, to the degree that
material practices and particularly cognitions differ between different societies,
there exist different sciences, i.e., a universal science cannot and does not exist. In
other words, it is possible that there was a separate Aztec science (see Chapter
VIII). On the other hand, limiting science to the physics-inspired science would be
wrong, because it represents only a part of the disciplines, material practices and
cognitions even within the Romanic Branch and the Germanic Branch of the
Occidental Tradition. In other words, experience-based science is also science. It
has to be noted that this objection is not limited to a particular time period, e.g.,
the last 200 years.
Second, Dominique Pestre discusses the objection that science is not limited to
theoretical science, but that it also encompasses “les sciences expérimentales ou
instrumentales” and “les savoirs tacites” (Pestre, 1995, p. 495). This objection has
two major implications. First, it is wrong to exclude applied science and technology
from science thus limiting science to theoretical science. Again, this objection is
not limited to a particular time period, e.g., the last 200 years. Second, the
inclusion of tacit knowledge means that assessing science based on written sources
is fallacy, because by its very nature tacit knowledge is not written and thus written
sources cannot and do not exist. At best, science has to be assessed indirectly
based on, e.g., engineering feats.
Ahmed Djebbar addresses the bias favouring theoretical science, and he gives
three reasons for this bias (Djebbar, 2001, pp. 336-337): (i) artisans engaged in
applied science and technology did not write down their knowledge opting instead
for oral transmission of knowledge, (ii) artisans wanted to keep their knowledge
secret, and (iii) translators were primarily interested in translating works on
theoretical science. In other words, the absence of written sources does not mean
that applied science and technology did not exist, and it does not mean that it was
impossible to legitimize applied science and technology in a particular society.
The conclusions drawn from the objections discussed by Dominique Pestre are not
universally accepted in the literature. This Chapter V shows this controversy.
Let us continue with the societal criteria. Contrary to natural phenomena the
contents of science is neither universal nor unaffected by the passage of time. The

134

Legitimization of Science and Technology

writing of, e.g., Thomas Kuhn gives cause for grave reservations in regard to the
superiority of Occidental science being better than the sciences of other societies
and societal traditions. Thomas Kuhn effectively admits that science is not
universal but society-dependent by pointing out that the Chinese were able to
accept and record astronomical changes because their beliefs did not preclude
celestial changes, but the Occidentals had to embark on a paradigm shift to
accommodate astronomical changes in their science (Kuhn, 1962, pp. 115-116).
One of the most prominent representatives of the Annales School, Lucien Febvre,
also raises the issue of there being more than one science (Febvre, 1962, pp. 665678): Lucien Febvre assesses the differences between Occidental science (“notre
science”) and Soviet science. At the very least, this comparative assessment is a
recognition that science is not a universal monolith, but different societies have
different sciences. The need Lucien Febvre had to compare and assess Occidental
science and Soviet science in the light of their proximity in view of the founding
father of Marxism, Karl Marx, having been part of the Germanic Branch of the
Occidental Tradition in the 19th century strengthens the case for allowing for the
existence of a different science when the societally accepted interpretation of the
relevant branch of the appropriate societal tradition is or was even more different
than in the case Lucien Febvre compared and assessed.
Interpreting Lucien Febvre’s view on science to include a rejection of universalism
in science is further strengthened by the following quote (Febvre, 1962, p. 679):
“La science est par essence une œuvre universelle, indépendante des frontiers et
des nationalités. Cependant, ce ne saurait être une chose vaine que suivre son
développement dans un pays particulier. D’abord, parce qu’on peut légitimement
se proposer de savoir ce qu’un pays donné a fourni au progrès scientifique. Ensuite,
parce qu’en chaque pays, en fonction des particularités de sa civilisation, de sa
culture, le progrès scientifique a une allure spéciale.”37
At first glance, the quote seems to be contradictory. After having claimed that
there is one universal science, Lucien Febvre deflates this by bringing societal
factors into play. The claim of there being one universal science can be defended
by reference to Lucien Febvre’s use of the term “développement” in the quote, i.e.,
only the development is dependent on society. This line of argument poses one
37

Author’s translation: “Science is in its essence universal, and independent of borders
and nationalities. It is not a vain exercise to study the development of science in a
particular country. Considering a country’s particularities in terms of its civilisation,
culture and scientific progress, studying a particular country’s science has a particular
allure.”
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problem: If the development is different in different societies, then the content of
science differs from society to society as long as development occurs.
Consequently, there are many sciences. There is only time when there would be
only one science: The accuracy of the one science would be universally accepted,
and it would not be subject to any change as a consequence. It is highly doubtful
that such a state of affairs will ever occur.
The need to engage in paradigm shifts is rooted in the roots of the Occidental
Tradition. The teaching of Saint Augustine exemplifies the Occidental belief that
there is one universal truth. Whenever science develops in a way that
delegitimizes the previous science, the one universal truth is an impediment for a
gradual shift in the sense of evolution and a paradigm shift in the sense of a
revolution is required for the legitimization of the scientific development.
However, for a revolution to occur two criteria have to be fulfilled: (i) The scientific
development is a true break with the past, and (ii) the scientific development is
legitimized quickly. Both of these criteria are problematic casting doubt over the
very existence of paradigm shifts in the sense of revolutions.
In terms of a true break with the past, neuroscience raises significant obstacles to
such a change as assessed in Chapter II. This line of argument is further
strengthened by the work of Steve Woolgar who states that an attempt to separate
science from cognition does not only mean that this would have to eliminate all
“explanations” of human behaviour and thus human behaviour would have to be
indeterministic in the context of science (Woolgar, 1987, p. 324). This suggests
that such an individual would also act indeterministically in regard to science in
general and scientific methodology in particular. Although indeterminism certainly
allows for finding new ways which may result in scientific development,
indeterminism may hamper systematic experimental work thus posing obstacles
to scientific development. In other words, cognition is an important component of
scientific development. Consequently, it is unlikely that scientific development is
a true break with the past, because cognition is tied to the past as seen in Chapter
II.
Stefano Gattei maintains that modern philosophy equated science and
“rationality” until the 19th century (Gattei, 2008, p. 2). Chapter II shows that
“rationality” is not universal, and this would mean that science is not universal at
the same token. Formally, this line of argument is valid only until the 19 th century
on this foundation.
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Science is transient and differs with time and societal situation (Trabulse, 1994, p.
23). The dangers for science and scientific development – and these reasons can
also be seen to apply to technology and technological innovation – have been seen
to be (i) utilitarianism in the sense that it favours immediate application and does
not pay attention to moral implications, (ii) disinterest in pure knowledge favouring
ignorance and mental laziness, and (iii) conformism with the status quo (Gil L. ,
1984, p. 17). Gabriel Tarde claims that “progress” is a type of collective thought
without a single brain made possible by multiple brains acting on the foundation
of mutual solidarity and imitation, i.e., “progress” – and thus scientific
development and technological innovation – is rooted in society. Similarly, it is
argued that development can be explained by the activation and canalization of
“social forces”, the improvement of contacts and the use of initiative and creativity
(Haddad, 2009, S. 128).
In a similar vein, it can be argued that scientific development is not dependent on
a particular person but on the societal acceptance of the outcome scientific
development: Great scientific minds emerge throughout time but the societal
acceptance of the concepts they propose varies (Cosendey, 2007, p. 173). There
does not seem to be any convincing reason not to accept the conclusion that
societal acceptance is of decisive importance for all knowledge: Scientia est
immersa in societate, technicae est immersa in societate and mercatura est immersa
in societate.
In terms of a quick legitimization of scientific development an analogy with the
legitimization of technology is instructive. Fernand Braudel writes that
technological inventions are ahead of societal demand and they become
technological innovations after a waiting period if at all (Braudel, 1979c, p. 489).
This emphasis on the long term is in line with Gérard Jorland assertion that changes
in science have not been the result of revolutions but evolutions sometimes taking
decades and even centuries to unfold (Jorland, 2002, S. 132-138). Fernand Braudel
shows that reconciling the concept of “revolutions” is difficult to reconcile with the
slow pace of change in history, e.g., changes in commerce and production as the
relative decline of northern Italy occurred over centuries, and northern Italy was
still a region of wealth in the 18th (Braudel, 1950, p. 42). Additionally, the
development that would result in the emergence of modern chemistry in the 18th
century commenced in the 13th century as is seen in Chapter VI, and this slow pace
suggests that what is sometimes referred to as the “scientific revolution” was
indeed a slow paced scientific evolution. As well, the slow acceptance of the
groundbreaking work of Antoine Laurent de Lavoisier in the face of proponents of
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the Phlogiston Theory that is assessed in Chapter VII suggests that a quick
legitimization of scientific developments is not a given thus casting additional
doubts over the very existence of revolutions in science. In other words, science is
the result of long-term evolution.
It would be too simple to see theology and science as mutually exclusive: Georg
Ernst Stahl, a prominent representative of 18th century chemistry and medicine can
be interpreted to have been a conciliator of modern experimental science and
Judeo-Christian mysticism (Duchesneau, 1982, pp. 1-2).
The argument that there is a long-term scientific evolution does not mean that
within this evolutionary process the direction of the evolution could not change.
Thomas Kuhn argues that scientists have a tendency to succumb to the idea that
their scientific discipline has developed linearly throughout history, and this
tendency has given rise to rewriting history to fit this narrative (Kuhn, 1962, p. 137).
Thomas Kuhn’s argument suggests that history science tends to leave out science
that is not part of science at the time when a historical treatise on science is
written. If this results in the loss of material regarding other science, then science
also has a tendency to reduce the resurrection of rejected science combined with
some modifications of it that could challenge the status quo. In other words,
consciously or inconsciously history of science legitimizes or delegitimizes science
based on the evolutionary status quo rather than the accuracy of the science in
question.
Scientific development in one part scientific discipline may have wide reaching
implications for other scientific disciplines: Thomas Kuhn claims that Antoine
Laurent de Lavoisier’s work on oxygen chemistry allowed people to see nature
differently and the work “in a different world” (Kuhn, 1962, p. 117). In other words,
scientific development allows for a broad-based re-assessment of science as it
relates to the way it explains natural phenomena. Thomas Kuhn’s use of the
expression “different world” does not mean that the world has changed, but it
signifies that the world has changed as it relates to the way natural phenomena
are explained by science. Consequently, science is not a product of natural
phenomena but of human actions and ultimately society.
Let us turn to the substantive criteria. The substance of science is not necessarily
free of human emotions. At least the issues which are subject to scientific
development are chosen by emotions rather than systematical analysis thus
impacting the overall content of science. Michel Foucault argues that the
“possibility of knowledge” is not based on reason, knowledge, learning,
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affirmation, certainty, conquest and serenity, but instincts, doubt, negation,
dissolution and time delay (Foucault, 2011, p. 196). Doubt as the substantive
foundation of science is suggested by René Descartes: Dubito ergo cogito, cogito
ergo sum – doubt as the driver of the scientific development was proposed by René
Descartes in the early 17th century (Minko M'Obame, 2011, p. 179). This also
speaks for the inaccuracy of science: If “instincts”, “doubt”, “negation”,
“dissolution” and “time delay” drive scientific development, then science is
sufficiently inaccurate to accommodate and even provoke such emotions.
Another way to define science is to approach it from an epistemological and
methodological standpoint. This approach is chosen by, e.g., Jules Maidika, who
defines science as all the knowledge that has been collected methodologically and
objectively in a specific domain (Maidika Asana Kalinga, 2013, p. 139). This
definition contains two problematic issues. First, it delegitimizes knowledge that
has been obtained by accident or chance – without considering its importance in
gaining and improving the description of natural phenomena. Second, it
delegitimizes knowledge based on subjective criteria. The objectivity criterion
stating that all findings have to be observable and reproducible by a third party in
order for the findings in question to be deemed science has long been considered
an essential criterion of science as Claire Petitmengin observes, but neuroscience
has at least raised questions in this rerspect, because neuroscience shows that
reality is subjective (Petitmengin, 2008, pp. 127-128). If science is a description of
natural phenomena as they exist in reality and reality is subjective, then science is
subjective. In other words, neuroscience would seem to undermine definitions of
science which are similar to those presented by Jules Maidika.
If science is considered a product of society, then the diversity of human societies
suggests that there are many sciences in the sense of an Aztec science, a Chinese
science, etc. Thomas Kuhn considers science relative in terms of society and time:
He questions the validity of the assumption that there is “one full, objective, true
account of nature”, and he suggests science could be seen in the context of the
relevant “community’s state of knowledge at any given time” (Kuhn, 1962, p. 170).
Expanding the case of one society – or “community” in Thomas Kuhn’s parlance –
to two societies with different states of knowledge at the same point in time raises
the issue of the interactions between the two sciences which are interactions
between the societies as well. This issue brings us to Gabriel Tarde and the French
Pragmatic Sociology.
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In the assessment of historical societal developments, it is not uncommon to view
them idealistically through the lens of “progress” and the will of a societal autotransformation, i.e., the development has been toward more “social justice” and
there has been a triumph of “rationalism” in politics and economics (Tourraine,
1992, pp. 80-81). This can seriously skew an assessment.

(ii) Gabriel Tarde: French Pragmatic Sociology on Science
The term “imitation” plays a central role in Gabriel Tarde’s work. Gabriel Tarde
argues that “progress” – he writes about progress in the context of inventions and
science – is based on a collective thought process that is made possible by solidarity
(on the foundation of imitation) and the exchange of the results the individual
inventors and scientists have achieved (Tarde, 1895, p. 161). The term “collective”
can be seen in the context of Gabriel Tarde’s emphasis of the interpersonal, and
his rejection of the objective: In the context of economic relationships Gabriel
Tarde considers that everything is interpersonal and nothing is objective (Latour &
Lépinay, 2008, p. 17). Irrespective of the permissibility of deducting from Gabriel
Tarde’s views on the decisive impact of interpersonal relationships in the economy
that interpersonal relationships are supreme in science as well this interpretation
can be directly deduced from his view that collective thought is ultimately based
on imitation.
Gabriel Tarde recognizes that close-knit ties between scientists give rise to
conformity and similar ideas (Tarde, 1898, p. 52). Considering Gabriel Tarde’s
warning about the detrimental effects of close relationships which favour imitation
and arguable caused by imitation demonstrates that there are limits to the
beneficial effects of imitation in his view. In other words, scientific development
requires that there is a maximum level of imitation that should not be exceeded.
Reading Gabriel Tarde’s work it remains unclear whether there needs to be a
minimum level of conformity to allow for imitation for the sake of scientific
development. This may be an indication of him solely considering imitation within
one society and societies with similar societal traditions. If this interpretation is
correct, then Gabriel Tarde’s work does not answer issues related to obstacles to
imitation based on different societal traditions. Gabriel Tarde asserts that there is
a mutual will of solidarity between the different disciplines of science but that this
is not the case between the different religions (Tarde, 1898, p. 37). At first glance,
this would suggest that the solidarity between different disciplines of science
would be able supercede incompatible societal traditions in general and
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incompatible religious beliefs in particular thus allowing for inter-societal imitation
operationalized by interpersonal relationships. In reading Gabriel Tarde’s views on
religion and the role of religion in society and science it is useful to recall that his
work was published during l’affaire Dreyfus.
The success of inter-societal imitation based on interpersonal relationships
requires that the individuals involved are able and willing to separate – or
compartmentalize – their views based on the relevant branch of the appropriate
societal tradition – including religion – from imitation in the realm of science.
Because solidarity between different religions does not exist according to Gabriel
Tarde (Tarde, 1898, p. 37), imitation across religious boundaries and by extension
boundaries between different branches of the same societal tradition or different
societal cannot be taken for granted.
Any attempt at compartmentalization is rendered more difficult, if an individual
contemplating imitation is faced with a conflict between the religious aspect of the
relevant branch of the appropriate societal tradition on the one hand and science
mutating into religion. The conflict is particularly pronounced in cases of religious
teaching exemplified by Occidental Christianity and Saint Augustine maintaining
that religion is the sole source of truth. Gabriel Tarde maintains that science is the
new religion (Tarde, 1895, p. 310). If religion is viewed as the new religion accepted
by scientists, then there are no religious impediments to imitation.
Gabriel Tarde goes even further by razing the barriers erected by different
branches of the same societal tradition or different societal traditions: He claims
that scientific development and technological innovation have entered the
imagination of humans, and that these successes have broken the barriers erected
by “customs” (Tarde, 1895, pp. 371-372). In other words, Gabriel Tarde argues
that science – and technology – effectively determines societal change. Gabriel
Tarde would thus be considerd an early proponent of technological determinism,
a concept and the problems associated with it we shall get to later in this Chapter
V.
Let us turn briefly to two issues related to substantive issues related to science.
Gabriel Tarde considers that in every discipline of science based on observation,
and legitimacy is achieved by an accumulation of observations (Tarde, 1898, p. 43).
In other words, Gabriel Tarde’s view of science does not recognize any religious
and metaphysical approach to science. This does not only delegitimize the use of
the Holy Bible as a source for science, but it also delegitimizes science that is not
based on observation, including experimental work. In this context it is an
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interesting issue whether there was much science in the sense of Gabriel Tarde’s
view in all the centuries leading to the 18th century in the Occident? If an
assessment of this question were to arrive to the conclusion that what is called
Occidental science prior to the 18th did not comply or did comply to a small degree
with Gabriel Tarde’s view of science, then there was no Occidental science and no
science-based technological innovation before the 18 th century.
If the conclusion were accepted that there was no Occidental science in the
Occident prior to the 18th century, then this does not mean that no science existed
under another heading, e.g., technology. Gabriel Tarde’s view that science is based
on observation does not rule out the possibility that the people who would
nowadays be referred to as engineers did not observe and take advantage of
natural phenomena while engaging in technology and technological innovation
already before the 18th century. It should be noted that Gabriel Tarde does not
require the formulation of abstract scientific laws or anything similar, i.e., an
accumulation of observations is sufficient in science. Consequently, activities
related to the observation of the proper temperature in metallurgical operations
and the healing effects of some plants would constitute examples of science – this
can be considered applied science. Particularly the first example would mean that
science in the sense of Gabriel Tarde was part of technology and technological
innovation in the Occident even before the 18th century.
Gabriel Tarde was well aware that 18th and 19th century Occidental science was
pursuing more abstract ideals: He contends that the ideal of science is to find one
formula that explains everything in each scientific discipline (Tarde, 1895, p. 193).
The operative word here is “ideal”. In modern science there is a prolification of
formulas, e.g., Gerd Wedler’s Lehrbuch des Physikalischen Chemie (Wedler, 1985,
pp. 1-844)contains 3383 formulas (excluding the mathematical appendix). If the
non-compliance with the ideal of having one formula to describe everything would
disqualify a scientific discipline from being science, then physical chemistry would
not be a scientific discipline. This would be an obvious absurdity. Consequently,
the lack of one formula explaining everything in what would nowadays be called a
scientific discipline prior to the 18th century cannot be interpreted as evidence of
the lack of science.

(iii) Gaston Bachelard: Philosophy of Science
Gaston Bachelard developed his views on science and scientific development in the
middle of the 20th century, i.e., about half a century after Gabriel Tarde presented
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his views. Let us look briefly at Gaston Bachelard’s views on the limits of rationality,
scientific development, the inaccuracy of science, social science, iustitia, the
obstacles and drivers of scientific development, and scientific development in
history.
Gaston Bachelard maintains that “la raison” (“reason”) is not universal. Although
René Descartes and Immanuel Kant claim that reason is does not change, but
Gaston Bachelard maintains that the “scientific culture” influences what reason is
understood to imply (Minko M'Obame, 2011, p. 173). The “scientific culture”
argument that science indicates that science depends on society and the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
insofar the “scientific culture” is impacted by general society. This suggests that
science is variable over time and thus it never represents an objectively accurate
description of natural phenoma.
Contextually it is evident that Gaston Bachelard limits his consideration to the
Occidental scientific development, but Gaston Bachelard’s view that reason is
variable over time opens up the possibility to expand his argument to suggest that
reason is variable across different branches of the same societal tradition or
different societal societal traditions as well. Such an expansion can be motivated
by his reference to a “scientific culture”, because a culture variable over time
means that variability in the “scientific culture” caused by other factors cannot be
ruled out. The variability of science caused by a change in the “scientific culture”
also suggests that a different “scientific culture” results in the delegitimization of
earlier science and the legitimization of another science. Prima facie, the earlier
science does not need to be inferior to the later science if Gaston Bachelard’s
concept of “la connaissance approchée” (see below) is rejected. In this case, the
remaining criterion is the compatibility of the earlier science with the new
“scientific culture”.
Considering the expansion of Gaston Bachelard’s “scientific culture” argument to
differences in the “scientific cultures” in societies belonging to another branch of
the same societal tradition or another societal tradition, the differences in the
“scientific cultures” can lead to the rejection of the science of the one society by
the other society. This is effectively the same mechanism than the delegitimization
caused by a change in the same “scientific culture” over time. We shall return to
this issue in the context of the delegitimization of Aztec science by the Occident
particularly in the 16th century.
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Another possible expansion of Gaston Bachelard’s “scientific culture” argument is
to consider the boundary between science and technology to be subject to change
over time. This relates particularly to applied science. If it is assumed that there
has been some form of applied science throughout human history, then its absence
in what was considered science at one point in time suggests that it was part of
something else. A strong candidate would be technology in this case.
The emergence of chemistry as science can be seen as an example of the impact
of a change in the “scientific culture” in France from the 17 th century to the 18th
century. René Descartes held a very sceptical view about chemistry as a science
(Joly B. , 2011, p. 217). It is necessarily to point out that a “scientific culture” is not
necessarily homogeneous as evidenced by the views of Pierre Gossendi: Michelle
Goupil concludes that the 17th century philosopher Pierre Gossendi was more open
to chemistry than his rival René Descartes (Goupil, 1991, S. 58).
The “scientific culture” limits the impact of any individual on scientific
development.
François Simiand argues that there is no causal relationship
between an individual and a societal phenomenon, i.e., both exist side-by-side
without the individual affecting the societal phenomenon (Simiand, 1960, p. 95).
This would mean that a scientist cannot cause society to change. In other words,
scientific development that has a societal impact needs societal acceptance.
Whereas it is unlikely that a society needs recognition from a scientist, society has
a significant impact on scientists: Pierre Bourdieu points out that society can have
a significant influence on science through societal recognition, because a scientist
may crave for prestige, recognition and celebrity and consequently work in such a
way as to gain them (Bourdieu, 1975, p. 112). Consequently, society can impact
the “scientific culture” directly and indirectly through the scientists.
So far we have assessed science as one, but Gaston Bachelard recognized that
there are differences between the rationality between different scientific
disciplines apart from changes resulting from changes in the “scientific culuture”.
He recognized that there are “les rationnalismes régionaux”, by this he meant that
the rationality differs from one scientific discipline to another (Minko M'Obame,
2011, p. 410). Obviously, this refers to the way the legitimization of science in
different scientific disciplines. If different scientific disciplines have different
“rationnalismes régionaux”, then this means the the overall “scientific culture”,
and the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at a given point in time insofar it impacts the
“scientific culture”, may impact the various “rationnalismes régionaux” and thus
the various scientific disciplines differently. Conversely, scientific disciplines based

144

Legitimization of Science and Technology

on “rationnalismes régionaux” incompatible with the “scientific culture” face
challenges in regard to their legitimacy and societal acceptance. Obtaining
legitimacy and societal acceptance depends on the time it is sought: Rationality is
historically variable introducing an anthropological and a societal dimension to the
development of science (Rossi, 1986, pp. 71-73). These challenges can be
exemplified by respective legitimacy of metaphysics versus sensualism in science.
A possible expansion of Gaston Bachelard’s “les rationnalismes régionaux” is to use
it in the assessment of the non-Occidental sciences. E.g., in the overall context of
Aztec science “les rationnalismes régionaux” of the various Aztec scientific
disciplines were compatible with the “scientific culture” in Aztec society in the late
15th century, but these “rationnalismes régionaux” were not necessarily
compatible after the destruction of Aztec society and thus the Aztec “scientific
culture” by the Occident in the 16th century – see Chapter VIII. This example
highlights that a societal crisis may result in the delegitimization of both a
“scientific culture” and the associated “rationnalismes régionaux”.
Let us turn to scientific development in the context of Gaston Bachelard’s work.
Gaston Bachelard gives reason a destruction dimension in order to use reason as a
driver of scientific development. He argues that the task of reason is to provoke
crises (Bachelard, 1972, p. 27). His argument is in line with Gabriel Tarde’s
assertion that pertubations are forces of renewal (Milet, 1972, p. 477).
Gaston Bachelard’s view means that scientists are motivated to engage in scientific
development in the context of crises. A problem with Gaston Bachelard’s writing
in this context is that it is not entirely clear whether he refers to science or applied
science. If he refers to science, then several objections to this view have been given
above based on the historical record. If he means applied science, then forces akin
to societal demand observed in the context of technological innovation may
explain a quicker pace in scientific development. Either way, Gaston Bachelard’s
crisis assertion needs to be reconciled with his “scientific culture” concept.
Depending on the substance of the relevant “scientific culture” there may be
significant limitations to the scientific development. The tighter the boundaries
set by the “scientific culture” are the less revolutionary the scientific development
can be.
Minko M’Obame writes that when Gaston Bachelard attempts to give examples of
scientific discontinuities, these examples have aspects indicating scientific
continuity, and vice versa (Minko M'Obame, 2011, p. 316). In quoting Oudeis,
Minko M’Obame argues that nothing is as difficult to prove as what is really new
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(Minko M'Obame, 2011, pp. 317-318). A key difference in the thinking of Gaston
Bachelard and Alexandre Koyré is that the first considers the development of
science from the perspective of corrected errors, and the latter argues that the
errors are as important as the correct findings (Brenner, 2003, pp. 106-107). This
does not mean that Gaston Bachelard considered errors without merit: An error
is natural and an error may be useful (Minko M'Obame, 2011, p. 251).
The interpretation of Gaston Bachelard’s work suggesting that he prefers to
consider scientific development in evolutionary terms contradicts the views of a
contemporary of his, Alexandre Koyré. Contradicting Pierre Duhem and drawing
on Gaston Bachelard’s concept of intellectual mutation, Alexandre Koyré has
claimed that the development of science is not continuous in a historical sense but
that it is characterized by radical discontinuities, scientific “revolutions” (Brenner,
2003, pp. 103-104). Alexandre Koyré writes that the task of the founders of
modern science was not to correct certain erroneous theories, but that it was to
create a new world with a new mindset (Koyré, 1966, p. 152). A challenge to using
the concept of “intellectual mutation” in this context is that it is not sufficient that
the “intellectual mutation” occurs in one or a few individuals, but it has to be at
least acceptable to a significant part of the society in question.
Alexandre Koyré’s view can be considered substantiated by Cédric Grimoull’s
argument that the societal development is the result of chance answers to
frequent unforeseeable events, including natural disasters (Grimoull, 2008, p. 16).
However, the fnding answers to unforeseen events are likely to be a task for
applied science instead of science.
Alexandre Koyré claims that a well prepared “revolution” remains a “revolution”
nevertheless (Koyré, 1966, p. 153). “Well prepared” is certainly a valid point,
because without societal acceptance no significant scientific development can be
successful, but a long preparation time suggests rather an evolution than a
“revolution”. If “well prepared” means that the involved scientists make
preparations well ahead of time, then the issue becomes from which duration on
a revolution turns into an evolution.
Let us turn to the inaccuracy of science. Michel Foucault argues that knowledge is
never fully reached; it always remains incomplete (Foucault, 2011, pp. 198-199).
Let us equate the term “knowledge” with the term “science” in the following
assessment. If science remains incomplete, then it is not necessarily a given that
it always gets better in toto. This assertion requires some elaboration. Let us
assumethat a scientific discipline uses only experiments in scientific development,
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and that this scientific discipline consists of two parts, Part A and Part B. Let us
further assume that a new analytical method emerges for Part A, and that this
allows for the scientific development. Whereas there are results only for Part A,
any conclusions in regard to Part B are purely speculative. There is no guarantee
scientific development encompassing Part A and Part B does not result in an error
for Part B, and that the accuracy of the scientific discipline is unfavourably
impacted in toto. Michel Foucault’s incompleteness argument also impacts the
assessment whether science gets better or worse: If the incompleteness prevents
an accurate assessment of whether the knowledge gets better or worse, then there
cannot be any objective measurement of better or worse against a de facto nonexistent reference. This challenge has also a physiological aspect: Humans are
limited by their sensorial abilities and that is one of the reasons why humans can
never perceive the authentic truth (García Grimaldos, 2005, pp. 291-293).
Gaston Bachelard’s work contains also an incompleteness argument. His concept
of “la connaissance approchée” means that no science is inalterably true (García
Grimaldos, 2005, p. 285). “La connaissance approchée” implies that there is one
immutable truth, i.e., the exact description of natural phenomena, and science
development allows for getting closer to this immutable truth. It is striking that
Gaston Bachelard adopts here a theological idea: Saint Augustine taught that there
is only one immutable truth in the late 4th century and early 5th century. Although
this does not prove a direct succession, this similarity suggests that theology and
science have commonalities in the Occident.
“La connaissance approchée” is problematic, if natural phenomena change over
time. A case in point is biology, because biological evolution means that
ecosystems and living organisms change over time. “La connaissance approchée”
in the case of a continuously changing natural phenomenon demonstrates rather
a strong resemblance of a perpetuum mobile than improved accuracy. This
challenge is shared by other scientific disciplines related to biology, e.g.,
carbohydrate chemistry, because the living organisms are subject to biological
evolution also affecting the chemical composition of these organisms.
Let us turn to social science. “La connaissance approchée” is also problematic in
the case of social science because of changes in society. This challenges Léon
Walras’ assertion that with progress the societal combinations become more
superior and just (Dockès, 1996, p. 144). In Gaston Bachelard’s thinking, it is
impossible to achieve exact knowledge in the “human sciences” (“sciences de
l’homme”): The knowledge obtained in “human science” is always inexact, it is “la
connaissance approchée” (Minko M'Obame, 2011, p. 511). The interpretation of
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“la connaissance approchée”: In the case of science, except for biology and any
evolution-related scientific discipline, the natural phenomena do not change and
the challenge of “la connaissance approchée” is to describe these immutable
natural phenoma as accurately as possible, but in the case of social science the
phenomena are mutable and thus the challenge is to describe changing
phenomena with the help of changing ideas as accurately as possible.
Gaston Bachelard rejects the notion that human science is intrinsically changeable:
He argues that “human science” is based on objective scientific laws which render
the “human science” deterministic, but “la nébuleuse métaphysique originelle” are
used in “human science” (Bachelard, 1972, p. 38). “La nébuleuse métaphysique
originelle” includes the very foundation of a human society, the society’s societal
tradition and its interpretation at a particular point in time. It is noteworthy that
Gaston Bachelard insists on the idea of immutable natural phenomena even as this
idea is tenable even in all scientific disciplines.
Gaston Bachelard’s view on “la nébuleuse métaphysique originelle” compromizing
the otherwise deterministic and rational “human science” can be seen in the
context of Jean Baechler’s work on the existence of several rationalities and Gabriel
Gonzáles’ work on “rationalis” versus “realis” assessed in Chapter II. Gaston
Bachelard does not admit that there may be different rationalities, and he
attempts to delegitimize them with the use of a word like “nebulous” in the context
of social science. This also suggests that Gaston Bachelard puts a higher value on
“rationalis” than “realis”.
Let us turn to Gaston Bachelard’s views on iustitia. We have seen that science and
scientific development exist and take place in society. A society’s societally
accepted interpretation of its societal tradition or its branch of its societal tradition
gives rise to the perception of iustitia in this society. It is concluded that the
interaction of science, morals and citizenship is obscure in Gaston Bachelard’s work
(Castelão, 2010, p. 67). If “progress” – in this case scientific development – is
considered to be based on multiple brains acting on the foundation of mutual
solidarity and imitation and society being imitation as Gabriel Tarde writes, then
the real or perceived lack of considering the interaction of science, morals and
citizenship is troubling from the standpoint of the French Pragmatic Sociology. As
in the case of the “human science”, Gaston Bachelard’s view about morality is one
of connaissance approchée, and morality is perceived objective, social and
universal by Bachelard (Castelão, 2010, p. 68).
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Let’s turn to Gaston Bachelard’s views on the obstacles and drivers of scientific
development.
For Gaston Bachelard, the obstacle preventing scientific
development is l’obstacle épistémologique (Canguilhem, 1968, p. 176). This
obstacle has been interpreted as fear, the cultural and instinctive fear of the
unknown and the societally disruptive (Passeron, 2000, p. 6). Fear is a basic human
emotion that is very useful for survival in the wilderness, but the level of fear also
depends on societal factors. Fernand Braudel’s argument that discontinuities
occur in the context of continuities in societies allows for the elucidation that fear
is associated with too little continuity in the context of discontinuity. An effect of
Saint Augustine’s emphasis on caritas and the work of the Ecclesia Catholica
Romana in healthcare and taking care of the poor was that it did reduce some of
the existential fears of humans. If fear reduces the acceptance of science and
scientific development, then the acceptance of scientific development could be
increased with the expansion of the society’s societal safety net. This seems to be
contradicted by the development in France during l’Ancien Régime in the 18th
century, because significant scientific development, e.g., the work of Pierre Simon
de Laplace and Antoine Laurent de Lavoisier, took place at a time when the societal
safety net rather was in retreat.
Another way to look at l’obstacle épistémologique is to equate it with certainty
rather than fear. The certainty offered by an interpretation of a societal tradition
without any challenges may not provide any motivation for scientific development.
E.g., the Imperium Romanum enjoyed several alternative relatively safe
commercial routes to India, and this certainty did not offer any motivation for the
Imperium Romanum to explore the additional commercial route circumnavigating
Africa although the Romans were aware of the maritime expeditions of the
Phoenicians and Carthaginians.
The motivation for scientific development is based on human curiosity, but it needs
enforcing: The “spirit of science” has to be renewed continuously (Gil, 2010, p.
241). One part of this is a societal issue, i.e., the attitude of society vis-à-vis science
in general and scientific development in particular. If a society’s concern is about
survival and waiting for Christ’s second coming in the year 1000, then it is unlikely
that this society is interested in science and scientific development.
A part of the issue is at the level of the individual scientist. Gaston Bachelard
argues that a scientist has to perform une autopsychoanalyse in order to purge
obstacles to rational scientific thinking, and in the process the scientist has to
distance him- or herself from his or her cultural heritage (Bachelard, 1972, p. 98).
Does this mean that “realis” is ignored in favour of “rationalis”? Does this mean
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that a scientist striving to act rationally has to cut his/her ties with his/her societal
tradition? Does the scientist need to concentrate on one form of rationality out of
several rationalities? This danger exists, because cultural and religious issues are
often neglected in the Occidental scientific measurement of human wellbeing,
particularly in the case of minorities (Loewe, 2008, p. 41).
Let us turn to Gaston Bachelard’s view of the scientific development in history.
Gaston Bachelard claims that science does not disappear, that even during times
of societal decline science is just dormant and scientific development awakes when
the societal circumstances allow for this (Bachelard, 1972, pp. 138-139). Gaston
Bachelard is not consistent in this assessment, because he also writes that the
weakness of the human spirit may result in the stagnation and decline in scientific
knowledge (Bachelard, 1971, p. 158). We have seen that scientific knowledge has
been lost probably irretrievably as in the case of Aztec science – its reconstruction
after the destruction of Aztec literature, epidemics and the imposition of the
Romanic Branch of the Occidental Tradition on the populace makes any
reconstruction next to impossible – contrary to the Greco-Roman philosophy and
science that the Occident was able to at least partially retrieve and reconstruct
particularly from Arab sources.
If it is accepted that science does not disappear, then the stage is set for the claim
that science is cumulative. At first glance this would mean that knowledge is
extended and improved within the bounds of the existing disciplines based on
organic growth. There is also another possible mechanism: The accumulation of
science may be based on the interaction of theories from different disciplines or
formerly abandoned scientific concepts are resurrected, and in this process hybrids
of the different theories emerge (Pumain, 2005, p. 7). The argument of cumulative
science contains a significant weakness, because it is based on the implicit
assumption that the individual components are correct. If even one of the
components is wrong, knowledge may deteriorate in spite of accumulation.
It is claimed that Gaston Bachelard’s work does not contain a comprehensive
history of science, because he was primarily a philosopher, and that it is necessary
to avoid rationalization of historical developments which may or may not have
been “rational” (Bontems, 2006, pp. 142-143). This objection is certainly valid, but
at the same time science and scientific development must have been societally
acceptable. In other words, e.g., historical events, society and science are
interconnected in the sense of Fernand Braudel as assessed in Chapter II.
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Scientia
Cognitio

Tempus
Figure 5: Linear accumulation of knowledge (progress). The amount of knowledge
and cognition increases steadily over time.

Gaston Bachelard’s concept of development of science resembles Saint
Augustine’s teaching on a forward historical movement. Saint Augustine broke
with the Greco-Roman conception of history consisting of cycles in favour of a view
that “universum tempus sive saeculum”, i.e., history is in a continuous forward
movement – “duarum civitatum cursus” – to its conclusion on Judgement Day
(Maravall, 1986, pp. 159-160). Because Gaston Bachelard is deceased, it has to
remain a matter of conjecture whether the similarity in Saint Augustine’s and
Gaston Bachelard’s thinking is a conscious or subconscious attempt to legitimize
Gaston Bachelard’s concept of development of science based on the Romanic
Branch of the Occidental Traditionin general and Occidental Christianity as taught
by Saint Augustine in particular. The assumption of science being cumulative as
expressed in Figure 5 is similar in its linear trajectory although not for the same
reasons.
Gaston Bachelard’s contradicts Thomas Kuhn’s and Paul Feyerabend’s
incommensurability argument: Usually the incommensurability argument is
“phrased in terms of incompatibility of the contents of alternative scientific
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theories, or meaning variance of scientific terms, reciprocal translation difficulties
of the vocabularies employed by different theories, or else the absence of shared
standards of theory appraisal” (Gattei, 2008, p. 74). The contradiction would
occur, if a “theory” following another “theory” would not build on the former,
because then there would be potential that scientific development may result in
the loss of science because of wrong science at some point in the scientific
development.
Saint-Simon proposes a different interpretation than Gaston Bachelard: There are
periods of progress interspersed by periods of regression, but the net effect is a
net gain (Yacine, 2001, p. 61). This elucidation would contradict the idea of
accumulation of science as proposed by Gaston Bachelard. In view of what we
have seen in the context of the destruction of Aztec science, Saint-Simon’s
proposal seems to be more in tune with Occidental history in “realis”.

(iv) Edgar Morin: Sociology of Science
Edgar Morin presents a concept of scientific development that is founded on a
spiral movement that had a starting point in the past but it does not have an end
point (Morin & Le Moigne, 1999, p. 44). Edgar Morin’s idea of science developing
in spiral movements contradicts Saint Augustine’s and Gaston Bachelard’s views.
The concept of a spiral movement has the strength that it allows for the
rehabilitation and incorporation of science that had been earlier delegitimized,
e.g., we shall see that the rehabilitation of Aristotelian philosophy by Saint Thomas
of Aquino was important for later Occidental science and scientific development.
An issue that remains unresolved is whether the movement into the past in the
cycle may encompass any societal tradition or any branch of the same societal
tradition, e.g., the Amerindian Tradition, the Occidental Tradition, the Arab
Tradition or the Sino Tradition, or is it limited to the same societal tradition or the
same branch of the same societal tradition, e.g., the movement into the past for
the Romanic Branch of the Occident Tradition is limited to the Romanic Branch of
the Occidental Tradition including its predecessor(s)?
Considering scientific development a spiral movement is characterized as
“complex” and “indeterministic” by Edgar Morin (Morin & Naïr, 1997, pp. 189190). Considering the multifaceted Occidental Tradition and Romanic Branch of
the Occidental Tradition, and the complexity of society, it is obvious that any spiral
movement must be characterized by complexity and indeterminism. If the spiral
movement into the past is limited to, e.g., the Romanic Branch of the Occidental
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Tradition or not, then the potential number of solutions is limited albeit potentially
very big. Therefore, the term spiral movement into the past is not indeterministic
stricto sensu, but it is de facto indeterministic.
Edgar Morin’s concept of a spiral movement legitimizes the reconnection with
older and possibly previously rejected science. This may prove valuable, if the
reasons for the rejection in the past are not valid any longer. Incorporating science
from the past broadens the foundation for further scientific development.
Simultaneously, it may narrow the base, if the spiral movement effectively
excludes from consideration science from other branches of the same societal
tradition or other societal traditions.
A special case occurs when science from another branch of the same societal
tradition or another societal tradition has been absorbed into the relevant branch
of the appropriate societal tradition in the past, and in the subsequent
development the original source is not identified. E.g., in the mistaken belief that
knowledge k1 originated from Greco-Roman philosophy and science – und thus
they were legitime from the standpoint of medieval Occidental societies – when in
fact they were of Arab origine, then this knowledge k1 from other sources than the
Roman Heritage may have entered Occidental science and technology. In other
words, the medieval Occident was mistaken. This would fit into the “Occidental
nationalism” in the histiography of science and technology observed by Fernand
Braudel (Braudel, 1979a, p. 338). The separation of a scientific concept from its
context may limit its value in the absorbing science, but the determination hereof
requires an in casu assessment. This in casu assessment holds the potential that
another science could overcome the “Occidental nationalism”.
Contraria sunt complementa: Classical science – which is mirrored in Gaston
Bachelard’s work – is criticized by Edgar Morin for relying on addition, linearity and
determinism, and consequently it fails to account for qualitative or emerging
transformations which are based on contradictions (Morin & Le Moigne, 1999, p.
116). This criticism of classical science does not necessarily translate into a view
that scientific “revolutions” do not exist. However, Edgar Morin’s criticism of
classical science implies that the role of scientific “revolutions” is overestimated at
the expense of scientific evolution. Taking Edgar Morin’s criticism a step further,
it can be asked whether the term “revolution” is a misnomer, if the scientific
development is based on contradictions in Edgar Morin’s sense in light of Gabriel
Tarde’s view that “perturbations” (Milet, 1972, p. 477) and “opposition” (Tarde,
1899, pp. 104-112) are forces for renewal. This line of argument relies on the
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premise that “contradictions” result in or are caused by “perturbations”. This
premise cannot be rejected easily.
The opposite of “contradictions”, “opposition” and “perturbations” is acceptance
and harmony. “Contradictions” and “perturbations” are not sufficient for scientific
development: It is necessary that the scientific concepts emerging are accepted.
If the idea of science being based on intelligence is accepted, then the role of
intelligence in human behaviour is of relevancy for understanding scientific
development and the societal acceptance of scientific development. Edgar Morin
argues that intelligence is always strategy, and intelligence is the foundation of
innovation and attempts to deal with uncertainty (Morin E. , 1986, p. 179). In other
words, human intelligence and thus reason does not preclude strategic behaviour
and the consideration of the relevant branch of the appropriate societal tradition
in the context of scientific development. The uncertainty is not limited to science,
it encompasses societal acceptance of scientific development. Edgar Morin’s use
of the term “innovation” is important here, because “innovation” contrary to, e.g.,
“invention” requires societal acceptance.
There is a strong interdependence between intelligence and human language,
because the formulation and the dissemination of scientific and technological
concepts are language-based as Edgar Morin argues (Morin E. , 1986, p. 119).
Edgar Morin goes on to write that human language evolves as the result of a
continuous dialogue between simplification and increasing complexity which are
necessary for, e.g., abstract conceptualization (Morin E. , 1986, pp. 120-121). In
other words, the natural phenomena and science are described with the help of a
language impact this language, but the dialogue between science and language
means also that language impacts science. The latter aspect can de facto raise
limits to science: Natural phenomena or science unknown or of no interest to a
society speaking a particular language cannot be expressed because of the lack of
the needed vocabulary and cannot become part of science of the society of which
this language is a part as a consequence. If the society in question has contacts
with another society that has a language that encompasses the needed vocabulary,
then the first society can borrow the needed vocabulary from the second language.
This challenge becomes acute, if the societies in questions are incompatible from
the standpoint of the relevant branches of the appropriate societal traditions. This
obstacle can arise also by association: If science is embedded in religion and
religious vocabulary, then religious incompatibity between the two societies may
prevent the borrowing of vocabulary and ultimately the comprehension of the
other science. The case of the destruction of Aztec science by the Occident after
1519 assessed in Chapter VIII exemplifies this issue.
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Whereas a language simultaneously influences “intelligence”, thought and
conscience and depends on the perpetuation and development of the culture of
the relevant society according to Edgar Morin (Morin E. , 1986, p. 119), the
linguistic description of science depends on the traditions of the society in which
the language is spoken. As Edgar Morin observes, knowledge has simultaneously
biological, cerebral, spiritual, logical, linguistic, cultural, social and historical
aspects, and knowledge cannot be dissociated from human life and social
relationships (Morin E. , 1986, p. 18). If sciene is expressed in language L1 that is
based on a very different spiritual, logical, cultural and so on contents of the
aspects listed by Edgar Morin than language L0, then it cannot be excluded that
speakers of the language L1 do delegitimize the science being considered for
legitimization, because they cannot comprehend the societal context of this
science. In other words, the legitimization of science is not solely a function of the
science being considered alone. This line of argument relativizes Émile Durkheim’s
argument that science includes “rules” used in the legitimization of science
(Durkheim, 1912, p. 625), because Edgar Morin’s line of argument gives society a
decisive part in the legitimization of science.
L’Ordonnance de Villers-Cotterêts of 1539, particularly its Article 111, is interesting
in the context of science and scientific development in the context of Edgar Morin’s
views on the interrelationship between science and language. In this ordonnance,
François I delegitimized Latin and legitimized French – effectively la langue d'oïl –
as the language of government in France. In the subsequent years, French also
became the language of science in the Realm. The switch to the langue d’oïl also
made “vulgarization” – to use a term used by Edgar Morin (Morin E. , 2005, p. 131)
– of science and scientific development at least in northern France easier. An
opposite case is the emergence and conscious development of Church Latin in the
Occidental Imperium Romanum, because it made the comprehension of GrecoRoman philosophy and science communicated in Classical Latin more difficult.
The two cases suggest two very different approaches to the legitimization of
science. L’Ordonnance de Villers-Cotterêts promoted the legitimization of science
among the Realm’s populace and created the prerequisite for interaction between
science and technology particularly in the cases of technological innovation being
pursued by, e.g., artisans with no or at most very limited skills in Latin. The use of
Latin as the language of science legitimized science vis-à-vis the Ecclesia Catholica
Romana and among the men of the cloth involved in science.
It is warranted to return to the example of the delegitimization of Aztec science by
Occident societies in general and Castile in particular. Whereas scientia est
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immersa in societate, Aztec science was also part of Aztec religion.
legitimization of Aztec science faced a two-pronged obstacle:

Any

9 Religion: The Occidental societies in general and the Castilian society in
general were deeply religious in the 16th century, and the incompatibility
and the theological hostility toward any other religion already in evidence
in Saint Augustine’s work raised a significant obstacle to any attempt to
legitimize Aztec science irrespective of its quality and quantity.
9 Separation of religion and science: A separation of religion on the one hand
and science on the other hand was emerging in the Occident particularly
from the 17th century onward. Even assuming that Amerindian scientific
knowledge had survived until this time, it is doubtful whether Occidental
scientists would have legitimized Aztec science which was tied to Aztec
religion, because a separation of religion and science meant that any tie
between religion and science became problematic. If the definition of
science is based on its difference from theological dogma, i.e., science is
subject to continuous change and theological dogma cannot be questioned
in the opinion of Edgar Morin (Morin E. , 1982, p. 51) rather than the
accuracy of science, then the connection between Aztec science and Aztec
religion made the likelihood of a legitimization of Aztec science slim.
Edgar Morin is critical of Occidental science. He refers to the work of Kurt Gödel
abd Alfred Tarski, and he maintains that if there is not a certain foundation for
knowledge, then there is no certain knowledge (Morin E. , 1986, pp. 16-17). If the
term “knowledge” is replaced with the term “science”, then Edgar Morin’s
reference particularly to Kurt Gödel’s work means that any uncertainty relating to
the foundation of science – or a scientific discipline – renders this science – or
scientific discipline – uncertain. Already the brief assessment of the work of
Gabriel Tarde, Gaston Bachelard and Edgar Morin has shown several uncertainties
relating to the foundation of science in the Occident. The impact of a changeable
society on science exemplifies that science is uncertain. If this conclusion is
accepted, then Edgar Morin’s criticism means that there can be no “la
connaissance approchée” in the sense of Gaston Bachelard, because science moves
with society and this does not necessarily mean that societal change is conducive
to scientific development that allows for “la connaissance approchée”.
Lino Morán and Johan Méndez consider another aspect of Edgar Morin’s criticism
against Occidental science: They write that the foundation of Edgar Morin’s
objections to Occidental science is summarized as its inability to recognize the
limits of the cognitive spirit, the limits of the human mind sets to logic, and the
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limits set by language and culture to gaining knowledge (Morán Beltrán & Méndez
Reyes, 2010, p. 130). The danger of overlooking the limitations of Occidental
societies is that the accuracy of Occidental science as a description of natural
phenomena is overrated. Consequently, it also contains the danger that
Occidental societies are adverse to other sciences based on a possibly exaggerated
belief in the cognitive spirit and the other factors mentioned by Edgar Morin.
Corazza Gentil argues that science is flexible: Flexible science implies that there
are several theories which permanently compete for supremacy (Gentil, 2009, p.
110). The idea of flexible science is impossible in view of the objection Edgar Morin
raises.
Complexity is one of Edgar Morin’s key concepts, and any assessment of Edgar
Morin’s work without at least a few words on complexity would be odd. Edgar
Morin’s idea of complexity raises significant issues for scientists. Edgar Morin
writes that complexity means that there is a circular relationship between cause
and effect caused by the indeterminism associated with the result of intentional
actions (Morin & Naïr, 1997, pp. 189-190). Here it remains unclear whether Edgar
Morin means that the indeterminism associated with the result is complete or
limited. The idea of a limited indeterminism requires a few explanatory words.
Edgar Morin has argued above that society impacts science in a multitude of ways,
and this raises the issue whether society impacts the results of intentional actions
in a situation characterized by complexity as well. It is clear, however, that Edgar
Morin is not convinced that science translates into determinism contrary to the
mechanism described by Alain Tourraine: The latter observes that the term
“progress” in the context of policy suggests that the policy is based on “science”
and that the policy is thus based on historical determinism (Tourraine, 1992, pp.
82-83).
A limited indeterminism is based on the idea that the result of any action has to be
societally accepted in order to result in scientific development. In other words, the
result would have to be compatible with the societally accepted interpretation of
the relevant branch of the appropriate societal tradition at the point in time in
question. Depending on this societally accepted interpretation the potential
number of societally accepted results may be small or de facto innumerable. Even
in the case of de facto innumerable societally accepted potential results the
indeterminism is not complete, because it has to comply with the societally
accepted interpretation.
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Prior to turning to Sub-Chapter (v) dealing with technology, it is warranted to
briefly touch on the relevancy of Edgar Morin’s concept on complexity in the
context of business and technological innovation. For an enterprise, the concept
of complexity means that the enterprise is not dealing with equilibriums but with
disequilibria which means that the enterprise has to deal with continuous
dynamism (Weber & Pólo, 2007, pp. 78-79). Continuous dynamism also means
that technological innovation is not solely dependent on factors relating to the
enterprise but to complex societal dynamics and complex dynamics between
related technologies (Galhardi & Zaccarelli, 2005, p. 25).
One way for an entrepreneur or enterprise to deal with complex societal dynamics
is cooperation directed toward technological innovation (Izerrougene, 2008, p.
415). In this context it is useful to recall Gabriel Tarde’s argument that “progress”
requires mutual solidarity and imitation. This is an example of Fernand Braudel’s
argument that discontinuity and continuity occur simultaneously, in this case
technological innovation represents discontinuity and cooperation founded on
mutual solidarity and imitation represents continuity.

(v) What is Technology?
José Ortega y Gasset argues that technology is based on the human idea that
humans have an active and shaping relationship with Nature (Mitcham, 1994, pp.
45-49): “Yo soy yo y mi circunstancia.” In other words, technology is a tool for
humans to influence their environment. Hence, technology is legitimized by
society based on the demand from society, and technology is not legitimized by
technology itself in some autonomous fashion. José Ortega y Gasset’s argument is
well in line with the Annales School in general and Fernand Braudel in particular
(Braudel, 1979c, p. 489): “L’application technique effective, par definition, est en
retard sur le movement general de la vie économique ; elle doit attendre, pour y
intervener, d’être sollicitée et plutôt deux fois qu’une par demande précise et
insistante.”38 To put Fernand Braudel’s argument another way: Only specific and
insistant demand by society turns technological inventions into technological
innovations, i.e., only society legitimizes technology.
Francisco Castro points out that there was a fundamental difference between old
technology and modern technology: Old technology (“técnica antigua”) in the
38

Author’s translation: “By definition, the application of technological inventions come
after economic change. Technological inventions become technological innovations
after repeated and insistent demands from society.”
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sense of artisanship is intuition and simple sensibility based on nature, and modern
technology (“técnica moderna”) considers Nature to be an object based on
scientific subjectivity (Castro Merrifield, 2008, p. 97). Francisco Castro’s view and
similar views are problematic from two perspectives. First, human activity has
shown signs of the aim to change or at least mitigate the impact of Nature for
millennia, e.g., in course of the construction of the Villa Adriana in the 2nd century
AD the landscape was significantly altered by “earth-moving on a colossal scale”
(Opper, 2008, p. 140). This would suggest that the “técnica moderna” is not the
product of the 17th or 18th century, or any other century after the Occidental
Middle Ages, but it already existed in Antiquity. Second, there is not necessarily a
succession of technology that would have meant the end of the “técnica antigua”
and the commencement of the “técnica moderna”, i.e., both of them do exist sideby-side. After all, science-based technological innovation looks to Nature, or more
precisely natural phenomena, for inspiration. We doubt that anyone wants to
seriously claim that present-day chemical engineering based on, e.g., carbohydrate
chemistry and thus “inspired” by Nature is somehow a historical anachronism.
François Caron presents an argument relating to the dissemination of technology
in the era prior to the establishment of formalized education in engineering, e.g.,
in France during l’Ancien Régime several Académies were established in the 18th
century. Occidental artisans worked in the foundation of tacit knowledge derived
from their different senses which were formalized from the 16th century onward
according to François Caron (Caron F. , 2010, pp. 22-25). The tacit knowledge of
the artisans was also shared between them, e.g., the large construction sites were
also sites of knowledge exchange between artisans from close and afar from the
12th century onward (Caron F. , 2010, pp. 44-46). In a similar vein, Agustí NietoGalan emphasizes the importance of networks of personal contacts apart from
espionage, texts and patents in knowledge transfer (Nieto-Galan, 2001, p. 123). In
an era with a non-existent patent system and high levels of illiteracy, personal
contacts would have been the only feasible means of knowledge transfer. The
exchange would have included all aspects of their craft, included issues relating to
the choice and preparation of building materials, i.e., materials science.
Consequently, the formalized education in engineering was an evolution in
engineering and thus technology, but education in a broad sense, i.e, exchanges of
knowledge, had existed for centuries before the 18th century.
Let us turn to the definition of technology. Technology is defined as unit
operations based on chemistry and physics for the purposes of this work. It should
be noted that the use of the term “physics” in this definition means that apart of
mechanical unit operations also, e.g., electricity-based and magnetism-based unit
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operations are included. It should also be noted that this definition does not limit
technology to industrial, manufacturing or other large-scale operations. This
definition is significantly narrower than the one adopted in parts of the literature
dealing with technology and technological innovation. A broader definition of
“technique” has been adopted by, e.g., Jacques Ellul.
The definition of technology adopted in this work is in line with the definition
thereof arrived at by Jules Maidika: He defines technology as all the methods
(“l’ensemble des moyens utilises”) and processes (“le procédé utilise”) used in the
production of objects thus transforming reality to better serve humans (Maidika
Asana Kalinga, 2013, pp. 137-139). Jules Maidika’s definition contains three
additional aspects which warrant brief assessments. First, he writes about the
“production of objects”, but it is doubtful whether many chemical products, e.g.,
polyethylene, polypropylene and xylene, can be considered “objects”. Therefore,
the idea of products being objects excludes a vast array of outputs produced with
the help of technology. Second, he writes that the outputs serve to “transforming
reality”, but all human action even without the use of technology potentially
transforms reality, e.g., the human action of eating transforms a reality of hunger
to a reality of fullness. Third, he writes that the purpose of the output is that
humans are better served, but technology may also be used to destroy humans,
e.g., weapons technology, and to protect the non-human environment, e.g.,
precipitator technology in a smokestack. Consequently, the definition made for
the purposes of this work is preferable.
Jean Fourastié defines technology indirectly using the term “progrès technique”
(“technical progress”) as the starting point (Fourastié, 1989, p. 31): Economic
developments based on “technical progress” are the result of “progrès
scientifique” (“scientific progress”). This suggests that in Jean Fourastié’s view
technology is applied science. This is a different view than the one held by Hugo
Padilla: He suggests that applied science can be consider to be either part of “basic
science” – in this work “theoretical science” – or an autonomous entity (Padilla,
1993, p. 124). The problem with Hugo Padilla’s implicit exclusion of applied science
from technology is troubling in the context of technologies which have as their
output products based on applied science as exemplified by polyethylene and
polypropylene.
Jacques Ellul does not consider that “technique” is limited to machinery or even
unit operations based on chemistry and physics, because he argues that
applications of psychoanalysis and sociology related to morals, spirituality and the
psyche are also “technique” since the 18th century (Ellul, 1990, pp. 11-12). He also
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rejects definitions of “technique” requiring a “rendement financier” (financial yield)
from technology, because he argues that (i) all benefits of “technique” cannot be
measured financially and (ii) all “technique” does not have favourable financial
yield (Ellul, 1990, pp. 13-14). The expansive definition of “technique” adopted by
Jacques Ellul encompasses practices which serve the resources to increase the
improvement of value, including wealth, power and wellbeing, with the
“technique” of government, production, medicine and family (Ellul, 1990, p. 16).
Such a broad definition hinges on the use of the term “technique” contrary to
“technology”. The focus of this work is “technology”. The definition used by
Jacques Ellul demonstrates, however, that the thinking underpinning science and
technology is occasionally used more broadly.
Jacques Ellul maintains that “technique” has become autonomous over time and is
not limited by any tradition except for anterior technology (Ellul, 1990, p. 12). The
autonomy of “technique” must be questioned In view of the assessment of science
above, e.g., Gabriel Tarde’s argument that all technological innovation has to
contend with a society that is overwhelmingly defined by its customs and traditions
(Tarde, 1895, p. 268) and Fernand Braudel’s argument of the decisive impact of
society in turning technological inventions into technological innovations.
Additionally, the idea of an autonomous “technique” does not recognize that the
installation and operation of technology are subject to regulatory approval and
thus societal acceptance in, e.g., the chemical industry, based on, e.g., a key piece
of European Union legislation, the Directive on Industrial Emissions (2010/75/EU.
François Caron notes that engineers became a distinct professional group in the
17th century, and the number of specializations of these engineers grew with the
establishment of new academies in the 17th and 18th centuries (Caron F. , 2010, pp.
60-62). This definition of engineers and engineering is based on the formal
education of the individuals in questions, but it does not address the issue of the
obvious previous existence of, e.g., civil engineering and chemical engineering.
Obviously, engineering feats were accomplished before the 17 th century, and not
considering the people who accomplished these feats “engineers” is at least odd.
Additionally, requiring that an engineer has to be a graduate of a formalized
educational programme in the Occident in the 17 th and 18th centuries de facto
means that the humans engaging in engineering in non-Occidental societies are
not given the professional recognition they deserve.
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(vi) Technology in Society
Gabriel Tarde sees that the success of a technological innovation is explained by
the assessment that this technological innovation to be useful or better than
existing technology (“causes logiques”) and reasons relating to, e.g., the proponent
of technological innovation (“causes non logiques”), and he goes on to argue the
“causes non logiques” are usually relevant (Tarde, 1895, pp. 153-154). The wording
“causes non logiques” is unfortunate, because prima facie the adherence to a
branch of a societal tradition can be considered to fall under the heading “causes
non logiques”. This adherence forms the foundation of the functioning of a society,
and without a functioning society successful technological innovation is
impossible, e.g., there would not be a basis for commercial transactions.
Consequently, the adherence to a branch of a societal tradition is “logique” and
not “non logique”.
Gabriel Tarde admits that imitation of technology cannot be separated from the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition at the point in time in question: He contends that inter-societal
imitation can give rise to significant changes in a society, including its religious
beliefs and language (Tarde, 1895, p. 276). Consequently, Gabriel Tarde’s view
contradicts Jacques Ellul’s view about the autonomy of technology. Gabriel Tarde’s
emphasis of imitation can also be criticized based on the level of complexity is
considered to be associated with technological innovation. On the one hand, the
explanation for technological innovations can be seen as a straight and
deterministic mechanistic path based on previous technological innovations, or it
can be considered a sociological process based on human and societal factors
(Lorenzi & Bourlès, 1995, pp. 30-31). On the other hand, the diffusion of technology
is not a simple matter of imitation but a complex adaptation process requiring
creativity (Crouzet, 2000, p. 198) – this contradícts with Gabriel Tarde’s reliance on
imitation in this context
Gabriel Tarde claims that non-imitated technological innovation does not exist in
society (Tarde, 1895, pp. 162-163). At first sight, this would suggest that
technological innovation would be limited to the imitation of an existing
technology in another industry segment. However, allowing for significant
technological innovation from the standpoint of technology within the context of
existing technology may also be considered to comply with Gabriel Tarde’s claim.
In other words, imitating existing technology legitimizes technological innovation.
For technological innovation in an essentially stagnant society as the medieval
Occidental societies, the issue whether technological innovation results in societal
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change or societal change results in technological innovation is of considerable
interest. Both of these dynamics have been assessed in depth by Pierre Dockès
and Bernard Rosier. Technological innovation is a “social production” that has
reverberations on societal power (Dockès & Rosier, 1988, p. 127). Although
technological innovation can be seen as driving societal change, the opposite view
can be defended convincingly: Technological innovation is the product of societal
conflicts, including economic conflicts (Dockès & Rosier, 1988, p. 206).
The importance of institutional factors are not considered decisive in this work,
because the focus is on the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at the point in time of interest.
However, the merit of Joel Mokyr’s argument that there have to be institutions
facilitating the flow of knowledge from “those who know things to those who make
things” is evident (Mokyr, 2002, p. 291).
In the literature on the history of technology, the interrelationship between society
and technology has received significant attention. The fundamental issue is
whether society dictates the path technological innovation takes – as argued by,
e.g., Fernand Braudel – or technology dictates societal development – as argued
by, e.g., Jacques Ellul. This raises the issue of social constructivism versus
technological determinism.
(a) Technological Determinism
Equating the interpretation of Gabriel Tarde’s claim that non-imitated technology
does not exist in the context of legitimizing technological innovation using an
existing “technological frame” is conceivable, but Wiebe Bijker sees this concept
as an obstacle: Using the term “technological frame” Wiebe Bijker argues that the
existing technology can constitute an obstacle to technological innovation (Bijker,
1995, p. 264). Wiebe Bijker admits that society controls technology in some
instances, but in some other instances technology demonstrates “obduracy” to
such a degree that technology impacts society in what he calls “technological
determinism” (Bijker, 1995, pp. 280-288).
Superficially, the SCOT theory developed and presented by, e.g., Wiebe Bijker
includes different stakeholder groups in a social construction of technology thus
suggesting a legitimization based on demand from society, but this interpretation
is dubious, because the result of the negociation of the stakeholder groups are
imposed on society at large (Valenduc, 2005, pp. 59-64). The selection of the
stakeholder groups and the individuals serving in them allows for great latitude for
the organization managing the exercise, and as a consequence it is not necessarily

163

Legitimization of Science and Technology

representative of society as a whole. Therefore, the SCOT theory allows for the
manipulation of the process according to the wishes of an organization proposing
a particular technology to a degree that technological determinism is achieved by
said organization. Evidently, any manipulation of the process undermines the
legitamcy thereof, and thus the SCOT theory does not provide a solid foundation
for the legitimization of technology vis-à-vis society.
Jacques Ellul is considered a prominent representative of the concept of
technological determinism in its pure form, but there are modifications to the
general idea of technological determinism, e.g., Herbert Marcuse sees in
technology a tool in societal domination and the limitation of the autonomy of
individuals (Valenduc, 2005, pp. 217-218). It should be noted that the idea of
technological determinism is not necessarily shared by Jacques Ellul: He writes that
“technique” has played an important role (“jouer un grand rôle”) in societal
development (Ellul, 1977, pp. 77-78), and he maintains that “technique” has
affected the societally accepted interpretation of the relevant branch of the
appropriate societal interpretation (Ellul, 1977, pp. 79-85). However, “un grand
rôle” is not determinism.
The idea of “technological determinism” is de facto a simplification of Martin
Heidegger’s intellectually nuanced assessment of the relationship between
humans and societies on the one hand and technology in the other hand. Briefly,
in Martin Heidegger’s thinking humans and human societies have created
technology (“Technik”) in the hope to master nature, but humans and human
societies are not able to control technology, and they are thus controlled by
technology (Schirmacher, 1990, pp. 67-71). The inability to control technology can
be considered a form of technological determinism, but it is necessary to keep in
mind that Martin Heidegger does not claim here that humans and human societies
have not been capable of controlling technology in past.
The notion of technological determinism has been limited by Langdon Winner: He
admits that technology is not autonomous, and that technology is “shaped by
social and economic forces”, but he rejects the notion that technology is no
different from other factors impacted society referring to instances in which
technology (i) creates a structure in society as exemplified by overpasses and (ii) is
political as exemplified electrical transmission (Winner, 1985, pp. 26-37). It is
evident that Langdon Winner’s understanding of “technology” – a term he does
not give a definition for – is significantly narrower than Jacques Ellul’s definition of
“technique”. The claim that technology has some form of special standing in
society is thus based on the claim that only technology creates a structure in
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society and is political. Such a claim is contentious. E.g., the non-technological
customary law and statutory law dealing with the privileges of different persons,
goups and legal entities during l’Ancien Régime certainly created a structure in
French society and were political as well. Jacques Ellul’s extremely broad definition
of “technique” does not allow for the same criticism against his work.
Thomas Misa claims that the acceptance of the idea of technological determinism
depends on the discipline being used in the assessment: Macro-level philosphers
of technology working at a high level of abstraction tend to favour and micro-level
labour historians working with case studies tend to reject technological
determinism while business and technology historians tend to take an
intermediate position (Misa, 1994, pp. 117-119). This suggests that technological
determinism is not generally accepted in the Occident.
Langdon Winner claims that technology is “essentially neutral” and “nothing more
than a tool” are effectively undermined by an ignorance of technological
knowledge among most people living in any society (Winner, 1977, pp. 27-28).
Jürgen Habermas’ view that the techno-scientific “Ideologie” since the 19th century
does not only contradict Langdon Winner’s claim from the standpoint of the
terminology Jürgen Habermas uses, but he goes on to argue that it has changed
the foundation of societal legitimization from the traditional view of interpersonal
relationships (“soziale Lebenswelt”) to human behaviour based on “rationality”
and adaptive behaviour (Habermas, 1968, pp. 81-82).
Karl Marx’ work does not necessarily support technological determinism, either:
Langdon Winner argues that Karl Marx does not truly argue that technology has
become autonomous and that it is out-of-control as a consequence, because in Karl
Marx’ view the control has migrated into the hands of a tiny minority in society
(Winner, 1977, pp. 39-40). However, Karl Marx’ use of the term “productive
factors” would support technological determinism to some degree: G. A. Cohen
argues that although class struggle is the immediate explanation of major societal
transformations in Karl Marx’ work, a strong case can be made for the
interpretation of Karl Marx that class struggle is caused by “productive forces”
(Cohen, 1978, pp. 147-150).
Arguing that non-capitalist ruling classes have been wary of change in a broad
sense and that this changed by the rise of the “productively revolutionary
bourgeoisie” is interpreted by G.A. Cohen to mean that the “production relations”
in different periods of time are developed within the confines of the pre-capitalist
relations and classes (Cohen, 1978, pp. 169-171). In other words, the relevant
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branch of the appropriate societal tradition as it relates to a particular “class”
determines the societally acceptable boundaries of activities of the individuals
belonging to this “class” and the interpretation of the relevant branch of the
appropriate societal tradition could not result in a change the societally acceptable
boundaries, e.g., the aristocracy of l’Ancien Régime could not become owners and
operators of large-scale manufacturing operations. The factual problem is that the
aristocratic seigneurs did exactly what Karl Marx considered impossible!
Langdon Winner’s interpretation of Jacques Ellul’s views on scientific development
and technological innovation is that neither is the result of individual “genius” but
by favourable conditions and common effort (Winner, 1977, pp. 60-61). This view
is in line with Fernand Braudel’s view that technological innovations become
successful when there is a societal demand for them, and the necessary demand
may emerge a long time after the technological innovation originated (Braudel,
1979c, p. 490). In view of the potentially long delay from technological innovation
to the societal demand for it the premise of technological determinism in the short
term cannot be supported based on Fernand Braudel’s work. As Fernand Braudel
does not suggest that there will be a societal demand for all technological
innovation, it is also impossible to find support for technological determinism on
the foundation of Fernand Braudel’s work (Braudel, 1979c, p. 490). There is a
disconnect between Fernand Braudel on the one hand and Jacques Ellul and his
followers on the other hand: Jacques Ellul argues that “technique” includes all of
society and that it excludes morals-based decision-making as of the 19th century
(Valenduc, 2005, pp. 12-17). Considering that this work is founded on the
continuity of society and hence technology – as a product of society – Jacques
Ellul’s mention of the 19th century as the de facto commencement of technological
determinism is meaningless. Argumentum e contrario, the continuity foundation
used in this work means that Jacques Ellul’s claim is wrong, if it cannot be proven
to have existed prior to the 19th century. The problem for Jacques Ellul’s argument
is that Chapter VI, Chapter VII and Chapter VIII show that the opposite has been
the case in the Occident.
Langdon Winner points out that Jacques Ellul does not question the existence of
geometric growth of innovation, but that he rejects the notion that this is
necessarily the case for every technology and that the spontaneity of technological
innovation renders technological innovation programmes pointless (Winner, 1977,
p. 62). Jacques Ellul’s caution in regard to the proposed geometric growth of
innovation is good to keep in mind when technological innovation is considered
throughout history, but a conclusion to this effect requires an in casu assessment.
The claim that innovation programmes do not bear fruit because of the
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spontaneity of technological innovation raises two issues. First, it is not completely
clear what is considered a “technological innovation programme” rendering an
assessment of Jacques Ellul’s scepticism toward technological innovation
programmes difficult. Second, any beneficial effect of a technological innovation
programme may be that it legitimizes technological innovation within society and
establishing it as a legitimate activity for years to come.
Langdon Winner takes a mediating position on technological determinism: He
accepts Karl Marx’ counsel that “human beings do make their world, but they are
also made by it” (Winner, 1977, p. 88). Jürgen Habermas is sceptical in regard to
technological determinism by writing that there is only an appearance of
technological determinism (Habermas, 1968, pp. 80-81): “So ergibt sich eine
Perspektive, in der die Entwicklung des gesellschaftlichen Systems durch die Logik
des wissenschaftlich-technischen Fortschritts bestimmt zu sein scheint.”39 The
hesitation Jürgen Habermas expresses can be understood to be at least partially
driven by his view that society dictates the direction, functions and speed of
technological innovation although the legitimacy of technology is not questioned
by society (Habermas, 1968, p. 80).
Langdon Winner expresses doubts whether the Occidental Tradition, including
Greek philosophy and Christian theology, encourages or even contains
components in regard to a suggested Occidental desire to dominate and subjugate
nature (Winner, 1977, pp. 111-118). Langdon Winner’s claim has to be limited to
a period of time stretching from the Imperium Romanum to the 12th century. In a
society based on the teaching of, e.g., Saint Augustine there was no foundation to
seek domination over nature, but this changed from the 12 th century onward as
can be concluded from Fernand Braudel’s work. Fernand Braudel observes that
the Occident wanted to dominate the world with the help of technology and other
expedients as the result of a mental change that commenced in the 12 th century
(Braudel, 1979a, p. 363). This translates into a need to dominate nature to achieve
world domination by the more efficient and more innovative use of the available
natural resources.
Jürgen Habermas’ argument that the change of the foundation of the legitimization
of society from cosmological considerations based on myths, religion and
metaphysics to rationality based on work within the relevant society characterizes
the end of traditional society and modern society in the sense of capitalist society

39

Author’s translation: „It raises the spectre that the development of the societal system
seems to follow the logic of scientific and technical progress.“
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is based on one crucial assumption: Rationality is not another cosmology. If
science in general and rationality in particular can be considered neutral in the
sense of not being dependent on the relevant branch of the appropriate societal
tradition, then Jürgen Habermas’ argument is an interesting foundation for
assessment. If science in general and rationality in particular are dependent on the
relevant branch of the appropriate societal tradition, then the science and
rationality in question may be interpreted as an ersatz cosmology. In the latter
case, there is not an obvious difference between traditional society and modern
society: one cosmology replaces another cosmology.
From the standpoint of technological innovation, Jürgen Habermas’ argument
suggests the possibility of interpreting the foundation of technology and
technological innovation to be science in the sense of empirical science even
before the 18th century, because the difference was not necessarily in the
foundation of technology and technological innovation but the societal legitimacy
of and thus demand for technology. This line of argument ties in with Fernand
Braudel’s interpretation (Braudel, 1979c, p. 489): The societal demand for the
application of technology always precedes the application. The issue of the
number of technological innovations is thus not related to them being sciencebased or not, but it is a matter of societal acceptance of technology.
Strictly speaking, technological determinism can work only if technology shows
only one way forward and society has to follow this path. However, of there are a
great number of technological inventions among which society can choose, then
technological determinism cannot exist.

(b) Impossibility of Technological Determinism
Gérard Valenduc argues that the idea of technological determinism is founded on
two questionable assumptions (Valenduc, 2005, pp. 43-44): The “illusion”of
“progrès” that suggests that technology provides solutions to the ills plaguing
society, and the claim of the neutrality of technology. The first – in his view – faulty
assumption is exemplified by the ecological destruction of the Earth, including
climate change that threatens both human societies and ecosystems. This faulty
assumption has also had implications for life within society. Chapter VII suggests
that societal changes caused by the use of the tool “technology” arguably
contributed to the demise of a society that was founded on mutual interpersonal
relationships, i.e., l’Ancien Régime, a demise that has contributed to individual
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freedom on the favourable side and an increase in social isolation on the
unfavourable side.
The second faulty assumption is even more serious, because it negates human
dignity. Serious criticism against “la technique” has been expressed by, e.g.,
Philippe Forget and Gilles Polycarpe (Forget & Polycarpe, 1990, p. 146): “Derrière
son visage de neutralité, la technique cache la force totale de la négation totale,
l’effacement de l’humain dans le feu dévorant de la violence machinale.”40 In other
words, technological determinism results in the negation of humans and human
society. The negation of humans means that humans have no value in a society
that is determined by technoscience. The lack of value combined with the lack of
morals as a foundation of decision-making – the latter suggested by Jacques Ellul
(Valenduc, 2005, p. 15) – means that there is no legitimization for human dignity.
Jacques Ellul’s work on “technique” is de facto founded on the premise that
“technique” has replaced the Romanic Branch of the Occidental Tradition and the
Germanic Branch of the Occidental Tradition in the legitimization of science and
technology. In other words, “technique” has established cooperation within
society – the reduction of confrontation and the stronger emphasis on cooperation
in the assessment of the history of “techniques” is called for by, e.g., Antoine Picon
(Picon, 1995, pp. 533-534). The replacement of the aforementioned branches of
the Occidental Tradition suggests that they on the one hand and technological
determinism on the other hand are at least potentially at loggerheads, and this
would rather speak for confrontational relationship between “technique” and
society, if Jacques Ellul’s replacement claim is rejected. Whereas a further
assessment hereof is not relevant for the time period covered in this work, i.e.,
until 1789, this issue will not be pursued further.
Fernand Braudel (Braudel, 1979a, p. 293) and Jacques Ellul (see above) agree on
one point: “Technique” can be considered to develop autonomously from society
only from the 19th onweard, and even in this case Fernand Braudel is hesitant (“le
movement qui renverse l’obstacle n’est jamais le simple développement interieur
de la technique ou de la science en elles-mêmes, sûrement pas, en tout cas, avant
le XIXe siècle”41). Hesitation in warranted in this regard, because reducing
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Author’s translation: “Behind ist mask of neutrality, “technique“ hides its total
negation and deletion of humans, and the violence caused by machinery.”
41
Author’s translation: “The movement that overcomes an obstacle is not interior to
science and technology, at least not prior to the 19th century.”
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everything in society to “technique” is quite a simplification of society and human
behaviour in society.
The concept of technological determinism is criticized for being “naïvement
progressiviste” by David Edgerton and Dominique Pestre (Edgerton & Pestre, 1998,
p. 827): It does not offer an explanation for the direction of changes in technology
and the societal desirability of changes in technology. If Jacques Ellul’s view on
“technique” having de facto replaced two branches of the Occidental Tradition is
accepted, then the societal desirability is a moot point, because the desirability is
a given. As soon as the two branches do still exist and offer foundations for
criticism against “technique”, the validity of technological determinism becomes
dubious.
Technological determinism relies on an implicit assumption: There is demand for
technology, because technology permeates all of society. Fernand Braudel’s
concludes that society tends to maintain the status quo (Braudel, 1979a, p. 382).
This conclusion challenges the implicit assumption. Any lack of demand constitutes
an impediment to at least innovation and possibly even invention. After all, any
lack of demand means that there is not a business case for innovation.
Consequently, there has to be a change in society that results in the abandonment
of the status quo for innovation.
Considering technological determinism through the lens of the French Pragmatic
Sociology, and particularly the objections Gabriel Tarde raised against social
Darwinism and biological explanations of crime assessed by, e.g., Laurent
Mucchielli (Mucchielli, 2001, p. 44), is an ambiguous undertaking. On the one
hand, Gabriel Tarde’s objections can be seen as a fundamental critique of any form
of determinism in any human action, and technology is undoubtably the result
human action. On the other hand, Jacques Ellul subsumes all actions in society into
“technique” thus at least superficially eliminating any contradiction. A problem
surfaces, however, if society does not only change based on present-day, or at least
19th, 20th and 21st century, factors, but society changes based on earlier traditions.
Thus, Jacques Ellul’s concept is at least potentially flawed because of its
determinism analogous to the social Darwinism and biological explanation of crime
criticized by Gabriel Tarde, but also its de facto cutting out the “memory” saved in
society’s DNA.
Ultimately, every society has to decide whether technological determinism is
acceptable. It certainly is not congruent with the Romanic Branch of the Occidental
Tradition with its emphasis on iustitia, solidarity and caritas. Consequently,
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technological determinism is impossible in the Romanic Branch of the Occidental
Tradition.
The opposite of technological determinism is that technology is the product of
society, and this is referred to as social constructivism (Valenduc, 2005, p. 219).
Fernand Braudel’s argument that technological inventions become technological
innovations on the foundation of specific and insistent demand by society could be
considered an example of social constructivism. Gabriel Tarde’s work could be
seen as an example of social constructivism as well: He argues that scientific
development and technological innovation – like all forms of the arts – are founded
on religious, economic, political, esthetic and linguistic influences (Tarde, 1898, pp.
166-167). In other words, technology is limited by society. However, such
interpretations would have to deal with Antoine Picon’s (Picon, 1995, p. 534) claim
that social constructivism does generally exhibit a focus on the short term, because
Fernand Braudel’s focus is the long-term development. Whereas the subject of
social constructivism, i.e., society, exists over the long term, social constructivism
need not be focussed on short-term from the standpoint of the Annales School.

(vii) Science versus Technology
The relationship between science and technology throughout the history of
science and history of technology is problematic, because “science” is not always
separated into “theoretical science” and “applied science”. The absence of such a
separation facilitates the idea that there was no applied science and thus virtually
no science-based technological innovation prior to the 18th century. If applied
science did not exist as part of science, then the issue becomes whether applied
science was part of tehnology. This line of argument is illustrated in Figure 6. Case
A demonstrates the situation as of the 18 th century, and Case B illustrates a
situation with different boundaries between “science” and “technology”. The
boundaries need not be the same for all scientific disicplines adding another
variable.
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Figure 6: The boundaries between science and technology (bold lines) differ in
Case A and Case B. The key issue is whether applied science is a part of science
along with theoretical science or a part of technology. It cannot be ruled out that
the boundaries are different for, e.g., physical and chemical phenomena.
Engineering encompasses theoretical science, applied science and technology
irrespective of the boundaries between science and technology.

In history in general and in the history of technology in particular it can be observed
that science and technology are considered to have been separated until the 18 th
century. This is exemplified in the work of Fernand Braudel from the Annales
School (Braudel, 1979a, p. 379): “Par surcroît, avant le XVIIIe siècle, la science se
souciait peu encore des solutions et des applications pratiques. Telles exceptions,
les découvertes de Huygens (le pendule, 1656-1657) ; le spiral réglant, 1675) qui
bouleversent l’horlogerie, ou l’ouvrage d’un Pierre Bouguer, le « Traité du navire,
de sa construction et ses mouvements » (1746), ces exceptions confirment la
règle”42. In other words, technology existed and technological innovations
occurred without a foundation in science in Fernand Braudel’s view.

42

Author’s translation: “Prior to the 18th century, science did not offer many practical
solutions and applications. Some exceptions existed: de Huygens’ pendulum (1656-
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The standpoint that technology in the sense of techne, i.e., craft, is void of science
is challenged by the work of Socrates, Plato and Aristotle as interpreted by Carl
Mitcham (Mitcham, 1994, pp. 117-125): He argues that both Plato and Aristotle
did not consider that there is a logos of techne, but they admitted that techne uses
logos. Carl Mitcham argues that while Plato tied “techne into consciousness and
defining the primary type of techne as that which can use mathematics to express
itself, the nevertheless distinguishes techne from pure consciousness or
consciousness of a nonmetarial reality” (Mitcham, 1994, p. 119). Plato’s heavy
emphasis on mathematics is noteworthy, and it also disqualifies his division
between techne and episteme, i.e., technology and science, respectively. All
Occidental science is not mathematical to a significant degree as Plato’s view
would lead us to believe, e.g., carbohydrate chemistry and hydrocarbon chemistry
are not very mathematical except for some methods used in analytical chemistry
and the engineering of chemical unit operations in particular. Aristotle admitted
that techne is episteme in the sense that it “involves true consciousness of the
world and hence can be taught or communicated”, but techne is different from
episteme “insofar as it bears upon changing rather than unchanging things”
(Mitcham, 1994, pp. 120-121). Consequently, neither Plato nor Aristotle ruled out
science-based technological innovation in Antiquity. Considering the authority of
Plato and Aristotle particularly from the High Middle Ages onward, this same
conclusion applies from the High Middle Ages onward.
The School of Alexandria shows that applied science was known and practiced in
Antiquity. Fernand Braudel (Braudel, 1979c, p. 470) notes that an engineering
school was founded in Alexandria in the 3rd century BC. Considering that
engineering consists of theoretical science, applied science and technology at its
very core, any suggestion that applied science did not exist in Antiquity is dubious
at best. In view of the examples relating to engineering mentioned above, any
claim that engineering did not exist prior to the 18th century is untenable. This
means that there was formal engineering education in Antiquity, and this also
means that applied science had to exist as well, because without applied science
engineering cannot exist.
Aristotle argues that only men adversed in theoretical political knowledge should
be allowed to participate in government (Medina, 1993, p. 162). This lent also
theoretical science more prestige than to applied science and particularly

1657) that was important for watchmakers, and Pierre Bouguer’s work on naval
construction and movements (1746).”
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technology. Thus, Aristotle did not fully delegitimize technology, but he reduced
its legitimacy in society and among humans working in science.
Were science (techne) and technology (episteme) separated prior to the 18th
century? Scepticism is warranted because of the significant engineering feats
during the centuries in question. The still visible examples include the construction
of medieval cathedrals as exemplified by la cathédrale Notre-Dame de Paris and
the Roman pont du Gard that supplied Nemausus with water. The lack of
references to failures every time a structure was built during the Imperium
Romanum or the Occidental Middle Ages suggests that engineering was sufficiently
developed to contain rules of some form to determine the statics of the structures,
the proper selection and use of building materials, etc. In other words, there must
have been at least oral descriptions about natural phenomena relating to the
construction of structures, e.g., what is called materials science and structural
engineering in the 21st century. The absence of written treatises on applied science
cannot be interpreted to mean that applied science did not exist prior to the 18th
century. It is warranted to assess engineering from the standpoint of the
interrelationship between science and technology.
In the modern chemical industry and chemical engineering there is no clear cut
difference between science and technology, and science is given a predominant
role as evidenced by this description given by Warren McCabe, Julian Smith and
Peter Harriott (McCabe, Smith, & Harriott, 1985, p. 3): “Chemical engineering has
to do with industrial processes in which raw materials are changed or separated
into useful products. The chemical engineer must develop, design, and engineer
both the complete process and the equipment used; choose the proper raw
materials; operate the plants efficiently, safely, and economically; and see to it that
products meet the requirements set by the customers. Chemical engineering is
both an art and a science. Whenever science helps the engineer to solve a problem,
science should be used. When, as is usually the case, science does not give a
complete answer, it is necessary to use experience and judgment. The professional
stature of an engineer depends on skills in utilizing all sourcres of information to
reach practical solutions to processing problems.”
The necessity of comprehending science in chemical engineering in the context of
equipment is emphasized by Warren McCabe, Julian Smith and Peter Harriott
(McCabe, Smith, & Harriott, 1985, p. 4): “Because the unit operations are a branch
of engineering, they are based on both science and experience. Theory and practice
must combine to yield designs for equipment that can be fabricated, assembled,
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operated, and maintained. A balanced discussion of each operation requires that
theory and equipment be considered together.”
Considering these two quotes, it is noteworthy that the non-scientific aspects of
chemical engineering are referred to in a multitude of ways: “art”, “experience”
and “judgment”. If “technology” can be subsumed to be the non-scientific aspects
of chemical engineering, then “art”, “experience” and “judgment” would be the
foundation of “technology”. As is clearly stated in the first quote “technology” is
secondary and science is primary in the development, design and operation of a
production facility.
The obvious existence of engineering prior to the 18 th century can be explained
using a continuum reaching from (i) the negation of the necessity of science in
engineering in contravention of the discussion of chemical engineering by McCabe,
Smith and Harriott above to (ii) the acceptance of the existence of some form of
science underpinning technology and technological innovation prior to the 18 th
century. A potential mediating position would be to argue that science started to
become a part of engineering in the 18th and that engineering without science was
possible before that time.
The mediating position suffers from a fatal flaw in not providing a credible reason
for engineering needing science as of the 18th century – after having been able to
enable significant engineering feats for millennia. This contradiction warrants a
second look at the emergence of new technology and the methodology of science.
If the emergence of new technology is described – this is a simplification – as the
result of trial and error, then it can be seen to be the result of empiricism. As long
as science is based on metaphysics as exemplified by the Aristotelean physics there
is a gap between science and technology – particularly if scientists are unwilling to
engage in applied science. However, if empirical methodology is used in science
as described by Denis Diderot and practised in alchemy and chemistry, then both
science and technology are empirical. More broadly, empiricism is legitimized not
only in technology but also in science.
José Gaos admits that there was much “technique” already in Antiquity as
exemplified by Greek surgery and Roman engineering, but modern “technique” has
to be separated from older “technique”, because older “technique” could not have
a relationship with modern science (Gaos, 1993, p. 112). José Gaos’ view and
similar views suffer from two serious flaws. First, as Chapter V demonstrates
science is in constant flux in its attempt to find a better description of natural
phenomena, and therefore there is no guarantee that modern science is
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considered as off the mark in the future as old science is considered to have been
today. Hence, the access modern “technique” has to modern science is not
necessarily a quality seal. Second, a human living today is not necessarily objective
in assessing the relative quality of old science and modern science: 21 st century
“technique” is better than 12th century “technique”, because a 21st century person
says so. The conflict of interest is evident. The line of argument used by José Gaos,
and others using a similar line of argument, is thus dubious at best.
Let us move on to empiricism, a key issue in the context of chemistry and chemical
engineering. If empiricism is considered a valid methodology in science, then the
trial and error in technology can be considered to be based on a valid scientific
methodology. The very process of trial and error suggests that some conclusions
are drawn from empirical failures and these are used in improving the technology
in question. In other words, knowledge based on a valid scientific methodology
had to be used in technology even before the 18th century.
Assuming that the humans engaging in engineering prior to the 18 th century did
not attempt to formulate highly abstract aggregate explanations of natural
phenomena, then the question can be asked whether their empirical work can be
considered science.
Demanding the formulation of abstract aggregate
explanations to be valid in all situations fails to recognize that there are numerous
very specific formulas and other rules in chemical engineering dealing with very
specific situations, e.g., the Reynolds number used to calculate the transition from
laminar to turbulent flow is calculated differently for Newtonian and nonNewtonian fluids (McCabe, Smith, & Harriott, 1985, pp. 43-44). In spite of this
specificity, fluid mechanics is science. Consequently, the empirical knowledge used
in technology prior to the 18th century cannot easily be considered non-scientific.
It is a completely different matter that it did not use non-empirical science – or
metaphysics – like Aristotelean physics.
Fernard Braudel’s claim that science and technology were separate until the 18 th
century is true only if the use of the term “science” is limited to the metaphysical
and non-empirical science, i.e., theoretical science. It is not true, if the trial and
error associated with technology is considered science, i.e., an exponent of applied
science. In the latter case, the primacy of science in engineering in general and
chemical engineering in particular was valid even before the 18th century. To
reemphasize, the key point is to understand that the boundary between science
and technology has changed in history, i.e., applied science was part of technology
to a large degree prior to the 18th century and from the 18th century onward it
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became a part of science. Applied science has been a part of engineering for
millennia.
The scepticism toward the role of science in the context of technology and
technological innovation could be legitimized with a reference to the emergence
of the bridge between science and technology, i.e., engineering, in the 18th century
with the exception military engineering that emerged in the 15th century according
to Fernand Braudel (Braudel, 1979a, p. 379). This line of argument contains a
serious flaw, because it does not recognize that engineering projects had been
successfully undertaken for several millennia prior to the 18th century.
Jean Fourastié ties technology to science (Fourastié, 1989, p. 31): Economic
developments based on “technical progress” are the result of “progrès
scientifique” (“scientific progress”).
This signifies that technology and
technological innovation are science-based. Jean Fourastié goes on to specify that
his entire assessment relates to the “civilisation contemporaine” (“contemporary
civilisation”) suggesting that his definition may be only valid for the 20 th century
and probably the 19th century, but this limitation comes in the context of his
rejection of the idea that capital rather than technology has been the driver of the
“progrès économique” (“economic progress”) (Fourastié, 1989, pp. 31-32). The
context of the time limitation does not allow for an unequivocal answer to the issue
whether Jean Fourestié limits the role of science in technology to the 20th century
and possibly 19th century or not.
If it is accepted that there is an interrelationship between sciene and technology,
then the issue of precedence remains to be resolved. Jacques Ellul claims that
historically “technique” has preceeded science, but “technique” needs science to
solve problems (Ellul, 1990, p. 5). Jacques Ellul also notes that the relationship
between science and “technique” has become less clear in our times” (Ellul, 1990,
pp. 5-6). Jürgen Habermas goes a step further and writes that technology has
become science-based starting in the 19th century (Habermas, 1968, p. 73). These
three statements paint the picture of a development toward increasingly sciencebased technology and technological innovation could be explained with the help
of Gaston Bachelard’s view on accumulative of knowledge: The accumulation of
knowledge in science has allowed science to offer increasingly better input to
technology and technological innovation.
Fernand Braudel writes that the “Industrial Revolution” is a continuous process
characterized by successive numerous additional innovations with the later
innovations legitimizing the earlier innovations in the same direct line of
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innovation, i.e., the earlier innovation on which the later innovations are based
(Braudel, 1979c, pp. 493-494).
Transposing Fernand Braudel’s idea of
legitimization through successive innovations onto the suggested increasing
importance of science in technological innovation, the increasing importance of
science in technological innovation can be interpreted as an indication that the
successful use of science has legitimized its later use in technological innovation.
The growth of innovation has resulted in the emergence of large technological
systems: Writing about the 19th and 20th centuries, Thomas Hughes maintains that
the “evolution” of large technological systems is characterized by overlapping and
backtracking “invention, development, innovation, transfer, and growth,
competition, and consolidation” (Hughes, 1987, pp. 56-57). Thomas Hughes’
description casts doubt over a development based on an accumulation as a driver
of technological innovation. His description is in line with Edgar Morin’s concept
of circular movements in the development of science. This means that competing
with or complementing the view based on Jacques Ellul, Jürgen Habermas and
Gaston Bachelard is a second view based on Thomas Hughes and Edgar Morin.
In another view, technological innovation is based on a combination of different
component emanating from science and technology, and these components may
be of different age. The possibility to resort to components of different age
increases the number of potential components and subsequently the number of
potential combinations of them. The greater number of potential combinations
means that there is a greater number of potential technological innovations.
The greater number of potential innovations can be useful in finding societal
acceptance for technological innovation. Michel Callon points out that societal
factors are a key part in technological systems and thus in science and technology:
He writes that “the engineers involved in the design and development of a
technological system, particularly when radical innovations are involved, must
permanently combine scientific and technical analyses with sociological analyses”
(Callon, 1987, p. 100). In other words, new technology has to find a way in old
society.
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(viii) Chapter Assessment
This Chapter addresses the question of what constitutes science and technology.
For a work following the path followed by, e.g., Fernand Braudel by taking the longterm view of historical developments, the variability in the meaning of the term
“science” in the Occident in the last 2500 years poses a challenge. There are two
diametrically opposite ways to deal with this challenge. First, the meaning of the
term “science” can be considered to have the meaning given to it at different
points in time throughout history. This way would mean that a meaning of science
incompatible with the meaning of the term “science” at a particular point in time
would not be used. However, it does contain a serious flaw, because the use of
different meanings of term “science” would render any assessment of scientific
developments de facto impossible.
Second, the meaning of the term “science” can be defined in the same way for the
entire historical time period considered. The prerequisite for this approach is that
the term “science” is defined in one way. One way to do this is to adopt the
present-day definition. At first glance, this would imply that the present-day
definition of science and possibly even science are superior to anything found in
the past in accordance with Gaston Bachelard’s concept of “la connaissance
approchée”, but this is not necessarily the case. The choice of the present-day
definition of science is one possible way to standardize the definition for the
purpose of allowing an assessment of science during a long period of time in the
history of the Occident.
The standardization of the term “science” is particularly necessary, if applied
science exemplified by significant parts of chemistry is assessed. The reason for
this is that under the influence of the Greco-Roman philosophy and science and its
physics-inspired definition of the term “science” limiting it to oftentimes
speculative theoretical science, applied science was not considered science until
the 18th century. The exclusion of applied science from science has the implication
that it de facto excludes science-based technology.
The absence of applied science from the meaning of the term “science” does not
mean that it did not exist prior to the 18 th century. Keeping in mind that
engineering consists of theoretical science, applied science and technology, the
chemical, civil and mechanical engineering feats during Antiquity, the Occidental
Middle Ages and the Modern Period until the 17th century show that applied
science existed in spite of the term “science” being defined as solely theoretical
science at the time. The proof of its existence is that, e.g., the applied science
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“materials science” was needed to construct the aqueducts in Antiquity and the
cathedrals in the Middle Ages.
An emphasis on theoretical science as the only form of science until the 18 th
century also results in a single-minded focus on physics in the realm of science.
One of the predecessors of chemistry, alchemy, existed from Antiquity to at least
the 18th century. Alchemy was certainly empirical in the sense of being founded
on experiments and observations, and any attempt to produce gold from other
chemical elements certainly has to be characterized as an applied science.
Certainly, alchemy had serious shortcomings, but physics had hardly any fewer
shortcomings in Antiquity, the Middle Ages and the Modern Period until the 17 th
century when assessed from today’s perspective. And there is no reason to believe
that present-day chemistry and physics will be assessed less harshly in the future.
It is noteworthy that the weakest part of alchemy was actually the part that
corresponded the most with the definition of the term “science” until the 17th
century: speculation. Specifically, the speculation that an element could be turned
into another element (preferably gold) was probably the weakest point of alchemy.
The strength of alchemy was its empirical aspect. The – arguably nonsensical –
legitimacy of speculation in the context of theoretical science was detrimental to
Occidental science and technology for two major reasons. First, the legitimacy of
speculation in science de facto prevented empirical work in theoretical science:
Empirical work would have allowed bridging the gap between theoretical science
on the one hand and applied science and technology on the other hand. It is safe
to assume that this would have been conducive to the emergence of more
inventions and technological innovation.
Second, societal factors, including language and neuroscience (see Chapter II),
were introduced into science by means of the legitimization of speculative
theoretical science. Contrary to empiricism in the sense of science based on
empirical work, speculation is an impediment to the absorption of non-Occidental
science into Occidental science. If science is based on empirical work alone, then
the only legitimization non-Occidental science requires is that it corresponds with
natural phenomena. If science is based on speculation, then the legitimization
non-Occidental science needs is to show that it is compatible with the foundation
of the Occidental speculation, i.e., the relevant branch of the Occidental Tradition
at the point in time in question. For any science that has not emerged from the
relevant branch of the Occidental Tradition, the first burden of proof is possible to
achieve, but the second is unlikely.
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One of the challenges for non-Occidental sciences relates to the Occidental view
of truth. Gaston Bachelard’s concept of la connaissance approchée means that
there is one immutable truth, and that science approaches this one truth more and
more. The fundamental issue of the validity of the postulated one truth is not
seriously questioned in the Occident. This means that any science that takes the
opposite view, i.e., the truth is variable over time, is incompatible with the
Occidental Tradition, and it will be delegitimized as a consequence. This
constitutes a significant obstacle to the legitimization of non-Occidental sciences
in the Occident, if the non-Occidental sciences are not based on the assumption of
there being only one truth. This raises the possibility of Occidental science being
an encapsuled system unable or unwilling to interact with non-Occidental sciences.
Edgar Morin and Gaston Bachelard have fundamentally different views in regard
to the way Occidental science develops over time. Whereas Edgar Morin argues
that science develops in a circular movement, Gaston Bachelard argues that it
develops by addition without substraction in a more or less linear or at least
stepwise fashion. These two views describe very different legitimizations of
science. The circular movement recognizes that past science may be more
accurate than present-day science, hence past science is a potential source for
science and the legitimization of science. The linear or stepwise development of
science is based on the assumption that science gets continuously more accurate,
and the only role of past science is that it served in the development and
legitimization of present-day science some time in the past, i.e., it is a moot point
today and in the future. Gaston Bachelard’s view makes it at least very difficult to
return to past science as the starting point for the correction of later science that
has proven to be wrong. The only logical way would be to claim that the inaccurate
science is not science at all, but such a view would be untenable even according to
Gaston Bachelard, because the concept of la connaissance approchée recognizes
that present-day science is inaccurate. In other words, science could never exist.
Neither Edgar Morin nor Gaston Bachelard specifically address the issue of the way
the non-Occidental sciences can enter Occidental science. In fact, both the circular
development described by Edgar Morin, and the linear or stepwise development
described by Gaston Bachelard suggest that Occidental science develops based on
self-sufficiency. These may be satisfactory approaches in the developments
assessed in Chapter VI and Chapter VII, but the developments assessed in Chapter
Chapter VIII show that Edgar Morin’s and Gaston Bachelard’s approaches describe
developments which impede science.
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Gabriel Tarde’s concept of “imitation” would superficially provide an opening for
the non-Occidental sciences into Occidental science, but Gabriel Tarde’s concept
of “imitation” does not necessarily solve the issue of any obstacles non-Occidental
sciences have to clear. Whereas Gabriel Tarde concludes that, e.g., “morality” and
“politics” impact “imitation” (see Chapter VIII), he admits that the absorption of
non-Occidental science into Occidental science founded on the accuracy of the
non-Occidental science is an illusion. In other words, Gabriel Tarde acknowledges
that science and technology exist in society and not the other way around.
Additionally, language and neuroscience (see Chapter II) provide reasons for the
conclusion that imitation is unlikely to occur.
Turning our attention to technology, technological determinism as assessed by,
e.g., Jacques Ellul shows an Occident that is largely a closed system from the
standpoint of the legitimization of technology. This Chapter V shows that
technological determinism supposedly emerged in the 19th century, i.e., after the
end of the time period (until 1789) assessed in this work. Whereas technological
determinism is a development within the Occidental Tradition, the foundation of
the legitimization of technology is still based on the Occidental Tradition. In other
words, Jacques Ellul’s “technique” is an interpretation of the relevant branch of the
Occidental Tradition at different points of time in the last 200 years. Any
legitimation of technology is thus subject to the Occidental Tradition, its strengths
and weaknesses.
Considering “technique” autonomous from the societally accepted interpretation
of the relevant branch of the Occidental Tradition is impossible, because
“technique” is an expression of the Occidental Tradition. Thus, even adopting the
rather extreme view that “technique” is autonomous from society and directs
societal developments still contains the Occidental Tradition as the source for its
substantive contents. Whether the societally accepted interpretation of the
relevant branch of the Occidental Tradition at a particular point of time directly or
through the expedient of “technique” forms the foundation of the legitimization of
technology is ultimately irrelevant.
What Jacques Ellul and other adherents of technological determinism fail to
address is a flaw that can already be discerned in Gaston Bachelard’s concept of la
connaissance approchée. They assume – without convincing proof – that there is
only one way: technology breeds more technology and knowledge breeds more
knowledge. Although the societally accepted interpretation of the relevant branch
of the appropriate societal tradition at a particular point in time tolerates the
hegemony of “technique”, this has not always been the case (as admitted by
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Jacques Ellul). Because it has not always been so, there is no credible reason to
believe that the societal tolerance of the hegemony of “technique” will be
tolerated by society in all eternity going forward.
In the same way as technological determinism became the dominant part of the
societally accepted interpretation of the Romanic Branch of the Occidental
Tradition in the 19th century and remained so in the 20th century as a
reinterpretation of the Romanic Branch of the Occidental Tradition, another
reinterpretation will remove its domination at some point in time in the future.
Assuming that technological determinism is valid, of course.
Technological determinism destabilizes Occidental society by transforming
intermittent conflicts into a permanent conflict.
A societally accepted
interpretation of the Romanic Branch of the Occidental Tradition tolerating
technological determinism legitimizes science and technology that runs counter to
“iustitia”, “solidarity” and “caritas” by making an equivalent of the defense and
expansion of Occidental Christianity the norm (see Chapter IV). Chapter VII shows,
among other things, that technology is capable of provoking societal tensions.
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VI. First Case: High Middle Ages – New Legitimization of
Science and Technology
In Chapter I, the Sub-Objective of Chapter VI has been defined thus: The Fourth
Sub-Objective is to demonstrate the legitimization of science and technology when
the science and technology are within the confines of the Occidental Tradition in
two historical cases, and the delegitimization of non-Occidental science in one
historical case. The focus in Chapter VI is the scientific development that
commenced in the Occidental High Middle Ages. Thus, Chapter VI is the first of a
total of three empirical chapters contained in this work.
In Chapter VI, a significant shift in the legitimization of science and technology is
assessed: The High Middle Ages meant the reevaluation of the Roman Heritage as
the foundation for the legitimization of science and technology in the Occident,
i.e., the foundation of legitimization of science and technology started to shift from
one of the roots of the Occidental Tradition to the other root. Specifically, the
foundation for legitimization shifted from Occidental Christianity to the Roman
Heritage. The Roman Heritage is briefly assessed in Chapter III and Occidental
Christianity in Chapter IV.
A shift in the foundation of science and technology poses the question of the cause
therefore. Or to put this in another way: There must have been a reason for a
reinterpretation of the societally accepted interpretation of the Occidental
Tradition. The cause might have been internal, it may have been external or it may
have been a combination of both. What is obvious, however, is that it must have
commenced prior to the 13th century, because Chapter VI shows that particularly
science started to change in the 13th century.
A serious and protracted external conflict could destabilize the status quo and
provide the impetus for a reinterpretation of the Occidental Tradition. Prior to the
13th century, the conflict between the Arabs – and the Moors – on the one hand
and the Occident on the other hand offers an obvious explanation for a
reinterpretation of the Occidental Tradition. From the standpoint of the hitherto
societally accepted interpretation of the Occidental Tradition, the conflict between
the Arabs and the Occident meant that any conquest of the Occident by the Arabs
would have meant the delegitimization of at least one of the two roots of the
Occidental Tradition – Occidental Christianity. Paradoxically, a perception of being
under external attack and under existential danger, Chapter VI shows that the
Medieval Occidental societies were prepared to abandon a hitherto societally
accepted interpretation of the Occidental Tradition in favour of a reinterpretation
that legitimized at least more science.
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Chapter VI demonstrates that a reinterpretation – one legitimizing at least more
science at this instant – prompted by defensive needs is not limited to defensive
situation but may form the foundation for aggressive actions (see the Crusades and
the New Mare Nostrum). In other words, a reinterpretation is not only complex as
a process but also in terms of its implications.
A sketch of the historical context that prompted the reinterpretation that impacted
the foundation of the legitimization of at least science in the 13th century is
warranted. The Arab conquest of the Visigothic Realm in AD 711, the Arab
unsuccessful attempt to conquer the Frankish Realm that ended in the Arabs’
defeat at Poitiers and Tours in AD 732, and the Arab conquest of Sicily in AD 827
demonstrated the weakness of the successor realms of the Occidental Imperium
Romanum. Considering the following centuries, the Occident reacted in two ways.
First, the Occident went on the offensive by unleashing the Crusades with the First
Crusade starting in 1096. Second, the Occident embarked on an intellectual
journey by commencing to legitimize science, part of this journey was the
establishment of universities, e.g., what was to become the Sorbonne University
emerged about 1150. Joachim Ehlers emphasizes the importance of the Sorbonne
University and its precursors for the Occident: He writes that Paris was the most
respected city of learning in the 12th century, and it attracted teachers from
England, France, Germany and Italy (Ehlers, 2004, pp. 313-316). This status of Paris
renders Paris particularly important for the assessment of the legitimacy of science
during the Occidental High Middle Ages.
The Spiritum de Imperium Romanum had a strong presence in the Occidental
societies during the Occidental Middle Ages; a clear indication is the coronation of
Charlemagne in 800. This point is also made by Marc Bloch who writes about the
“mémoire des Césars” in this context (Bloch M. , 1949b, pp. 167-168). The
Coronation of Charlemagne in Rome can also be interpreted as an indication of the
rising impact of the Roman Heritage in legitimization in the Occident. The new
Imperator did not only end the three centuries long vacancy on the Imperial throne
in the Occident, but the new Imperium Romanum also meant a strong signal in the
Occident that the medieval Occident continued the heritage of the Imperium
Romanum of Antiquity. The resurrected Imperium suggested that the Occident
ruled the entire world, totius orbis (Maravall, 1981, p. 416). The totius orbis claim
can be seen to have laid the foundation of the legitimization of Occidental
exploration and conquest throughout the world.
The Imperium Romanum consisted of all the lands surrounding the Mediterranean,
the Mare Nostrum, and the Crusades can be elucidated as a step in the resurrection
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of the Imperium Romanum. The attempted resurrection of the Imperium
Romanum – particularly the Christian Imperium Romanum – legitimized military
and naval action on the foundation of the Roman Heritage thus operationalizing
both the Roman Heritage and Occidental Christianity.
It is impossible to ascertain for sure whether the resurrection of the resurrected
Imperium was intended as a limited action or as a part of a general resurrection of
the entire Roman Heritage. The following pages show that the resurrection of the
Roman Heritage commenced and gathered pace in the following centuries,
including in science in general and the legitimization of science in particular.
The Crusades were a key event in the development of the Occident, because
arguably the Crusades started the dynamic that led to the maritime expeditions
and the conquest of much of the Americas by the Spanish and the Portuguese in
the 16th, 17th and 18th centuries. The pillage of the Americas and the genocide of
the Amerindians by the Occident to obtain precious metals can be argued to have
formed the foundation of European manufacturing, science and technology in the
same time period. Toward the end of the Crusades, a new interpretation of the
Occidental Tradition took place based on the Roman Heritage – including the
Greco-Roman philosophy and science – and the work of Saint Thomas of Aquino.
We shall assess this in more detail.
Religious intolerance as evidenced by the Crusades and the Reconquista of the
Iberian Peninsula probably combined with the desire to recreate the Imperium
Romanum drove the decision to launch the Crusades. The failure of the Crusades
in a narrow sense in the 13th century was the catalyst for the maritime explorations
that would result in the conquest and pillage of the Americas from the late 15 th
century onward. The totius orbis argument is also interesting in the context of the
maritime expeditions which commenced after defeat the Occident suffered in the
eastern Mediterranean and the associated loss of the Holy Land. The totius orbis
argument legitimized the conquest of any lands, not just the Holy Land. In other
words, the resurrection of the Imperium also legitimized, e.g., the conquest of the
Americas by the Occident.
In an assessment of the events surrounding the Crusades and the maritime
expeditions on the one hand and science and technology on the other hand it is
necessary to constantly keep in mind that there were two foundations for
legitimization in the Occidental Tradition: the Roman Heritage and Occidental
Christianity. These two roots were not necessarily in harmony as demonstrated
in Subchapter (v) by the conflict between the Sorbonne University using the Roman
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Heritage for legitimization and the Bishop of Paris using Occidental Christianity for
legitimization.

(i) Medieval Society and Legitimization
It is argued that the shift from the Middle Ages to Modernity meant another
conception of history: In the Occidental Middle Ages, history and the present were
considered part of the same situation, but in Modernity history is considered a
continuous flow divided into epochs (Maravall, 1986, pp. 285-286). This difference
means that people during the Occidental Middle Ages did not consider the
Occidental Imperium Romanum as an empire of the past, but it was part of the
heritage being lived with every day. In other words, it would have been natural for
medieval humans to consider the restoration of the Imperium Romanum not as a
dream based on history but an idea in the present. The Imperium Romanum was
synonymous with Christian prosperity and military might – certainly an inviting
prospect for the medieval Occidental societies after the Arab conquest of North
Africa, Sicily and almost all of the Iberian Peninsula. If this argument of a broad
range of reasons for the revitalization of the Imperium Romanum is not accepted,
then a broad range of implications of the contemporary Crusades can still be
accepted. Although it is argued that the Crusades were solely motivated by
religious issues, over time the Crusades had commercial implications as well
(Pirenne, 1936, pp. 139-143).
The establishment of Germanic kingdoms and some other entities in the areas
once controlled by the Occidental Imperator gave rise to a societal absorption
process which saw the disappearance of Germanic traits in much of the area, but
the appearance of the Arabs resulted in a violent societal reaction against the
Arabs in the Occident, because neither the Occident characterized by the
Occidental Tradition nor the Arabs characterized by the Arab Tradition were
prepared to be assimilated as José Maravall observes (Maravall, 1981, pp. 250251). In the case of the Iberian Peninsula, the Christian societies considered the
Arab conquest of large swaths of the Iberian Peninsula not compatible with iustitia
and this gave the impetus for the Reconquista that lasted roughly 800 years: “Dem
predestino usque divina dehinc eos expelli crudeliter jubeat” (Maravall, 1981, pp. 251252). The reference to God in this short quote can be elucidated to be founded on
Saint Augustine, and it can additionally be seen as an indication of the duality of
Imperium and Ecclesia in Saint Augustine’s separation of power.
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José Maravall argues that during the Reconquista the Christian military campaigns
were legitimized with terms like “recuperation”, “reestablishment” and
“restoration” (Maravall, 1981, p. 252). This is an indication of the societal view of
continuity to the time before the Arab conquest. Alternatively, it can be elucidated
as an example of legitimization based on history, more specifically recursivity to a
previous societal situation. Adding to this, the societal reaction against the Arabs
and the Arab Tradition in the Occident may have been more unfavourable because
of the societal perception that the Arabs could not be assimilated like the Germanic
tribes had been. This line of argument suggests continuity with the Roman
Heritage and the Imperium Romanum of Antiquity. The step to seeing the Crusades
as the restoration of the Imperium Romanum in all lands around the
Mediterranean is a very short one.
During and around the time period of the Crusades the Occidental societies
underwent wholesale societal changes which were to form the foundation of the
ascent of the Occident in the following centuries. It would be wrong to consider
these changes solely the result of events, because the Ecclesia Catholica Romana
attempted to steer societal changes on the foundation of Saint Augustine’s work
as Paulette Marquer argues (Marquer, 1957, pp. 1557-1558). A key aspect of these
societal changes was the Peace of God which resulted in societal pacification over
time, particularly the reduction of warfare among the lower aristocracy (knights).
Robert Fossier maintains that the Peace of God is also interpreted as a change in
the interpretation of the Occidental Tradition by the lower aristocracy which was
then legitimized using religious arguments (Fossier, 1982, pp. 313-318). These
changes de facto resulted in the strengthening of ius and iustitia, gaining access to
knowledge and products from other geographical regions than the Occident, and
importing science and technology.
The attempt to establish peace in the Occidental societies does not only
demonstrate the fragmentation coupled with violence in the Imperium, but it also
demonstrates a significant level of fragmentation in the Ecclesia. Marc Bloch
points out that the origin of the medieval Peace of God movement was regional,
specifically Aquitania, and it was on the agenda for the first time at the Council of
Charroux in 989 (Bloch M. , 1989, p. 569). This suggests that the Crusades can also
be elucidated as an attempt of Rome to strengthen the cohesion of the Ecclesia.
José Maravall considers that a fundamental challenge for any attempt to restore a
society based on ius and iustitia was that the Germanic tribes which invaded the
Occident in the 5th and subsequent centuries had established a societal order
where military power and military prowess equalled wealth and thus influence and
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power (Maravall, 1984, p. 174). In this context it is noteworthy that the first
universities in the Occident started with teaching Law, in Bologna the focus was on
Roman Law and in Paris it was on Canon Law as David C osendey writes (Cosendey,
2007, pp. 190-194). This emphasis on law suggests that Occidental societies were
looking for other dispute resolution vehicles than violence. This can be elucidated
as a societally identified need to establish a more sophisticated legal framework,
and this was found by going back recursively in history to the Imperium Romanum,
either to Ius romanum or Ius canonicum.
The generally poor level of historical knowledge meant that writers could make
historical claims unchallenged and even invent history, e.g., imaginary genealogical
lines were used to legitimize societal power (Guenée, 2011, p. 351). E.g., in
medieval works on the origin of the Francs it was claimed that the Francs were
descendants of the ancient Trojans and the story was similar to that of the Jews as
related in the Old Testament (Coumert, 2007, pp. 328-333). This proposed
genealogy is not only interesting because of its recursive element into the world of
the Old Testament, but it also brings the Francs into the same line with the Romans,
because the Romans saw themselves descendants of Troy (Scarre, 1995, p. 12).
These genealogical lines were based on societal considerations, but they cannot be
considered reliable sources of a shared societal memory (Coumert, 2007, pp. 534535). From this standpoint, these genealogical lines are an indication of what was
and was not considered a foundation of societal legitimacy in a particular time
period in the history of the Occident.
From the standpoint of basing societal change on recursion this posed one major
opportunity and one major problem. The major opportunity was that this left the
Imperator, Papam and the persons willing to argue for a particular societal agenda
free reign to suggest societal change – including scientific development and
technological innovation – and they could legitimize it with just some imagination.
The major problem was that recreating and reinventing the declined Occidental
society by resorting to recursion was rendered inoperable or at least doubtful
when the foundation of the recursion, i.e., historical knowledge, did not sufficiently
exist or was not trustworthy.
The Crusades may be interpreted as an attempt to recreate the Mediterranean
unity and thus the Imperium Romanum spanning the entire Mediterranean space.
The Occident in general and the Ecclesia Catholica Romana in particular embarked
on a major shift with the Crusades, and the argument for the Crusades had to be
founded on iustitia. This foundation was found in Saint Augustine’s concept of just
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war in his work Quaestiones in Heptateucum written in 420 (Cardini, 1993, p. 170):
“Iusta antem bella ea definire solent quae ulciscuntur iniuras, si qua gens vel civitas,
quae bello petenda est, vel vindicare neglexit quod a sui inprobe factum est vel reddere
quod per iniuras ablatum est. Sed etiam hoc genus belli sine dubitatione iustum est,
quod Deus imperat.”
This turns the issue to the way of identifying “quod Deus imperat”. In the
Occidental Middle Ages, the Ecclesia Catholica Romana was the authoritative
interpreter of the Bible, and the Ecclesia resorted to the Pentateuch and to John’s
Revelation to argue that the Crusades were a just war in the sense of Saint
Augustine (Cardini, 1993, p. 171). Another line of argument was to recombine the
Christian tradition of pilgrimages and the secular military activities of the
aristocracy to form a fighting force with the aim to conquer the Holy Land (Cardini,
1993, p. 177). From the standpoint of both Imperator and Ecclesia redirecting the
aggression from domestic fighting to fighting external opponents had the benefit
of pacifying the Occident and creating the possibility of a Pax Deus within the
Corpus Christianum (Cardini, 1993, p. 183). The recursion to the Pax Romana
during the Imperium Romanum is evident.
The societal division of power followed the concept of Saint Augustine, i.e.,
Imperium and Ecclesia. The medieval society was to experience the weakness in
Saint Augustine’s conception when these two centres of power fought over
societal dominance (Maravall, 1997, pp. 78-79). It is noteworthy that elections did
not defuse this conflict: The holders of the two most prominent positions in the
Occidental Middle Ages, Imperator and Papam, were both elected during the
Middle Ages (Maravall, 1997, p. 178). The issue was two very different
interpretations of the Occidental Tradition. We shall see later in this chapter that
these intra-Occidental conflicts coincided with very little science and technology.
Although certainly not the only reason, these conflicts may have contributed to the
lack of science and technology in the Occident.
In an evident contradiction with Saint Augustine’s division of societal power into
Imperium and Ecclesia, the Crusades shifted power from the first to the latter.
Franco Cardini argues that the monastic military orders founded in the context of
the Crusades gave the Pope and the Curia an independent supranational fighting
force (Cardini, 1993, p. 189), but the Crusades also redirected considerable
resources and societal attention to an enterprise that was driven by the Ecclesia
Catholica Romana. During the time period of the Crusades and arguably the peak
of societal power of the Ecclesia a significant shift in the thinking took place that
would have a decisive influence on science and technology in the subsequent
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centuries: The triumph of reason commenced, e.g., in the 13th century at the
Sorbonne and in the teaching of Saint Thomas of Aquino (Cosendey, 2007, pp. 196194). This observation is interesting from the standpoint of science and
technology, because it would seem to indicate that it is irrelevant whether the
Imperium or the Ecclesia is dominant, the important thing is that either one is
dominant.
The power struggles between Imperium and Ecclesia prevented the development
of philosophy and science until the 13 th century in the opinion of José Maravall
(Maravall, 1997, pp. 78-79). This conclusion would seem to bolster the line of
argument that societal power struggles are not conducive to scientific
development and technological innovation. In other words, Gabriel Tarde’s
assertion that” opposition” is beneficial for scientific development and
technological innovation is not accurate at least in the case of societal conflict.
Gabriel Tarde’s argument about the simultaneousness of discontinuity and
continuity could be used to argue that discontinuity in the context of science and
technology requires continuity – or stability – in the context of society and the
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition. This line of argument can be extended
to encompass the struggles between the different aristocratic warlords, i.e., to the
sub-society level.
It is noteworthy, however, that the power struggle between Imperium and
Ecclesia, and the absence of a centralized power of any meaningful consequence
did not prevent the emergence of commonly shared legal concepts in the period
from the 10th century to the 13th century, a development that was carried by the
common Occidental Tradition (Gambaro, Sacco, & Vogel, 2011, p. 191). This is an
impressive example of the decisive importance of the Occidental Tradition on the
development of the Occident. The development is driven by the shared Occidental
Tradition rather than a common legislator, a common realm or a common
organizational entity. It is an example of substance trumping form very much in
accordance with Saint Augustine’s concern for iustitia rather than Imperium.
Another aspect impacting unfavourably philosophy and science was the separation
of secular life and learning. From the start of the societal decline associated with
the Carolingian dynasty until the 12th century, education was centred on the more
or less closed monasteries, but in the 12th century the cathedrals in the urban
centres took over the educational tasks thus making interaction between learning
and societal life frequent (Duby, 1976, pp. 137-138). If knowledge is a prerequisite
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for scientific development and technological innovation, then this change was of
great significance.
As of the 12th century a profound reinterpretation of the Occidental Tradition took
place in Occidental Europe. This reinterpretation was recursive in the sense that it
harked back to the Roman Heritage as it existed prior to the work of Saint
Augustine and other Church Fathers, and it was complex in the sense that it
resulted in an amalgamation of Christian and Pagan thought. Although the societal
process that commenced in the 12th century may have resulted in the decline of
the authority of the Ecclesia Catholica Romana and ultimately the rise of
unreligious laicism in the subsequent centuries, the men at the beginning were
deeply religious and pious (Gonzáles G. , 1987, pp. 24-25). The development of the
reinterpretation in the subsequent centuries into unreligious laicism was probably
unintended – because of the religiosity and piety of the men in the 12 th century –
and it suggests that a reinterpretation contains the seed for unforeseen and even
unintended outcomes and is thus complex.

(ii) Legitimization of the Conquest of Antioch, Carthage and
Jerusalem during the Crusades
From the standpoint of establishing an economic motivation for the Crusades, the
argument that the economic decline after the vacancy on the throne of the
Occidental Imperium Romanum did not commence during but after the
Merovingian dynasty is of interest. Henri Pirenne argues that the Carolingian
dynasty oversaw an economic decline of the Occident (Pirenne, 1951, p. 161). This
interpretation of a decline occurring during the Carolingian dynasty would be
supported by the cessation of written legislative activity as described by Claudio
Jannet (Jannet, 1896, p. 20). Agustín Gonzáles offers the explanation that after the
Arab conquest of North Africa and the Middle East, the old Mediterranean
commercial routes were closed to the Occident and the Occident became a closed
rural society (Gonzáles Enciso, 2007a, p. 45).
At the Council of Clermont in 1095, Pope Urban made the case for a Crusade by
evoking the Arab conquest of the rich cities of Antioch, Ephesus and Nicaea apart
from the religious arguments (Rohrbacher, 1872, pp. 714-715). It is noteworthy
that the Council of Clermont also proclaimed the Peace of God in the Christian
Occident (Cognasso, 1967, p. 44). The concept of a war defending the Christian
faith complying with the requirement of iustitia was additionally used to legitimize
the Crusades by the Ecclesia Catholica Romana (Arantes, 2007, p. 36). De facto
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this meant that the other wars which had raged in the Occident during the Middle
Ages were violations of the requirement of iustitia. This strengthens the line of
argument that the Crusades were part of an attempt by the Ecclesia Catholica
Romana to establish some semblance of societal order and coherence in an
Occident plagued by internal strife. In other words, an external conflict was to
promote internal peace.
The motivations for the Crusades were thus twofold: The Occidental Christianity
desired to conquer the Holy Land, and the Occident wanted to get a better access
to India and China because of commercial reasons (Tramond, 1916, pp. 59-60).
Unofficially, it might also have served as a way to pacify the Occident, because the
soldiers participating in the Third Crusade and the Fourth Crusade were
overwhelmingly adventurers and vagabonds who had taken part in civil wars in the
Imperio Romanum Sacrum (Rohrbacher, 1872, p. 720). From the standpoint of
legitimization, this dual objective suggests that both the Roman Heritage and
Occidental Christianity were used. The Roman Heritage was more conducive for
the legitimization of the reestablishment of the Imperium Romanum in the
Mediterranean world with the conquest of cities which were of major importance
in the Imperium Romanum, and Occidental Christianity was more conducive for the
conquest of the Holy Land.
This was a sign of a de facto changing attitude of the Ecclesia Catholica Romana
vis-à-vis merchants, because until the 12th the official line was based on Gratian’s
assessment “homo mercator vix aut nunquam potest Deo placer” (Contamine,
Bompaire, Lebecq, & Sarrazin, 2000, p. 201). The commercial motive of the
Crusades indicates that armed conflicts were driven by commercial motivations
well before the 18th century. Associating armed conflicts with mercantilism as
suggested by some research (Torres Sánchez, 2008, p. 414) is thus doubtful.
The First Crusade was directed against Antioch at first with the help of Genoese
marine support (Pirenne, 1951, p. 183). In the same vein, the Fourth Crusade
resulted in the conquest of Constantinople, the Sixth Crusade was directed against
Alexandria, and the Seventh Crusade was aimed against Carthage. Was it just
coincidence that these cities had been the biggest urban centres outside of Rome
of the Imperium Romanum?
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Figure 7: Key motivations for the Crusades and the recreation of the
Mediterranean unity during the ancient Imperium Romanum.

Figure 7 visualizes key motivations of Imperium and Ecclesia for the Crusades and
the recreation of the Mediterranean unity during the ancient Imperium Romanum.
Keeping in mind Saint Augustine’s separation of power between Imperium and
Ecclesia this does not mean that Imperium and Ecclesia had contradictory interests,
but these different motivations were complementary and both were interested in
achieving them. The motivation of importation of science and technology to the
Occident from the Orient is based on the patterns of the Imperium Romanum, and
the recreation of the Mediterranean unity during the ancient Imperium Romanum
as the key driver of the Crusades is the foundation for this.
The Crusades called into question the medieval interpretation of the Occidental
Tradition. Until the Crusades, warfare was considered to be limited to land-based

194

Legitimization of Science and Technology

operations, but logistical reasons along with the need to secure coastal areas along
the Eastern Mediterranean showed the inadequacy of the land-based military
paradigm (Mollat, 1967, pp. 346-347). In other words, the medieval Occidental
societies needed to reinterpret their interpretation of the Occidental Tradition to
reintegrate the maritime components of the Roman Heritage in the 11th and 12th
centuries. The reintegrated maritime components would be of decisive
importance for the maritime expeditions in the following centuries.
In the second half of the 12th century, the Occidental societies viewed successful
maritime warfare a key factor in the defending the Holy Land and expanding their
influence to North Africa and to the Red Sea (Mollat, 1967, pp. 358-359). Their
interest in North Africa and the Red Sea did not differ from the military and
commercial activities of the Imperium Romanum and could be legitimized based
on the Roman Heritage apart from an interpretation of Occidental Christianity. It
is noteworthy that the idea of maritime activities in the Red Sea can be seen as a
precursor for the circumnavigation of Africa to reach the Indian Ocean.
During and in the aftermath of the Crusades, the first signs of capitalism emerged
in its commercial form in Brabant-Flanders and the cities profiting from the trade
with the Levant in northern Italy in the opinion of Henri Sée (Sée, 1926, pp. 12-13).
In the 12th and 13th centuries, urbanization increased throughout the Occident
driven by an expansion of artisanal and commercial activities as Hilario Casado
writes (Casado Alonso, 2010, pp. 22-25). This temporal coincidence is important,
because it suggests that the Crusades set into motion a broadly based
reinterpretation of the societally accepted interpretation of the Occidental
Tradition. The manufacturing facilities in Brabant-Flanders required some
technological innovation to be operationally viable. In other words, the
reinterpretation legitimized science and technology, including scientific
development and technological innovation.

(iii) The End of the Imperium Romanum
If the aim of the Crusades was to resurrect the Imperium Romanum and thus the
unity of the areas surrounding the Mediterranean, then the status of the Imperium
Romanum in 1095 is a question of some interest. It is obvious that the Occidental
Imperium Romanum existed in 1095. Consequently, the Crusades were about
restoring the might of a much diminished Imperium Romanum.
Did the Occidental Imperium Romanum cease to exist in 472 with the abdication
of Emperor Romulus Augustulus or eight years later with the assassination of
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Emperor Julius Nepos? In Figure 8 some potential dates for the demise of the
Occidental have been summarized, but the dates mentioned are far from an
exhaustive list.

639: End of the
Merovingian Realm
635-698: Arab
conquest of Syria,
Egypt and Carthage

1291: Fall of the
Crusader states

480: Assassination
of Emperor Julius
Nepos

1453: Fall of
Constantinople

0
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1000

1500

Figure 8: Some potential dates for defining the end of the Occidental Imperium
Romanum, or the Imperium Romanum still exists today as an idea in the branches
of the Occidental Tradition.

A completely different way to look at the potential demise of the Imperium
Romanum is to claim that the term Imperium Romanum is not limited to the
political entity that was governed by emperors like Otho, Hadrian and Elagabalus,
but that it is an immaterial concept that forms the foundation of the Occidental
Tradition. In other words, the Imperium Romanum is the society that formed the
foundation of the Occidental Tradition including the Greco-Roman philosophy and
science, and it still lives on in the societies based in the Occidental Tradition.
The immaterial interpretation of the term Imperium Romanum would mean that
all societies based on the Occidental Tradition are based on the different aspects
of the Roman society as defined in their societally accepted interpretation of the
Roman Heritage at different points in time. This does not mean that the Occidental
Tradition may not have been mixed with some other societal tradition; such an
example is the Germanic Branch of the Occidental Tradition and the emerging
Amerindian Branch of the Occidental Tradition.
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Related but distinctive to the immaterial interpretation of the term “Imperium
Romanum” is to argue that it continued to exist in another dimension, i.e., as a
religious entity. Pope Leo I considered even before 476 or 480 that the Imperium
Romanum would continue to exist in the form of the Ecclesia Catholica Romana
with the seat of power moving from the Palatine Hill to the Lateran (Cognasso,
1967, p. 34).

(iv) The New Mare Nostrum: The Atlantic Ocean
Considering the Imperium Romanum an immaterial concept rather than a political
entity with historical borders allows for the interpretation of the maritime
expeditions outside of the Mediterranean a continuation of the Roman Heritage.
In other words, the Occident strove to achieve access to the goods, science and
technology the political entity Imperium Romanum had had particularly through
the provinces Syria and Aegyptus without the need to recreate the same
geographical boundaries that had been the Imperium Romanum. The new Mare
Nostrum was the Atlantic Ocean and later all the world’s oceans.
For the legitimization of establishing and exploring the new Mare Nostrum the
universalism attached to the Imperium Romanum is of interest. Let us contemplate
this assessment of Marc Bloch briefly (Bloch M. , 1949b, pp. 167-168): “La mémoire
des Césars fournissait en effet l’aliment dont se nourrissait le mythe de l’Empire.
De préférence, les souvenirs des Césars chrétiens. Rome n’était-elle point, en même
temps que a la tête du Monde, la cité apostolique, «rénovée» par le précieux sang
des martyrs ? Aux rémiscences de l’universalité romaine, l’image de Charlemagne,
lui aussi, selon le mot d’un évêque impérialiste, «conquérant du Monde», venait se
mêler, pour les fortifier d’évocations moins lointaines.”43
The quote does not deal with the new Mare Nostrum, it deals with the Medieval
Occidental society, but it suggests the recursive characteristics on which the
legitimization of the establishment and exploration of the new Mare Nostrum.
First, the universalism attached to the Imperium Romanum and restated by the
coronation of Charlemagne provided the Occident with the foundation for the
legitimization exploring the world and even conquering non-Occidental societies.
Second, the reference to the Christian emperors and the Christian martyrs
43

Author’s translation: “The myth of Emprire fed on the memory of the Ceasars,
preferably the Christian emperors. Was Rome not the centre of the world, the Apostolic
centre, cleansed by the blood of the martyrs? The memory of the universalism of Rome
and Charlemagne, according to a bishop, conquered the world.”
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attached a religious aspect to the legitimization. From the standpoint of the
legitimization of science and technology, the legimitization of the establishment
and the exploration of the new Mare Nostrum created the societal demand for
science and technology assisting in these ventures thus ultimately legitimizing
science and technology themselves.
The exploration of the ocean and coast to the West of the Columnae Hercules, i.e.,
the Strait of Gibraltar, was not a recursion to the Roman Tradition influenced by
the Greek Tradition as much as to the Phoenician Tradition. In Antiquity, the
Phoenician seafarers were considered skillful, ambitious and bold (Fantar, 1997, p.
74), and in the East they had maritime commercial contacts with, e.g., the Horn of
Africa and India (Fantar, 1997, pp. 76-77). Phoenicia and Carthage had not only
explored parts of the Atlantic coast of Africa, but Phoenicia and Carthage had
successfully shut out the Greeks from the Atlantic Ocean for a long time (Gsell,
1927, pp. 459-460). The argument of a recursion to the Phoenician Tradition
requires that the Roman Heritage encompassed the Phoenician Tradition at least
as far as maritime exploration is concerned, and that the Phoenician Tradition as it
relates to maritime endeavours remained latent until the Late Middle Ages.
The last Crusader bastions fell or were abandoned after the fall of Saint-Jean d'Acre
in 1291. The threat of loss and the eventual loss of the Occidental trading colonies
in Syria motivated the Occident to search for alternative trading routes to India
(Chauprade, 2007, p. 417). In 1291, the two Genoese brothers Vivaldi set out to
explore the African Atlantic coast (Cortesão, 1966, p. 31). Their goal was to
circumnavigate Africa and to reach India (Gravier, 1878, p. 7). Maritime
explorations to the Atlantic coast of Africa were also undertaken by mariners from
Dieppe apparently since 1339 (Gravier, 1878, p. 26). The deep crisis of the
Occident in the 14th century caused by the Black Death may have slowed down the
exploration of the Atlantic Ocean.
The 12th century can be described as the time when dreams were not considered
the work of Satan any longer, and dreams became the source for human actions
and desires in the Occidental societies (Le Goff, 1977, pp. 305-306). Although this
cannot be elucidated to mean that dreams became the foundation for the
legitimization of human actions, the cerebral process associated with dreams in a
broad sense was not considered illegitimate ipso facto. Dreams can be seen as one
of the reasons for the commencement of the Portuguese maritime explorations
demonstrating the importance of dreams as a motivation for human actions.
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The rehabilitation of dreams from the 12th century onward does not mean that
dreams did not play a significant role in the earlier stages of the Occidental Middle
Ages. Marc Bloch opines that humans were more aware of their natural
environment in the early Middle Ages, and that they were attuned to signs, dreams
and hallucinations as a way of dealing with a high level of overall uncertainty (Bloch
M. , 1989, pp. 115-117). Superficially, the assessments of the two prominent
representatives of the Annales School, Marc Bloch and Jacques Le Goff, would
appear to be contradictory, but a closer examination reconciles these two
viewpoints. The key to reconciling these two viewpoints is to accept that the
ecclesial opposition against dreams does not mean that the interpretation of signs,
dreams and hallucinations did not take place in the medieval Occidental societies.
To the extent of ecclesial condemnation of such practices it was at least de facto
impossible to use them for the legitimization of human actions particularly by the
Imperium and the Ecclesia.
Medieval humans regarded the Atlantic Ocean with fear, and the Atlantic Ocean
was associated with sinister forces. In the 14th century, the cartographer Opicinus
de Canistris called the ocean off Europe the Mare Diabolicum (Mollat, 1986, p. 9).
Any attempt to legitimize maritime exploration had thus to address and mitigate
the perception of the “diabolical” nature of the Atlantic Ocean. The Ecclesia
Catholica Romana actively worked on alleviating the fears associated with the
ocean thus making maritime expeditions societally acceptable (Krus, 1998, pp. 99103). The Ecclesia Catholica Romana could resort to Occidental Christianity as the
source of legitimization. Of course, all Occidental societies did not consider the
Atlantic Ociean “diabolical”, but even in these cases the onset of the maritime
expeditions in the Late Middle Ages a legitimization of a different way to perceive
the Atlantic Ocean was needed on the path to maritime empires. Michel Mollat
observes that even the Occidental people with the most extensive maritime
traditions, the Normans, considered the ocean a transportation route rather than
embracing a truly maritime culture (Mollat, 1986, p. 11).
The most lasting influence would be that of Portuguese seafarers. With the waning
power and shrinking territory of the Moors on the Iberian Peninsula, the
Portuguese expanded their presence in the trade with Brabant-Flanders and the
Mediterranean as of the 12th century, and the exploration of the African coast by
Portugal can be seen as an expansion of these activities during the 13 th and 14th
centuries (Cortesão, 1966, p. 43). The commencement for the Portuguese
maritime expeditions has been seen in the naval raids against the Moors in the 13th
century (Krus, 1998, p. 98). The Portuguese merchants were actively pursuing new
commercial innovation as evidenced by the fact that they were the first to open
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offices in Brabant-Flanders – this occurred in 1197 (Loução, 1998, p. 129). In other
words, the dual foundation for legitimization can be observed in the actions of the
Portuguese – this duality of legitimization was evident in the Occidental response
to the Arab conquest and the unleashing of the Crusades in previous centuries.
First, the maritime trade between Brabant-Flanders on the one hand and the
Mediterranean on the other hand can be seen to have been legitimized by the
Roman Heritage, i.e., the Mediterranean trade during the Imperium Romanum in
Antiquity. The naval raids against the Moors can be seen to have been legitimized
by religious motives and thus Occidental Christianity.
The commercial and expansionary argument for the Portuguese maritime
exploration in the 15th century has been questioned by, e.g., Henri Pirenne
(Pirenne, 1936, p. 410), but it has also been defended by, e.g., Jaime Cortesão
(Cortesão, 1965, p. 25). An additional motivation may have been the societal
tensions arising in the Portuguese society when the military men were searching
opportunities to prove their valour and fight for the honour of Christianity and the
Crown as described by João Marinho dos Santos (Santos, 1998, p. 151). This can
be seen as a quest to find an ideal – or a dream – to fight for. The Indian Ocean
became the object of the dreams and the loss of inhibition of the Occident because
of the perception of the riches found in East on the foundation of the tales of
Marco Polo and the target for exporting the Occidental Tradition (Le Goff, 1977,
pp. 290-298). It is noteworthy that the riches of the East were not solely used to
legitimize the maritime exploration, but the issue of the Occidental Tradition with
its roots in Occidental Christianity were also used. This suggests that the societal
legitimization had to comprise the defense or the exportation of the Occidental
Tradition in toto in the 15th century.
Henri Pirenne argues that the Portuguese maritime exploration was not considered
of interest from a commercial standpoint in spite of the activities of Portuguese
explorers until the 15th century (Pirenne, 1951, pp. 417-418). The commencemnt
of commercial interest is dated by Paul Butel to the early 15 th century: He argues
that Genoese merchants poured resources into the Portuguese maritime
explorations from the 1430s onward (Butel, 2012, p. 77). This is noteworthy,
because the influx of products from the Levant had created a demand of these
products in the Occident in the 11th and 12th centuries according to Jaime Cortesão
(Cortesão, 1966, p. 22), the piracy in the Mediterranean beginning the in late 12th
century created the need for alternative maritime routes, and changes in the
Occidental mentality resulting from the teachings of Francis of Assisi created the
readiness for maritime exploration (Cortesão, 1966, pp. 26-29). However, Pierre
Mauroy writes that commercial activities between the Maghreb on the one hand,
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and France, Italy and Spain on the other hand, have been substantiated for the 14 th
and 15th centuries (Mauroy, 1846, p. 54) – this may be a part of the explanation for
the poor contemporary interest for the Portuguese maritime exploration.
After the maritime expeditions were already well underway, the Lusitanian Crown
may have used maritime expeditions as a pre-emptive tool in the competition
between Portugal and Castile as suggested by Luiz Felipe de Alencastro
(Alencastro, 1998, pp. 193-195). This explanation of the Portuguese activities is
unsatisfactory in a broad sense, because it assumes that the Portuguese Crown
acted to pre-empt competition outside of the Iberian Peninsula and at the same
time the dynasties had close family links which resulted in Felipe II of Castile
becoming the king of Portugal in 1580. Although the personal union of the crowns
may have been chance rather than design on the side of the Aviz dynasty, some
level of inconsistency remains in the pre-emption suggestion.
The religious aspect of the activities of Portugal should not be overlooked (Pirenne,
1936, p. 386). The starting point of this line of argument is the Portuguese history:
Like Castile, Portugal conducted war against the Moors for centuries, and this war
had a religious background. It would be unrealistic to expect that the religious
fervour unleashed by this conflict to have ended after Portugal reached its final
boundaries.
A degree of continuity between the Crusades and the Lusitanian exploration of the
African coast was established in 1319 by the establishment of the Ordem da
Cavaleria de Nosso Senhor Jesus Cristo on the foundation of the Pauperes
commilitones Christi Templique Salomonici by a decision of Pope John XXII on the
initiative of king Denis I (Loução, 1998, pp. 134-135). This suggests that the
Occident considered that the Occidental Tradition was superior to other societal
traditions based on the Crusades and Christianity. However, there are examples
of the Portuguese not insisting on the supposed supremacy of the Occidental
Tradition and adopting non-Occidental societal traditions, one such example was
the situation in Brazil at the very beginning of the Portuguese rule (Souza, 1994, p.
40).
Based on the heavy involvement of Italian, particularly Genoese, seafarers in the
first Atlantic expeditions, a commercial argument has been developed by Charles
Verlinden to explain the expeditions when the commercial routes to the East
through Syria became increasingly impassable for the Italians (Verlinden, 1966, p.
10). The reorientation of the trade routes to the Atlantic coast suggests that the
Genoese society interpreted the Occidental Tradition in a way that placed a
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premium on maritime trade, and the Genoese society rather changed the direction
of its trade than engaged in a reinterpretation of its interpretation of the
Occidental Tradition. Mutatis mutandis, the literal adherence to the Roman
Heritage in terms of trade across the Mediterranean was replaced by an
interpretation thereof which focussed on maritime trade without geographical
limitations.
Temporally, the Castilian expedition was tied to the Lusitanian maritime
explorations. David Cosendey argues that the voyage of Christopher Columbus
was financed by Genoese merchants living in Seville and the Castilian Crown, and
that the motivation of the Castilian Crown was to outdo the Lusitanian Crown
(Cosendey, 2007, p. 316). Whereas the ports in the North of the Iberian Peninsula
like La Coruña and San Sebastian actively traded with other European ports along
the Atlantic and North Sea coasts, the ports in the South like Cádiz were passive in
the sense that these ports were used particularly by the Genoese for their trade
connecting, e.g., Brabant-Flanders and Genoa according to Charles Verlinden
(Verlinden, 1966, p. 28). Pierre Dockès and Bernard Rosier opine that the
motivation of the Genoese merchants was to find another source for precious
metals than Portugal (Dockès & Rosier, 1988, p. 94), i.e., the pillage of precious
metals and the de facto enslavement of the Amerindian peoples was not an ad hoc
event, but it was a logical consequence of the motivations of the Genoese
merchants prior to the Castilian maritime exploration. Pierre Dockès and Bernard
Rosier argue that the drivers of the maritime expeditions were past conflicts and a
desire for profit (Dockès & Rosier, 1988, pp. 91-92). At least the official
legitimization of the Castilian maritime exploration contradicts the gold motive:
Antonio Dougnac notes Queen Isabel I of Castile did not admit to such explanation,
and she wrote in her will that the reason for the Castilian presence in the Americas
was to convert the people on the islands and on the continent to the Catholic faith
(Dougnac Rodríguez, 1994, pp. 19-20). This apparent contradiction demonstrates
again that there were two foundations for the legitimization at work: The Roman
Heritage was more conducive to the Genoese legitimization of the maritime
exploration, and Occidental Christianity was more conducive to the line of
argument of Queen Isabel I.
The Mediterranean has been both a unifying and a separating sea, and the same
applies to the Atlantic Ocean even after the maritime expeditions by the Occidental
societies. Considering the situation after the commencement of the Occidental
maritime exploration, Fernand Braudel writes that the Atlantic Ocean of the
Castilians stretched from Seville to the Caribbean, the Atlantic Ocean of the
Portuguese reached from Lisbon to Brazil in the West and the Cape of Good Hope
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in the East, and the Atlantic Ocean of the French reached from France westward
to Newfoundland (Braudel, 1966, pp. 204-205). These differing orientations may
have been the result of hazard, navigational imperatives or some other reasons,
but the lack of maritime navigation in the Occidental Tradition meant that the
actions relating to the maritime explorations needed a reinterpretation of the
Occidental Tradition. The Mediterranean and thus maritime history of the
Imperium Romanum meant that any reinterpretation did not need to deal with a
completely new issue.
For the legitimization of science and technology the co-existence of two
foundations for legitimization is of interest. Let us now turn to the legitimization
of science and technology in the context of two different foundations of
legitimization based on two different roots, the Roman Heritage and Occidental
Christianity.

(v) Medieval Legitimization of Science
Let us remind ourselves of the scepticism vis-à-vis science that was pre-eminent in
the Occident at least until the 12th century: The philosophy and theology of Saint
Augustine was characterized by scepticism, and his scepticism influenced
Occidental thought in the Occidental Middle Ages (Beuchot, 1994, p. 69). Saint
Augustine’s sceptical view favoured suspicion and a lack of confidence in human
ability to gain knowledge and in human knowledge (Beuchot, 1994, p. 70). Let us
look at theoretical and applied science separately. Saint Augustine’s scepticism in
regard to the human ability gain knowledge would have discouraged theoretical
science, because science was an exercise in futility. It is very difficult to legitimize
human actions which are doomed to failure.
Saint Augustine’s sceptical view of humanity and the world is shown in his
assessment that the Original Sin is the reason for violence and injustice in a world
characterized by an interminable succession of calamities (Maravall, 1986, pp. 161162). If it is accepted that violence, injustice and calamities are the deserved
punishment for the Original Sin, then any attempt to lessen the punishment is very
difficult to legitimize. One potential way would be to claim that lessening the
punishment is an act of caritas, i.e., a religious duty according to Occidental
Christianity. In the absence of the caritas argument, it is difficult to see a
foundation for the legitimization of applied science that would have enabled
technological innovation that would have lessened the severity of the punishment.
In fact, theoretical science was less problematic than applied science in medieval
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Occidental societies. Theoretical science may or may not have been problematic
depending on considerations related to a literal interpretation of Occidental
Christianity until the 12th century. Applied science was definitely problematic,
because it threatened to interfere with the punishment meted out by God for the
Original Sin. In other words, some theoretical science could be legitimized, but it
was very difficult to legitimize applied science until the 12th century.
The difficulty to legitimize applied science does not necessarily mean that applied
science did not exist. Men of the cloth – and pretty much all matters intellectual
were conducted by men of the cloth in the medieval Occident – would have
hesitated to engage in applied science, but this did not necessarily mean that
others would not have engaged in what is today considered applied science. In
other words, applied science was not part of science, but it was carried out by
artisans in the context of engineering and technology. After all, civil engineering
as it relates to the construction of, e.g., large medieval cathedrals requires applied
science, e.g., materials science and statics. Another example of applied science
being part of the work of artisans is that barbers were the physicians and
pharmacists of the medieval Occident. In other words, the applied science
medicine was de facto part of technology and not science.
Maurice Daumas concludes that there was no significant scientific development
achieved during the 1000 years representing the Occidental Middle Ages contrary
to the Arab societies which did not only safeguard Greco-Roman philosophy and
science but they also enganged in significant scientific development on their own
(Daumas, 1957, pp. 22-23). The Crusades opened up the opportunity to reconnect
with at least some of the philosophy and science of the Mediterranean world
during the Imperium Romanum and to connect with the knowledge of the Arab
world and beyond. The Arabs had not only absorbed and developed Greek
philosophy and science, but they worked with Indian science, including the
numerical system currently used in the Occident (Salhab, 2006, pp. 112-114).
With the maritime expeditions the Occident was able to have direct contacts with
non-Occidental societies apart from the Arabs. The hate felt toward the Moors by
the Christians resulted on the expulsion of the Moors from the Iberian Peninsula
in the beginning of the 17th century (Verlinden, 1966, p. 29), and this hate was
certainly not societally conducive to the absorption of non-Occidental philosophy
and science by the Occident, although it was not an impenetrable obstacle. The
absorption took place on the Iberian Peninsula and in Sicily (Brunet, 1957, pp. 329332). It is necessary to consider this absorption more closely, because it consisted
to a large degree of the re-absorption of the Roman Heritage. In other words, the
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re-absobed philosophy and science was already legitimized by being part of the
Roman Heritage.
The absorption of science from the Arab societies was not limited to theoretical
science: Marie-Claire Amouretti and Georges Comet observe that a significant
scientific absorption in regard to medicine took place in Salerno from the 10th to
the 13th century (Amouretti & Comet, 1993, p. 151). To the degree that this
involved applied science based on the Roman Heritage, i.e., the work of, e.g.,
Hippocrates of Kos, Herophilus of Chalcedon, Erasistratus of Ceos and Galen of
Pergamon, it was already legitimized. The key for the legitimization was that the
Occidental societies embraced the Roman Heritage.
Arab science may have been accepted by the Occidental societies more than the
direct documentary evidence would suggest. A controversial suggestion is that
Copernicus was not the original source of the scientific development attributed to
him in the Occident but that he was heavily influenced by the work of, e.g., Ibn alŠāţir (Jacquart, 1996, p. 99). If it is true that Copernicus’ work was predated and
heavily influenced by Arab scientists, then this raises the spectre that the Occident
legitimitizes only science attributed to Occidental scientists. If this were true, then
serious questions about the scientific contribution of the Occident and even the
irretrievable loss of science because of the absence of an Occidental “sponsor”
would be warranted.
Alongside the long Arab, or more precisely Moorish, presence on the Iberian
Peninsula, Byzantine sources were important. A first rediscovery took place during
the 12th and 13th centuries based on translations from Arab or Greek into Latin, and
these translations were the foundation of the reformulation of Christian theology
by Saint Thomas of Aquino (Verlinden, 1966, p. 69). A second rediscovery occurred
in the first part of the 15th century: The Byzantine scholar Georgius Gemistus
(Γεώργιος Γεμιστός) taught Greek in Florence, and the interest in his classes led to
the importation of Greek manuscripts to Italy and convinced Pope Nicholas V to
task translators to translate them into Latin (Verlinden, 1966, pp. 69-70).
In spite of his importance, Thomas of Aquino did not work in a societal vacuum.
Marc Bloch argues that a widespread and complex movement emerged in the
Occident in the second half of the 11 th century as exemplified by Pope Gregorius
VII (Bloch M. , 1989, pp. 161-164). In other words, change was part of the societal
discourse during the time of Thomas of Aquino. This does not mean that societal
acceptance was assured as demonstrated by the condemnation of the work of
Saint Thomas of Aquino and Averroes by the Bishop of Paris, Étienne Tempier, in
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1270 and 1277 (Gonzáles G. , 1987, p. 332). Protection by the Imperium should not
be confused with freedom of thought in general and separation of theology and
science in particular. A university exists in a society with its societally accepted
interpretation of its societal tradition or its branch of the appropriate societal
tradition, and within these confines a university, the Imperium and the Ecclesia
have to act. The Imperator did not hesitate to act when the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition was challenged:
Louis XI prohibited nominalism at the Sorbonne University in 1474 (Gonzáles G. ,
1987, p. 105). With this decision the Imperium enforced the societal confines in a
theological matter. The protection of science by the Imperium means that
scientists can work on issues which are of interest to the Crown, but it does not
free them from the confines of the societally accepted interpretation of the
relevant societal tradition or the relevant branch of the appropriate societal
tradition.
It is necessary to keep in mind that legitimization had two foundations, i.e., the
Roman Heritage and Occidental Christianity. The authoritative source of
Occidental Christianity was the Bible as interpreted by the Ecclesia, and the
authoritative source of philosophy and science was the Greco-Roman philosophy
and science (Benoit, 1997, p. 280). This situation contained a significant problem,
because both Greco-Roman philosophy and science on the one hand and
Occidental Christianity on the other hand were about “rationalis” based on
different sources and not about “realis”. This emphasis on “rationalis” was not
conducive to applied science and empiricsm.
Medieval “rationalis” was tied to a broader reinterpretation of the Occidental
Tradition that legitimized humanism in general and the work of Petrarch in the 14 th
century. Claudio Jannet has seen in humanism with its adoration of Antiquity the
precursor of rationalism (Jannet, 1896, p. 292). José Maravall points out that
humanism is based on sources from both Antiquity and the Occidental Middle Ages
(Maravall, 1986, p. 364). Humanism was a force in turning the attention toward
studying the Occidental Antiquity and observing nature, and consequently it set
into motion the publication of literature on science and mathematics (Imbart de la
Tour, 1914, p. 276). However, a strong emphasis on “rationalis” contains the
danger that empirical work is delegitimized and thus neglected. Such neglect
would go a long way to explain why it took until the 18th century for modern
chemistry to emerge.
From the standpoint of the lack of scientific development during the Occidental
Middle Ages, it is noteworthy that it coincided with theological ambiguity. Marc
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Bloch argues that theological orthodoxy remained vague in the Occident until the
end of the 11th century and the rise of scholasticism (Bloch M. , 1989, pp. 128-129).
This argument suggests that the lack of scientific development was not necessarily
a result of the societal dominance of the Ecclesia Catholica Romana, but the lack
of societal norms which were needed for the legitimization of science – and
technology. This argument is in line with the role the Ecclesia played in reducing
the fear for the Mare Diabolicum we have seen above.
The change in mentality heralding a societal dynamism aiming at creating
something new and improving the existing state of affairs has been associated with
the shift from the Middle Ages to Modernity (Maravall, 1986, pp. 62-63). Whereas
scientia est immersa in societate, this shift was a challenging one from the
standpoint of science. During the Occidental Middle Ages both the learned men
who were ecclesiasts and the general population accepted concepts that would be
considered superstitions in the subsequent evolution of science, and these
concepts influenced the men working in philosophy and science during and after
the Occidental Middle Ages (Lenoble, 1957, pp. 398-421). At the time, the
expected societal impact of science was a cause to pause. Luis Vives opined that
virtue was the enemy of science, and the Bishop of Tuy demanded that the old
customs be maintained and the introduction of new ideas was to be avoided
(Maravall, 1986, p. 106). In other words, accepting Luis Vives’ standpoint means
that society had to give up on virtue if society accepted science. This view must
have given pause to anyone with strong religious beliefs and facilited opposition
against science and scientific development.
The views espoused by Luis Vives in regard to science and virtue may at least
partially explain the non-scientific – in the sense of the natural sciences – focus of
the universities in the Occident. The medieval universities were geared toward
theology, philosophy and medicine during the Middle Ages, and it took until the
19th century for science and university research to be clearly aligned (Daumas,
1957, pp. 35-41).
Science and theology do not necessarily have an antagonistic relationship in
Occidental Europe. Gabriel Gonzáles claims that science requires a certain degree
of universality (Gonzáles G. , 1987, p. 46). This is not to say that there could not
have been, e.g., Greco-Roman sources suggesting that science is universal, but for
men living in societies adhering to the Occidental Tradition the universality of
theology and science must have seemed symbiotic. This line of argument shows
that the claim that Occidental science is universally true is at least partially derived
from the claim that Occidental Christianity is universally true, a claim that most
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certainly has been or is challenged by societies espousing other societal traditions,
e.g., the pre-Columbian Aztec society worshipping Tlaloc, Huitzilopochtli
andTonacatecuhtli.
Scientific development was not without historical roots. In the Occident, science
had roots in the Greco-Roman philosophy and science which formed the
foundation of the work of the philosophers and scientists in the 16 th, 17th and 18th
centuries (Delzant, 2001, pp. 83-84), among them René Descartes, ÉtienneFrançois Geoffroy, Guillaume-François Rouelle and Antoine Laurent de Lavoisier.
Although the Occidental philosophy and science was characterized by a belief in
the authority of Greco-Roman philosophers and scientists in the Occidental Middle
Ages, this should not obscure the empirical aspects of science and philosophy in
Antiquity (Hoefer, 1843, pp. 3-4).
The authority of Greco-Roman philosophers and scientists was such that chemists
had to legitimize their work with references to Plato even if Plato had not written
anything relevant on the issue (Lafont, 1994, pp. 17-18). In the Occident, authority
as the foundation of science was abandoned after the Occidental Middle Ages,
particularly in the 17th century (Lenoble, 1957, pp. 480-484). Important for the
development of the Occidental science was a recursive movement to empiricism
and in this context Bernard Palassy was an important forerunner predating, e.g.,
Francis Bacon (Hoefer, 1843, pp. 72-73). The authority the Greco-Roman scientists
and philosophers enjoyed in the Occident was not necessarily beneficial to science:
The Stoics taught that the earth was a large animal and its submarine breathing
caused the tide phenomenon (Joly B. , 2008, pp. 293-295).
Chemistry developed predominantly in applied fields: Military applications were
of particular interest as evidenced by the publication of Vannoccio Biringuccio’s
work on military pyrotechnics in 1540 (Cosendey, 2007, p. 266). The Occident was
involved in military confrontations with the Moors on the Iberian Peninsula during
much of the Occidental Middle Ages and in the eastern Mediterranean in the
context of the Crusades, and the military conflicts provided the legitimization for
applied science. In these conflicts, applied science was required for military
success, and the societally accepted interpretation of the Occidental Tradition was
such that the success in these conflicts obviously overrode societal objections
against applied science.
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(vi) Medieval Legitimization of Technology
The medieval interpretation of the Occidental Tradition was not conducive for
technology and technological innovation: Pope Innocent III opined that humans
do not exist for enriching themselves but to work, to suffer, to be afraid and to die
(Passet, 2010, p. 88). This view de facto forbade the use of technology for
improving the life of humans. From standpoint, the legitimization of technology
had to be based on other factors. Additionally, monetary incentives for
technological innovation were not allowed, because monetary incentives would
have contravened the prohibition of enrichment.
The strong agricultural focus associated with the societal stagnation of the
Occidental societies was not conducive to technological innovation in the Middle
Ages.
Marie-Claire Amouretti and Georges Comet maintain that some
technological innovation did occur, but the pace was slow (Amouretti & Comet,
1993, p. 128). This should not disguise the importance of agriculture in the
evolution of mechanization: Marie-Claire Amouretti and Georges Comet point out
that arguably the roots of industrial mechanization were in agriculture (Amouretti
& Comet, 1993, pp. 153-154).
A fundamentally important development commenced in the Occidental Middle
Ages: The replacement of manpower by hydraulic and eolian energy commenced
by the early 14th century (White, 1969, p. 109). It has to be noted that the 14 th
century was also the time of the Black Death. The implementation of this
technological innovation did not necessarily result in the replacement of
manpower, because the death toll from this epidemic meant that the humans who
were replaced were needed elsewhere and were thus not made redundant.
The ruralisation of the Occident that commenced in the 3rd century made the
physical distribution of technological innovation difficult. The existence of a lingua
franca in the Occident, i.e., Latin, did make communication easier among the few
men who could speak, understand, read and write Latin. It is a different matter
whether Medieval Latin lent itself to the comprehension of Roman texts. Medieval
Latin was not the Classical Latin of Gaius Plinius Secundus, Marcus Vitruvius Pollio
and Marcus Aurelius Antoninus Augustus but Church Latin. This means that the
verbal distribution was not necessarily easy, either.
The hostile Occidental reaction against the Arabs and the Arab Tradition in the
context of the Arab conquest of a significant portion of the Iberian Peninsula
because of the societal perception that the Arabs could not be assimilated is of
significance (Maravall, 1981, pp. 250-251). It can be argued that the Occidental
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reaction did not only result in warfare, but that it also resulted in some rejection
of science associated with the Arabs. This does not mean that the Arabs did not
influence Occidental science and technology, e.g., the work of the 12 th century
polymath al-Jazari resulted in renewed interest in machinery in the Occident in the
13th century even in the face of opposition from Thomas of Aquino (Marchis, 2005,
p. 15). Such a societal rejection based on the medieval interpretation of the
Occidental Tradition offers an explanation of limited impact the Arabs seem to
have had on science and technology in the Occident from 712 onward. In other
words, everything associated with the Arabs after the Arab conquest of much of
the Iberian Peninsula – which was considered a contravention of Occidental iustitia
– was rejected by the Occidental societies.
The 13th century saw some contacts between China and the Occident. Some
science and technology was absorbed by the Occident, e.g., the production and
use of black powder in the Occident was based on imported knowledge (Amouretti
& Comet, 1993, pp. 144-145). The military use of black powder was one of the few
advantages the conquistadores had in the Americas. Ultimately, the importation
of Chinese science and technology played an important role in financing the further
scientific development and technological innovation in the Occident.
Shipbuilding was of significant importance from the standpoint of the logistics
related to the Crusades and the maritime exploration. Shipbuilding did make
significant progress in the course of the Middle Ages, and the shipbuilders were
able to construct vessels which were more capable of successfully weather an
Atlantic storm and which could stay at sea for longer periods of time (Tramond,
1916, p. 57). Scientific developments in regard to navigation and innovations in
naval technology have been credited with enabling the Portuguese maritime
voyages along the Atlantic coast of Africa (Cortesão, 1966, p. 28).
On a cautionary note, the importance of technology should not be overestimated.
Although technological innovation was most certainly helpful in the maritime
explorations during the 14th and 15th centuries, it is a completely different matter
whether technological innovation was a necessary prerequisite for it. It should not
be forgotten that the Phoenicians were able to circumnavigate Africa about 2000
earlier, and the Vikings were capable of maintaining long-term maritime contacts
across the North Atlantic from Norway to North America without any of the
technological innovation that took place during the Occidental Late Middle Ages.
Therefore, it would seem rather illogical to claim that the technological innovation
in shipbuilding was a necessary prerequisite for the maritime expeditions of the
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Portuguese following the path – albeit in the opposite direction – of the Phoenician
and the Spanish following the path of the Vikings – albeit further south.
Legitimization of technological innovation in an essentially stagnant agrarian
society was difficult. One way to obtain legitimacy for technological innovation
was warfare, and this is one reason why the impact of the Crusades should not be
underestimated. We have seen that the Crusades were not only legitimized based
on both the Roman Heritage and Occidental Christianity. This gave legitimacy for
any technological innovation that could be seen as part of the Crusades, including
improving shipbuilding and ship technology used for ships used in the Crusades.
The association of the Portuguese maritime expedition with religious motives also
helped in the legitimization of naval technological innovation, whether absolutely
necessary or not.
The rural focus of the Occidental societies impacted the focus of technology.
Generally, technology during the Occidental Middle Ages was focussed on
mastering natural resources, e.g., using the energy provided by rivers in the
production of flour, beer, sugar, linen, paper and iron (Maisseu, 1992, pp. 646649). Although some long-distance transportation took place, e.g., between
Brabant-Flanders and northern Italy, transportation limitations and the lack of
large urban markets effectively limited the size of production units. The
transportation bottlenecks and costs also often eliminated the need for
technological innovation aimed at improving the quality and efficiency of the
production processes. There is also evidence of the use of Roman technology in
new applications (transversal application), e.g., the medieval shoulder collar was
based on the Gallo-Roman yoke as described by Georges Raepsaet (Raepsaet,
2008, p. 99).
The societal acceptance of technological innovation was not helped by fears
espoused by the Ecclesia Catholica Romana which delegitimized technology.
Technological innovation was associated with divination, magic and other
theologically unacceptable activities until the 12th or 13th century according to
Marie-Claire Amouretti and Georges Comet (Amouretti & Comet, 1993, p. 174).
Bertrand Gille argues that the decline of feudalism, i.e., the ecclesiastics and the
aristocracy, meant that the societal influence of artisans and merchants enabled
technological innovation, because artisans and merchants were used to change
(Gille, 1965, p. 2). This argument is problematic in several ways. First, it is based
on the claim that the Ecclesia Catholica Romana prevented technological
innovation, but it was the very same Ecclesia that led the way in recovering the
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Greco-Roman philosophy and science. Second, it is based on the assumption that
the aristocracy was inherently incapable of technological innovation, but
technology and particularly science was not an anathema to members of the
aristocracy, and technological innovation can have a decisive impact on the
outcome of a military conflict. Third, it is based on the assumption that artisans
and merchants are more willing to engage in projects characterized by uncertainty,
a very problematic assumption considering that the guilds protected many of them
until the end of l’Ancien Régime.
It is noteworthy that many of the inventors and innovators in the 15 th and 16th
centuries were neither artisans nor merchants: They were military engineers who
engaged in different infrastructure and civilian projects as well, or they were artists
like Leonardo da Vinci (Gille, 1965, pp. 7-8). Artists were also active in science, e.g.,
Filippo Brunelleschi was a painter, an architect, a scientist researching architectural
theory and a scientist researching painting theory based on Euclid (Gingras,
Keating, & Limoges, 2000, p. 192). The 15th century was also of significance to
engineers in another respect accxording to Élisabeth Crouzet-Pavan: Before the
15th century people engaged in technological innovation did not leave many
written witnesses of their work, but in the 15 th century this changed with the
societal acceptance and even societal promotion of engineering (Crouzet-Pavan,
2004, p. 59).
Élisabeth Crouzet-Pavan’s argument is noteworthy in two respects. First, she
pushes the existence of engineers into the 15 th century, i.e., significantly before
the establishment of les academies from the late 16th century onward. If she wants
to claim that there were no engineers prior to the 15 th century, and the text is
unclear on this point, then the reason for such a claim remains unclear. After all,
e.g., cathedrals requiring some level of civil engineering were built before the 15 th
century and metallurgical facilities requiring some level of chemical engineering
were operated prior to the 15th century. Second, she uses the term “engineering”
which would imply the existence of applied science alongside theoretical science
and technology. It remains unclear when she considers that applied science
emerged or whether it had existed for millennia.
Any assessment of technological innovation during the Occidental Middle Ages is
confronted with a data challenge: The invisibility of technology reflects the
unavailability of written sources, but this does not necessarily mean that no
technological innovation took place in rural areas (Traina, 1994, p. 135). This
means that archeology is called on to show the extent to which technology existed
and was used, but it has to be remembered that the climatological prerequisites
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for the preservation of organic materials are significantly poorer in Europe than,
e.g., in Egypt. The key issue is that the written sources are incomplete and relying
on written sources may thus be seriously misleading when an assessment of
medieval technology is attempted.
The centuries following the Crusades saw a flurry of technological innovation. The
question of which technological innovation impacted which other technological
innovation can be entertaining, but the really important issue is the dynamics that
saw the unfreezing of the essentially stagnant society of the 11th century. After the
commencement of the unfreezing, or the process of finding a new interpretation
of the Occidental Tradition, then societal acceptance for technological innovation
was possible. Technological innovation is based on knowledge that gives rise to
new practices and creativity driven by learning which result in expanding existing
knowledge or substitutes existing knowledge (Caron, 2010, p. 14). Because any
expansion of existing knowledge or the substitution thereof has to be accepted by
society, societal change is the prerequisite of technological innovation.
Science and technology cannot be separated even in the Occidental Late Middle
Ages. The measurement of time is important in many scientific experiments and it
required technological innovation: Timepieces emerged in the 15th century, and
the resulting knowledge of mechanical engineering formed the foundation for the
construction of other machinery (Daumas, 1957, pp. 51-57). In Antiquity, the
School of Alexandria had moved away from metaphysical speculation that had
characterized the work of Aristotle and Plato to scientific observations and
scientific experiments (Brunet, 1957, pp. 241-253). In other words, the recursive
recombination that tied the 15th century Occident to the scientific observations
and experiments performed at the School of Alexandria in Antiquity created the
platform for technological innovation and the mechanization of production
processes. Simultaneously, the need for time measurement signifies increased
possibilities to engage in empirical science.

(vii) Medieval Legitimization: The Economy
Pierre Bourdieu argues that the knowledge of the societal situation, including
cultural factors, is the prerequisite for the adaptation of economic and business
initiatives to reality and ultimately economic and business success (Bourdieu, 1974,
pp. 10-12). The present situation is only one part of the assessment of economic
and business initiatives, because the future is important as well as, e.g., Jean-Louis
Vauzanges maintains: The societal situation impacts how the future is viewed, and

213

Legitimization of Science and Technology

the decision-maker’s perception of the future is alongside financial capital the key
issue when capital investments are evaluated (Vauzanges, 1956, p. 569). Leaving
the issue aside whether financial resources for investments are of decisive
importance, if labour is available on the foundation of la corvée and materials are
available without compensation on feudal estates, the key issue is the expected
future development.
In the 11th century, the decline of the urban centres commencing in the 3rd century
was still clearly in evidence in the Occident, and artisanal and other manufacturing
took place on the rural villa estates (latifundia, seigneuries, etc.) in the estimation
of François Caron (Caron, 2010, p. 17). This refers to the importance of rural
manufacturing, i.e., all manufacturing did not occur in the urban centres. If the
dissemination of knowledge from one location to another is considered important
for technological innovation (Caron, 2010, p. 43), then a society characterized by
numerous more or less autarchic villa estates was conducive to neither science nor
technology.
From the 11th to the 13th century, a profound change in the Occidental economy
took place. First, the influence of the Ecclesia Catholica Romana combined with
the commercial activities associated with the Crusades, i.e., primarily with Syria
and Byzantium, led to the emergence of a de facto Civitates Foederatae
Christianitas in the 11th to 14th centuries in the Occident in the view of Jaime
Cortesão (Cortesão, 1965, pp. 20-24). Jaime Cortesão’s assessment leaves out the
re-emergence of the Roman Heritage associated with the end of the vacancy on
the Imperial throne in AD 800. From the view of the legitimization of technology,
the emergence of a de facto Civitates Foederatae Christianitas suggests that
technology was not local or regional but Occidental. Considering the decisive role
the Ecclesia Catholica Romana played in science during the Occidental Middle Ages
it is obvious that science had been Occidental during the Occidental Middle Ages.
Jaime Cortesão’s assessment also leaves out the trade with Scandinavia and
Novgorod which has been researched by, e.g., Marc Bloch (Bloch M. , 1949a, pp.
113-114).
Second, an urban and mostly rural “proto-industry” formed when individuals
worked independently or with a few assistants on their own premises according to
François Caron (Caron, 2010, p. 18). Although the term “proto-industry” is widely
used, the use of this term carries the danger of limiting the assessment by focussing
on the dissimilarities rather than the similarities between “proto-industry” and
large-scale mechanization of the production processes in the opinion of Salvatore
Ciriacono (Ciriacono, 1997, pp. 78-82). In the same vein, “proto-industry” can be
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considered a phase in the evolution toward large-scale mechanization of the
protection processes according to René Leboutte (Leboutte, 1997, p. 122). With
the exception of the cases of technological innovation which significantly changed
the value chains and production technology, as was the situation in the French
textile industry in the 18th century (Terrier, 1997, p. 233), societal acceptance of
new ways of production was probably easier to achieve. Continuity is particularly
important in the context of the legitimization of another way of organizing the
value chain in general and technological innovation in particular: Technicae est
immersa in societate and mercatura est immersa in societate.
Third, the already implied increased importance of the artisans and merchants had
significant implications for Occidental societies from the late 11th century onward
according to Marc Bloch (Bloch M. , 1949a, p. 115). Marc Bloch’s conclusion that
the artisans and merchants became more important implies that there occurred a
reinterpretation of Occidental Tradition during this time period. This does not
mean that something completely new emerged, because the Occidental Tradition
contained precedents in this regard, e.g., during the Imperium Romanum.
In the 12th century, Italian merchants imported spices, silk and fabrics from the
Oriental Mediterranean, and they exported wool from Flanders, wood, metals and
slaves from the Occident (Racine, 1994, p. 367). Although the Italian merchants
continued their commercial relationship with le Languedoc and la Provence, they
increasingly started to use ports on the Iberian Peninsula, e.g., Barcelona, Seville
and Lisbon, and by 1250 they were active in La Rochelle on the French Atlantic
coast (Racine, 1994, p. 367). In other words, the distances increased and thus
increasingly longer sea voyages were legitimized. Thus, the long distances
associated with the Portuguese and Castilian maritime expedictions toward the
end of the Occidental Middle Ages were not a “revolution” but an “evolution”.
Again, continuity helped in legitimization.
Starting in the 13th century, merchants increased their involvement in
manufacturing by taking an active interest in the production and by establishing
manufacturing operations thus allowing for a more strict coordination of the work
of the artisans and assistants according to François Caron (Caron, 2010, p. 18). The
exports from Italy originating in Italy were often manufactured products from the
interior of Italy, in the 12th century cotton-based products and in the 13th century
woollen fabrics were of significant importance (Racine, 1994, p. 374). From the
1230s on, artisans from Flanders established important wool manufacturing
operations particularly in the Lombardy according to Pierre Racine (Racine, 1994,

215

Legitimization of Science and Technology

p. 375). This suggests that technology was not local in the Late Middle Ages, and
this allowed for the dissemination of technology across the Occident.
Significant exports were realized by the arms manufacturing operations in
Bergamo, Brescia and Milan taking advantage of local iron mines even to North
Africa and the Orient in spite of a Papal prohibition of this commerce for military
security reasons (Racine, 1994, p. 376). This activity benefited from the
Mediterranean as a transportation route. This underlines the limitations of any
actions by Imperator or Papam, if the local societal acceptance was insufficient.
This instance suggests that the legitimization of commercial activities had to occur
at two levels at least: (i) at the level of the Imperium and the Ecclesia, and (ii) at
the local or regional level.
In the case of forges, a large number of small operations were typical in France
during the Occidental Middle Ages (Mangin & Fluzin, 2008, p. 46). This can be
primarily seen as an indication of transportation limitations which prevented the
distribution of larger quantities and secondarily seen as the lack of technology
allowing for at least medium-scale operations. From a societal standpoint, the
decentralized production may have been favoured by the heritage of self-sufficient
villa estate. Considering legitimization, the local focus of the production facilities
meant that the construction and operation of a production facility had to be based
on local considerations during the Occidental Middle Ages.
The critical attitude of the Ecclesia Catholica Romana against worldly wealth based
on the teachings of, e.g., Saint Augustine has been seen as an impediment to
commercial activities in the Occidental Middle Ages, see Paolo Malanima
(Malanima, 1997, p. 439). Selim Jahel considers that the attitude of the Ecclesia
Catholica Romana vis-à-vis merchants can be considered contradictory, because
wealth was considered an impediment to an individual’s quest for eternal
salvation, but by the 11th century commerce was viewed favourably by Rome
(Jahel, 2001, p. 884). An evolution in the legitimization of commercial activities in
general and enrichment in general as suggested by Selim Jahel may be considered
important from the viewpoint of the accumulation of financial resources for larger
capital investments and for allowing an increase of the capital-intensity of
production facilities over time. Particularly the latter factor is important for
technology, because higher capital intensity means more extensive mechanization
and thus a higher technology-intensity in production facilities.
The Crusades were unsuccessful in the Occident’s quest to conquer and to keep
the Holy Land and significant other swaths of Syria meant that the literal
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application of the Roman Heritage to strengthening the interrelated strengthening
of commercial and military might was delegitimized. Instead of abandoning the
Roman Heritage wholesale, the Occident separated the commercial argument into
two components. First, the reconquest of the commercial hub Antioch of the
Imperium Romanum was abandoned. Second, the concept of maritime commerce
– in the Imperium Romanum maritime trade connected Rome and Antioch – was
maintened but reinterpreted to the Atlantic Ocean rather than the eastern
Mediterranean. In other words, the maritime expeditions suggested continuity
and not a breach with the Roman Heritage.
The Crusades were instrumental in increasing the role of capital, and the Crusades
were important in giving the Occident a better understanding of more
sophisticated commercial activities (Sayous, 1936, pp. 335-336). From this
standpoint, the Crusades can also be seen as one of the explanations for the
hunger for precious metals, i.e., one form of capital, the Occident demonstrated in
the Spanish Americas later.
The commercial decline of the Mare Nostrum contributed to the reinterpretation
of the Occidental Tradition, or more precisely the Roman Heritage: The naval
supremacy of the Occident in the Mediterranean (Mansouri, 1997, p. 127), and
political turbulence and epidemics resulted in a shrinking population and a
declining economy in the Maghreb region during and after the Crusades
(Mansouri, 1997, p. 134). This limited commerce at least between North Africa
and the Occident. From the Occidental perspective, the Arab piracy in the 9th and
10th centuries warranted a heavy naval presence and probably discouraged
commerce across the Mediterranean in the opinion of Pierre Guichard (Guichard,
1978, p. 190).
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Figure 9: Hate and dissatisfaction drive science and technological innovation.

Figure 9 summarizes some of key points in Chapter VI. Until the late 11th century,
satisfactio and indulgentia reigned in the Occident, at least in the sense that there
was no consistent and successful movement that seriously questioned the
foundation of medieval society, i.e., feudalism. The satisfaction in the sense of no
or little willingness to change the interpretation of the Occidental Tradition of the
medieval society did not provide the societal dynamics needed for scientific
research and/or technological innovation. It needed what could be called a near
death experience in the form of the Arab conquest of significant parts of what had
been the core of the Imperium Romanum and the incursion into the Frankish Realm
for the Occident to embark on a reinterpretation of the Occidental Tradition.
The Occidental response to the Arab conquest was characterized by military action
as exemplified by the Crusades and the Reconquista, i.e., the response was based
on aggression and thus at least some level of hate toward the Arab conquerors.
The temporal coincidence – a coincidence is not irrefutable proof, of course – of
the resurrection of the Roman Heritage in the context of Charlemagne being
invested with the Imperial crown and the commencement of the evolution that
sometimes is called the “scientific revolution” on the one hand and the aggressive
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military operations on the other hand suggest that science and scientific
development are not innocent of aggression and hate.
With the commencement of the Crusades, the Medieval Occident identified a
grievance and identified an opponent. This brought taedium and inimicitae into
play, and the societal dynamics started with a reinterpretation of the Occidental
Tradition – at this point in time the Germanic Branch had not separated from the
Romanic Branch yet – which resulted in a societal legitimization of scientific
development and technological innovation. Rather than a reason for this
reinterpretation the teaching of Saint Thomas of Aquino can be seen as reflection
of this reinterpretation.
Satisfactio cannot be interpreted to mean that people were satisfactorily safe – in
a broad sense of the term – in the Medieval Occident. It means that there was no
societal desire for societal change and thus a reinterpretation of the Occidental
Tradition. With no societal desire for change there was no need and ultimately no
place for scientific development and technological innovation in the medieval
societally accepted interpretation of the Occidental Tradition in the Occidental
societies prior to the Crusades. The introduction of taedium based on a perceived
iniustitia by the Medieval Ecclesia Catholica Romana unleashed a societal dynamics
that ultimately resulted in a reinterpretation of the Occidental Tradition that would
legitimize scientific research and technological innovation.
The aim of the Imperium and the Ecclesia to pacify the medieval Occidental
societies by unleashing the Crusades indicates that indulgencia did not characterize
the Medieval Occidental societies. However, the inimicitae prior to the Crusades
occurred largely with opponents with science and technology not much different
from the others. This changed with the commencement of the Crusades when the
Occidental societies were confronted with scientifically more sophisticated
opponents. On the Iberian Peninsula, a similar situation took shape. The conflict
provided legitimacy to science and technology, particularly in the field of science
and technology with potential military applications. In other words, the question
is not solely about indulgencia versus inimicitiae, but it is also a question of
difference in the levels of scientific knowledge and technology between the
opponents.

219

Legitimization of Science and Technology

(viii) Chapter Assessment
This Chapter shows that the light of science was rekindled based on recursive
tendencies in the Occident in the 13th century. These recursive tendencies are
evidenced by the reabsorption of the work of Greco-Roman philosophers and
scientists, e.g., Aristotle.
This Chapter also shows that the reabsorption of Greco-Roman philosophy and
science particularly via the Arabs indicates a significant limitation in the Occidental
Tradition as it relates to the legitimization of science and technology. The Occident
appears to have rejected originally Arab philosophy and science, or at least the
origin of this philosophy and science was not mentioned. This suggests two issues
in the context of the legitimization of science and technology. First, the Occidental
Tradition considers legitimate philosophy and science which are part of the
Occidental Tradition even if they have sunken into oblivion in the Occident. This
emphasis on the origin suggests that the accuracy of the philosophy and science is
not a decisive factor in the legitimzation of philosophy and science. Another way
to consider this is to argue that there is a presumption that the Greco-Roman
philosophy and science is accurate.
Second, the Occidental Tradition has problems in considering philosophy and
science legitimate which are not rooted in the Occidental Tradition. Hesitancy in
regard to the legitimization of Arab philosophy and science is remarkable. If the
Occident did not legitimize Arab philosophy and science, then the absorption of
philosophy and science originating in societies with more dissimilar societal
traditions must be very difficult, indeed. This does not mean that there have not
been exceptions.
Rather than absorbing the latest knowledge in science and technology, the
legitimization of philosophy and science introduces a recursive element into the
Occidental Tradition. In other words, the use of Greco-Roman philosophy and
science as the foundation of the legitimization of science and technology means
that the foundation of the legitimization takes precedence over the accuracy of the
science and technology. Society trumps science and technology.
The recursive tendencies in the legitimization of science and technology in the
Occident set the stage for two forms of authorianism in the legitimization as it
relates directly to science and technology in the Occident. First, the work of older
philosophers and scientists are used to legitimize later science and technology thus
lending older philosophers and scientists much authority throughout much of the
history of science and technology in the Occident. This does not mean that the
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later work did not differ from the earlier work. However, the differences did not
necessarily improve the accuracy of the earlier work because of intentional or
unintentional misunderstandings of the Greco-Roman texts. In view of the
prominent place of the Ecclesia Catholica Romana in all matters relating to
philosophy and theoretical science during the High Middle Ages, the compatibility
of Greco-Roman philosophy and science with the teaching of the Ecclesia Catholica
Romana was a consideration as evidenced by the conflict between the Bishop of
Paris, Étienne Tempier, and the Sorbonne University. This was a motivation for
intentional misunderstandings. There was the possibility of unintentional
misunderstandings caused by societal factors, including language and
neuroscience (see Chapter II). At least a part of the language-related issues can be
seen in the context of differences between Classical Latin and Church Latin. To the
degree that Church Latin changed the Latin language to prevent thought
incompatible with Occidental Christianity, the intentional and unintentional
misunderstandings were prone to be at least similar.
Second, the authority given to older philosophers and scientists tends to favour
theoretical and speculative –or metaphysical – work at the expense of empirical
science in the Occident at least until the 18 th century (see Chapter VII). To the
degree that the older philosophers and scientists adhered to the physics-inspired
view of science being de facto speculation, the authority given to earlier
philosophers and scientists resulted in a perpetuation of a succession of
speculation with an increased likelihood of intentional and unintentional
misunderstandings over time. Consequently, the legitimization of theoretical
science was founded on speculation rather than natural phenomena.
The authority given to Greco-Roman philosophy and science tended to
delegitimized empirical science, e.g., alchemy and later chemistry, and nonOccidental science. The second issue merits a few additional words. If science is
legitimized based on the authority of philosophers and scientists belonging to the
Occidental Tradition, then it is difficult to legitimize science that is incongruent with
Greco-Roman philosophy and science. This favours some degree of consistency in
Occidental science and technology, but it simultaneously creates a barrier to the
legitimization of even accurate non-Occidental science.
The recursive tendencies in the Occidental Tradition have also been of great
importance to the creation of demand for applied science and technology, and
ultimately the legitimization of applied science and technology. Whereas applied
science and technology have to be compatible with natural phenomena in order to
work, the legitimization of applied science and technology can only be based on
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empirical evidence. To the degree that the speculative theoretical science was
legitimized with the help of speculation and its congruency with earlier
speculation, in the Medieval Occident theoretical science could only offer the
foundation for the legitimization of applied science and technology, if the
speculation had yielded a result that happened to comply with natural
phenomena.
In the Medieval Occident, the legitimization of theoretical science, applied science
and technology was not uniform. In the case of theoretical science, the foundation
of legitimization was de facto solely the Greco-Roman philosophy and science,
including its develepment in the Occident. In the case of applied science and
technology, the foundation of legitimization was de facto solely empirical
evidence. Thus, it would be fallacy to expect that theoretical science could have
been the foundation of the legitimization of applied science and technology.
Equally, it would be fallacy to expect that applied science and technology could
have been the foundation of the legitimization of theoretical science. Concluding
from this that applied science and applied science-based technology did not exist
during the Occidental Middle Ages because of theoretical science did not include
applied science would be wrong, because the Medieval Occidental theoretical
science was only able to legitimize itself.
Considering Fernand Braudel’s view that (i) the demand for technological
innovation originates after technological inventions has taken place in society (ii)
the economy was an aspect of society, the legitimization of science and technology
during the Occidental Middle Ages suggests a deeply divided society. On the one
hand, theoretical science was legitimized on the foundation of the authority of
theological sources and some Greco-Roman philosophers. On the other hand, then
lack of written sources suggests that different groups of artisans legitimized
applied science and technology in another way, most likely on the foundation of
tacit knowledge accumulated from generation to generation.
This Chapter VI shows that the recreation of the Imperium Romanum was an
important aspect in the Crusades, and the ultimate failure of the Crusades
provided the impetus to the maritime explorations which made the Atlantic Ocean
to the new Mare Nostrum. The attempt at recreating the Imperium Romanum
evidenced reactionary tendencies in Occidental societies, but these very same
reactionary tendencies created the societal demand for science and technology.
Religion was necessary in the legitimization of science and technology in the
Medieval Occidental societies. We see in this Chapter that the Ecclesia Catholica

222

Legitimization of Science and Technology

Romana both legitimized the Crusades which stood at the beginning of the societal
demand for science and technology, and science per se as evidenced by the
significant role played by Saint Thomas of Aquino in rekindling science in the
societies based on the Occidental Tradition. The latter point is of particular
importance in two ways. First, it demonstrates that there was not an inherent
incompatibility between religion and science in the Occidental Middle Ages at least
from the 13th century onward.
Second, the legitimization of science and technology is possible and it has been
practised in the Occident Tradition. In turn this means that it is dubious to
delegitimize science and technology which have been legitimized with religion, also
another religion than Occidental Christianity. However, the religious intolerance
exemplified by the Crusades means that one of the two roots of the Occidental
Tradition, Occidental Christianity, provided hardly the opportunity to legitimize
science and technology from societies which were not based on the Occidental
Tradition. This line of argument ties in with the at best limited legitimization of
Arab philosophy and science (see above) and the delegitimization of Aztec science
(see Chapter VIII).
The developments affecting and legitimizing theoretical science strongly suggest
that a reinterpretation of the hitherto societally accepted interpretation of the
Occidental Tradition was afoot particularly in the 13 th century. Considering the
decisive role the Ecclesia Catholica Romana played in everything related to
theoretical science, the role of the Ecclesia in the reinterpretation of the Occidental
Tradition should not be underestimated. It is the Ecclesia, after all, that set into
motion the attempted recreation of the Imperium Romanum using the vehicle of
the Crusades. The Ecclesial legitimization of the attempt to recreate the Imperium
Romanum created the foundation for the legitimization of the Roman Heritage,
including the Greco-Roman philosophy and science. As the conflict between the
Bishop of Paris, Étienne Tempier, and the Sorbonne University demonstrates, this
had not been the intention of the Ecclesia Catholica Romana.
The apparent inability of the Ecclesia Catholica Romana to steer the
reinterpretation of the Occidental Tradition in spite of its authority in the Medieval
Occident demonstrates that a reinterpretation is not a straightforward process
that can be steered toward a pre-determined goal. This indetermism is a result of
the complex nature of a reinterpretation. However, the outcome was congruent
with the Greco-Roman philosophy and science in the context of the legitimization
of theoretical science thus demonstrating the recursive nature of a
reinterpretation.
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VII. Second Case: L’Ancien Régime – Legitimization of Modern
Science and Technology
In Chapter I, the Sub-Objective of Chapter VII has been defined thus: The Fourth
Sub-Objective is to demonstrate the legitimization of science and technology when
the science and technology are within the confines of the Occidental Tradition in
two historical cases, and the delegitimization of non-Occidental science in one
historical case. The focus of Chapter VII is the time period when scientific
development gathered pace after the initial commencement in the 12 th century,
and the foundation for the mechanization of production operations based on
technological innovation started. We are talking about the second half of the 17 th
century and the 18th century, and assessment is based on France during l’Ancien
Régime.
In the 18th century, the France of l’Ancien Régime was arguably the leading
European realm in terms of science and one of the leaders in manufacturing. The
Realm was governed based on principles established over several centuries, and it
had been able to adapt its societally accepted interpretation of the Romanic
Branch of the Occidental Tradition to correspond with the requirements of
achieving this status. In 1789, l’Ancien Régime fell.
Albeit a multitude of causes for the loss of the legitimacy can be identified for the
fall of l’Ancien Régime, the impact of the societal tensions arising from the
delegitimization of the sacral aspect of l’Ancien Régime as a result of the declining
impact of Occidental Christianity on the one hand and the increasing impact of the
Roman Heritage particularly in its incarnation of Greco-Roman philosophy and
science can hardly be overestimated. An aspect of particular interest is the rising
tension between the seigneur-entrepreneurs on the one hand and the merchantentrepreneurs, including the artisan-entrepreneurs, on the other hand. This differs
from the views that the societal development was the result of the activities of
French aristocracy as argued by some represenatives of the Annales School or the
activities of the bourgeoisie as often argued (Rauzduel, 1998, pp. 73-80), because
this sees the driver of the societal development in the tensions between parts of
these two groups. Technological innovation that was partially driven by the
increasing importance of applied science-based engineering meant that the
separation of the activities which had earlier been separated between the
seigneurs on the one hand and the merchants and artisans on the other hand
converged. Additionally, technological innovation meant that situations emerged
for which l’Ancien Régime could not assign the appropriate responsible group
unequivocally. In other words, the competition based on technology between the
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seigneur-entrepreneurs on the one hand and the merchant-entrepreneurs on the
other hand delegitimized l’Ancien Régime.
L’Ancien Régime espoused a belief in the betterment of human life based on
improvement, rationalization, rentabilization in the years preceding 1789, and this
belief encompassed all strata of society according to Alain Becchia (Becchia, 2012,
pp. 16-17). In other words, l’Ancien Régime was characterized by a belief in a
better future.
La Nouvelle-France is interesting, because this province of the Realm was very rich
in natural resources not sufficiently available in France, but the use of technology
beyond agriculture and hunting remained limited in la Nouvelle-France until 1763.
The close connection between metropolitan France and la Nouvelle-France would
suggest that the legitimization of technology is not necessarily uniform within one
realm, i.e., France including la Nouvelle-France, but there may be local and regional
differences. This can be considered an indication of France and la Nouvelle-France
having developed into different societies, and thus the respective societally
accepted interpretation of the Romanic Branch of the Occidental Tradition had
diverged.

(i) L’Ancien Régime: A Society with Legitimization in Flux
L’Ancien Régime came under increasing pressure during the 18 th century that
challenged the hitherto societally accepted interpretation of the Romanic Branch
of the Occidental Tradition in metropolitan France. Whereas the legitimization of
science and technology is ultimately founded on the societally accepted
interpretation of the relevant branch of the appropriate societal tradition at the
point in time in question, the mounting pressure on l’Ancien Régime did not only
affect the legitimacy of the Realm’s constitutional traditions but also the
legitimization of science and technology in the run-up to the events in 1789.
(a) The Feudal Foundation of l’Ancien Régime and Legitimization
The society of l’Ancien Régime was based on mutual solidarity based on the
heritage of feodalism (Le Roy Ladurie, 2010, p. 44). The seigneurial system of
l’Ancien Régime required the seigneurs to assist their tenants even at significant
cost (Jannet, 1896, p. 336). This mutual solidarity was at least formally in force
until the end l’Ancien Régime, although its exact extent may have oscillated over
time as can be discerned from Fernand Barudel’s assessment of the actions of the
aristocrats in their capacity of seigneurs in the 18th century (Braudel, 1979b, p.
256).
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The mutual solidarity was based on social relationships between unequal persons:
The fides trusted in the assistance of a seigneur with potestas particularly in times
of hardship, and in return the seigneur expected loyalty from the fides (Fontaine,
2008, pp. 17-18). Poverty is one example of the hardships an individual or a group
can encounter, but poverty is not necessarily an acute situation like famine as the
result of a failed harvest. Laurence Fontaine considers that poverty is not a state
but a process, and it raises two important questions: (i) the process of
impoverishment and (ii) mechanisms that can be used to prevent worse poverty
(Fontaine, 2008, p. 26). The demand for mutual solidarity does not solve the issue
of the required extent of a seigneur’s responsibility to provide assistance, i.e., was
a seigneur required to combat the process of impoverishment? Or was a seigneur
solely responsible for providing emergency aid? A historical assessment of the
interpretation of a seigneur’s responsibility to provide assistance is outside of the
scope of this work, but it raises the prospect that an interpretation of a seigneur’s
responsibility could include combatting the sources of poverty, including the lack
of employment, and thus prevent the introduction of measures aimed at increasing
labour productivity. In other words, mutual solidarity could render a legitimization
of science and technology impossible in some instances.
Laurence Fontaine maintains that the relationship between poor fides and
aristocratic seigneurs was personal and it was free of profit thinking, e.g., in le
Dauphiné between 27% and 46% of the wills of aristocrats contained gifts to poor
peasants in the period of 1720-1789 (Fontaine, 2008, pp. 42-44). The aristocratic
seigneurs demonstrated their solidarity by reducing the debts, reducing the
interest rate during times of hardship and willing funds to poor peasants (Fontaine,
2008, p. 332). The mutuality of the solidarity may have been viewed differently by
the parties according to Cynthia Bouton: The seigneurs may have viewed their
support as acts of charity and the peasants as their right to get assistance in times
of crisis (Bouton, 2000, p. 74). The term “charity”, or “caritas”, is suggestive in this
context, because it has a strong theological connotation as demonstrated by the
work of Saint Augustine (see Chapter IV). In other words, the use of the term
“caritas” suggests that Occidental Christianity was understood to be the root of
mutual solidarity in Feudalism.
Apart from vertical relationships between a fides and a seigneur, ways to prevent
worse poverty may have included drawing on horizontal relationships, e.g., within
the extended family unit, the neighbours and the church (Fontaine, 2008, pp. 3435). As argued above, mutual solidarity geared toward combatting can be
interpreted in a way that prevents the legitimization of the implementation of
measures aimed at increasing labour productivity, and this same line of argument
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holds also for horizontal relationships. Ultimately, such an interpretation of
mutual solidarity would de facto make the legitimization of applied science and
technology possible only in cases when the mutual solidarity would not be violated.
To the extent that financial resources were needed, the relationships characteristic
to the feudal society were conducive to capital investments related to measures
based on applied science and technology prior to 1789. Laurence Fontaine argues
that the relatively stable interpersonal relationships during l’Ancien Régime
facilitated the lending of funds (Fontaine, 2008, p. 70). The interpersonal
relationships of l’Ancien Régime solved a key challenge in modern finance: A lack
of information renders the establishment of inter-personal confidence a challenge
characterized by uncertainty and complexity (Fontaine, 2008, p. 277).
Les seigneurs had also judicial rights and responsibilities in their seigneuries, but
the Crown encroached on the seigneurial judicial activities increasingly in the 18th
century (Garnot, 2005, pp. 224-225). This meant that the Crown established a
more uniform legal system by replacing les seigneurs, but the benefits were not
always evident. Considering that les seigneurs tended to favour mediation
between the parties rather than harsh punishment, the result of the encroachment
was not necessarily more humane sentences (Garnot, 2005, p. 230). To the extent
individual seigneurs engaged in mediation, the seigneurs were in a position to help
to find a workable compromise between differing interests in cases involving, e.g.,
measures based on applied science and technology. From this standpoint,
seigneurial courts can be seen as a precursor of the public participation in
administrative law, e.g., the required public participation according to Article 24 of
Directive 2010/75/EU on industrial emissions.
L’Ancien Régime tried to create an aristocracy taking part in commerce, but the
societal traditions were unfavourable to such a change and this attempt largely
failed before 1730; the only province in which the aristocracy significantly
participated in commerce was la Bretagne, and in this province the aristocracy
participated in commerce traditionally (Tchernia, 2011, p. 38). These attempts
predated Louis XIV significantly: E.g., Charles IX had legalized the participation in
commercial activities of the aristocracy in Marseille in 1566 (Constant, 1994, pp.
28-29). These attempts do not necessarily mean that the Crown introduced
individualistic wealth maximization into the psyche of the aristocrats. Joseph
Schumpeter argues that the motivation for entrepreneurs is not limited to
individualistic hedonism but it is predominantly fulfilling an individual’s duty
(Schumpeter, 1926, pp. 132-133). Thus, the attempts of the Crown can be
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interpreted as an endeavour to change the substantive content of the duty of an
aristocrat. This situation changed in the 18th century.
Fernand Braudel argues that “la noblesse” emerged from the long penitence from
1660 to 1730 emboldended and determined to claw back lost privileges and to
engage in business ventures ranging from financial speculation to non-agricultural
production facilities without any consideration of the repercussions (Braudel,
1979b, p. 256). The time period of the long penitence coincides with the reign of
Louis XIV, i.e., 1643 –1715. The aristocratic reaction from 1730 onward had
repercussions for the mutual solidarity underpinning feudalism: The relationship
between fides and seigneur was not necessarily stable over time: It is argued that
les seigneurs became more tyrannical as of the last years of the reign of Louis XV
and this continued during the reign of Louis XVI (Sagnac, 1910, p. 158).
A criticism levelled against l’Ancien Régime is that its feudal characteristics had lost
their raison d’être (Furet & Richet, 1973, p. 41). The aristocracy did not form a
military organization any longer, but this does not mean that the aristocracy had
not reinvented itself as a societal elite actively participating in the government of
the realms throughout the Occident (Maravall, 1984, pp. 177-178). Another way
to look at this is to point out that the growing importance of commerce and the
growing population of the Realm destabilized the societal foundation of l’Ancien
Régime (Lemarchand, 1988, p. 182). These criticisms do not recognize that
members of the aristocracy commenced to reinvent themselves as owners of nonagricultural production operations, for a more extensive assessment hereof see
below. This development can be seen as a development of the French aristocracy’s
feudal role as safeguards against poverty, because the new production facilities
offered employment and arguably reduced poverty as a consequence.

(b) Le Colbertisme: Legitimization by the Crown

The measures taken by the Crown as part of le Colbertisme to stimulate the
economy and to encourage the establishment of manufacturing operations cannot
be seen solely in the light of increasing the wealth and military might of the Realm,
but as a way to offer employment to the poor thus assisting them financially
(Caron, 1985, pp. 25-27). Jean-Baptiste Colbert argues44 the point of the Crown’s
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Keeping in mind that Jean-Baptiste Colbert was likely to defend his work against
contemporary and later critics, some scepticism is warranted in regard to his words in his
political testament. However, at the end of his life he was also able to express his true
opinions without the fear of temporal retributions.
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responsibility to safeguard the possibility of workers to earn their livelihood by
means of gainful employment, e.g., in his political testament (Colbert, 1693, pp.
495-497). Jean-Baptiste Colbert’s interest in the availability of employment
opportunities also was conducive to the reduction of poverty to the extent that the
wages paid to the workers were sufficient. In other words, these measures have
also to be viewed as an aspect of dignitas and Christian caritas as practiced by the
king.
The fundamental idea of le Mercantilisme can be summarized as it being better to
sell than to buy, because in the latter case the loss is guaranteed (Cuvillier, 1951,
p. 89). It is even doubtful that Jean-Baptiste Colbert saw le Colbertisme as a way
to increase spending on the military a priority, because in 1670 Jean-Baptiste
Colbert opposed François Michel Le Tellier’s proposal for military spending and
made the counterproposal to reduce military spending by 11 million livres tournois
and increase the spending on the Compagnies by 1 million livres tournois, because
the Compagnies were more important fighting units (Jaenen, 1964, p. 67). JeanBaptiste Colbert emphasis on the importance of commerce as the true source of
wealth of a realm, or in his own words (Colbert, 1693, p. 491): “Il n’y a rien de plus
necessaire dans un État que le commerce.”45 These are hardly the words of a man
seeking military glory.
The Crown created the legal framework for large-scale and capital-intensive
operations by creating new types of companies: Les sociétés composées
uniquement d'actionnaires and les sociétés en commandite, were introduced in
l’Ordonnance sur le commerce of 1673 (Szramkiewicz & Bouineau, 1989, p. 9). At
a more general level, Jean-Baptiste Colbert used a three-pronged approach in the
context of the development of manufacturing in the Realm (Clément, 1846, p.
215): (i) corporations organized the workers, (ii) manufacturers were required to
standardize their products and adhere to rigorous quality standards, and (iii) tariffbased barriers protected French manufacturers from foreign competition.
Limitations to the commercial activities of the aristocracy were already in place
during the Roman Republic, and members of the aristocracy considered
commercial activities below their status in the same time period (De Salvo, 1992,
p. 63). If the Crown wanted to increase the participation of the aristocracy in
production operations, then it had to deal with an issue deeply ingrained in the
Roman Heritage. Legitimizing the participation meant a delegitimization of a part
of the Roman Heritage, but touching one part thereof involved the uncertainty in
45

Author’s translation: “There is nothing more important than commerce for a state.”
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regard to this delegitimization extended to a delegitimization of other parts of the
Roman Heritage, e.g., the legitimization of the Imperator. It is a possibility that this
delegitimization of the Roman Heritage as it related to the aristocracy and the
associated capital investments of members of the aristocracy – we assess them in
more detail below – significantly contributed to the strife between the Crown and
the aristocracy in the run-up to the fall of l’Ancien Régime in 1789.
Changes to the society of l’Ancien Regime were gradual, e.g., the measures Colbert
introduced to improve the economic performance of the Realm were based on
earlier royal policies (Terrier, 1998, p. 93). Although gradual changes might have
been favourable to maintaining a societal acceptance of the direction the French
society was taking, this was not the case. Until the 16th century, the interpretation
of the Romanic Branch of the Occidental Tradition and particularly its economic
component was accepted by all social groups of the French society, and after a gap
started to emerge in the 17th century the 18th century saw significant differences
of opinion between the various social groups (Steiner, 1998, pp. 90-91).

(c) Le Physiocratisme: The Legitimization of the Aristocracy
Le Physiocratisme has a heavy emphasis on nature offering the perfect solutions to
societal challenges, and it abhors iurisprudentia (Cuevas, 2007, p. 41). This attitude
is noteworthy in two respects. First, the temporal legitimization of the Crown was
founded on the Roman Heritage, particularly Ius Romanum, and thus le
Physiocratisme contained a built-in challenge to the Imperator as legislator and the
ultimate source of jurisprudence. Second, iurisprudentia can set obstacles to the
functioning of a society modelled on nature, but the reason may be the protection
of the weak against the mighty, the protection of the rabbits against the foxes.
Thus, le Physiocratisme contravened the demand for mutual solidarity in both
Occidental Cristianity and Feudalism.
In apparent contradiction, one of the first Physiocrates, François Quesnay,
incorporated God’s design into his discussion of nature and natural law forming
the foundation of le Physiocratisme (Espinas, 1891, p. 216). Thus, François
Quesnay de factor limited le Physiocratisme to the Occidental Tradition. Another
of les Physiocrates, Mercier de la Rivière, developed the concept of le despotisme
légal also known as enlightened despotism arguing that the king should be a
civilized man who would rule based solely on reason, and he should not be bound
by any tradition, a proposition that was hailed by Enlightenment philosophers
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(Olivier-Martin, 1988, pp. 424-425). Equating 18th century Enlightenment and its
offspring in different disciplines with the augurs of democracy is thus ludicrous.
The rising influence of les Physiocrates was accompanied by a new language to
debate societal phenomena (Steiner, 1998, pp. 76-77), and the demand that
discourse between the people and the king should be in a language that would lend
itself to formal rationalism (Steiner, 1998, pp. 228-229). The result of such a
development was prone to make communications between the people and the
king difficult at best thus isolating the king societally and effectively undermining
the magistrature of the king. Alone the change in the language Louis XVI used to
communicate with his people may have contributed to the fall of l’Ancien Régime
in 1789 (Slimani, 2004, p. 388).
The linguistic obstacles introduced by les Physiocrates and their status as savants
also limited the discourse within society: A limitation of the discourse results in
societal conflict (Callon, Lascoumes, & Barthe, 2001, pp. 49-50). To this can be
added the condescending way in which les Physiocrates spoke to the people, e.g.,
Louis XVI’s minister Dupont de Nemours answered the Normand manufacturers
suffering from the impact of a free trade agreement that the problems they
experienced were their own fault (Levasseur, 1911, p. 544). Such an attitude
certainly did nothing to improve the popularity of Louis XVI and l’Ancien Régime.

(d) Roman Law and the Legitimization of the Crown during L’Ancien
Régime
During l’Ancien Régime, the power of the king was absolute in accordance with
Roman Law as described by Domitius Ulpianus in the 3rd century, Baldus de Ulbaldis
in the 14th century and Jean Bodin in the 16th century (Le Roy Ladurie, 2010, p. 39),
and as assessed in Chapter IV. The importance of traditions in the constitutional
conventions of l’Ancien Régime has to be recognized. A case in point is the royal
assent for the orders of the medieval society in France, but the confirmation of the
de facto situation by Saint-Louis in the 13th century solidified the constitutional and
societal reality (Olivier-Martin, 1988, p. 18).
The king ruled with the help of le Conseil du roi, and some of les arrêts du Conseil
were veritable statutes containing general and permanent measures (OlivierMartin, 1997, p. 167). The king possessed comprehensive legislative powers: He
could enact new statutes, amend statutes enacted by his predecessors and amend
statutes enacted by himself (Olivier-Martin, 1997, p. 206).
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The Ecclesia Catholica Romana was a source of legislation as well. It has to be
noted that all legislation emanating from the Ecclesia (ius poli) had to be registered
by les parlements in the same way as royal legislative acts (ius soli), and ecclesial
legislation was important in many fields (Imbart de la Tour, 1905, pp. 11-12). Most
importantly, the Canon Law of the Ecclesia Catholica Romana regulated every
aspect of family law apart from having a significant influence on the customs during
the Middle Ages (Lepointe, 1958, p. 273). Jean Gaudement argues that the
influence of the Ecclesia was strong in issues relating to matrimony but in other
parts of family law the influence of the Ecclesia was significantly smaller, e.g.,
Canon Law did not know adoptions and a family was not considered a legal person
(personne juridique) in Canon Law (Gaudemet, 1994, pp. 665-666). In the 16th
century, the Crown started to wade into family law which hitherto had been under
the purview of canon law and customary law with the Crown legislating on various
aspects (Lepointe, 1958, p. 352), and by the end of the 18th century the Crown
moved toward secularizing family law (Lepointe, 1958, p. 366)46.
Apart from Ius Romanum, earlier legal norms were used as the foundation and
legitimization for development and change. E.g., the protectionism associated
with mercantilism in general and le Colbertisme in particular has been explained as
an expansion of the medieval protectionism of individual urban centres to
encompass an entire secular realm (Pirenne, 1951, p. 356).
During l’Ancien Régime, Louis XIV and Louis XV took action regarding partial
unification of statutory law by using the legislative power they possessed in the
instrument of Loi du roi to enact ordonnances. Émile Levasseur argues that Colbert
desired to enact a uniform code for the entire Realm in the latter part of the 17 th
century, but only partial unification was achieved, e.g., l’Ordonnance du commerce
of 1673 and l’Ordonnance de la marine of 1681 (Levasseur, 1969, p. 205).
Significant legislative activity was also unleashed by Daguesseau during the reign
of Louis XV which may have been the first step toward a wholesale unification of
the law, including les coutumes: l’Ordonnance sur les donations (February 1731),
l’Ordonnance sur les testaments (August 1735) and l’Ordonnance sur les
substitutions fidéicommissaires (August 1747) according to François Olivier-Martin
(Olivier-Martin, 1997, pp. 274-275). These ordonnances did not deal with les
coutumes but with matters relating to Ius Romanum, i.e., the Roman Heritage,
which had been interpreted differently by les parlements (Olivier-Martin, 2010, pp.
46

This assessment relates to l’Ancien Régime in France. The pace and time of the
secularization of law vis-à-vis the Crown and non-Ecclesial society depended on the
Realm. Canon Law still exists within the Ecclesia Catholica Romana.
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397-400). The Crown’s focus on the Roman Heritage is suggestive aside from the
unification of the interpretation of Ius Romanum: It suggests that the Crown saw
Ius Romanum to be the way forward in the development of law in general and law
relating to commercial and other economic transactions in particular in the Realm.
Issues relating to iustitia were considered in the context of ius, particularly
constitutional conventions during l’Ancien Régime. In this context, Jean Bodin
reminds the king that excessive wealth by the few and extreme poverty by the
many resulted in sedition and revolution (Bodin, 1579, p. 488). Jean Bodin also
points out that rents had to be well and wisely distributed in order to safeguard
happiness and prosperity (Bodin, 1579, p. 508). This at least implies that Jean
Bodin advises the Crown to redistribute wealth where the wealth gaps were
untenable. In any assessment of this advice the authority of Jean Bodin should not
be underestimated: He was arguably the most prominent authority of l’Ancien
Regime and its constitutional conventions.
Although the king of l’Ancien Régime had almost unlimited power de jure,
Emmanuel Le Roy Ladurie argues that the aristocracy had managed to limit the
king’s de facto power to such a degree in the 18th century that l’Ancien Régime was
not overthrown because of the king’s unlimited power but because of his lack of
power in the French Revolution of 1789 (Le Roy Ladurie, 2010, p. 59). The de facto
decline of the power of the king and the de facto increase of the power of the
aristocracy set in after the death of Louis XIV in 1715 (Giorgetti, 2009, p. 31). In
other words, the hitherto societally accepted interpretation of the Romanic Branch
of the Occidental Tradition based on Ius Romanum particularly of the Late
Imperium Romanum with an all powerful Imperator was under pressure, but this
does not necessarily mean that the Roman Heritage was abandoned. After all, the
Res Publica Romana is part of the Roman Heritage as well.
The first voices against the de jure power of the king were French Protestants after
the revocation of the Edict of Nantes by Louis XIV in 1685, and Jurieu went so far
as to suggest popular sovereignty instead of royal sovereignty (Sée, 1920, p. 3).
Jurieu’s demand contradicted Jean Calvin’s stance in the matter of the optimal
constitutional arrangement (Calvin, 2008, pp. 1592-1593). Additionally, Jurieu’s
demand contradicted contemporary constitutional thought best represented by
Jean Bodin (Bodin, 1579, p. 653). It should be noted that the grandfather of Louis
XIV, Henri IV, had reconciled the Catholics and the Huguenots in France, and he did
not convene les États-généraux (Olivier-Martin, 1988, p. 51). Interestingly, Jurieu
did not delegitimize the Edict of Nates on this gound. Apart from the calling for
democracy, d’Argenson raised his voice against the unequal distribution of wealth
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(Sée, 1920, p. 62), and Marat demanded a redistribution of wealth (Sée, 1920, pp.
231-232).
Let us venture briefly beyong the time limit of the work, i.e., 1789: The enactment
of the Code civil in 1804 can be seen as the break with the predominance of the
aristocracy in matters relating to administration, economy, law and society during
l’Ancien Régime (Giorgetti, 2009, pp. 22-23). The Code civil can also be seen in
terms of continuity, because it was recursive in the sense that it recombined norms
contained in les coutumes and Roman Law which had been used during l’Ancien
Régime in the 18th century (Gambaro, Sacco, & Vogel, 2011, p. 232).

(e) The Aristocratic Reaction and the Wealthy Artisans and Merchants
Already the Occidental Renaissance caused societal tensions to emerge within the
hierarchical society of the Occidental Middle Ages and the stratification of society
into the three orders clergy, aristocracy and others throughout the Occident as
José Maravall notes (Maravall, 1984, p. 25). From at least the 15th century onward,
the interpretation of the Occidental Tradition started to change resulting in a more
anti-establishment society in the 18th century according Yves-Marie Bercé (Bercé,
1985, pp. 714-715).
An increase in the societal power of the aristocracy meant that it was gaining an
advantage against le Tiers état whenever there was competition between the two.
Michel Ferrary notes that it can be expected that an individual (or group) with
societal power uses this power (also) for economic ends (Ferrary, 2010, p. 173). In
the same vein, Pierre Bourdieu argues that in the context of manufacturing,
enterprises compete for the power of the state in order to gain an advantage in
regard to intellectual property rights and regulation (Bourdieu, 2000, p. 250).
Reading Henri Sée suggests that the aristocracy may have enjoyed an advantage in
obtaining from the Crown permits required for furnaces and other combustion
plants using wood in manufacturing operations, including those based on chemical
unit operations, and for mining (Sée, 1925, p. 259). The work of Paul Butel suggests
that the advantage of members of the aristocracy was not limited to obtaining
necessary permits, but it extended to obtaing subsidies thus reducing the risk
associated with business enterprises. The importance of good relationships with
the Crown in the context of investments in innovative technology was
demonstrated in the case of the smelting based on coke at Creusot: It faced
qualified labour shortages and commercial challenges, and it survived only thanks
to Crown subsidies (Butel, 1993, p. 239).
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The access to Versailles and the royal government was not only important in the
manufacturing sector. In maritime shipping, the merchants and ship-owners
attempted to gain advantages by seeking direct contact with the Crown (PétréGrenouilleau, 2001, p. 40). This assessment is contradicted to some extent by the
limited pool of officers and the esprit de corps working on the merchantmen
spanning many generations (Haudrère, 1997, pp. 120-123).
Le Tiers état was not a homogeneous group. Although the vast majority of le Tiers
état accepted the societal differences characteristic of l’Ancien Régime, the
wealthiest members of le Tiers état increasingly resented the fact that they had
not been “born” and commenced to consider the societal order underpinning
l’Ancien Régime a violation of iustitia (Furet & Richet, 1973, pp. 28-29). Roland
Mousnier points out that there are significant gaps in information in regard to the
thoughts, grievances and ideas of the different strata of the Tiers état and in the
different parts of the Realm (Mousnier, 1985, p. 506). However, this points to
emerging gap between two groups in regard to their interpretation of the Romanic
Branch of the Occidental Tradition.
Particularly the 18th century saw the increasing importance of the seigneurentrepreneurs and the merchant-entrepreneurs47 as noted above and assessed in
more detail below. The Crown had cajoled aristocratic seigneurs to invest into
commercial and manufacturing operations in a breach of the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition (Verlinden, 1966,
p. 368), and when this started to happen on a larger scale, the outcome was a rise
in societal tensions. This resulted in a stronger societal focus on enterprises and
entrepreneurs, and this development posed severe challenges to the
interpretation of the Romanic Branch of the Occidental Tradition of l’Ancien
Régime.
Hélène Vérin argues that the activities of enterprises and entrepreneurs are ipso
facto Machiavellian and thus incompatible with the foundation of the teachings of
the Ecclesia Catholica Romana (Vérin, 2011, pp. 215-224), i.e., the mutual solidarity
and caritas of the Christianus Societatis. If the notion that enterprises and
entrepreneurs are a result of individualism and individualization is accepted (Vérin,
2011, pp. 58-62), then the conclusion of the incompatibility is further
strengthened. The incompatibility of enterprises and entrepreneurs on the one
hand and the ideals of Occidental Christianity on the other hand posed a serious

47

Fernand Braudel argues that the “grand marchand” did not truly participate in the
production in the 18th century (Braudel, 1979b, p. 327).
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challenge to the Crown during l’Ancien Régime, because it needed the first for
commercial and economic reasons and the second for safeguarding its own
societal legitimacy. However, this was not a rapid change, because some forms of
solidarietas had declined and individualism had increased since the 15 th century
(Cherkaoui, 1976, pp. 203-204).

(f) The Tentative Triumph of the Roman Heritage over Occidental
Christianity
The Ecclesia Catholica Romana increasingly lost influence during l’Ancien Régime
in the 18th century – we see in Chapter VII that this happened among the populace
of the Realm. The waning influence of the Ecclesia Catholica Romana also proved
a challenge for Louis XVI in the final years of l’Ancien Régime, because the French
monarch had been considered sacred traditionally, but the waning influence of the
Ecclesia Catholica Romana also meant a de-sacralisation of the Bourbon monarchy
according the Emmanuel Le Roy Ladurie (Le Roy Ladurie, 2010, p. 65). In other
words, Louis XVI had to increasingly rely on the Crown’s legitimization based on
the Roman Heritage rather than Occidental Christianity, but the Roman Heritage
offered legitimization to different constitutional conventions depending on the
historical period, e.g., the Res Publica Romana versus the Imperium Romanum
keeping in mind all the oscillations during these two periods.
Roger Chartier argues that the root cause of the decline of the Ecclesia Catholica
Romana commenced in the 16th century when the foundation of the Realm was
seen in the Crown and operationalized by l’Absolutisme thus narrowing the role of
the Ecclesia in society in spite of the Crown taking advantage of the Ecclesia and its
organization (Chartier, 2000, pp. 154-155). This reinterpretation of the Romanic
Branch of the Occidental Tradition meant that the Ecclesia lost some of its societal
legitimacy – and any anticlerical writing and/or thought in the 18 th century was
rather a result than a cause for the de-sacralisation of the Bourbon monarchy in
the realm.
The de-sacralisation of Louis XV and Louis XVI is not considered a straightforward
result of the decline of the Ecclesia Catholica Romana by Roger Chartier, but it is
also seen to be rooted in the lower frequency of the common societal experience
of le roi being seen by the people and renewing the bond between society and the
king after the court moved to Versailles during the reign of Louis XIV (Chartier,
2000, pp. 192-193). This assessment of the societal dynamics in the 18 th century
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raises the point that the societal foundation of legitimacy needs to be renewed
from time to time.
In parallel with the desacralization of the king was the emerging belief in the
possibility of improving human life with the help of rational participation of
scientists and experts without ideology and theology according to Alain Becchia
(Becchia, 2012, p. 217). Consequently, the Crown was expected to act according
to the advice of scientists and experts, but this foundation is problematic as long
as science has not arrived at an undisputably accurate description of reality, e.g.,
natural phenomena. Also, the legitimization of the Crown migrated to scientists
and experts with their less than totally accurate description of reality.
The belief in the divine origin of power was not something specific to France: The
concept of the divine origin of societal power in general and the king’s power in
particular had been a cornerstone of the societal legitimacy of the Antiguo
Régimen in Spain as well as in France (Maravall, 1997, p. 145), and its weakening
also meant that the societal legitimacy of Louis XVI and the Bourbon dynasty was
weakened. The laicisation of the French society was embraced by the
Enlightenment philosophers (Slimani, 2004, pp. 126-127). During the Revolution,
the hostility toward the Ecclesia Catholica Romana became so virulent that it is
claimed that the aim of the French Revolution of 1789 was to completely destroy
the Church in France (Sainte-Marie, 1888, p. 4).
A challenge to the Ecclesia Catholica Romana was that its actions and teachings
were not considered compatible with iustitia by all in the 18th century as evidenced
by the assessment by Pierre-Joseph Proudhon (Proudhon, 1858, pp. 2-3). This
delegitimized the Ecclesia. This also indicates that the French society was
approaching or in the midst of a reinterpretation of the Romanic Branch of the
Occidental Tradition applicable in France. A delegitimization of the Ecclesia is
possible in the multifaceted Romanic Branch of the Occidental Tradition, because
a new interpretation can be based on the Roman Heritage.
By the 1770s and 1780s, the Ecclesia Catholica Romana was attempting to respond
to the societal changes taking place in the Occident. In France, the Ecclesia
complained to the king about the rising tide of anti-Catholic writings, and from
1770 onward the Ecclesia argued in favour of the advantages of the Christian faith
in the face of the criticism it faced (Péronnet, 1985, p. 626). In Rome, the majority
view was to ready for the inevitable battle by founding secret groups and
strengthening the position of the Pope, and the minority view was to enact reforms
and to return to the ideals of early Christianity (Caffiero, 2003, p. 142). The

237

Legitimization of Science and Technology

secularization taking place in the Occident meant that the combination of
Imperium and Ecclesia contained in Saint Augustine’s separation of Imperium and
Ecclesia was broken which meant that the Ecclesia lost its authoritative role as
interpreter of morals and truth (Ceballos Ramírez, 1991, p. 21).
The waning influence of the Ecclesia Catholica Romana came at a time when it was
in charge of many aspects of societal services, including most education,
healthcare and social services (Szramkiewicz & Bouineau, 1989, p. 20). The income
of the Ecclesia Catholica Romana was also used to pay for these services:
l’hospitalière de Sainte-Catherine in Paris was financed to 88-91% by rents, to
about 4% by annuities and loans, to 4-5% by donations, dowries and pensions, and
to about 3% by tithes and feudal rents (Dinet-Lecompte, 2005, p. 286). The
administrative bodies of the hospitals included lay people (Dinet-Lecomte, 1999,
p. 530). The loans had in at least some cases the character of social services,
because people with limited means invested the little money they had with the
hospitals which they considered safe investments (Fontaine, 2008, p. 41).
Clarisse Lavallée et alia note that the Crown demonstrated significant activity in
providing health services during l’Ancien Régime, e.g., Saint Louis established
l’Hôpital des Quinze-Vingts in 1254, Henri IV issued an edict to create a workplacebased medical service in the mining sector paid for by the employers in 1604, and
the employees of Saint-Gobain had access to physicians paid for by the company
(Lavallée, Lafont, & Lafont, 1993, p. 141). In other words, l’Ancien Régime at least
attempted to live up to the requirement of caritas in the context of workplace
health and safety in the emerging large-scale production operations, i.e., caritas
was not sacrificed in the interest of production cost cutting. This can also be seen
as a continuation of feudal mutual solidarity in a different situation.
Although accurate stricto sensu, it would be misleading to claim that the Ecclesia
Catholica Romana was tax exempt during l’Ancien Régime: In 1560, le Tiers État
had demanded that the ecclesial landholding would be confiscated, but this did not
occur because of an agreement with the Crown that saw the Ecclesia agreeing to a
monetary contribution to the Crown which was renewed every five years in the
18th century (Gaudemet, 1994, p. 657). The confiscation of the ecclesial
landholding after the fall of l’Ancien Régime was thus not a new idea.
Toward the end of the Occidental Middle Ages, the Ecclesia Catholica Romana was
concerned about usury on the one hand and looked for other ways to aid the poor
than gifts on the other hand: A solution was to introduce loans with reasonable
conditions to the poor (Fontaine, 2008, pp. 164-165). Another advantage of
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offering loans to poor people was that loans were considered more compatible
with the Dignitas of the poor (Fontaine, 2008, p. 194). After a failed attempt in
1637, a mont-de-piété was founded in Paris in 1777, and people with limited means
used it as a savings and loan operation (Fontaine, 2008, pp. 175-179).
The Ecclesia Catholica Romana offered educational services: 75000 pupils received
instruction at 600 secondary learning institutes (Furet & Richet, 1973, p. 29). Also
activities which would nowadays be called social services were offered by the
Ecclesia. Associating the activities associated with caritas in the context of the
Ecclesia exposed a fundamental contradiction that would become increasingly
problematic as the societal position of religion in general and the Ecclesia Catholica
Romana in particular weakened during l’Ancien Régime in the 18th century.
Already in the 17th century, voices were heard arguing that showing caritas to poor
people was misplaced, because poor people were vagabonds, thieves, immoral
and their children were not baptized (Deyon, 1967, pp. 149-150). Combining social
services to religious observance in a broad sense when the financing of caritas was
secured through the income from property and taxation rights granted to the
Ecclesia by the Crown could be viewed as incompatible with iustitia in an
increasingly secular society.
In the French colonies, the Ecclesia Catholica Romana played a key role as well. In
la Nouvelle-France, the Ecclesia Catholica Romana administered and financed
education, healthcare and social services (Dinet-Lecompte, 2005, p. 123). For this
reason, the Ecclesia Catholica Romana had extensive seigneurial holdings in la
Nouvelle-France, particularly l’Île-Jésus, Baupré, La Prairie, Notre-Dame-des-Anges
and Montréal (Grenier, 2007, p. 370).

(g) La Nouvelle-France
France was interested in establishing a northwesterly route to India: In 1524 the
ship-owner Jean Ango and merchants from Rouen, Dieppe and Lyon financed and
the king supported the voyage of the Dauphine led by Giovanni da Verrazano, but
instead of China the Dauphine reached the Atlantic coast of North America (Havard
& Vidal, 2008, pp. 34-35). The French exploration of the Saint-Lawrence Seaway
was undertaken by Jacques Cartier who commenced his first voyage from SaintMalo in 1534, and this endeavour was completely financed by the king (Havard &
Vidal, 2008, pp. 35-45). Admittedly, Jacques Cartier’s expedition was not the first
16th century European exploration of the Saint Lawrence, the first was João Alvares
Fagundes’ expedition in 1520 (Verlinden, 1966, p. 40).
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Until 1663, la Nouvelle-France was governed by la Compagnie des Cents Associés,
but in this year Louis XIV established the same government structure in la NouvelleFrance which was in use in the French provinces, and as of 1669 the administration
of la Nouvelle-France reported to le ministère de la Marine in Versailles (Hamelin
& Provencher, 1997, p. 21). Seigneuries existed as a consequence in la NouvelleFrance as well, and theoretically the seigneurs in la Nouvelle-France had the same
rights as the French ones because la coutume de Paris was applied in la NouvelleFrance, but the royal courts of law were de facto stronger in la Nouvelle-France
and it was easy to appeal to them (Diamond, 1961, pp. 334-336).
The most serious weakness of la Nouvelle-France was its limited population base,
and the Crown encouraged the relocation of people from France into la NouvelleFrance and the retention of soldiers of le regiment de Carignan as settlers after
their release from military service, but la Nouvelle-France was never a penal colony
and thus lacked this source of settlers (Montbarbut Du Plessis, 2004, pp. 118-120).
The Crown also resorted to tough measures to increase the white population in la
Nouvelle-France, and in 1668 Colbert suggested to l’intendant that single men who
did not marry would lose the right to hunt, fish and trade with the Indigenous
peoples (Diamond, 1961, pp. 330-331). Figure 10 visualizes the immigration to la
Nouvelle-France. Apart from measures aimed at maintaining and increasing the
population in la Nouvelle-France, Colbert suggested that measures were to be
taken to improve agriculture, commerce, manufacturing and forestry (Clément,
1846, p. 181).
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Figure 10: Immigration to Nouvelle-France during l'Ancien Régime (Hamelin &
Provencher, 1997, p. 29).

At the outset of la Nouvelle-France, Christianization and making the Indigenous
peoples into French subjects was considered the same issue, but with the
emergence of societal problems in the Indigenous communities these two issues
were separated and the Jesuits concentrated on Christianization (Havard & Vidal,
2008, pp. 337-343). L’Ancien Régime was prepared to accept joint property thus
honouring the Indigenous traditions: Louis XIV ordered the governor of la
Nouvelle-France to make certain that the Indigenous peoples were treated with
dignity, justice and equity, Louis XIV demanded that the Indigenous peoples did
not experience any violence and expropriation of their ancestral lands, and the
Indigenous peoples had a strong ally in the Jesuits (Havard & Vidal, 2008, pp. 276284).
François-Joseph Ruggiu’s research paints a picture of an aristocracy enjoying fewer
privileges, including tax privileges, than its counterpart in metropolitan France
(Ruggiu, 2008, p. 76). Simultaneously, Roger Le Moine’s work shows that the
aristocracy experienced fewer restrictions as to the activities it was allowed to
engage in in la Nouvelle-France than in metropolitan France (Le Moine, 2000, p.
52).
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François-Joseph Ruggiu maintains that the aristocracy usually lived in one of the
three urban centres rather than in their seigneuries in la Nouvelle-France (Ruggiu,
2008, pp. 76-77), and that the majority of the heads of the aristocratic families
served the Crown in a military capacity to improve their financial position (Ruggiu,
2008, p. 77). Lorraine Gadoury argues that members of ther aristocracy were
favoured by the government of la Nouvelle-France because of their military
activities. She also points out that 126 of the 170 members of the aristocracy who
entered the province of la Nouvelle-France held military commissions and their
descendents entered the military as well (Gadoury, 1993, pp. 28-29).
It can be argued that science and technology were favoured by the urbanization of
the aristocracy in the province, because it promoted an exchange of knowledge.
Similarly, the military service established the possibility of an exchange of
knowledge with a military connection. However, the financial need of serving the
Crown suggests that the aristocrats did not have capital that would have formed
the foundation of capital investments in manufacturing and other production
operations in la Nouvelle-France. In other words, capital investment depended on
the Crown and metropolitan France.
It has to be remembered that the French Crown lost la Nouvelle-France in 1763. It
is possible that the aristocracy in la Nouvelle-France would have followed in the
footsteps of its counterpart in metropolitan France in subsequent years, if la
Nouvelle-France had remained a province of France. In other words, the
reinterpretation of the Romanic Branch of the Occidental Tradition taking place in
metropolitan France would have been adopted in la Nouvelle-France as well.

(h) The New Human and Legitimization
The Enlightenment philosopher Jean-Jacques Rousseau desired to create a new
human (Rosanvallon, 1979, p. 67). A new human would not have been tied to the
society of l’Ancien Régime, and thus any legitimization would not have had to take
into account the Roman Heritage and Occidental Chrstianity. An argument along
these lines also means that any factors protecting humans against scientists and
experts would become moot. As long as science and technology are seen as the
solution to all human problems, Rousseau’s line of argument may work, but as
soon as science and technology are seen as part of the problem a serious problem
emerges.
A case in point is racism. The European Enlightenment was strongly Eurocentric
and in several instances more or less openly racist. The Ecclesia Catholica Romana
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had accepted the equality of all humans irrespective of their ethnic origin, but the
Enlightenment philosophers and scientists propagated ideas based on
monogenesis (Buffon) and polygenesis (Voltaire) thus discriminating against, e.g.,
the Amerindians (Gonzáles Montero de Espinosa, 2002, pp. 157-158).
Consequently, any claim that the Enlightenment and theories based on reason
would necessarily be congruent with iustitia is grotesque.
José Maravall maintains that Enlightenment philosophers assumed that by working
toward his or her individual benefit the best common benefit is achieved, i.e.,
egoism and altruism meet (Maravall, 1991, p. 86). In other words, caritas and
solidarity were abandoned. It is difficult to see that such a view is compatible with
iustitia. This view of Enlightenment philosophers was not even necessarily
congruent with Nature in the context of an artificial world based on science and
technology: The artificial world created by humans transgresses the limits set by
Nature, and it becomes a prison of an anxious humanity (Miquel & Ménard, 1988,
p. 251).
Transgressing briefly to the revolutionary time, a harking back to earlier
behavioural patterns of the Parisian sans-culottes can be observed during le
Terreur: Their forefathers had used similar methods during the French wars of
religion 200 years earlier (Vovelle, 1985, p. 20). Then the objective had been the
protection of the Ecclesia Catholica Romana, during the revolutionary time it
included its destruction. It is hard to see that humans changed as a result of the
fall of l’Ancien Régime and Enlightenment philosophy.

(ii) L’Ancien Régime: Increasing Legitimization of Science
José Antonio Maravall maintains that an ahistorical worldview as that prevailing in
the 16th and 17th centuries is a disincentive to science, because science cannot offer
any improvement of the status quo (Maravall, 1986, p. 351). If this view is adopted,
then scientific development has to be built on a desire to change society. This does
not mean that the scientists need to subscribe to this desire, but it does mean that
society needs to view science in these terms. Key to this is the tacit and explicit
legitimization of science. Whereas tacit legitimization is difficult to prove, explicit
legitimization of science is easier to prove, e.g., it is proven by the establishment
and financing of les Academies by the Crown.
In French science, system thinking gained ground in the 18th century as a way to
study and comprehend an object and more importantly to understand the object
in its context (Laboulais, 2006, p. 98). A key point in the criticism against system
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thinking was that in many instances parts of the systems were based on
hypotheses and the entire system was of questionable scientific value as a
consequence (Laboulais, 2006, pp. 122-124). This criticism can be viewed as
problematic from the standpoint of scientific development, because the false
hypotheses will probably become obvious over time and will be replaced by better
and better hypotheses according to a process called “la connaissance approchée”
by Gaston Bachelard (Minko M'Obame, 2011, p. 511). A false hypothesis can assist
in the identification of a better hypothesis thus assisting scientific development.

(a) Scientists and the Crown during l’Ancien Régime
An indication of the tacit legitimization of science is the proximity of scientists to
the Crown. The finding of Cédric Grimoull suggests that this was the case during
l’Ancien Régime: Scientists were part of the entourage of the king in the 17 th and
18th centuries (Grimoull, 2008, p. 179). This proximity (i) would not have been
possible without the legitimacy of scientists in Court and particularly in the eyes of
the king thus legitimizing science in broader society, and (ii) allowed scientists to
defend science and secure funding for science.
Nothing comes for free, and science had to legitimize its usefulness to society as a
consequence. Christian Licoppe opines that science was considered a way to
glorify the king during the reign of Louis XIV (Licoppe, 1996, p. 86). A drawback of
the centralization of scientific development might have been that the king was not
as free to participate in scientific experiments as the aristocrats and other patrons
(Licoppe, 1996, pp. 86-87). The close relationship between the Crown and
scientists was at least somewhat severed when Louis XV decided to locate the
scientific activities at the Louvre rather than at Versailles (Grimoull, 2008, p. 182).
In other words, the king had to increasingly rely on the advice of others when
making funding decisions without personal experience in science and scientific
experiments. Thus funding decisions were subject to politization and Court
intrigues in addition to infighting in and between les Academies.
Scientific development was considerable but a weakness was the limited
translation of the results into technological innovation during l’Ancien Régime in
the 18th century in the estimation of Christian Licoppe (Licoppe, 1996, p. 159). This
assessment depends on the formal boundary between science and technology in
the 18th century that leaves the position of applied science open to debate. If
applied science was considered part of technology, then the contribution of
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science in the sense of theoretical science would have been limited in the 18 th
century, and it would be probably limited nowadays as well.
Scientists were seen as combatants committed to the improvement of human life,
and they were viewed as members of the ideal community of individuals being
motivated by the republic of knowledge in the late 17 century and in the 18th
century (Roche, 1974, p. 741). Such an image of scientists won science societal
legitimacy. If scientists embarked on research and proposed theories which
contravened the societally accepted interpretation of the Romanic Branch of the
Occidental Tradition during l’Ancien Régime, then societal problems could arise,
including the delegitimization of l’Ancien Régime.
The increasing influence of the Enlightenment erected barriers against the societal
acceptance of science from non-European societies in the 18th century. Two
blatantly racist theories, i.e., monogenesis and polygenesis, were defended by
Enlightenment philosophers and scientists. In the case of monogenesis Georges
de Buffon defended the claim that the Amerindians were inferior to the Europeans
(Gonzáles Montero de Espinosa, 2002, p. 163). In the case of polygenesis, François
Marie Arouet (Voltaire) defended the position that humanity did not have one but
several ancestor species and that this was the foundation of the human ethnicities,
this is a standpoint that at least implicitly denies the equality of all humans
irrespective of ethnic origin (Gonzáles Montero de Espinosa, 2002, pp. 157-158).
The rampant racism contained in these views calls very much into question
whether the Occidental societies were prepared to accept science and technology
from non-Occidental societies, if these societies were considered inferior by the
Occident in the 18th century. To the degree that there was a lack of societal
acceptance of non-Occidental science and technology, the Occidental
Enlightenment actually hurt science and technology, including scientific
development and technological innovation, in the Occident.

(b) Les Academies
Maurice Daumas observes that scientific development was favoured by the
establishment of scientific academies under aristocratic or royal protection
(Daumas, 1957, pp. 77-96). The establishment favoured science not only
monetarily but even more importantly by facilitating the exchange of knowledge
among the members within a particular academy and between academies
(Daumas, 1957, pp. 73-77). This reduced a significant obstacle that emerged with
the urban decline in the Imperium Romanum from the 3rd century onward. This
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also meant that the aristocrats and sovereigns in question were prepared to
protect science even against the opposition of Occidental Christianity as
represented by the Ecclesia Catholica Romana. This in itself signals that the
Occidental societies were in the process of reinterpreting the Romanic Branch of
the Occidental Tradition, and that in Saint Augustine’s concept of the separation
of power between Imperium and Ecclesia, Imperium was gaining dominance over
the Ecclesia.
In 1666, l’Académie royale des sciences (de Paris) was established as a way to
support and to control the utilization of scientific development outside of la
Sorbonne which was left under the control of the Ecclesia Catholica Romana
(Grimoull, 2008, p. 20). The establishment of l’Academie royale des sciences was
an acknowledgement of the Crown that science and scientific development had
changed, and laboratories for experiments and financial resources were required
(Roche, 1974, p. 740). It also signalled that the Crown considered science and
scientific development important for the future societal success of the Realm.
The establishment of l’Académie royale des sciences brought together scientific
researchers with different interests thus allowing for better cooperation. The
effect of trans-disciplinary contacts combining knowledge from different scientific
disciplines and potentially resulting in hybrid disciplines is considered a fruitful
avenue for facilitating scientific development (Dogan & Pahre, 1991, p. 181), but it
could also be argued that a trans-disciplinary approach combining policy as one
part and one or several scientific disciplines is a way to set scientific research
priorities and to build societal acceptance throughout the duration of a scientific
research project. This benefit may have been limited by a still relatively low level
of la grande disjunction (Morin E. , 1986, p. 70).
Several of les Écoles were established in the footsteps of l’Académie royale des
sciences (est. 1666) geared toward engineering, i.e., the amalgamation of
theoretical science, applied science and technology. This is exemplified by the
establishment of, e.g., l’École des ingénieurs-constructeurs des vaisseaux royaux in
1741, l'École des ponts et chausses in 1747 and École des mines de Paris in 1783.
The extent of science during l’Ancien Régime is not always fully appreciated in the
non-French literature. It is impossible to engage in a full assessment of this issue
in this work, and one example has to suffice to make this point. Although Benjamin
Franklin is usually credited for important early work on electricity, a less known
scientist was François Dalibard who conducted similar experiments in Marly, and
he published his Théorie abrégée de l’électricité in 1752 (Becchia, 2012, p. 201).
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(c) Changing Perception of Science during l’Ancien Régime in the 17th anc
18th Centuries
The term “science” has to be treated with great care until the 17th century and
even in the 18th century. There are two reasons for this: (i) metaphysics and a
modern understanding of science had not parted ways yet, and (ii) art and science
were not clearly separated. The work of Gabriel Tarde shows that the separation
of the arts and science was not universally accepted even at the end of the 19 th
century.
In terms of the first point, the history of chemistry is a case in point. The 17th
century precursors of chemistry have been divided into metallurgy, iatrochemistry
and philosophy (metaphysics): The focus in metallurgy was the creation of new
alloys and optimally precious metals from non-precious raw materials, the focus of
iatrochemistry was the creation of medicines, and the focus of philosophy was the
comprehension of the world based on metaphysical speculation (Goupil, 1991, S.
35-37). Michelle Goupil lists metallurgy and pharmacology which are examples of
applied science. To the extent that this list can be considered complete on the
foundation of the thinking in the 17 th century, the list shows the emphasis of
applied science in chemistry.
Michelle Goupil’s list is particularly interesting in what is omitted. As even a
cursory look at, e.g., le château de Versailles shows, metals were obviously not the
main building material in the late 17 th century, but her list omits all materials
science except for metals. It also excludes all chemistry relating to, e.g.,
carbohydrate chemistry, particularly the production of molasses, and dyes.
Already these examples suggest that applied science was significantly broader than
the list of Michelle Goupil would lead the reader to believe.
In terms of the second point, there was still discussion about the science of art and
the science of works of art (Gama, 1994, p. 53). If this connection between art and
science translated into creativity in science, then this connection was not
necessarily only bad. In some art forms, e.g., in architecture, there is a direct
relationship between art, science and technology.
Alain Becchia writes about a significant change in the societal attitude vis-à-vis
medicine in the 18th century: The fatalism in face of illness gave way to a will to
manage illness and to reduce mortality rates (Becchia, 2012, p. 185). From the
standpoint of an applied science like pharmacology such a change in society is of
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particular interest, because it suggests that there was an increasing demand for
development in pharmacology and hence chemistry.

(d) Pharmacology during l’Ancien Régime in the 17th and 18th Century
At least in France, the cooperation between the long since established
pharmacology and the emerging scientific chemistry, particularly organic
chemistry, was of significant importance for both. From a societal standpoint,
pharmacology lent chemistry societal acceptance (Tomic, 2010, p. 286). The first
French treatises on chemistry in the context of pharmacology were published in
the 17th century, and these treatises were heavily influenced by Greco-Roman
philosophy and science (Viel, 1999, pp. 70-72). In a similar vein, the 17th saw a
significant delegitimization of the literal absorption of the Roman Heritage in
pharmacology according to Stéphanie Tésio: The authority or at least the
legitimacy of Hippocrates and Galen was still significant in the 16 th century, but in
the second half of the 17th century Paracelsus started the development toward the
production of pharmacological products using chemistry and iatrochemistry (Tésio,
2009, p. 103).
Maurice Daumas argues that there was very little scientific development related
to chemistry in the 17th century and in the first half of the 18th century, and the
scientific development during this time period did not offer a way forward
(Daumas, 1951, p. 336). Even if this view is accepted, it does not necessarily mean
that developments however meagre during this time period were not important
for gaining societal acceptance for chemistry.
A key event in the development toward scientific chemistry was the establishment
of le Jardin du roi (le Jardin des plantes médicinales) on behest of Jean Héroard,
physician of Louis XIII, and Guy de la Brosse in 1626 (Talbot, 1995, pp. 191-192).
The establishment of le Jardin du roi is noteworth for two reasons. First, the
establishment of le Jardin du roi demonstrates the close ties between
pharmacology and the emerging science chemistry in the early 17 th century.
Second, the establishment of le Jardin du roi was a reaction against the
scholasticism pursued at the Sorbonne at the time (Talbot, 1995, p. 192), and the
establishment can be interpreted as a sign of the increasing domination of the
Imperium vis-à-vis the Ecclesia.
The commencement of courses in chemistry took place under troubling stars: The
first course on 23 July 1648 went largely unnoticed because of the Fronde rebellion
(Tomic, 2010, p. 194). However, chemistry struggled with being legitimized as a
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scientific discipline for many years: The first research chair in chemistry (and
natural sciences) was created at the Collège de France in 1774 (Talbot, 1995, p.
200).

(e) Emergence of Modern Chemistry during l’Ancien Régime in the 18th
Century
There was no universally accepted and clear distinction between scientific
chemistry and non-scientific alchemy until well into the 18th century, and alchemy
influenced the work of several members of l’Academie royale des sciences in the
early 18th century, e.g., Etienne-François Geoffroy (Joly B. , 2007, pp. 175-178). The
roots of alchemy were purely philosophical and speculative, but alchemy
encouraged experimental work (Lafont, 1994, p. 34). The encouragement of
experimental work was to prove crucial for the emergence of modern chemistry.
Crucial for the development of chemistry was also the emergence of a culture of
chemistry that legitimized and favoured chemical research (Talbot, 1995, p. 191).
Scientific chemistry was nascent in the 17th century, e.g., Nicolas Lémery played an
important role in the development of experimental chemistry and in the research
into acid/base chemical reactions, and his Cours de Chimie first published in 1675
was a standard textbook in chemistry for several decades (Martin H. , 1858, p. 172).
Contrary to physicists, early chemists were not interested in the fundamental
principles, but chemists were interested in the usefulness of concepts relating to
complex natural phenomena (Stengers, 1997, p. 447). At an epistemological level,
Antoine-Laurent de Lavoisier did not seek to oppose chemistry with the mechanical
view of the world based on abstraction, speculation and limitations, but he
attempted to reconcile chemistry with the mechanical view of the world
(Bensaude-Vincent, 1997, p. 546). It should be noted that the reconciliation
between mathematics-based physics and the chemistry Lavoisier was engaged in
was also an attempt to reconcile the rational philosophy of science associated with,
e.g., René Descartes and the experimental philosophy of science associated with
Denis Diderot (Pépin, 2012, p. 246). Lavoisier’s epistemological approach can be
compared with the syncretic approach of Aztec science we will assess later: It was
not either-or but both-and.
Lavoisier changed the research methodology into chemical phenomena by
applying Cartesian thinking and by performing rigorous and systematic research
(Viallard & Daumas, 1957, pp. 886-888). Chemistry was not part of pharmacology
or any other discipline, because one of the great achievements of Lavoisier was to
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establish chemistry as an autonomous scientific discipline (Seligardi, 2002, pp. 353354). The emergence of organic chemistry was not a punctual revolution but the
result of an evolution stretching a long time (Tomic, 2010, p. 285). Even the
relationship between chemically inclined pharmacists and chemists remained
strained and cooperation was solely intermittent until the hybridization of these
two allowed for a closer cooperation (Tomic, 2010, p. 283).
The relationship between pharmacology and chemistry was not easy, e.g.,
Lavoisier did not publish some of his research results because of the hostility of the
pharmacists (Tomic, 2010, p. 222). However, Lavoisier did prove that breathing
changed the chemical composition of blood in one of his studies related to
medicine (Verlinden, 1966, p. 402). Lavoisier’s work on the role of oxygen in
chemical reactions has been considered the starting point of modern chemistry
(Bedel, 1951, pp. 327-328). Lavoisier also established the Law of Lavoisier also
known as the law of conservation of mass in 1777 (Jagnaux, 1891, pp. 204-205).
Without the Law of Lavoisier quantitative chemistry and chemical engineering
would be difficult to imagine.
As can be observed in the controversy about the phlogiston theory in the 18th
century, controversy may help in scientific development (Jagnaux, 1891, p. 73), but
this does not mean that erroneous science directly contributed in la connaissance
approchée. The phlogiston theory was based on reason in the sense of the 18 th
century Enlightenment (Cuvier, 1989), and by proving that the phlogiston theory
was erroneous Antoine Laurent de Lavoisier showed without necessarily realizing
it that there were limits to human reason. However, previous science that is
erroneous can also raise a formidable obstacle to scientific development, e.g.,
Antoine Laurent de Lavoisier had serious problems to convince chemists of the
falsehood of the phlogiston theory (Jagnaux, 1891, pp. 84-98).
The importance of personal relationships in scientific development in general and
the development of chemistry in particular should not be underestimated. In the
1780s, Lavoisier organized multidisciplinary gatherings of scientists at his domicile;
among the participants were Berthollet and Laplace both of whom were to play
significant roles in the further development of chemistry (Goupil, 1991, S. 202).
This point can be seen in the wider context of having a sufficient number of
scientists at one location for promoting science. It has been argued that Italy did
not play a significant role in the emergence of chemistry, because unlike Paris in
France there was not one centre for science in Italy and this hindered the diffusion
of science (Seligardi, 2002, p. 358).
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Such gatherings offered the opportunity to share information and form
multidisciplinary research groups. Among the visitors were authors, artists,
economists and aristocrats interested in science and scientific development (Viel,
1995, p. 256). The participation of people from different walks in life was
conducive to the legitimization of chemistry in society, because the participants
were able to disseminate the development to a wider audience than if the
participants had only been chemists.
Lavoisier also found outstanding fellow chemists in Louis-Bernard Guyton de
Morveau, Claude Louis Berthollet and Antoine-François Fourcroy, and the
cooperation between Lavoisier and these men proved fruitful for the emergence
of modern chemistry (Hidalgo Cámara, 2002, p. 424). Both the multidisciplinary
and mono-disciplinary cooperation opportunities would not have been possible in
a rural society as that emerging in the Occidental Imperium Romanum from the 3rd
century onward. Another important factor favouring the emergence of modern
chemistry was played by the distribution of science by means of books which
allowed the absorption and further development of chemistry (Hidalgo Cámara,
2002, p. 426).
Lavoisier was instrumental but not the first one working on a new nomenclature in
chemistry. Following in the footsteps of abbot de Condillac’s thinking that there
was an interrelationship between language and science, Morveau published a
suggestion for a new nomenclature in chemistry in a publication edited by abbot
Rozier in 1782, i.e., five years before Morveau, Lavoisier, Berthollet and Fourcroy
published their Méthode de nomenclature chimique (Lafont, 2006, pp. 447-448).
The reference to the abbot de Condillac suggests that the new nomenclature was
tied to the wider societal situation during l’Ancien Régime in the second half of the
18th century. The involvement of two men of the cloth in the development to a
new nomenclature in chemistry suggests that the Ecclesia Catholica Romana was
not necessarily opposed to science and scientific development in the 18th century.
The establishment of l’Académie royale des sciences enabled the Crown to set
research priorities according to the needs of the Crown. As one of the scientific
priorities was the development of an industrial process for the production of alkali,
l’Académie royale des sciences established a prize for the developer of a process to
produce alkali from sea salt in 1776, and Louis XVI established an Alkali Prize in
1783 (Baud, 1934, p. 14). Alkali is important in numerous chemical reactions, and
it is important in many production processes. This is an example of a scientific
research priority with important applications in many parts of the manufacturing
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sector. This is also an example of the rationale behind the Crown’s protection of
science.

(iii) L’Ancien Régime:
Engineering

Technology and the Legitimization of

José Antonio Maravall argues that a shift in the way inventions were viewed
occurred when the Occident moved from Antiquity and the Middle Ages to
Modernity: Change was not emulation any longer but “progress” (Maravall, 1986,
pp. 320-321). If the term “emulation” is equated with the term “imitation” in the
sense of Gabriel Tarde, then José Antonio Maravall’s view suggests that imitation
alone is not sufficient for “progress” – i.e., scientific development and
technological innovation in accordance with the parlance used in this work. The
term “progress” suggests here that there was a desire to change society. In other
words, “progress” in the sense of José Antonio Maravall requires “disconitinuity”
and not only “continuity”, both terms in the sense of Fernand Braudel. Solely a
culture that recognizes heritage is capable to embrace the concept of “progress”
(Maravall, 1986, p. 363). The identity of the individuals pushing for discontinuity
may be a surprise at first, e.g., the aristocracy played a significant role in the
adoption of technological innovation during l’Ancien Régime in the 18th century.

(a) Increasing Societal Acceptance of Technology during l’Ancien Régime
in the 18th Century
A brief look at the extent of technological innovation is warranted to set the stage
for the assessment of the legitimization of technology during l’Ancien Régime in
the late 17th century and the 18th century. Jacques Ellul writes that after relatively
much “technique” innovation in the 15th century a significant slowdown in the rate
of “technique” innovation occurred from the 16th century until the early 18th
century casting doubt over any beneficial impact of the Reformation on
“technique”, and he continues to suggest that the policies of Richelieu and Colbert
complicated l’Ancien Régime without achieving any efficiency which he attributes
to the continuing predominance of humanism and its belief in the supremacy of
humans (Ellul, 1990, pp. 35-39). Similarly, Alain Becchia argues that the first half
of the 18th century did not bring about many technological inventions, but the pace
accelerated significantly in the second half of the 18 th century (Becchia, 2012, p.
197).
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According to Jacques Ellul the increase in “technique” innovation in the second half
of the 18th century was enabled of four factors (Ellul, 1990, pp. 44-48):
(1) Accumulation: “Technique” inventions without immediate applications
occurred from about 1000 to about 1750, and these “technique” inventions
represented a significant part of the foundation of the “technique”
innovation in the latter half of the 18th century.
(2) Demography: Challenges caused by population growth required solutions
based on “technique” innovation.
(3) Simultaneous stability and change: Society is stable to allow for change in
the form of “technique” innovation without changing to such a degree that
the successful introduction of the “technique” innovation is jeopardized.
(4) Societal plasticity: The disappearance of religious tabous, including moral
norms affecting the legitimization of “technique”, and sociological tabous,
including societal structures not conducive to “technique”, is considered
the most important factor by Jacques Ellul.
Considering technological innovation a cumulative process of inventions raises the
spectre of the non-existence of revolutions in technological innovation, because it
stands to argue that a cumulative process is an evolutionary one rather than a
revolutionary one. Although it is conceivable that the cumulative process is so
rapid that it results in an explosion suggested by the term “revolution”, the chances
of such revolutionary change is rather small. And in trans-disciplinary application,
the term “revolution” is even more inappropriate, because the fundamental
technology is well known. Rather, it is an evolution into another discipline.
The societal plasticity can be considered in the context of Joseph Schumpeter’s
view on motivation. He argues that the predominant motivator of an entrepreneur
is his/her duty vis-à-vis his/her societal group, family, estate, or someone or
something else (Schumpeter, 1926, pp. 132-133). The issue is thus whether the
disappearance of religious tabous and sociological tabous created a new implicit
or explicit duty to engage in technological innovation? The desire to improve living
condition for all sujects suggested by Jacques Ellul with the help of “technique”
innovation can be interpreted as constituting at least an implicit duty to engage in
technological innovation.
The French society was divided into two: The rich – or at least people required to
spend as if they were rich because of their societal status – and the poor. This
translated into a market of expensive luxury products on the hand and inexpensive
products on the other hand with very little in the middle, but this was not a solely
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French phenomenon in 18th century Europe (Crouzet, 2008, p. 380). The
mechanization of the production processes with the onset of the “Industrial
Revolution” – or rather the mechanization of manufacturing – translated into an
increasing capital-intensity, and this resulted in an increasing separation of the
ownership of the tools of production and labour (Crouzet, 2000, pp. 174-175).
It is not altogether clear that the technological innovations forming the foundation
of the mechanization of manufacturing commencing in the 18th century were not
of earlier date: It has been argued that the “Industrial Revolution” was based on
innovations dating to the Occidental Middle Ages (Giorgetti, 2009, pp. 108-109).
This argument raises the issue of the existence of revolutions again, and it casts
doubts over the very idea of revolutions, particularly in the case the “Industrial
Revolution”. What is sometimes referred to as the “Industrial Revolution” may be
considered the use of existing technology in another way and, more importantly,
in the 18th century the societal acceptance for new manufacturing technologies
had risen to such a level that technological innovation and technology innovators
were societally accepted.
The crucial importance of societal acceptance is underscored by the observation
that it is not necessary to engage in technological innovation to obtain innovative
technology. In the 14th and 15th centuries, Florence was able to attract talent from
Brabant-Flanders which was facing societal tensions at the time (Pirenne, 1951, pp.
348-349), and this exodus of talent may have contributed to the economic decline
of textile manufacturing in Brabant-Flanders. The impediment to technological
innovation in Brabant-Flanders was societal rather one based on lack of knowledge
or lack of technology. The high production costs and conservatism of the
manufacturing operations in Brabant-Flanders are cited as key factors in their
inability to compete with foreign and rural manufacturing operations (Pirenne,
1936, p. 409). In other words, the society of Brabant-Flanders was incapable to
break with the status quo and embark on the path of finding a new interpretation
of the Occidental Tradition. Considering the geographical location of BrabantFlanders – along the conflict zone between France and Spain – and the break-up of
the unity of the Occident in the aftermath of the Reformation, there were
important other factors putting significant strains on the society on BrabantFlanders in the 16th century. These additional factors may have conspired to
prevent the finding a new interpretation of the Occidental Tradition in and the
decline of Brabant-Flanders.
The migration of manufacturing operations from one society to another may give
an impetus to technological innovation. A case in point is the development of the
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chemical operations: Until the 16th century, the realms in Italy were the
predominant region for the production of chemicals essentially with old
technologies, but with the migration of the production operations to other realms
significant changes in the production technology commenced (Daumas, 1965, pp.
169-170). This indicates that there are differences even between societies
subscribing to the same branch of the same societal tradition, in this case the
Romanic Branch of the Occidental Tradition, vis-à-vis technological innovation.
Societal recognition is not necessarily logical or even acceptable from the
standpoint of iustitia. A case in point is the development of the machine tool.
Instead of focussing on the technological aspect of the innovation which was
French, the decisive consideration in assigning the honour of innovation is often
given to the commercialization of the machine (Marchis, 2005, p. 152). Although
the commercialization of an invention is certainly a key aspect in technological
innovation, and an invention would not even become an innovation without
commercialization, there would be nothing to commercialize without the
invention. Connecting the societal recognition with the commercialization is
hardly conducive to motivating would-be inventors and innovators. A related issue
is that the extent of technological innovation does not necessarily give any
information about the extent of technological inventiveness, because the societal
factors resulting in technological innovation may occur in another society than in
which the technological invention was made.

(b) Aristocratic Legitimization of Technology during l’Ancien Régime in
the 18th Century
Fernand Braudel’s argument that “la noblesse” emerged from the long penitence
from 1660 to 1730 emboldended and determined to claw back lost privileges and
to engage in businesses ventures ranging from financial speculation to production
facilities without any consideration of the repercussions is of significant
importance for the legitimization of technology during l’Ancien Régime. The
aristocracy was willing to break with the hitherto societally accepted interpretation
of the Romanic Branch of the Occidental Tradition, i.e., limitations to their activities
in society which also provided protections to other groups. This meant that the
limits set to technology by Occidental Christianity particularly in regard to caritas
and solidarity were not necessarily valid any longer.
Guy Chaussinand-Nogaret describes the outcome of the change that occurred
within “la noblesse” during l’Ancien Régime in the 18th century as its cultural and
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moral suicide, because it started to act like “la bourgeoisie” and renounced its
traditional ideal of “l’honneur” in favour of the bourgeois “le mérite” (ChaussinandNogaret, 1975, pp. 265-267). If this argument is accepted, then this change had
two major repercussions. First, la noblesse – les seigneurs in the parlance of this
work – was freed to to engage in activities which had been the domain of la
bourgeoisie – or the wealthy artisans and merchants in the parlance of this work –
hitherto. Second, the newly found freedom of les seigneurs set the stage for the
competition and ultimately the societal tensions resulting from this very same
competition between les seigneurs on the one hand and the wealthy artisans and
merchants on the other hand. The shift from “l’honneur” to “le mérite” also meant
that engagement in non-military and non-seigneurial technology was legitimized
for les seigneurs.
Pierre Bourdieu maintains that technology is of decisive importance in a
competitive marketplace, but this requires additionally the availability of sufficient
funds (Bourdieu, 2000, p. 249). During l’Ancien Régime, there were two major
sources of funds for capital investments: les seigneurs on the hand and the wealthy
artisans and merchants on the other hand. Apart from the question of tensions
arising between these two groups when both competed for capital investment
opportunities in production operations, the question arises of potential differences
in the investment objects and their impact on technological innovation. For les
seigneurs, production operations tied to natural resources was a natural
diversification of their activities (Constant, 1994, pp. 26-28). Keeping in mind the
dangers of simplification, the direction les seigneurs came from was characterized
by natural resources and the refining in a very broad sense of the natural resources,
and the direction the artisans and merchants came from was characterized by
artisan production processes in a very broad sense.
Guy Lemarchand argues that the seigneurs played an important role in colliery, in
the steel industry and in glass-making (Lemarchand, 2008, p. 56). Alain Becchia
maintains that the role of the aristocrats was particularly important in metallurgy
because their landholdings supplied the production operations with fuelwood and
coal (Becchia, 2012, p. 101), and he estimates that more than 50% of the
metallurgical operations were owned by aristocrats: The king as the largest
individual owner, and he was followed by members of the aristocracy, including
the younger brother of the king, le comte d’Artois and later king Charles X, and le
prince de Condé (Becchia, 2012, p. 102).
The aristocracy actively participated in the activities relating to technological
innovation: Alain Becchia observes that 43 of the 68 members of la Société
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d’encouragement de l’industrie were aristocrats in 1776 (Becchia, 2012, p. 105).
Apart from clearly signalling to society at large and the wealthy artisans and
merchants in particular that the aristocracy was willing to participate in the
emerging large-scale production operations as owners, this also clearly shows that
at least parts of the aristocracy can hardly be described as conservative in regard
to its acceptance of technology in the second half of the 18 th century. As the
ownership of metallurgical operations shows, the several members of the
aristocracy with interest in technology included the very pinnacle thereof. Any
attempt to seriously challenge men like le comte d’Artois and le prince de Condé
was de facto hopeless during l’Ancien Régime. This must have been painfully
obvious to any wealthy artisan and merchant.
Jean-Pierre Hirsch’s research suggests that the tension between les seigneurs on
the one hand and the wealthy artisans and merchants may have been increased in
the run-up to the fall of l’Ancien Régime in 1789, because he concludes that the
manufacturing and merchant sectors were fragile (Hirsch, 1975, p. 1357). This
fragility would have meant that capital investments would have become
increasingly impossible for the wealthy artisans and merchants to finance thus
strengthening the position of les seigneurs. Guy Chaussinand-Nogaret’s research
adds two reasons for the lack of capital investment by the artisans and merchants
during l’Ancien Régime in the late 18th century (Chaussinand-Nogaret, 1975, p.
275): (i) “la bourgeoisie” lacked the drive for inventions, the imagination and the
dynamism, and (ii) “la bourgeoisie” rather invested in prestige and in ennoblement.
Guy Chaussinand-Nogaret’s second point suggests a hierarchy in legitimization:
After reaching a sufficient level of wealth, the artisans and merchants became
more interested in achieving societal status in the form of ennoblement instead of
attempting to earn more wealth with capital investments. Les seigneurs had
already achieved the societal status the artisans and merchants desired to achieve.
Thus, les seigneurs were more willing to engage in capital investments.
The research of Jean-Pierre Hirsch and particularly Guy Chaussinand-Nogaret casts
serious doubts in regard to the accuracy of the conclusions of David Weir. After
rejecting the Marxist interpretation of the societal development during l’Ancien
Régime in the late 18th century with reference to a stronger opposition against
l’Ancien Régime among the “propriétaires terriens nobles” than amongst the
“marchands” and the “industriels”, David Weir continues to argue that the societal
tensions which were to cause the fall of l’Ancien Régime in 1789 were caused by
the redistribution of political authority from the agriculturalists to the “classes
industrielles” (Weir, 1991, p. 943). This argument can stand only, if the pinnacle of
the agriculturalists – les seigneurs – did not make capital investments in non-
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agricultural production operations thus becoming part of the “classes
industrielles”. They did. Consequently, the societal tensions – as David Weir does
– cannot be attributed to a confrontation between agriculture as personified by
the “propriétaires terriens nobles” and the “classes industrielles” personified by the
“marchands” and the “industriels”.
Éric Kermarrec claims that the “Industrial Revolution” was made possible by
democracy (Kermarrec, 2008, p. 11). Considering the heavy involvement of the
aristocracy in the ownership of production operations during l’Ancien Régime, this
claim is at least problematic. This sceptical view is supported by Guy ChaussinandNogaret’s conclusion that it was the capital invested by les seigneurs that was the
foundation of the economic renewal and “la revolution industrielle” in France
(Chaussinand-Nogaret, 1975, p. 276). At least in the natural resources-based
sectors, “democracy” would have to be equated with “aristocracy” in order for Éric
Kermerrac’s claim to be valid. Of course, the activities of the aristocracy
undermined l’Absolutisme in the sense of Louis XIV, but this does not mean that
the development of the production operations were in any way contingent on
democracy in the 18th century.

(c) Aristocracy versus Merchants and Artisans: Legitimization of
Different Technology
The technology used in natural resources-based and artisan-based production
operations differs, but both benefit from technological innovation. The aristocracy
was particularly heavily involved in natural resources-based production operations
during l’Ancien Régime in the the 18th century. These production operations are
based on chemical unit operations as a rule as exemplified by steel production,
pulp production and heat generation. This suggests that the aristocracy on the one
hand and the wealthy artisans and merchants on the other hand had a different
emphasis – the word “emphasis” means that this was not a situation characterized
by mutually exclusive alternative – in terms of demand for technology.
Aristocrats had a greater interest in technological innovation in the realm of
chemical engineering, particularly chemical unit operations. E.g., technological
innovation relating to the improvement of metallurgical production operations
falls under chemical engineering.
Artisans and merchants exemplified by
Christophe-Philippe Oberkampf had a greater interest in physico-mechanical
technological innovation. E.g., textile manufacturing is largely characterized by
mechanical engineering; the dying operations are an exception.
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It is difficult to see that the natural resources-based and artisan-based
manufacturing processes would have resulted in a different level of technological
innovation. It is possible that the natural resources-based manufacturing
processes would have resulted in a greater demand for technological innovation
based on chemistry and chemical unit operations. The societal interest in
chemistry and chemical unit operations driven by the investments of many
seigneurs in companies based on chemical unit operations may be a part
explanation why the father of modern chemistry was Antoine Laurent de Lavoisier,
and this societal interest may have carried over 1789 at least partly explaining why
the father of thermodynamics is the Frenchman Sadi Carnot.

(d) The Crown: The Legitimization of Technology in the 17th and 18th
Centuries
Any assessment of technological innovation during l’Ancien Régime in the 18th
century has to contend with the issue of the boundaries of technological
innovation. As Mariano de Matos Macedo writes, a broad view of technological
innovation does not only encompass the machinery found in manufacturing plants
but also human capital and technological knowledge (Macedo, 2000, p. 36). In
terms of human capital, it is difficult to measure the ability of the personnel from
the plant floor to plant management for technological innovation and for the
successful operation of a technologically advanced manufacturing operation. The
use of available statistics of, e.g., literacy does not necessarily mean that the
personnel embraced technological innovation and was able to work with
technologically advanced unit operations. The opposite may even be argued,
because schools require discipline and obedience, and technological innovation is
the exact opposite, i.e., the indiscipline and disobedience in the face of the
technological status quo.
L’Ancien Régime took action to improve the performance of existing technology
and creating the foundation of technological innovation by establishing
educational programmes for engineering in the 17th and 18th centuries, e.g., l’École
des ponts et chaussées was founded in 1747 (Caron, 2010, pp. 61-62). Apart from
offering formal education in different disciplines of engineering, i.e., theoretical
science, applied science and technology, les Écoles can be seen to have set signals
from the Crown to different groups in society. First, it signalled the Crown’s
legitimization of engineering into society at large. Second, it signalled the
legitimization of applied science to representatives of theoretical science. Third,
the establishment of les Écoles also served to legitimize an interpretation of the
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Romanic Branch of the Occidental Tradition that was not fatalistic and saw
engineering as a solution to societal challenges.
L’Ancien Régime did not reject technology from other societies out of hand. E.g.,
the activities of the compagnies were not limited to commerce but the importation
of technological knowledge was also of interest, e.g., la Compagnie des Indes was
involved in the transfer of textile manufacturing technology from India to France
in the 18th century (Delumeau & Richard, 1968, p. 842). This shows that l’Ancien
Régime did not have problems with dealing with non-Christians.

(e) Applied Science and Technology during l’Ancien Régime in the 18th
Century
Jacques Ellul argues that the second half of the 18th century saw the emergence of
science-based “technique” innovation and a willingness to participate in applied
science as a result of a change in society, a change founded in optimism in regard
to the desire to improve living conditions for all subjects (Ellul, 1990, pp. 41-44).
The focus is on applied science here.
The importance of science in technological innovation may be viewed in a temporal
sequence with science gaining in importance when time went by, or it can be
viewed that technological innovation has several sources at the same point in time.
Temporal sequence: Technological innovation was the result of hands-on
experimenting in the 18th century, but with the emergence of electrical
engineering and the increased importance of chemical engineering science
became crucial for technological innovation in the 19 th century (Malanima, 1997,
p. 337). Several sources: Recognizing that many technological innovations were
based on inventions made by artisans and labourers did not diminish the need for
science as a foundation of technological innovation in the 18 th century (Caron,
1985, pp. 31-32). Another aspect is that science may be more important in some
industries than other, e.g., the development of the chemical industry would point
to a key role of scientific development in product and process innovation (Caron,
1985, pp. 70-76).
Technological innovation is based on a cumulative process of inventions, and their
horizontal and transversal application across society and the economy (Crouzet,
2000, p. 171). This character of a cumulative process means that the latest
technological innovation is not the last word; it is solely one step in further
technological innovations (Caron, 1985, p. 53). Another way of technological
innovation is trans-disciplinary application: A technological innovation in one
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manufacturing segment is used in another industrial segment after more or less
significant modifications (Dogan & Pahre, 1991, p. 181).
One way to promote trans-disciplinary application is to have a third party present
technological innovation in operations belonging to one manufacturing sector to
operations belonging to another manufacturing sector. In this context, the
inspectors working as part of le Colbertisme were useful, and they were required
to provide such technology consulting activities (Minard, 1993, p. 10). This activity
on the part of the inspectors can be viewed as a form coopétition, i.e., competition
with the simultaneous sharing of (some) resources and competences (Prévot,
2007, pp. 184-187).
L’Ancien Régime considered the acquisition of technology and the promotion of
technological innovation in different administrative contexts, e.g., the awarding of
privileges. The encouragement of technological innovation was a key criterion
when l’Ancien Régime considered whether to award some privileges to
manufactures, and in this context Anisson is quoted (1701): “… ceux qui travaillent
à la perfection des arts par l’invention de quelque nouvelle machine ou
l’établissement de quelque nouveau commerce”48 (Caron, 1985, p. 28). In 1722, le
Bureau du commerce was established to award privileges d’exploitations – an early
form of modern-day patents – and giving awards to inventors (Grimoull, 2008, 24).
Such schemes created monetary incentives for technology and in a broader sense
also applied science.

(iv) L’Ancien Régime: The Legitimization of Economic Growth
During l’Ancien Régime in the late 17th century and in the 18th century particularly
two different concpetions of the correct economic policy were prevalent: le
Colbertisme and le Physiocratisme. Both of these conceptions aimed at creating
wealth in the Realm, but the way was different. It is also of interest to consider
that le Colbertisme focussed on the Crown and le Physiocratisme via its emphasis
on agriculture focussed on les seigneurs, particularly the aristocracy. This had
significant implications on the legitimization of applied science and technology.
Before considering le Colbertisme, let us briefly look at the centuries leading up to
reign of Louis XIV and the emergence of the form of le Mercantilisme that is called
le Colbertisme. One of the great developments was the emergence of large
48

Author’s translation: “… those who worked worked in the art by inventing some new
machine or established some new business.”
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commercial and financial networks in the 14th and 15th centuries particularly in the
Imperio Romanum Sacrum (Pirenne, 1951, p. 351). The availability of capital in the
Imperio Romanum Sacrum has been identified as a main factor favouring
technological innovation (Caron F. , 1983, pp. 10-11), but the decline of BrabantFlanders suggests that the availability of private capital is not a panacea for
economic growth and technological innovation. The decline of Brabant-Flanders
just across the northern border of France was certainly well known to the French
Crown, and it legitimized the search for another way to facilitate economic growth.
A logical choice was giving the Crown a decisive role.
From the Occidental Middle Ages to the 19th century, the European economy was
characterized usually by rural proto-industry, big production operations and
artisanal enterprises (Messina, 2008, p. 93). The rural proto-industry was located
in towns and in completely rural areas (Sée, 1948, p. 266). The proto-industry was
labour-intensive but it had a low capital-intensity (Messina, 2008, p. 96). The rural
and urban proto-industry dominated the manufacturing sector throughout the 18 th
century (Levasseur, 1969, p. 762). Any assessment of production operations during
l’Ancien Régime in the late 17th century and the 18th century has to recognize that
the large-scale production operations like Saint-Gobain, Creuzot and Indiret were
less important than the many small production operations called proto-industry.
As Henri Sée writes, Creuzot and Indiret were exceptions, and the vast majority of
the operations were small employing often 8 to 10 workers (Sée, 1925, p. 293).

(a) Le Colbertisme
The background of the work of Jean-Baptiste Colbert was the societal strife
between the Crown and the aristocracy intermingled with the strife between
Catholics and Protestants particularly during the reign of Henri III less than a
century before he joined government. As Jean-François Solnon notes that the
reign of Henri III was characterized by civil war, religious strife, conflict between
ambitious aristocrats, attempts by the aristocrats to control royal power and a
continuous fiscal crisis (Solnon, 2007, p. 397). A solution to ban the threat of the
repetition of such a disastruous situation was to neutralize all power centres which
could cause societal strife. Jean-Baptiste Colbert went about to establish the
prosperity of the Realm, a challenge even after the relatively calm reigns of Henri
IV and Louis XIII.
Jean-Baptiste Colbert’s activities were geared toward the re-establishment,
establishment and expansion of manufactures producing high value-added
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products, i.e., luxury products (Sée, 1948, p. 267). E.g., the textile industry of
Louviers ceased in the 15th century and it was re-established by Dutch masters
around 1680 on behest of the Crown (Belhoste, 1994, p. 460). Colbert’s approach
was nothing new per se, Louis XI had already introduced the manufacture of luxury
products to the Realm (Sée, 1926, p. 21).
The French Mercantilism is associated with protectionism and the development of
the manufactures, but it is also seen simply as a fiscal regime (Rosanvallon, 1979,
p. 118). Furthermore, Mercantilism in general has been considered to have two
objectives, i.e., unification within the Realm subordinating a society’s wealth to the
power of the Crown, and creating power for the Realm and the Crown on the
international stage (Spector, 2003, p. 293). One part of Colbert’s policy was based
on a change in the way taxation was perceived. In the feudal society, les seigneurs
focussed their efforts on obtaining income from the land and labour leaving the
taxation of foreign merchandize with scant attention, but in beginning of the 16th
century taxation was viewed as a tool, including a tool to protect the domestic
manufactures (Levasseur, 1969, pp. 86-87).
A key aspect of the policy of Colbert was his desire to attract reputable foreign
entrepreneurs and artisans who could then teach their knowledge to the French
(Sée, 1925, p. 131). Subsidies and other benefits awarded to manufactures in
general and technological innovation in particular can be defended on the basis
that the societal value of these are bigger than the value to the entrepreneur
(Arjona & Unger, 1996, p. 190). This may have helped at least in some cases in the
establishment of manufactures by French entrepreneurs, another of the aims of
Colbert (Sée, 1925, p. 133).
Colbert also took the initiative in maritime trade by establishing and requiring
merchants to subscribe to shares in trading companies; these trading companies
have been criticized of having been artificial constructs with the Crown interfering
in their management (Tramond, 1916, p. 189). These objections have to be put
into another perspective than the purely commercial as well: In times of problems
the Crown had to protect the trading companies with naval forces (see Figure 11),
and it was in the interest of the Crown that such situations occurred only with its
prior approval. Colbert considered that commerce needed security and freedom
(Espinas, 1891, p. 139). Naval support for French maritime commerce was
provided by the Crown as demonstrated by, e.g., Colbert’s letter to the Bishop of
Luçon (Colbert, 1863, p. 416), and to one of les compagnies in the context of events
on the Indian subcontinent and in the Indian Ocean in the last decade of the 17 th
century (Vongsuravatana, 1994, pp. 261-263).
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Figure 11: Model of an 18th century French ship of the line (Musée de la Marine
in Paris).

Colbert was a pragmatist, and he was prepared to deviate from the principles of le
Colbertisme when circumstances warranted this. In 1665, Colbert encouraged
l’intendant Talon to establish manufacturing operations in la Nouvelle-France, and
in 1669 la Compagnie des Indes lost its trading monopoly (Charbit, 2006, p. 187).
Two undercurrents can be discerned from these examples. First, decision-making
in regard to the development of large-scale production operations were
centralized and directed by the interests of the Crown. A successful legitimization
of planned production operation had to be argued within the confines of the
Crown. Second, the Crown demonstrated much interest in the textile
manufacturing. This emphasized an interest in physico-mechanical technology in
the late 17th century and the early 18th century, if the French textile faced
commercial challenges from cheaper products.

(b) Les Physiocrates and the Destructiveness of Free Trade
Le Physiocratisme turned the tables on le Colbertisme: Les Physiocrates favoured
agriculture over manufacturing considering agriculture the only true source of
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societal wealth (Charbit, 2002, pp. 849-850). Yves Charbit argues that the idea that
neither manufacturing nor commerce created wealth is considered a reemergence of the thinking during the Occidental Middle Ages when only
agriculture was considered a generator of wealth (Charbit, 2002, p. 852). Pierre
Rosanvallon mentions the idea that this meant that les Physiocrates wanted to turn
back the clock to the Middle Ages (Rosanvallon, 1979, p. 52). Keeping in mind that
many aristocrats demonstrated a keen interest in technology and invested in largescale production operations casts doubt as to the accuracy of the idea Pierre
Rosanvallon mentions.
If the technology component is separated from the societal component, then the
idea Pierre Rosanvallon mentions can be considered to describe the development
in the second half of the 18th century. In terms of the societal component, the
aristocratic seigneurs attempted to claw back privileges thus arguably attempting
to turn back the clock to the heyday of feudalism, i.e., the Occidental Middle Ages.
This does not mean, however, that they were not interested in improving their
situation by the use of technology in a broad sense. This is in line with Philippe
Steiner’s argument: Les Physiocrates were not opposed to capital-intensity:
François Quesnay favoured relatively capital-intensive large-scale agriculture using
horses instead of the oxen used by poor men (Steiner, 1987, p. 1113). Admittedly,
equating a horse with technology means that the meaning of the term
“technology” has to be understood in a way that is hardly compatible with the
mores of the 21st century.
The significant changes in the French policy relating to manufacturing as evidenced
by the differences in the thinking in le Colbertisme and le Physiocratisme, the
increasing investments of les seigneurs in the manufacturing sector, and the
significant changes accomplished by les ordonnances during the reigns of Louis XIV
and Louis XV witnesses of societal dynamics. These factors make it difficult to
embrace the assertion that l’Ancien Régime was weak (Caron X. , 1984, p. 391).
If large-scale manufacturing is considered in the context of the organization of the
production process, i.e., the separation of tasks and control of the production
process, then there is an interesting similarity between le Colbertisme and le
Physiocratisme. Large-scale production units requiring sophisticated planning and
coordination emerged in agriculture, more specifically in the sugarcane-based
chemical refining operations before the mechanization of production operations
in the 18th century (Caldeira, 1999, p. 75). In other words, manufacturing and
agriculture used similar ways of organizing their operations. It is also noteworthy
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that these production units were established with very little money in close
cooperation between the operators and the merchants (Caldeira, 1999, p. 78).
The emphasis of les Physiocrates on agriculture and their claim that agriculture was
the only source of wealth would have allowed for two potential trajectories going
forward. First, analogously with the societal development in the Occidental
Imperium Romanum from the 3rd century onward, this could have led to a
ruralisation of the French society and a decline of scientific development and
science. Second, the increasing wealth of les seigneurs might have allowed them
to accumulate capital for investment in manufacturing operations. If the second
trajectory had materialized, then the question of the industrial sectors favoured by
les seigneurs for investment purposes could have changed the focus of the French
manufacturing sector – probably toward capital-intensive and natural resourcebased operations, e.g., metallurgy. Considering the sizeable investment of some
seigneurs into manufacturing and mining operations as seen above indicates that
les seigneurs were prepared to go down the path corresponding with the second
trajectory. Considering the need for machinery in large-scale natural resourcebased production operation, the second trajectory would not necessarily have
meant less technological innovation, but the focus of the technological innovation
would have changed.
Fernand Braudel argues that the importance of the metallurgical operations has
sometimes been exaggerated in the assessment of technological innovation in the
18th century (Braudel, 1979c, pp. 493-494), but he also admits that mechanical
engineering, particularly the construction of steam engines, suffered from the
unavailability of suitable metallurgical solutions in the same time period (Braudel,
1979c, pp. 492-493). From the standpoint of strategic management, the
aristocratic seigneurs who were involved in natural resource-based production
operations related to materials science in general and metallurgy in particular
possessed the key to further technological innovation, a path that Fernand Braudel
calls a continuous process (Braudel, 1979c, pp. 493-494).
The position of the aristocratic seigneurs who were involved in materials sciencebased production operations can also be assessed from the standpoint of Fernand
Braudel’s assertion that technological inventions usually lay dormant until there is
demand for them, i.e., there is a demand for their “application technique effective”
(Braudel, 1979c, p. 489). The demand materialized as the issues relating to
materials science became more pressing in mechanical engineering, e.g., the
construction of steam engines, as the 18th century progressed. This also meant
that the balance of power between the aristocratic seigneurs on the one hand and
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the wealthy artisans and merchants on the other hand shifted to the advantage of
the aristocratic seigneurs as a result of the demand for better materials in and from
mechanical engineering toward the fall of l’Ancien Régime.
The increasing influence of les Physiocrates did not mean that the subsidies to
manufactures would have ceased: From 1740 to 1789, the Crown distributed
subsidies totalling 5,500,000 livres tournois, and manufacturers received a total of
1,300,000 livres tournois in loans at an annual interest rate of 0,5% (25% of which
were never repaid) (Sée, 1925, p. 257).
Yves Charbit argues that a fundamental tenet of les Physiocrates was that free
trade for agricultural products was good (Charbit, 2002, p. 851). As Émile
Levasseur notes, the enthusiasm of les Physiocrates for free trade was not shared
by any of les intendants who dealt with manufactures constantly for manufactured
products in 1756 (Levasseur, 1969, p. 576). When this issue came up again in 1778,
the chambers of commerce tended to favour the abolishment of regulations and
the industrial towns and cities to oppose it (Levasseur, 1969, pp. 657-658).
Freedom might have been desirable per se, and a weakness of the regulations was
that they hampered the French manufacturers from quickly reacting to changes in
the marketplace (Sée, 1925, p. 150). However, the regulations also played an
important role in the marketplace by being a clear indication of good quality as
envisioned by Colbert (Sée, 1925, p. 142). In the second half of the 18th century,
the regulations were increasingly relaxed (Sée, 1925, pp. 270-271).
The free trade controversy can also be seen in the context of a natural resourcesbased and manufacturing-based economy. Keeping in mind again that the
aristocratic seigneurs invested in natural resources-based production operations
in, e.g., steel production and mining, the issue is broader than just the free trade
in agricultural products for the aristocratic seigneurs in the political debate in the
second half of the 18th century. The issue boiled down to the international
competitive position of French agricultural and natural resources-based products
on the one hand and of French manufactured products on the other hand. In other
words, there were two visions of the proper composition of production operations
in contention: natural resources-based production operations as de facto favoured
by le Physiocratisme and the aristocrats, and manufacturing-based production
operations as de facto favoured by le Colbertisme and wealthy artisans and
merchants.
The manufactures continued to be developed particularly in the second half of the
18th century, but this development was severely disturbed in the last three years
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of l’Ancien Régime because of the crisis provoked by the free trade agreements
between the Realm and other countries (Sée, 1925, p. 368). The French
manufacturing sector was also adversely affected by the toughening price
competition along with the increasing protectionism of Spain and of the Empire
(Lemarchand, 1988, p. 181).
In the last decade of l’Ancien Régime the Crown enacted free trade agreements
which abolished or reduced trade barriers hindering French exports and protecting
French production, but it may be argued that the French manufacturers were
sacrificed to the benefit of the French natural resource-based sector, particularly
the agricultural sector favoured by the Physiocratic theory (Crouzet, 2008, p. 91).
Such a suggestion is strengthened by the contemporary assessment that the
French negotiators demonstrated a conciliatory attitude that bordered on
weakness and made even unnecessary concessions (Bloch, 1900, p. 268). The
severe industrial crisis plaguing l’Ancien Régime during its last years was caused by
the free trade agreements to a significant degree (Sée, 1951, p. 51). Jean-Pierre
Poussou argues that the problems in the manufacturing sector started earlier and
that in many cases the underlying cause was the increasing loss of the once large
and lucrative Spanish market (Poussou, 1989, p. 977). As Émile Levasseur notes,
the depth of the industrial crisis in the late 1780s may have differed from provinceto-province (Levasseur, 1911, p. 544).
The Crown offered mechanization of French manufacturing as the solution to the
crisis caused by free trade in the years preceding the fall of l’Ancien Régime (Sée,
1925, pp. 300-301). This increase in capital-intensity raised the spectre of rising
tensions between the two main owners of capital: the aristocratic seigneurs and
the wealthy artisans and merchants. The conflict can have been expected to have
become particularly virulent, if the aristocratic seigneurs on the one hand and the
wealthy artisans and merchants on the other hand had started to compete in the
strongholds of each other. The fall of l’Ancien Régime in 1789 ended this potential
development.
Les Physiocrates considered their theories a science that was capable of analyzing
and comprehending the relationship between parties, and develop Crown policies
based on these insights (Steiner, 2006, p. 21). This was doubted by contemporary
thinkers, e.g., Gabriel Bonnot de Mably was convinced that the application of the
theories of les Physiocrates would lead to societal problems and he went so far as
to labelling les Physiocrates enemies of society (Gauthier, 1985, pp. 274-275).
From this perspective, les Physiocrates were interested in “rationalis” to the
degree that they were blind to “realis”.
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Les Physiocrates changed the societal discourse not only by arguing against
Mercantilism in general and le Colbertisme in particular, but as Philippe Steiner
notes they changed the language used to describe societal phenomena in general
and economic phenomena in particular (Steiner, 1998, pp. 76-77). This change in
language is an indication that les Physiocrates wanted to break with the principles
of at least le Colbertisme but probably also with Occidental Christianity, because it
is doubtful whether their new language would have lent itself to the expression of
thoughts with roots in le Colbertisme and Occidental Christianity. In a sense, they
attempted to create their Christian Latin.
Álvaro Albán and Jorge Rendón argue that the development in the 18th century
resulted in the separation of human values and economics (Albán Moreno &
Rendón Vélez, 2006, pp. 64-65), and les Physiocrates participated in the break-up
of the holism of the concepts governing the Roman Heritage and Occidental
Christianity. As Armand Cuvillier observes, this does not mean that some
Physiocrates did not write about broader societal issues (Cuvillier, 1951, p. 94).
It is noteworthy that after the disaster perpetrated by the free trade agreements,
the societal impact of trade barriers was considered detrimental to the economic
wellbeing by some 19th century French economists as Michel Chevalier notes
(Chevalier, 1852, pp. 39-41). Whether this conclusion is an accurate one cannot be
assessed on the foundation of the historical evidence provided by the last years of
l’Ancien Régime, because there was not enough time for free trade to show its
medium- to long-term impact on the development of French natural resourcesbased sector and the manufacturing sector.
The assessment is partially centred on the availability of financial capital in the
sense that two groups have identified to have had the financial resources, the
aristocratic seigneurs on the one hand and the wealthy artisans and merchants on
the other hand. This warrants a few words about the impact of another potential
source financial capital: the financial institutions. The existence of financial
institutions raises the issue of their importance for technological innovation and
the mechanization of production processes. François Crouzet concludes that the
impression of the abondance of capital being of significance for capital investments
in mechanization of production processes is wrong, because the required capital
investments were modest and the capital investments were financed from the cash
flows of the enterprises in England in the 18th century (Crouzet, 1985, pp. 127-129).
Niall Ferguson writes that the development of the financial sector preceded the
mechanization of production processes, but that this was of no significant
importance for capital investments into the mechanization of production
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processes in England although the financial sector played a greater role in this
context in Continental Europe (Ferguson, 2009, pp. 53-54).
Whereas le Physiocratisme can be seen as a precursor of free markets, the
antecedents of socialism radicalized another aspect of le Colbertisme, i.e., Crown
interventionism or le dirigisme, in the 18th century. Another way to consider the
emergence of the antecedents of socialism is to consider it a different emphasis in
the question of equality versus freedom (Espinas, 1898, p. 83).

(c) Societal Tensions Caused by Capital Investments in Production
Operations
The aristocracy invested in capital-intensive industries, e.g., the important coal
mining company Compagnie de Aniche had five marquis and one duke among its
founding owners, and at least 21 of 25 steel operations in the Haute-Normandie
were owned by the aristocracy (Lemarchand, 2008, p. 56). The true extent of les
seigneurs in business enterprises is difficult to establish, because the aristocrats
used frequently strawmen to disguise their involvement during the years 17701780 according to Alain Becchia (Becchia, 2012, p. 98). Loïc Belze and Philippe
Spieser argue in a similar vein: The aristocracy benefited from the anonymity
accorded by the legal form of limited companies, and members of aristocracy
owned the majority of Anzin and Saint-Gobain (Belze & Spieser, 2005, p. 275). The
involvement reached into the highest echelons of the aristocracy: One of the
Princes de sang, le duc d’Orléans, took steps to invest in another capital-intensive
industry, the large-scale chemicals (alkali) production in 1789, and le duc d’Orléans
was the owner of the glassworks in Villers-Cotterets since 1778 (Baud, 1934, pp.
14-16).
Jean-Hervé Lorenzi and Jean Bourlès argue that the development toward
mechanization required increased access to natural resources (Lorenzi & Bourlès,
1995, p. 44), and these were controlled by les seigneurs to a significant degree This
assessment is important from the standpoint of raw materials for (i) manufacturing
operations and (ii) mechanical engineering. First, les seigneurs were significant
owners of the agricultural lands during l’Ancien Régime, and the raw materials
needed in textile manufacturing are agriculture-based. Les seigneurs were not the
sole proprietors of land during l’Ancien Régime, but they were important: The
temporal seigneurs controlled about 20% and the ecclesial seigneurs about 10% of
the surface of metropolitan France in 1789 (Giorgetti, 2009, p. 36). This means
that the aristocratic and ecclesial seigneurs on the one hand and the wealthy
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artisans and merchants on the other hand were locked in a simmering conflict
about the proper price of raw materials required in the manufacturing operations,
particularly in textile manufacturing, i.e., the most important manufacturing sector
in the 18th century. The important role les seigneurs played in coal mining and
forestry during l’Ancien Régime also meant that they played a significant role in the
supply and price of fuels, and thus their actions impacted the viability of
manufacturing operations needing fuels. This conflict was contained as long as the
Crown directed the economy based on the principles of le Colbertisme, but the
ideas espoused in le Physiocratisme meant that the the battleline shifted from
everybody against the Crown to the afore mentioned conflict.
Second, whoever controlled the raw material and intermediate product supply,
including the volume, quality and prices of them, for the machinery manufacturing
also had an impact on mechanical engineering per se and the price of machinery.
This created two conflicts between the aristocratic seigneurs on the one hand and
the wealthy artisans and merchants on the other hand. The first point is that the
quality of, e.g., steel was instrumental to the performance and durability of
machinery built from these materials, and any perceived lack in quality compared
to the similar materials produced in other realms resulted in unhappiness on the
part of the owners of manufacturing operations using machinery apart from the
owners of the mechanical engineering operations. Perceived poor quality of these
materials was also prone to affect maintenance costs. The second point is that the
price of these materials affected the costs in the mechanical engineering
operations and ultimately the required capital investment requirements in
manufacturing operations pitting the aristocratic seigneurs on the one hand and
the wealthy artisans and merchants on the other hand against each other. This
raw materials- and intermediate products-related issue became more important
with the increase in mechanization, i.e., in the last years of l’Ancien Régime.
Considering the cumulative nature of gaining access to knowledge, science and
technology (Zimmermann, Deroïan, & Steyer, 2003, p. 73), les seigneurs were well
positioned to play an increasingly important role in manufacturing, if the French
Revolution of 1789 had not taken place. One part of this argument is the interest
members of the aristocracy showed toward technology per se and their
involvement of natural resources-based production operations. Another part of
this argument is that the mechanization of the production operations in
manufacturing meant that their initial character of labour-intensive operations
gave way to capital-intensive operations. This meant that manufacturing gained
characteristics of the natural resources-based production operations, i.e., chemical
engineering. Whereas the aristocratic seigneurs had had access to knowledge,
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science and technology regarding these types of operations for many decades in
the last decades of l’Ancien Régime, any increase in the degree of mechanization
in manufacturing as a result of free trade meant that the aristocratic seigneurs
involved in chemical engineering-based gained an advantage vis-à-vis the wealthy
artisans and merchants.
The development during the 18th century was not just driven by an aggressive
aristocracy, but the wealthy artisans and merchants also challenged the
aristocracy. The potential for a confrontation was also increased in the 18th
century because of the growing monetary wealth of the merchants and shipowners as described by Henri Sée (Sée, 1929, p. 109). This is in line with Didier
Terrier’s argument that the rise of the merchants in the context of manufacturing
translated into an accumulation of capital in the 18th century (Terrier, 1998, p. 99).
The rise of the merchants is in line with Jean Bodin’s writing: He favoured
international trade (Piuz, 1997, p. 12).
As wealthy merchants may have felt that the aristocracy encroached on them in
manufacturing, they encroached on the traditional power of les seigneurs in the
rural areas because of their growing influence and even power in the rural protoindustry (Sée, 1925, p. 277). The confrontation may also have included the conflict
regarding the privileges the aristocracy enjoyed on the one hand and some groups
belonging to le Tiers état on the other hand, because privileges were not limited to
le Premier état and le Second état (Durand, 1992, p. 302). The problem might have
been a monetary one, but the diversification of the activities of les seigneurs to
industry may also have been perceived a violation of the accepted interpretation
of the Romanic Branch of the Occidental Tradition of l’Ancien Régime and thus not
compatible with iustitia – it is argued that iustitia is not absolute and situation
which may be considered unjust may be societally tolerated as long as everybody
keeps to the expectations tied to his or her position within society (Forsé & Parodi,
2010, pp. 293-294).
The mounting tension between the aristicratic seigneurs on the one hand and the
wealthy artisans and merchants on the other hand reflected an increasing focus on
monetary wealth in the society of l’Ancien Régime: From the 16th to the 18th
century, the societal change from self-sufficiency to commercial exchanges based
on monetary exchange resulted in the emergence of merchants as intermediaries
and the accumulation of monetary resources which would also be invested in
manufacturing (Vérin, 2011, pp. 97-102). This monetarization challenged the in
natura character of feudalism and thus the position of les seigneurs. In their
reaction against their long penitence in the period 1660-1730, it is only logical to
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expect that the aristocratic seigneurs strove to establish a strong position in the
monetized sectors of the economy as well – as exemplified by their involvement in
financial market speculation. This created another front ouside the manufacturing
sector and the natural resources-based sector between the aristocratic seigneurs
on the one hand and the wealthy artisans and merchants on the other hand.
Capital investments in machinery were characterized by a high level of uncertainty,
because the mechanical engineering of the 18th century was not capable of offering
reliable machinery according to Christian Miquel and Guy Ménard (Miquel &
Ménard, 1988, pp. 210-211). This meant that the willingness to commit to capital
investment had to be based on the readiness to take on significant uncertainty,
and this individual willingness had to be based on an interpretation of the Romanic
Branch of the Occidental Tradition that viewed uncertain capital investments
desirable apart from having the actual resources to engage in uncertain capital
investments. Until the late 17th century, the focus of the aristocratic seigneurs had
been uncertain investments in armed conflict, and the focus of the merchants had
been risky commercial transactions. For pacified aristocratic seigneurs the
development in applied science and technological innovation opened the
opportunity for another armed conflict, a conflict where applied science and
technology were the weapons and Nature was the enemy. For wealthy artisans
and merchants the uncertainty associated with the developments of applied
science and technological innovation was an extension of their activities hitherto.
From the standpoint of societal harmony, the regrettable issue was that both the
aristocratic seigneurs on the one hand and the wealthy artisans and merchants on
the other hand found themselves on opposing sides on the same battlefield.
One way to reduce the uncertainty associated with capital investments was to
obtain privileges from the Crown: Fernand Braudel notes that potential investors
asked le Conseil de commerce to grant them privileges encompassing the entire
Realm thus suggesting an existence of a market encompassing the entire Realm,
but they were particularly interested in gaining access to Parisian market (Braudel,
1979, p. 291). Again, the aristocratic seigneurs on the one hand and the wealthy
artisans and merchants on the other hand found themselves vying for the same
privileges, but with the aristocratic seigneurs having some advantages because of
the greater likelihood of them having the necessary contacts among the aristocrats
residing in close proximity of the Crown at Versailles.

273

Legitimization of Science and Technology

Industria

Argentum

Argentum

Dominium

Negotiarentum

Nobilitatis

Vulgarium

Industria ruris

Industria urbana

Figure 12: Conflict between the Second Estate and the Third Estate in regard to
industrial capital investments during l'Ancien Régime in the 18th century.

Figure 12 shows two potential capital investment paths for large-scale
manufacturing operations based on technological innovation during l’Ancien
Régime in the 18th century. There were essentially three paths to raise the
monetary resources required by capital investments in technological innovation
during l’Ancien Régime: the Crown, les seigneurs and the merchant-artisans. As
well, some form of combination was conceivable. As the activities of Colbert
demonstrate, the Crown was active in pushing for capital investment in
technological innovation. Some of les seigneurs had the monetary resources to
invest in technological innovation even at significant uncertainty, but capital
investments in non-agricultural and closely related activities of the aristocracy had
been uncommon since the Roman Republic. However, this started to change in
the 18th century. The significant investments of les seigneurs in non-agricultural
enterprises raised doubts in regard to the assertion that the societal tradition
underpinning l’Ancien Régime immobilized capital (Chaussinand-Nogaret, 1970, p.
471). The merchants accumulated capital as owners of large-scale manufacturing
operations, e.g., the activities of Christophe Philippe Oberkampf can be mentioned
in this context, and in expanding activities.
Let us briefly look at a particular case, the colonies in the Caribbean. The colonial
activities were not limited to the merchants and other members of le Tiers état,
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e.g., the aristocratic families Noailles and Ségur operated vast plantations in SaintDomingue (Furet & Richet, 1973, p. 33). This meant that the aristocracy played a
major role in the Caribbean trade. It also suggests that the Caribbean colonies had
influential backers in 1763. This raises doubts whether the French negotiating
strategy was solely driven by commercial aspects when the Peace of Paris was
negotiated. The societal constellation may have been such that la Nouvelle-France
simply did not have as prominent allies in Versailles as the Caribbean islands.
Whereas the Caribbean islands were solely producers of more or less refined
agricultural products, there was manufacturing potential in la Nouvelle-France
because of its forest and mining resources. In other words, the argument may be
made that the societal position of some owners of operations on the Caribbean
islands were able to influence the French negotiating strategy in such a way that it
was detrimental to the development of the Realm’s manufacturing sector. In a
wider perspective, the influence of aristocratic seigneurs in the decision-making at
Versailles should not be underestimated in any context, and this includes the
granting of privileges to production operations.

(d) The Guilds and the Workers
A society like l’Ancien Régime based on privileges and hence obstacles to the liberty
of trade and work can be considered ill equipped to take advantage of the
creativity of its population. Simultaneously, such measures can be defended on
the basis that the privileges were conducive to the specialization needed for
technological innovation and the generation of sufficient amounts of monetary
resources required for capital investments in production operations making use of
applied science and technological innovation.
It should be recognized that the guilds were not a product of the Occidental Middle
Ages: The predecessors of the guilds were established by the legendary Roman
king Numa in the 6th century BC (Marchis, 2005, p. 8). In other words, guilds are
deeply rooted in the Roman Heritage and thus in the Occidental Tradition.
The policy of granting privileges had long antecedents in French society, e.g.,
Charles VII used the awarding of privileges to cities and towns as a tool to foster
economic growth, and he strengthened the guilds to improve the production
methods and the product quality (Imbart de la Tour, 1905, pp. 224-225). However,
the guilds have been criticized of preventing technological innovation (Caron,
2010, p. 19). The de iure and de facto possibilities of the guilds to prevent and/or
promote the introduction of technological innovation may not have been decisive
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at all times, e.g., Colbert took steps to control the guilds in the latter half of the
17th century (Guery, 1989, p. 303).
Henri III expanded the guild system to the entire Realm in 1581 thus ending the
last vestiges of liberty of labour, but this measure was not implemented in many
places (Imbart de la Tour, 1905, p. 319). The decision taken unilaterally by the
Crown was repudiated and, e.g., Lyon won a length battle vis-à-vis the liberty of
labour when Henri IV signed un édit establishing the principle of liberty of labour
in Lyon in 1603 (Hauser, 1902, p. 283). François Crouzet argues in a similar vein:
Guilds did not exist in numerous important cities, e.g., there were no guilds in Lyon,
for the royal manufactures, in the rural proto-industry and for new industries, e.g.,
the cotton manufactures, in France (Crouzet, 1985, pp. 36-37). Considering these
exceptions, it is hard to argue that the guilds posed a serious and insurmountable
impediment to technological innovation in the Realm. It also demonstrates that
France was not a centralized monolith during l’Ancien Régime. This may or may
not have been unfortunate for internal commerce, but it certainly created more
openings for the legitimization of applied science and technology in the different
provinces of the Realm.
Even in cities where guilds existed, there may have been areas in which the guilds
did not have any jurisdiction, e.g., le faubourg Saint-Antoine existed in Paris since
1657 as an area without any guilds after an intervention by the abbess of SaintAntoine (Thillay, 1992, p. 220). This shows that the Ecclesia Catholica Romana was
willing and able to use its societal influence founded in Saint Augustine’s idea of
the division of power between Imperium and Ecclesia in favour of the freedom of
labour when there was a reason based on caritas and iustitia. The artisans in the
area of le faubourg Saint-Antoine resisted successfully attempts to integrate the
area into the area controlled by the guilds, most notably in 1776 (Kaplan, 1988, p.
368). Apart of the argument concerning the freedom of labour, the case of le
faubourg Saint-Antoine shows that there were enclaves allowing the introduction
of production operations based on applied science and technology even in areas
with guilds.
A significant societal shift was that the urban entrepreneurs were focused on their
town in the Occidental Middle Ages, but after the 15th century they were
increasingly interested in commercial and manufacturing activities in the rural
areas according to Henri Pirenne (Pirenne, 1936, p. 416). The expansion of the
economic interests of the urban entrepreneurs were essentially bound to lead to
tensions with the seigneurs, because any installation using waterpower, wood
and/or coal was subject to seigneurial permission (Jannet, 1896, p. 252). As Figure
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13 shows, the industrial structure was dominated by Food, Construction and Wood
and particularly Textiles at the end of l’Ancien Régime. In view of the seigneurial
system, Textiles was of key importance for artisans working within and ouside the
confines of the guilds.

Industrial Structure (1781-1790)
Construction
14%
Paper
1%

Energy Metallurgy
0%
6% Chemicals
2%

Wood
13%
Textiles
42%
Food
22%

Figure 13: Industrial structure of France in 1781-1790 as a percentage of value
added according to Toutain (Daudin, 2005, p. 39).

In one of the early works on economic policy, Antoine de Montchrestien de facto
recommended the guilds to the Crown: His treatise “Traité de l’économie
politique” published in 1615 calls the king to augment and regulate the artisanal
and manufacturing operations, look after the merchant navigation, and establish
commerce with the aim of increasing the wealth of his subjects (Montchrestien,
1999, p. 53). The establishment of large-scale manufactures raised the prospect of
de facto using forced labour.
Let us briefly turn to the worker associations during l’Ancien Régime. Although
some worker associations existed during l’Ancien Régime, these were too weak to
have any meaningful influence on the pay rate (Sée, 1948, p. 286). The result was
that the inability to work became increasingly synonymous with hunger and
poverty in the 18th century. A significant shift occurred in French Mercantilist
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thinking in the 18th century: Whereas earlier labour costs were reduced by
increasing work hours without financial compensation, later pay increases were
introduced to improve productivity and to create a domestic market (Caron, 1985,
pp. 35-36). This is seemingly contradicted by Henri Sée, because he argues that les
Physiocrates also believed in the economic benefits of lowering the pay rates (Sée,
1925, p. 337). The increase was insufficient to maintain the standard of living: It
is estimated that the pay rate increased by 20% in the 18th century until 1789, but
the cost of living increased by 100% (Sée, 1948, pp. 383-384). The rationale given
by les Mercantilistes for the low pay rates was based on the assumption that
workers were indolent, and low pay rates would make workers work longer and
better (Colin, 2006, p. 193). Consequently, it is probably no surprise that the
frequency and extent of strikes increased throughout the 18 th century (Sée, 1948,
p. 389).
More broadly, it can be argued that low pay rates discourage science and
particularly technological innovation, because technological innovation can be
seen as a way to counteract high pay rates in a competitive market (Dagnino, 2008,
p. 116). The problem with this argument from the standpoint of society is that
using applied science and tehnology to increase labour productivity in an attempt
to counteract rising pay rates means the continuation and possibly increase in
poverty. This renders the legitimization of applied science and technology to
society at large a challenging venture.

(e) Exports during l’Ancien Régime in the 18th Century
After 1783, the French exports were increasingly based on re-exportation of
colonial goods rather than manufactured goods, a development that is explained
by protectionist measures by Spain, different Italian states and Prussia in regard to
manufactured products (Lemarchand, 2008, pp. 114-119). This means that
l’Ancien Régime became more reliant on slave labour in the Caribbean in spite of
the opposition against slave labour voiced by Jean Bodin (Passet, 2010, p. 138). In
other words, l’Ancien Régime was faced with the alternatives of shifting the focus
of its export economy away from manufacturing to natural resource-based
products – as happened in the case of colonial goods originating in the Caribbean
– or improving the cost competitiveness of its manufacturing sector by
mechanization. In both cases, the wealthy artisans and merchants faced stiff
competition from the aristocratic seigneurs. In other words, the development in
the international market favoured the aristocratic seigneurs.
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Considering the importance of chemical engineering in natural resources-based
production operations, the emergence of modern chemistry in France is logical:
There was a demand for a better description of natural phenomena related to
chemistry in France in the second half of the 18th century. The export numbers
suggest that this was at least partially related to the shifting international trade
patterns and the related increasing importance of natural resources-based
products.
Because the value of la livre tournois was based on its precious metal content
rather than the export performance of the French economy, the mechanism of the
Dutch disease (Sid Ahmed, 1987, pp. 889-890) did not apply. If there had been any
effect, then it would have been likely that the greater abundance of precious
metals and thus livres tournois would have pushed down the interest rates and
stimulated capital investment in France. This assessment is borne out by some
evidence: France produced 130,000 tonnes of cast iron annually – produced with
relatively capital-intensive technology – in the years leading up to the Revolution
of 1789 which was about twice the production in the second biggest producer of
this product according to Paul Delsalle (Delsalle, 1998, pp. 183-184).
The exports from France grew significantly during l’Ancien Régime in the 18th
century: from 49 million livres tournois in 1716 to 544 million in 1787. As Figure
14 shows, the destinations of the exports changed significantly in the same time
period shifting from the Netherlands, Italy and Spain to Germany, the Americas
(and Africa) and the countries around the Baltic Sea.
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Figure 14: Exports in 1716 and 1787 (Butel, 1993, p. 88).

Louis Meignen argues that the change in the economy was gradual and the
predominance of rural manufacturing and small urban entrepreneurs was
preserved throughout the 18th century (Meignen, 1996, p. 167). This serves to
remind us that the role of the proto-industry was still decisive until the fall of
l’Ancien Régime in 1789. If l’Ancien Régime had not fallen, then this proto-industry
would have had the potential of mutating into a vibrant sector consisting of smalland medium-sized enterprises some of which would have been active in
technological innovation and maybe even applied science. All of this did not
happen, of course.

(f) Transportation Infrastructure
The quality of the transportation infrastructure was uneven during l’Ancien
Régime: With annual investments reaching 8,000,000 livres tournois during the
1780, the primary roads were excellent in the European comparison, but the
secondary roads were in poor condition (Terrier, 1998, pp. 33-34). The road
infrastructure grew rapidly, there were 380 lieues of roads in 1757, 800 lieues in
1769 and 950 lieues in 1789, and in the entire Realm 12,000 lieues in 1789 (Sée,
1925, p. 204). The roads were primarily built based on military rather than
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commercial considerations (Sée, 1925, p. 205), but these two criteria are not
necessarily mutually exclusive.
The focus in the foreign trade was Europe accrding to Paul Butel (Butel P. , 1993,
p. 88) and Didier Terrier (Terrier, 1998, p. 41). The lack of funds meant that the
Crown let the construction of waterways in the hands of private interests and the
development was slow, but after 1770 the Crown started to consider the
availability of canals a public service according to Henri Sée (Sée, 1925, p. 205).
The focus on Europe did not mean stagnation in the size of commercial fleet: Didier
Terrier estimates that the commercial fleet had grown from 240,000 to 720,000
tonnes in the 100 years after 1686 (Terrier, 1998, p. 35). However, the focus on
continental trade may also have contributed to the obstacles maritime
technological innovation faced in the second half of the 18 th century. In 1783,
Claude Jouffroy d’Abbans successfully navigated the 182 tonne steamboat
Pyroscaphe on the Saône, but he was unable to raise funds for further
development (Lorenzi & Bourlès, 1995, p. 80). Alain Becchia claims that the
inventor’s application for a monopoly was rejected by l’Academie des sciences
(Becchia, 2012, pp. 202-203). Apart from commercial applications, a naval
application of the steamboat technology could have given l’Ancien Régime a
decisive edge on the oceans.
Technological innovation relating to land-based transportation did not necessarily
fare any better. On land, the military engineer Nicolas Joseph Cugnot presented a
steam powered vehicle reaching a top speed of 4.5 km/h in 1770, i.e., the world’s
first automobile, and for the first time the alternative movement of pistons was
transformed into rotative movement according to Alain Becchia (Becchia, 2012, p.
202). The commercial failures of these two technological inventions suggest that
there was not sufficient demand for them during l’Ancien Régime in the second
half of the 18th century.
The role of fossil fuels was marginal well into 18th century partly caused by the high
transportation costs and the availability of wood in the vicinity of energy-intensive
production operations (Terrier, 1998, p. 83). The transportation costs of wood
meant that energy-intensive production operations were generally small even in
the case of large enterprises, e.g., Saint-Gobain had many small-scale operations
in the 18th century (Daviet, 1987, p. 236). The problems associated with the
transportation infrastructure thus effectively hindered up-scaling of existing
technology. Consequently, challenges associated with up-scaling did not occur.
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Consequently, there no demand for applied science and technological innovation
needed to overcome these challenges.

(g) Limited Development in la Nouvelle-France
A minimum level of respect for indigenous peoples and their traditions was also
demanded by Montchrestien in 1615, because he writes that their conversion to
Christianity should be based on teaching and good example (Montchrestien, 1999,
pp. 194-195). Although Montchrestien’s can be seen in the context of religious
violence in France in the 16th and 17th centuries, his writing does not explicitly
address this issue. It can be seen in the context that the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition in the French
society in the early 17th century did not favour the forced conversion of people of
other faiths. This would have included the Amerindians by inference.
The development of la Nouvelle-France was hampered by several factors. The
Protestant merchants in La Rochelle were interested in the fur trade, but they had
very little interest in the expansion of agriculture in la Nouvelle-France (Tramond,
1916, p. 353). Samuel Champlain wanted to expand the flow of settlers from
France to la Nouvelle-France, and he favoured the conversion of the Aboriginals to
Roman Catholicism by the Récollets and the Jesuits who were then treated as
French subjects (Tramond, 1916, p. 352).
The most important representative of the Crown from the standpoint of economic
matters was I’intendant who was in charge of justice, the police and the finances
(Hamelin & Provencher, 1997, p. 22). Intendant Talon saw in la Nouvelle-France
immense riches which could help France to overcome some of its weaknesses, e.g.,
the immense forests in la Nouvelle-France compared to the relative wood scarcity
in France formed the basis of shipbuilding, and Talon established a school for the
education of artisans (Montbarbut Du Plessis, 2004, pp. 121-123). Intendant Talon
wanted to create a French Empire out of la Nouvelle-France, but in this he was
overruled by Colbert who saw in la Nouvelle-France a supplier of food and wood
to the Caribbean (Tramond, 1916, p. 354). Intendant Talon favoured agriculture
and fishery, he had a tannery and several ironworks built, and he had horses and
livestock imported (Verlinden, 1966, p. 307). The further development of la
Nouvelle-France as a French dependency fell victim to the financial failure of John
Law, because his system was a speculation on the riches of Louisiana, and this
association soured the perception of the French vis-à-vis la Nouvelle-France in toto
(Tramond, 1916, pp. 372-375).
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The Crown was prepared to consider some initiatives aimed at establishing a
manufacturing sector in la Nouvelle-France. Beauharnois and Hocquart introduced
a subsidy scheme for shipbuilding, and from 1732 to 1742 nine vessels were built
annually as a result, but the commencement of shipbuilding for the Crown meant
that severe bottlenecks emerged along the value chain resulting in the decline of
private shipbuilding (Lunn, 1986, pp. 162-163). It cost 9000 livres tournois more to
build a ship in Québec than in Rochefort because the lower wood costs were more
than offset by higher labour costs and higher transportation costs for some parts
(Lunn, 1986, p. 164).
The only mining operation in la Nouvelle-France was located in Saint-Maurice, but
the operation was plagued by poor efficiency, instead of a planned production of
600,000 livres of iron only 14,000 livres were produced in 1738, and after the
insolvency of the private mining company the Crown was left as the unwilling
owner and operator of the operation until the end of la Nouvelle-France (Lunn,
1986, pp. 190-213).
The trade between metropolitan France and Canada49 was hardly helped by 30%
interest rates required for credit during times of peace (Lemarchand, 2008, p. 45).
These high interest rates signal a societal perception of high uncertainty related to
the commerce with la Nouvelle-France.
The loss of la Nouvelle-France in 1763 had manageable economic implications in
metropolitan France in the short term, and the impact was mostly limited to La
Rochelle in metropolitan France: The population of Canada was 60,000, of l’ÎleRoyale (particularly Louisbourg) 10,000 and of Louisiana 8000 in 1763, and the
French exports were about 12,000,000 livres tournois annually in the period 17491754 (Crouzet, 2008, p. 254). This does not mean that the Crown had given up on
regaining la Nouvelle-France: Louis XV and Choiseul actively planned a military
campaign to reconquer la Nouvelle-France benefitting from an expected rebellion
in the Thirteen Colonies from 1763 onward (Bonnault, 1948, pp. 334-336).
The history of la Nouvelle-France demonstrates that the availability of natural
resources is not sufficient to spawn applied science and technological innovation.
An assessment of applied science and technological innovation in the case of la
Nouvelle-France is complicated by the timing of the loss of the province, because
applied science and technological innovation became more visible in the second
half of the 18th century. The applied science and technological innovation made in
the context of natural resources-based production operations may have made a
49

In this work, the terms “Nouvelle-France” and “Canada” are used interchangeably.
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difference in la Nouvelle-France, if the province had remained a part of France. All
of this has to remain in the realm of speculation.

(h) Fiscal Problems of l’Ancien Régime
François Crouzet estimates that the (debt)/(domestic product) ratio was 56% and
that the (debt service)/(fiscal receipts) ratio was 62% at the end of l’Ancien Régime
(Crouzet, 1993, p. 66). Particularly the latter number is bad. A way to improve it
would have been the increase of tax revenue, but this would also have impacted
the capital investments in natural resources-based production operations and the
mechanization of manufacturing made necessary by free trade: A tax on the
income of aristocratic seigneurs would have diminished their ability to perform
capital investments. The reduction of capital investments by the aristocratic
seigneurs would have strengthened the position of the wealthy artisans and
merchants in the future developments in manufacturing. In other words, the tax
status of seigneurial income played into the narrative of the tensions between the
aristocratic seigneurs on the one hand and the wealthy artisans and merchants on
the other hand.
To the degree that the members of the aristocracy were tax exempt during l’Ancien
Régime in the second half of the 18th century, this tax exempt status can be
considered an incentive programme for capital investments by the aristocratic
seigneurs. The additional funds they had at their disposal meant that they had
financial resources to plow into natural resources-based and other production
operations. This raised issues in rergard to the fiscal limits from the perspective of
the Crown, and in rergard to iustitia from the perspective of the wealthy artisans
and merchants.
When the strength of the public finances of l’Ancien Régime is assessed, it is
necessary to consider the financing of education, healthcare and social services.
These societal services were managed by the Ecclesia Catholica Romana using the
low labour costs the monks and the nuns offered, and the Ecclesia financed these
services from its capital income (Dinet-Lecompte, 2005, p. 286). The total annual
income of the Ecclesia Catholica Romana was 180 million livres tournois (Furet &
Richet, 1973, p. 29). This was a significant sum considering that the fiscal receipts
of the Crown amounted to 310 million livres tournois and the expenditures to 630
million livres tournois in 1788 (Belze & Spieser, 2005, p. 256). However, any
confiscation of the income sources of the Ecclesia did not answer the question of
the financing of the services the Ecclesia offered, and as long as this issue was not
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resolved it was not only incompatible with the hitherto valid societally accepted
interpretation of the Romanic Branch of the Occidental Tradition but also an
assault against beneficiaries of these services.
The value of the French currency had been stabilized in the early 18 th century based
on a system of three precious metals (Lemarchand, 2008, p. 41). In other words,
monetary stability was given when capital investments impacting scientific
development and technological innovation were considered. Monetary stability
provided a more stable foundation for assessments related to capital investments.
From this standpoint, l’Ancien Régime provided a viable context for capital
investment, including the increase in mechanization in manufacturing in the last
years before the fall of l’Ancien Régime. This was also conducive to applied science
and technology, either from French or foreign sources.

(v) Chapter Assessment
We see in this Chapter VII that the legitimization of science and technology is a
process characterized by simultaneous recursive tendencies and changes to
science and technology. During l’Ancien Régime, in the late 17th century the driver
of science and technology was the desire to re-establish and safeguard the
absolute supremacy of le roi in society in the same way as the Imperator had had
absolute supremacy in the Imperium Romanum, and in the 18th century the driver
of science and technology was the desire to re-establish and safeguard the de facto
supremacy of the aristocracy, particularly the aristocratic seigneurs, that was
inherent to feudalism.
The rising societal tensions between wealthy artisans and merchants on the one
hand and aristocratic seigneurs on the other hand as these societal tensions
related to capital investments into production operations, and thus science and
particularly technology, are also a reflection of recursive tendencies. The
increasing involvement of aristocratic seigneurs in production operations
destabilized the roles assigned to artisans and merchants on the one hand and
aristocratic seigneurs on the other hand in the hitherto societally accepted
interpretation of the Romanic Branch of the Occidental Tradition underpinning
l’Ancien Régime. In other words, artisans and merchants reacted against the
encroachment by the aristocratic seigneurs, and consequently their reactions were
essentially based on reactionary tendencies. Thus, the use of science and
particularly technology by aristocratic seigneurs undermined l’Ancien Régime.
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Science and technology were the tool, not the fundamental cause of the
destabilization of l’Ancien Régime in the 18th century.
We also see in this Chapter VII that societal change creates the demand for science
and technology. The aristocratic reaction that set in after the reign of Louis XIV
created the societal change that created the demand for science and technology
during l’Ancien Régime in the 18th century. This shows that societal change that
legitimizes science and technology does not require the emergence of a new
societal group, i.e., it is sufficient that changes occur in the accepted interpretation
of the relevant branch of the appropriate societal tradition by one group within
society. In other words, a succession between “classes” in a Marxist sense was not
required during l’Ancien Régime in the 18th century.
In the reinterpretation of the Romanic Branch of the Occidental Tradition that
accompanied the aristocratic reaction in general and the legitimization of science
and technology in particular the complexity and thus the indeterminism of the
reinterpretation is seen again (for the other example see Chapter VI). To the
degree a societal development can be considered to have a purpose, the purpose
of les seigneurs was to strengthen their position in the society of l’Ancien Régime
after 1730. This included capital investments in production operations particularly
associated with natural resources. Whereas applied science and technology offer
the prospect of more efficiency, the reinterpretation came to include criteria
legitimizing applied science and technology. In other words, the legitimization of
applied science and technology was the result of and an emerging tool in a general
change in French society, i.e., the aristocratic reaction. It did not initiate the
reinterpretation of the Romanic Branch of the Occidental Tradition during l’Ancien
Régime after 1730.
The fall of l’Ancien Régime including the seigneurial system in 1789 demonstrates
that les seigneurs could not steer the reinterpretation – like the Ecclesia Catholica
Romana had not been able to steer another reinterpretation 500 years earlier. The
case in this Chapter VII also demonstrates that the legitimization of a tool – science
and technology – ended up causing societal tensions which were unfavourable to
les seigneurs. This raises two issues relating to the legitimization of science and
technology in the context of a reinterpretation of the relevant branch of the
appropriate societal tradition at a particular point in time. First, science and
technology are tools in the achievement of some purpose – e.g., strengthening the
position of les seigneurs during l’Ancien Régime – and are not purposes per se.
Achievement of some purpose sets the stage for a tool – e.g., science and
technology – to be legitimized by a reinterpretation of the relevant branch of the
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appropriate societal tradition. This calls into question the premise of technological
determinism. If science and technology are tools, then they cannot legitimize
themselves autonomously (as de facto suggested by Jacques Ellul) or in any other
way.
Second, the legitimization of science and technology, particularly applied science
and technology, is conducive to the destabilization of society. This line of argument
can be seen in the context of the continuum ranging from limitations set by
“iustitia”, “solidarity” and “caritas” to basically no limitations as long as this occurs
for the defense and expansion of Occidental Christianity (see Chapter IV). In the
case of l’Ancien Régime in the 18th century, the existence of two competing
continua contributed to mounting societal tensions: Les seigneurs were intent on
defending and expanding their position in society on the one hand, and the wealthy
artisans and merchants were intent on at least defending their position in society
on the other hand. The more les seigneurs on the one hand and the wealthy
artisans and merchants on the other hand emphasized the “defending and
expanding” ends of their respective continuum, the more problematic the situation
from the standpoint became from the standpoint of the “iustitia, solidarity and
caritas” ends of their continua. The result was rising societal tension.
The rising societal tension was not necessarily detrimental to the legitimization of
science and technology during l’Ancien Régime in the 18th century. The rising
societal tensions coincided with (i) the emergence of, e.g., Creuzot, heralded the
development that is often called the “Industrial Revolution” that legitimized
inventions and innovation, and (ii) the use of empirical methods used by, e.g.,
Antoine Laurent de Lavoisier which legitimized applied science. Prima facie, this
would suggest that rising societal tensions are conducive to science and
technology. Such a view fails to consider the societal uncertainty affecting the
viability of capital investments, and ultimately the demand for applied science and
technology. The case of l’Ancien Régime in the 18th century demonstrates the
necessity to separate between the phase of rising societal tensions and the phase
of the societal reaction caused by the societal tensions. First, the phase of rising
societal tensions is characterized by a radicalization of the legitimization of science
and technology within the confines of the existing societally accepted
interpretation of the relevant branch of the appropriate societal tradition at the
point in time in question. In other words, an attempt is made to legitimize science
and technology which barely can be legitimized within the existing confines. This
issue is evident in an attempt to legitimize mechanization designed to increase
labour productivity in the context of a societally accepted interpretation of the
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relevant branch of the appropriate societal tradition prioritizing “iustitia”,
“solidarity” and “caritas”.
Second, the phase of the societal reaction may be more or less violent. Whereas
the aristocratic reaction is not noted for significant bloodshed and violence, the
societal reaction associated with the fall of l’Ancien Régime in 1789 is noted for
much bloodshed and violence. A societal reaction involves a reinterpretation of
the relevant branch of the appropriate societal tradition. In other words, the
foundation for the criteria used in the legitimization of science and technology
change as a result of the societal reaction. The indeterminism caused by the
complexity of a reinterpretation makes it impossible to forecast the impact of a
reinterpretation on the demand for inventions and innovations on the one hand
and the legitimization of science and technology on the other hand. Ultimately,
the impact of the reinterpretations in the 13th century and in the context of the
aristocratic reaction in the 18th century happened to be favourable to the
legitimization of science and technology.
Although it is doubtful that the initial legitimization of applied science and
technology can be held responsible for the rising societal tensions during l’Ancien
Régime in the 18th century, the mounting capital investments by the aristocratic
seigneurs in production operations as the 18 th century progressed suggests that
the repercussions of the legitimization of applied science and technology has to be
considered a continuous phenomenon. More capital investment based on more
inventions and more innovation emphasized the “defending and expanding” end
of the continuum. Consequently, applied science and technology to the degree
they formed the foundation of inventions and innovation were not neutral, but
they exacerbated societal tensions.
Considering Fernand Braudel’s view that (i) the demand for technological
innovation originates after technological inventions has taken place in society (ii)
the economy was an aspect of society, the development of the legitimization of
science and technology was multifaceted during l’Ancien Régime in the latter part
of the 17th century and the 18th century. First, the legitimization increasingly
shifted from the Ecclesia Catholica Romana to the Crown, and as the 18th century
progressed, particularly the aristocratic nobility gained importance mirroring the
increasing importance of the Crown and later on the aristocratic nobility in French
society. Second, the increasing importance of monetary and the lessening of the
limitations set to the accumulation set to it provided the legitimation for business
activities based on science and technology which would have been societally
unacceptable earlier as the societally accepted interpretation of the Romanic
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Branch of the Occidental Tradition changed during the reign of Louis XIV and then
again during the reign of Louis XV and Louis XVI. Third, the presence of scientists
at Court, and then the scientific pursuits of members of the aristocratic nobility
(most impressively represented by Antoine Laurent de Lavoisier) and the
investments of the aristocratic nobility (along with rich artisans and merchants) in
technology signals an increasing legitimacy of science and technology in French
society during l’Ancien Régime in the later 17th century and the 18th century. All of
this meant that science and technology had reached such a level of legitimacy in
society that science broke away from the cells in monasteries into the middle of
society, and technology broke away from more or less secret tacit knowledge of
groups of artisans into the middle of society.
In keeping with the teaching of Saint Augustine (see Chapter IV), l’Ancien Régime
was characterized by a division of power between the Imperium and the Ecclesia
Catholica Romana. Throughout the 18th century, the position of the Ecclesia
Catholica Romana weakened. From the standpoint of the legitimization of science
and technology this development was important in the sense that the limitations
the Ecclesia Catholica Romana set for science and technology became less relevant
as a consequence. However, this development was also reactionary. First, the
Occidental Tradition’s other root, the Roman Heritage, was still there. Second, the
continued emphasis on one truth in the work of Gaston Bachelard (see Chapter V)
more than 150 years later shows that the declining influence of the Ecclesia
Catholica Romana did not have radical repercussions for the legitimization of
science in the Occident. In other words, even a significant change in society did
not have a significant impact on the legitimization of science in the context of the
legitimization of science.
An aspect of the reinterpretation of the Romanic Branch of the Occidental
Tradition driven by the aristocratic seigneurs favouring science and technology on
the one hand and capital investments in particularly natural resources-based
production operations on the other hand was that this very same reinterpretation
destabilized l’Ancien Régime. Prima facie, this destabilization can be considered
both surprising and unsurprising. First, the destabilization comes as a surprise, if
the assessment is limited to the capital investments the aristocratic seigneurs
made into rerlatively capital-intensive natural resources-based production
operations. The onset of what is often referred to as the “Industrial Revolution”
meant that the characteristics of capital intensity became more important outside
of the natural resources-based production operations as a consequence of
mechanization. In other words, the operative term shifted from “natural
resources-based” to “capital-intensive”. And this set the stage for a conflict
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between the aristocratic seigneurs on the one hand and the wealthy artisans and
merchants on the other hand. With the rise of the importance of capital intensity
irrespective of raw materials, processes and products, the aristocratic seigneurs
increasingly encroached on the privileges of the wealthy artisans and merchants.
This was not only an economic issue, but the rising importance of capital intensity
also delegitimized l’Ancien Régime founded on the three estates.
Second, the destabilization does not come as a surprise, because every
reinterpretation contains the element of a destabilization of the entire status quo.
Let us consider one example: The legitimization of science and technology was
ultimately incompatible with any Divine legitimization of le roi and hence l’Ancien
Régime. However, this means also that the legitimization and delegitimization of
science and technology contributes to the destabilization of the societal status
quo, if a reinterpretation is associated with this legitimization and delegitimization.
The starting point of the destabilization of the hitherto societally accepted
interpretation of the Romanic Branch of the Occidental Tradition was the
aristocratic reaction against the absolutism of Louis XIV. In other words, society
created the demand for science and technology during l’Ancien Régime in the 18th
century. This demand emerged within the confines of the Romanic Branch of the
Occidental Tradition underpinning l’Ancien Régime, but it was a reinterpretation
that maximzed the position of the aristocratic seigneurs at the expense of le roi.
Consequently, a reinterpretation favouring the legitimization of science and
technology may require an evolution in society, but the reinterpretation in
question does hark back to an earlier time – i.e., the reinterpretation is recursive.
Specifically, a time when les États-generaux were an integral element of
government. However, this establishes solely an indirect causal relationship
between the legitimization of science and technology on the one hand and the fall
of l’Ancien Régime in 1789 on the other hand.
This Chapter VII demonstrates that the Romanic Branch of the Occidental Tradition
offers the possibility to legitimize science and technology in the context of different
societally accepted interpretations of the Romanic Branch of the Occidental
Tradition. Particularly, this Chapter VII shows the legitimization of science and
technology in the context of the desire of royal absolutism during the reign of Louis
XIV and the desire of aristocratic supremacy during l’Ancien Régime in the 18th
century. In other words, the legitimization of science and technology is not
necessarily a function of the distribution of power in a society according to the
societally accepted interpretation of the Romanic Branch of the Occidental
Tradition at a particular point in time, but it is a function of the perception of the
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legitimacy of science and technology as such in the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition at a particular
point in time.
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VIII. Third Case: The Occident and Intolerance – The
Delegitimization of Aztec Science
In Chapter I, the Sub-Objective of Chapter VIII has been defined thus: The Fourth
Sub-Objective is to demonstrate the legitimization of science and technology when
the science and technology are within the confines of the Occidental Tradition in
two historical cases, and the delegitimization of non-Occidental science in one
historical case. The focus of Chapter VIII is on the delegitimization of Aztec science
by the Occident. This delegitimization was based on the Occidental Tradition as
interpreted by the Castilian society particularly in the 16th century. Therefore, it is
necessary to consider Castile as well as the Aztec Empire in the assessment of the
delegitimization of Aztec science.
In Chapter VII, the science and technology during l’Ancien Régime were founded
on the Roman Heritage and Occidental Christianity, and l’Ancien Régime was
founded on the Roman Heritage and Occidental Christianity. Consequently, the
societal tensions facilitating scientific development and technological innovation
were all the products of them and had to be legitimized within the confines of
them. In Chapter VIII, the situation is fundamentally different. The Occident
encountered Amerindian societies which were founded neither on the Roman
Heritage nor Occidental Christianity. The outcomes would differ vastly. Although
l’Ancien Régime and the aristocratic seigneurs were delegitimized in the course of
the French Revolution of 1789, natural resource-based and chemical engineeringbased production operations are still legitimate in the Occident. Aztec science was
delegimized and destroyed by the Occident.
The foundations used in the legitimization of technology, and arguably science,
raise doubts in regard to the validity of technological determinism particularly as it
relates to the history of non-Occidental societies. Three foundations have been
identified for “techniques” (MacKenzie, Allard, & Chanial, 1998, p. 797): (i) the
authority of researchers, (ii) the induction from the properties of artifacts, and (iii)
the deduction founded on theories or models. If the persons of authority favour
the Occident, if the induction are performed by persons favouring the Occident, if
the deduction is based on theories and models developed by persons from the
Occident, then the full appreciation of non-Occidental science and technology may
easily be compromised. Even within the Occident, societal preconceptions may
lead to erroneous conclusions as argued by, e.g., Marie-Claire Amouretti
(Amouretti, 1991, p. 227).
Gabriel Tarde’s work offers indications favouring the notion that Aztec science and
technology were prone to experience resistance from the Occident, and thus
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delegitimization by the Occident. As interpreted by Jussi Kinnunen (Kinnunen,
1996, p. 434), Gabriel Tarde sees three sources of conflict affecting “imitation”:
morality, economics, politics and specific problems. Chapter VIII shows that the
Aztecs had very different religious, and thus moral, conceptions. Chapter VIII also
shows that the Occident was interested in the precious metals to be had in the
Spanish Americas and not in Aztec science and technology.
A difficult issue in any assessment of Aztec science is that the Occident destroyed
so many of Aztec written sources. This requires any assessment to resort to
Occidental sources, and the reliability of them is dubious at best, and to inferences.
One of the best preserved disciplines of Aztec science is the applied science of
medicine, and it will form the foundation of this assessment. It is unlikely that
Aztec medicine that was admired even by the Castilians was the only highly
developed scientific discipline, because the same intellectual capabilities were in
the position to come up with descriptions of other natural phenomena as well.
Anyone attempting to delegitimize Aztec science with reference to the
embeddedness of Aztec science in Aztec religion should first think about the close
relationship between Occidental science and Occidental Christianity over the
centuries. If a close relationship between Aztec science and Aztec religion
delegitimizes Aztec science, then the close relationship between Occidental
science and Occidental Christianity delegitimizes Occidental science with very few
exceptions until the 18th century.
At first glance, the choice of the Aztecs instead of, e.g., the Chinese may appear
surprising. This choice is founded on the large-scale rejection and destruction of
Aztec science and applied science by the Occident. Ancient Chinese science may
have faced large-scale rejection as well, but the Occident did not manage to
destroy it. A few words about ancient Chinese science and technology are
warranted. Chinese science was based on syncretism that was characterized by
dynamism and change (Luong, 2006, p. 35), and Chapter VIII demonstrates that the
Aztecs had a similar view, a view that is different from the view in the Occident.
An important difference between the ancient Chinese and the Aztecs was that for
the ancient Chinese business success was not a way to obtain financial capital but
to gain societal recognition (Gernet, 1972, p. 497), but in Aztec society there was
one group aiming to gain societal recognition and another to achieve financial
success (see Chapter VIII). These two points suggest that (i) the development of
Chinese science is indicative of the potential of Aztec science if it had not been
destroyed by the Occident, and (ii) Aztec society was more in tune with the
Occidental business orientation. Any further assessment of China is outside of the
scope of this work.

293

Legitimization of Science and Technology

(i) Aztec Society and Castilian Society
Castile emerged victorious from the Reconquista, but it was scarred by the seven
centuries long conflict on the Iberian Peninsula. Castile was deeply suspicious of
dissent as evidenced by the establishment of la Inquisición in 1478 and la expulsión
de los moriscos in 1609. This arguably deeply suspicious society encountered the
Aztec Empire, and it is hardly surprising that Aztec society along with Aztec science
was destroyed during the subsequent decades.

(a) Castile: A Deeply Troubled Society in the 15th, 16th and 17th centuries
José Maravall argues that the historical development differs from society to
society, and therefore no universal history exists (Maravall, 1991, p. 57). This can
also be said about the history of l’Ancien Régime in France and el Antiguo Regimen
in Castile. Spanish society had feudal structures similar to the French seigneurie:
The Spanish señorio was not limited to agricultural activities and the Spanish
señorio extended its influence to all economic aspects in its geographical sphere of
influence (Diago Hernando, 2006, p. 543).
Luis Gil argues that Castilian society was scarred by tensions and conflicts, including
the conquest and colonization of the Americas, and the fear of interior and external
enemies kept alive the ideals of the caballeros of the Reconquista (Gil L. , 1984,
pp. 22-23). To the degree that this fear led to enforcing uniformity in thought as
evidenced by the establishment of la Inquisición, it probably impacted the way it
viewed the difference of Aztec society and other Amerindian societies.
Enforcing uniformity was combined with destruction, either an outright
destruction, or in the best case the change, of everything that represented
something disagreeable from the standpoint of Castile, including genocide, or in
the best case the expulsion, of humans insisting on their difference. The first is
exemplified by the conversion of la Mezquita de Córdoba into la Catedral de la
Asunción de Nuestra Señora. The latter is exemplified by the burning alive at the
stake of men condemned for consummated or attempted homosexual acts, e.g.,
after 1497 (Crompton, 2003, pp. 292-293) and la expulsión de los Moriscos in 1609.
It is easy to understand that Louis Crompton quotes approvingly José Ortega y
Gasset to the effect that Spain suffered from “the great phobias of the collective
imagination” in “this cauldron of religious and racial anxieties” (Crompton, 2003,
p. 291).

294

Legitimization of Science and Technology

The characterization of Spain by José Ortega y Gasset regarding the “cauldron of
religious and racial anxieties” is of significance for the assessment of the situation
that played out in the Americas. On the Iberian Peninsula, the Castilian Crown
faced religions which were relatively close to Occidental Christianity as taught by
the Ecclesia Catholica Romana, i.e., the monotheistic Islam and Jewish religions,
apart from the ongoing strife within Occidental Christianity. From a genetic
viewpoint, the Moors, Jews and Protestants were relatively closely related. When
Castile faced the Amerindian societies, then it was dealing with completely
different religions and people who were genetically not as closely related to the
Castilians. It is likely that this exacerbated the “great phobias” of the Castilians.
Connecting José Ortega y Gasset’s argument with Fernand Braudel’s assertion that
technological inventions lay dormant until there is a demand for them (Braudel,
1979c, p. 489), the critical issue becomes whether a demand can emerge, if the
source of the technological inventions is delegitimized by the society that would
otherwise create the demand for the said technological inventions. Adding to this,
the violent persecution of much that was perceived different by la Inquisición, and
according to Louis Crompton large parts of Spanish society, was hardly conducive
to the emergence of demand for non-Occidental technology (Crompton, 2003, p.
293). There is no convincing reason to believe that this would have been any other
for non-Occidental theoretical science and applied science.

(b) Castile: A Society in the Throes of Eurocentric Change in the 18th
Century
After the ascent of Félipe V onto the Spanish throne, the new Bourbon dynasty
commenced the centralization of power and the unification of law throughout the
Realm, and many of the tensions, inconsistencies and problems emerging in the
18th century can be traced back to problems with this centralization and unification
(Vallejo García-Hevia, 1997, pp. 268-270).
The Spanish monarchy took great care of not allowing organizations to emerge
which might have become societally relevant (Lafuente, 1992, p. 97). Additionally,
the forces suggesting or demanding reforms were less numerous and had less
societal influence (Maravall, 1991, p. 66). The constitutional reforms being
contemplated in Spain during the 18th century centred on the societal structure
instead of the king sharing power with some form of legislature (Maravall, 1991, p.
66).
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The importance of caritas for societal legitimacy continued in the 18th century
suggesting the continued influence of Saint Augustine’s thought. It is argued that
the Spanish Crown did not rely solely on military might as its source of authority,
and it embarked on the construction of the Hospital General de Madrid in an
attempt to solidify its societal legitimacy apart from modernizing the healthcare
facilities and embellishing the capital during the reign of Carlos III (Lafuente García
& Pimentel, 2002, p. 143).
In the 17th century, manual labour was frowned upon; the emphasis was on
honour, glory and dignity (Segura, 2006, p. 105). In the 18th century, the Spanish
Crown took steps to protect artisans against the aristocracy and the military, and
generally improving the respect for artisans (Segura, 2006, pp. 111-112). This
measure suggests that the respect for science and technology was low in the
Spanish society as well, because we have seen that the arts were not clearly
separated from science in the Occident in the 17th century.
In the 17th century, the thinkers based their analysis on the abilities and
responsibilities of an individual (Maravall, 1997, p. 230), and this may be a part
explanation for the popularity of the idea of enlightened absolutism in Spain. E.g.,
Pedro Rodríguez de Campomanes favoured enlightened absolutism as the way to
modernize Spanish society based on the common interest, and this monarch was
to be first and foremost a legislator (Bustos Rodriguez, 1982, p. 30).
Simultaneously, the strength of society acting in unison was considered important
(Cabarrús Lalanne, 1808, p. 10).
In Campomanes’ thinking the king was not allowed to act contrary to the common
interest, and this was the limit of the king’s power (Bustos Rodriguez, 1982, p. 31).
Effectively, Campomanes’ intention was to improve the Realm’s economic
performance without changing its society (Bustos Rodriguez, 1982, p. 50). In other
words, Fernand Braudel’s assertion of the simultameousness of discontinuity and
continuity would have meant economic discontinuity combined with societal
continuity in Campomanes’ thought.
After the death of the enlightened absolute king Carlos III, Francisco Cabarrús
applauded the achievements of the king, but he lamented that political reform
should not rest on the shoulders of one man (Maravall, 1991, p. 90). This hesitation
of Cabarrús can be elucidated in several ways, e.g., he was uncertain about the
societal acceptance of the changes made by Carlos III. If this was the cause for his
hesitation, then the solution would not have been increasing the number of
reformers from one to one hundred or one thousand, but the key was a

296

Legitimization of Science and Technology

reinterpretation of the societally accepted interpretation of the Romanic Branch
of the Occidental Tradition resulting in a greater acceptance of reform.
A potentially very worrying signal for the Spanish reformers was the changing
attitude of the Spanish aristocracy vis-à-vis public order. The 18th century saw the
aristocracy increasing its emphasis on public order (Caro López, 2006, p. 1017).
This indicates that the societal acceptance of the status quo was eroding, and the
aristocracy feared that this would be detrimental to its interests. The Spanish
aristocracy could follow the mounting societal tensions north of the Pyrenees, and
this probably gave the Spanish aristocracy cause for pause. If scientific
development and technological innovation are founded on critical thought, then
the emphasis on public order contained the seed for a clampdown on scientific
development and technological innovation.
Campomanes did not subscribe to Saint Augustine’s view of the separation of
Imperium and Ecclesia, and he argued in favour of the supremacy of the Imperium
and the requirement of the clergy to obey the temporal legislation enacted by the
Spanish Crown (Bustos Rodriguez, 1982, pp. 36-37). This put particularly the
Jesuits into an untenable situation. Although arguments may be given in favour of
the supremacy of the Spanish Crown, the drawbacks were severe for science and
technology as we shall see. The division of power between the Imperium and the
Ecclesia had caused power struggles in the Occident for centuries, but well
managed tensions between the Imperium and the Ecclesia need not be destructive
but a source of societal tension favourable to scientific development and
technological innovation as suggested by Gabriel Tarde.
In direct contradiction with Saint Augustine, Cabarrús argued that human society
is naturally good, but over time wrong choices may have corrupted it (Maravall,
1991, p. 84). Superficially, this seems analogous to Saint Augustine’s argument of
the repercussions of original sin. The line of argument claiming that some choices
were wrong fails to recognize that what is considered right and wrong, and all the
shades of grey should not be forgotten here, changes over time. In other words, a
decision may have been completely right at one point in time given particular
circumstances, but still applying this decision after the circumstances have
changed may be wrong.
The Spanish Bourbon dynasty embarked on societal reforms, and the desire of the
Spanish aristocracy for more public order suggests that these reforms could result
in a reinterpretation of the Romanic Branch of the Occidental Tradition to the
detriment of the aristocracy in Spain in the eyes of the Spanish aristocracy. A
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reinterpretation of the Romanic Branch of the Occidental Tradition would have
been particularly complex in the case of Spain not only because of linguistic and
societal differences in different parts of Spain but also because of the differences
in the Spanish Americas. Any reinterpretation of the Romanic Branch of the
Occidental Tradition threatened to generate centrifugal forces in Spain and in the
Spanish Americas.
What is more interesting than what Cabarrús, Campomanes and others suggested
is what they did not suggest: There was no hint of any significance to the
relegitimization of Amerindian societies. Their thinking was Eurocentric.
Consequently, their thinking offered no viable path for the relegitimization of Aztec
science, Inca science or any other Amerindian science. From this standpoint, they
had not moved far from the “great phobias”.

(c) Los Conquistadores: A Religious Dream
The conquista of the Spanish Americas can be seen in the context of the Spirit of
the Crusades, i.e., the triumph of the Christian God over another religion according
to Guy Rozat Dupeyron (Rozat Dupeyron, 2002, p. 139). Pierre Chaunu argues in a
similar vein: He considers that the motivations of the conquistadores and thus the
legitimization of the Occidental aggression against the Amerindian societies in
general and the Aztec society in particular, and he concludes that the
conquistadores saw Tenochtitlan as the promised Jerusalem, and that the
conquistadores were God’s people who fought against the forces of darkness
(Chaunu, 1993, pp. 268-271). The foundation for the legitimization was obviously
Occidental Christianity.
Here can be seen the continuity in Occidental thinking. Considering that the
Crusades were partly driven by religious motives, the Amerindian societies were
confronted with an enemy that was not necessarily open to compromise and
reason in the 15th and 16th centuries. This was exarcabated by what José Ortega y
Gasset has characterized “the great phobias of the collective imagination”. Given
this mindset among los Conquistadores, then it is doubtful whether the Amerindian
societies had had any other way to survive the onslaught of the Occident than
annihilating the Occident on the battlefield.
The Franciscans saw the prerequisites fulfilled for Christ’s Second Coming and the
Final Judgement in Mexico in the 16th century and they wanted to create at least
an autonomous entity consisting of the former Aztec Empire minus the Aztec
religion until Félipe II put a stop to these ideas in 1577 (Baudot & Todorov, 1990,
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pp. 26-27). The dream of creating some form of God’s kingdom on Earth by the
Franciscans may very well have fed into the aggressiveness and destructiveness in
regard to manuscripts and ideas by the Franciscans in Mexico. This line of
argument suggests that the Franciscans legitimized their actions with their desire
to create an ideal society based on Scripture and other religious texts for the
benefit of the Aztecs, i.e., Occidental Christianity.

(d) The Aztecs: The Destruction of a Society by the Occident
The Aztecs certainly did not appreciate the efforts of the Franciscans: Aztec
thought after 1521 had a melancholic undercurrent (Garibay Kintana, 1992, pp.
434-435). The attempted legitimization of the actions of the Franciscans and the
reaction of the Aztecs demonstrate that Occidental European legitimizations are
not necessarily valid outside of the Occidental Tradition, i.e., a legitimization based
on the Occidental Tradition is not universally valid.
The destruction of the Aztec society with its roots in age old traditions was certainly
the work of the Castilians, but this does not absolve Occidental Europe and the
Occidental Tradition from culpability, because the Castilians acted on behalf of
Occidental Europe (Le Clézio, 1988, p. 209). The legitimization of the massacres
and the abductions of children were parts in the destruction of the Aztec
interpretation of the Amerindian Tradition in order to establish the Occidental
Tradition in the conquered lands (Le Clézio, 1988, p. 210). In other words, the
Castilians did not commit their acts for the expansion of the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition in 16 th century
observed in Castile alone, but their actions were an attempt to spread the
Occidental Tradition shared by all societies in Occidental Europe.
The Aztecs were not innocent of conquering and crushing other peoples as Jacques
Ellul points out (Ellul, 1975, p. 21), but is this truly a defence of the action of the
Occident? The actions of the Occident devastated the entire Amerindian Tradition,
and thus the actions of the Occident are not defensible.
Whereas we mentioned the religious aspect of the conquista, it is warranted to
continue with an assessment of the pre-Columbian Aztec society including its
religion. We shall see that religion permeated all aspects of Aztec society, including
Aztec science. From the standpoint of science and technology, including scientific
development and technological innovation, the syncretism of the Aztec religious
beliefs is of particular interest. Towering over Tenochtitlan was the Templo Mayor
dedicated to the god of war, Huitzilopochtli, and the god of agriculture, Tlaloc,
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demonstrating the synthesis of different aspects of Aztec life (Reyes, 2008, pp. 100101). Without going further into the different aspects of the Aztec religion, this
syncretism warrants some further assessment.
Contrary to Occidental Christianity, the Aztec religious syncretism was conducive
to synthetic thinking thus allowing for a thought to be simultaneously true and
false. After all, both Huitzilopochtli and Tlaloc were gods. Religion and reason,
religion and metaphysics are neither adversary nor independent in Amerindian
thought (Reyes, 2008, pp. 113-114), i.e., in the Amerindian Tradition. The more
analytical thinking favoured by Occidental Christianity favours a view that a
concept is either true or false. Two examples shall clarify this point: (i) The
animosity between le Colbertisme with its emphasis on manufacturing and les
Physiocrates with their emphasis on agriculture in the 18th century, and (ii) the
tensions between religion and science since the Occidental Middle Ages were
understandable in the context of a true-or-false viewpoint espoused by Occidental
Christianity, but it would have been incomprehensible to an Aztec reared in a
society characterized by syncretism.
Because there is not a need to consider a concept true or false in syncretic thought,
there was not an absolute need to delegitimize at any price one concept to achieve
the legitimization of another concept. Both concepts could be true in syncretism.
Obviously, this lowered societal tensions when more than one concept was
assessed. This reduced societal tension also in the context of scientific
development and technological innovation. At the same time, the reduced societal
tension did not foster aggression, and the conquista of the Aztec Empire by
Occidental Europe can be considered the triumph of uninhibited aggression and
barbarianism.
The Aztec Empire was the most important society in Mexico at the time of the
conquista, but the Valley of Mexico had seen a long succession of empires.
Establishing continuity with earlier empires in the Valley of Mexico was important
to the Aztec society, and a significant historical literature had emerged that tied
the Aztecs to the Toltecs (Baudot & Todorov, 1990, pp. 16-17). When the Aztec
society is assessed, a caveat is in place: The Aztec Empire did not have
unambiguous borders (Carrasco, 1996, p. 17), and the two cities, Tetzcoco and
Tlacopan, which formed an alliance together with and under the domniantion of
Tenochtitlan did not have continuous territories (Carrasco, 1996, pp. 600-601).
This poses significant challenges to any assessment of the Aztec society, because it
is not always clear where Aztec society started and ended geographically. This
does not mean that the Aztec society did not have a significant influence
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throughout Mesoamerica even in areas not under its military control as evidenced
by the status of Nāhuatlahtōlli as the lingua franca in Mesoamerica in the early
16th century (Léon-Portilla, 1983, p. 275).
Aztec society differed from the Occidental European societies significantly at the
beginning of the 16th century. Whereas the Occidental European societies were
governed by hereditary elites consisting of sovereigns and high aristocracies – the
Imperium Romanum Sacrum was an anomaly with a de iure elected and de facto
hereditary emperor – the Aztec governing elite was based strictly on military merit
(Soustelle, 1995, pp. 73-74). The societally accepted interpretation of the Aztec
Branch of the Amerindian Tradition also differed from the Occidental Tradition in
separating power and wealth. The Aztec governing elite was motivated by prestige
and not by wealth, and the governing elite and the priests were not interested in
worldly wealth (Soustelle, 1995, p. 87). Thus, Aztec society was not hampered by
vast wealth being horded by an aristocracy that was not allowed or not willing for
reasons relating to prestige to invest in productive and merchant activities as we
have seen in France during l’Ancien Régime until the first part of the 18th century,
because the Aztec governing elite was monetarily poor.
The sons of the warriors forming the governing elite were not automatically
members of the governing elite, but the pilli enjoyed some advantages, e.g., they
had the opportunity to be educated in a superior educational facility, the calmecac,
preparing them for positions within government (Soustelle, 1995, p. 76). The role
education played in filling positions in government suggests that the Aztec society
was open to education thus possessing the groundwork needed for science and
science-based technological innovation. The familial links between the members
of the governing elite and the pilli would have facilitated communication between
the governing elite and science, if the calmecac had developed more into the
direction of science later.
The entrance to the calmecac was not limited to the pilli, but also sons of the
merchants were eligible to enter it and proceed to positions in government
(Soustelle, 1995, p. 79). This created a connection between the calmecac and the
Aztec merchants, and this connection could have become important in the further
development of Aztec science as the familial ties between the calmecac and the
Aztec merchants would have facilitated the development of Aztec science into
fields of importance for the merchants, including science-based technological
innovation. All this has to remain at the level of speculation, because the
destruction of the Aztec society and the Aztec Branch of the Amerindian Tradition

301

Legitimization of Science and Technology

by Occidental Europe ended the development of the Aztec society and Aztec
science.
The Aztec society was undergoing a significant change in the early 16 th century: A
hereditary aristocracy was emerging and merchants were starting to enter into the
ruling elite (Calderón, 1988, p. 72). For reasons relating to neuroscience it is to be
expected that a son of a tecuhtli would be motivated to follow in his father’s
footsteps and attempted to become a tecuhtli himself by demonstrating military
valour. Neuroscience establishes thus a path that results in the emergence of a de
facto hereditary governing elite even without the establishment of a de iure
hereditary governing elite. The increasing societal importance of the large-scale
merchants indicates that the Aztec Empire was moving toward a society with an
added emphasis on commercial issues. It also suggests that the greed attributed
to a pochteca was becoming more legitimate in an apparent reinterpretation of
the Aztec Branch of the Amerindian Tradition in the early 16 th century. The
implications of such a reinterpretation of the Aztec Branch of the Amerindian
Tradition would probably have resulted in an increased demand for technological
innovation including science-based technological innovation, and thus it would
probably have increased the demand for science. The destruction of the Aztec
society and Aztec science by Occidental Europe annihilated what might have been.
The emerging societal changes do not mean that the Aztecs had lost any of their
military valour as is evidenced by the heroic defense of Tenochtitlan by
Cuauhtemoc and the Aztecs against the Spanish in 1521 (Verlinden, 1966, p. 51).
In South America, Pierre Chauna argues that the Inca were taken by surprise by the
Conquistadores and by the ruthlessness of the Occidental Europeans, because
there had been no communications between the Aztec Empire and the Inca Empire
in the early 16th century, and the communications between Mesoamerica and
South America had ceased at some time in the 10th or 11th century (Chaunu, 1974,
p. 30).
The Conquistadores considered the indigenous traditions in the Americas inferior
to the Occidental Tradition. Bernard Grunberg concludes that the Conquistadores
equated the violent destruction of the Aztec interpretation of the Amerindian
Tradition with legitimately bringing the Aztecs to accept reason (Grunberg, 1993,
p. 376), i.e., Occidental Christianity was equated with reason by the Castilians in
the 16th century. The Castilians actively destroyed key components of the Aztec
Branch of the Amerindian Tradition in their desire to establish Occidental
Christianity in the Valley of Mexico (Mejías López, 1993, pp. 633-635). The
Occidental Europeans in the incarnation of the Castilians went about destroying
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the sizable Aztec literature they deemed to contain religious texts they found in
the royal libraries, and they blackmailed private owners of Aztec books to
surrender them, and they burnt them publicly in autodafés (Vié-Wohrer, 2008, p.
267). It is doubtful whether the behaviour of the Castilians was in line with the
Romanic Branch of the Occidental Tradition as elucidated by, e.g., Francisco de
Vitoria: We have seen that the contemporary School of Salamanca argued that the
private property rights were inviolable.
The School of Salamanca stressed the societal aspect of law. Francisco de Vitoria
considered ius to be a product of society and a dynamic element that integrates
society and the societal order (Brufau Prats, 1989, p. 55). However, there were
limitations to the legitimate actions of society. Francisco de Vitoria concluded that
private property cannot be taken from an individual for the reason that this
individual is a barbarian or that this individual is not a Christian (Brufau Prats, 1989,
p. 52). This is important in the context of inter-societal imitation related to
increasing scientific development and technological innovation proposed by
Gabriel Tarde, because it created legal rights for non-Christians. It also legitimized
any seizures of any form of property from the Aztecs and other Amerindians.
Domingo de Soto maintained that it was not allowed to force an infidel to convert
to Christianity, but it was allowed to use force against schismatics and heretics
(Brufau Prats, 1989, p. 139). The destruction of the Aztec society we shall assess
later casts doubts that this view was honoured in the Spanish Americas.
The public burning of the Aztec books was an attempt by representatives of the
Occidental Tradition to delegitimize the Amerindian Tradition in general and the
Aztec Branch of the Amerindian Tradition in particular. This was also an attempt
to delegitimize Aztec science. For those individuals attempting to protect their
traditions and Aztec science in the form of books, state- and Church-sanctioned
terror was used signalling that the Amerindian Tradition and Aztec science was not
only illegitimate but also criminal in the minds of the representatives of the
Occidental Tradition.
Considering the interdependence of Occidental Christianity and the Occidental
Tradition, the activities of the Castilians amounted to the replacement of the Aztec
Branch of the Amerindian Tradition with the Romanic Branch of the Occidental
Tradition. The Spanish colonial administration quickly moved to harness the
Indigenous labour force particularly for work in mines after the conquest, and the
poor working conditions resulted in widespread pauperization in the Indigenous
societies (Mira, 1992, p. 257). This treatment was based on a medieval
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interpretation of the Occidental Tradition which held that anyone who was not a
Christian and was part of such a societal structure could not enjoy the freedom
God has given humans thus rendering them slaves (Dougnac Rodríguez, 1994, p.
315).
In his work, Saint Thomas of Aquino contradicted the conclusion that nonChristians were slaves by separating between natural law applying to both
Christians and non-Christians and the law of grace was applied only to Christians:
The right to personal freedom and private property was based on the first and this
had to be granted to both Christians and non-Christians (Dougnac Rodríguez, 1994,
p. 315). The Ecclesia Catholica Romana attempted to protect the fundamental
rights of the Indigenous peoples in the Americas after some initial hesitation,
particularly slavery of members of the Indigenous peoples was condemned
(Beuchot, 2003, pp. 9-10). In the Papal Bull Unigenitus Pope Paul III condemned
the enslavement of Indigenous people in the Americas and declared contracts and
other claims condemning Indigenous people into slavery null and void in 1537
(Calderón, 1988, p. 156).
Carlos II of Castile outlawed the enslavement of Indigenous people in the Americas
in 1526 (Calderón, 1988, p. 155). This prohibition was repeated several times by
the Cortes in Madrid. The Leyes Nuevas prohibited the slavery of members of the
Indigenous peoples retroactively in 1542, Félipe II repeated this prohibition in 1573
and in the Leyes de Indias this prohibition was repeated again in 1680 (Beuchot,
2003, p. 11). The criollos reacted by reinterpreting the repartimiento in such a way
that they had access to cheap labour even in their private enterprises, including in
the mines they operated (Verlinden, 1966, p. 190).
The Spanish Crown also enacted legislation to protect the Indigenous men working
in the mines requiring the respect of the rights of the miners, good wages and
healthcare (Brufau Prats, 1989, p. 148), but this had little effect on the ground. The
mining operations were based on manual labour, and the men working in the
mines were in poor health and had a short productive life expectancy because of
the poor working conditions, and the mines caused poor health in surrounding
communities (Mentz, 2010, p. 135). In later French thought the attitude of the
Conquistadores has been rejected: In an analysis of the thought of Émile Durkheim
it has been concluded that he did not consider it true that the “moral” of one
society is superior to another (Mucchielli, 1998, pp. 179-180).
It is noteworthy that the Spaniards de facto did not accept the Amerindian laws in
toto and that the Castilians did not even incorporate Amerindian legal concepts or
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contents in any meaningful way into the law applied in the Spanish Americas,
although some adjustments were made to accommodate the different situation in
the Spanish Americas compared to Castile and Léon (Gambaro, Sacco, & Vogel,
2011, p. 301) or only Castile (Dougnac Rodríguez, 1994, pp. 229-230). The Spanish
Crown accepted the use of Amerindian customary law in principle in cases when it
did not contravene the leyes enacted by the Spanish Crown or the Catholic religion,
and the Amerindian Law was collected by missionaries and laics (Dougnac
Rodríguez, 1994, p. 261), i.e., it is highly doubtful that much remained of the
original substance of the Amerindian customary law at the end.
It is suggestive that Charles Verlinden writes that Occidental European religious
and societal ideas were “transplanted” into the Americas (Verlinden, 1966, p. 47).
The use of the word “transplanted” indicates that the Occidental Europeans were
convinced of the superiority of their societal tradition. If the Occidental Europeans
“transplanted” their societal tradition into the Americas, then it is only logical to
expect that the Occidental Europeans “transplanted” their science and technology
into the Americas as well. Serge Gruzinski notes, however, that the contents of
Occidental European religious and societal ideas was heterogeneous in the Spanish
Americas, because Castilian soldiers, artisans and peasants brought to the Spanish
Americas religious beliefs considered heretical by the Ecclesia Catholica Romana
(Gruzinski, 1988, p. 256).
This does not mean that ius was not studied and researched in the Spanish
Americas. In fact, an extensive literature on ius and iurisprudencia saw the light of
the day in the Spanish Americas particularly in the 18 th century. The issue is that
this literature was based on the Romanic Branch of the Occidental Tradition and
not the multifaceted Amerindian Tradition. From this standpoint it can be argued
that ius and iurisprudencia may have been studied and researched in order to
suppress iustitia.
Mauricio Jalón calls the attitude of the Castilians vis-à-vis the Americas
“Edenization” as far as the flora and fauna is concerned, but “demonization” vis-àvis the Indigenous peoples, the Amerindians (Jalón, 2002, pp. 611-612). It would
be wrong to limit the European hostility toward the Amerindian traditions to
medieval and/or religious thought. The oftentimes anticlerical Enlightenment
produced lines of argument which proclaimed the superiority of the Occidental
Tradition and in some cases had decisively racist overtones, e.g., the same Georges
de Buffon who was important in the development of chemistry espoused crude
racism against Amerindians (Jalón, 2002, pp. 595-596). At least Buffon espoused a
viewpoint rooted in monogenesis, but some other Enlightenment thinkers like
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François Marie Arouet (Voltaire) propagated polygenesis thus attacking the
fundamental equality of humans irrespective of ethnic origin accepted by the
Ecclesia Catholica Romana and Saint Augustine (Gonzáles Montero de Espinosa,
2002, pp. 157-158).
The rejection of the Amerindian Tradition by the Castilians in the aftermath of the
conquista was the result of the societal situation on the Iberian Peninsula and in
the Spanish Americas in the 16th century, but a reinterpretation of the Romanic
Branch of the Occidental Tradition which has been established in the former
Spanish Americas may be more far-reaching than is usually the case as the
Amerindian Tradition re-emerges as the election of, e.g., Evo Morales in Bolivia,
Rafael Correa in Ecuador and Ollanta Humala in Peru suggests. Rather than
remaining within the limits set by the Romanic Branch of the Occidental Tradition,
new components may enter into the reinterpretation process thus giving rise to a
new branch of the Occidental Tradition, the Amerindian Branch.
Guy Rozat Dupeyron has concluded that the conquista of the Americas by the
Castilians was the triumph of the more violent and destructive society (Rozat
Dupeyron, 2002, p. 336). Considering the massacres and enslavement of the
Amerindians and the destruction of the Amerindian societies and their science, and
the pillage of the wealth of the Amerindian societies by the Occidental Europeans,
it is easy to see his point. It was the triumph of a societally accepted interpretation
of the Occidental Tradition that legitimized barbaric acts which would have
ouraged a civilized Roman.

(ii) Aztec Science and Castilian Science
Spain in general and Castile in particular boasted a respected university in
Salamanca, but this did not translate into a strong presence in science in the 16 th,
17th and 18th centuries. Looking across the Mediterranean to Italy, the situation
was similar there. Raffaella Seligardi argues that the dissemination and
participation in leading edge science needed a society favourable to new ideas,
urban centres with a history of cosmopolitanism, and people successfully
convincing society that scientific development was beneficial for other scientific
disciplines, e.g., biology and pharmacology were given a solid scientific foundation
by chemistry (Seligardi, 2002, p. 69). In other words, the openness of Spanish
society and the societies in the Spanish Americas to science and scientific
development in their interpretation of the Occidental Tradition at the time would
have been of decisive importance.
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(a) Castile: Little Homegrown Science
The societal crisis that took hold of Spain in the 17 th century impacted the
enrollment at universities, and the reforms of the Bourbon dynasty did not stop
this decline as can be seen in Figure 15. This does not mean that the impact on
science would have been as significant as the numbers would suggest at first
glance, because the studies of the humanities were affected to a significant degree,
but colleges run by the Jesuits ramped up their operations (Peset Reig, 2002, p.
31). Here the development in Spain and France diverged, because we have seen
above that l’Ancien Régime established higher educational facilities away from the
Ecclesia Catholica Romana as of the latter part of the 17th century and Spanish
Crown went de facto into the opposite direction.
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Figure 15: Number of students at major Castilian universities in 1570-1750 (Peset
Reig, 2002, p. 31).

The French influence was significant in the development of chemistry in Spain in
the 18th century: 72% of the scientific treatises translated were translated from
French into Castilian in the second half of the 18 th century (Portela & Soler, 1990,
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p. 350). This can be interpreted as (i) societal acceptance of French chemistry in
Spain, and/or (ii) the perceived superiority of French chemistry.
The anticlerical and anti-Catholic sentiment was particularly strong in France in the
18th century, but it was not necessarily shared by other realms subscribing to the
Romanic Branch of the Occidental Tradition. The tension between science and
theology seen in France in the 18th century was absent in the Spanish Americas
(Saldaña, 1996, p. 181). Quite the contrary, the Jesuits are considered the flag
bearers of conducting and publishing scientific work in mathematics, astronomy
and physics in Spain and in the Spanish Americas in the 18 th century (Torales
Pacheco, 2001, p. 37). A weakness of Jesuit science was its reliance
mathematization of natural phenomena the reason of which Pierre Thuillier sees
in an attempt to avoid theological debates (Thuillier, 1988a, pp. 158-161). This
does not mean that there would not have been tensions between Imperium and
Ecclesia in Spain and the Spanish Americas in the 18 th century. One of the most
serious tensions was the expulsion of the Jesuits during the reign of Carlos III.
The alumni of the schools which were run or had been run by the Jesuits were
important in the scientific development and technological innovation particularly
in agriculture, mining and commerce after the Jesuits were expelled in 1767
(Torales Pacheco, 2001, pp. 40-41). Many of the alumni became members of la
Real Sociedad Bascongada de los Amigos del País, and this group took initiatives to
improve the level of science and technology in Spain and in the Spanish Americas,
e.g., this group initiated the establishment of engineering schools after the French
model (Torales Pacheco, 2001, p. 103). In other words, the expulsion of the Jesuits
did not translate into a complete loss of science and scientific development in
Spain and in the Spanish Americas.
The importance of the Ecclesia Catholica Romana in science was also
demonstrated by its involvement with university education in Mexico50 (Trabulse,
1994, p. 29): The Real y Pontificia Universidad de México was founded in 1551.
This indicates that the Castilian Crown did not consider the Spanish Americas in
general and Mexico in particular solely a source of precious metals, but science
was used as a way to establish societal domination based on – supposedly –
superior knowledge over the Amerindian societies, and this is an indication that
the Castilian Crown had confidence in science as a societal factor. This does not
mean that the whites and the Amerindians were treated equally in the admission

50

In this work, the terms “Virreinato de Nueva España” and “Mexico” are used
interchangeably.
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to education thus having access to science in Mexico, nor does it mean that the
universities were necessarily open to learning about and building on Amerindian
science. The role of the Ecclesia Catholica Romana in science in Mexico from the
16th century onward had the drawback of censorship and suppression of all
material that was not compatible with the teachings of the Ecclesia (Trabulse,
1994, p. 24). In this context, any science tied to a non-Christian religion was in
danger of being dismissed as Pagan superstition.
Peñaflorida emphasized patriotism in education, and he understood patriotism as
a motivation in scientific work and technological innovation by individuals and
enterprises (Torales Pacheco, 2001, p. 96). Secular patriotism was a problematic
concept in Spain and in the Spanish Americas. In the case of the Spain, it failed to
recognize that Spain is a heterogeneous entity consisting of Castilians, Catalonians,
Basks and other linguistic groups. In the case of the Spanish Americas, it failed to
recognize that a significant part of the population were Amerindians and did not
necessarily consider themselves Spaniards or considered the Spanish Crown with
any affection. Thus, the probability of failure was very high from the start. A more
universally accepted motivation might have been the glorification of God, but this
could have been interpreted as surrender to the Ecclesia Catholica Romana.

(b) The Aztecs: Traces of Science
Prior to the conquest of Mexico by the Spaniards, Aztec science was advanced in
chemistry, e.g., in chlorine chemistry, polysaccharide chemistry and colorants, and
this Aztec science was legitimzed by the Castilians (Trabulse, 1994, p. 45). This
science formed an excellent foundation for further scientific development,
because the polysaccharides are the building blocks of life and alimentation. It
appears that the Castilians did not take full advantage of Aztec science as it related
to polysaccharide chemistry, because neither Spain nor the Spanish Americas
appear as the source of major scientific development in the field of organic
chemistry in general and polysaccharide chemistry in particular.
Scientia est immersa in societate. The science in the Amerindian societies was
embedded in the respective Amerindian society’s interpretation of its branch of its
societal tradition, and this included religious beliefs. The religious incompatibility
of the Amerindian religions and Occidental Christianity was hardly conducive to the
acceptance of Amerindian science by the Castilians. The destruction of Amerindian
literature either actively or by neglect mirrored the destruction of much of the
Greco-Roman philosophy and science in the Occidental Middle Ages, and as had
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happened in Occidental Europe a millennium earlier, this prevented the
dissemination of the science, but this time Amerindian science. Another aspect
was that some Amerindian societies did not have a written language; a particularly
significant example is the Inca society (Dios Guevara, 1993, p. 17). This meant that
science of these societies was lost with the death of the holders of this knowledge
and the discontinuation of the relevant scientific education. One way to find at
least indications of Inca science and science of other peoples living in northwestern
South America is to study particularly the Quechua and Aymara folklore (Dios
Guevara, 1993, p. 38), but it is unlikely that this can yield a comprehensive
understanding of the science of these societies 500 years ago.
Aztec science was advanced in medicine and pharmacology. Aztec medicine has
been characterized as simultaneously archaic and sophisticated that placed a high
value on rational therapeutic measures (Flahaut, 1990, p. 11). The Aztec medical
professionals, or zurujanos, had significant knowledge of chirurgical procedures in
the 16th century (Trabulse, 1994, p. 50). Aztec pharmacology was based on the
understanding of the effects of various plants as evidenced by a publication in
Nāhuatlahtōlli in the 16th century, and although it did not have any widespread
impact in Europe some of the insights of the Aztecs reached and were practiced in
Europe in the 16th and 17th centuries (Trabulse, 1994, pp. 48-49). As in the case of
chemistry, the Castilians failed to capitalize on Aztec medicine and pharmacology,
and the reasons were probably the same. Whether this led to irretrievable loss of
scientific knowledge is a question that cannot be answered, because it is not
known what was lost.
Any assessment of Aztec science in regard to medicine and pharmacology would
be incomplete without taking stock of prevention, i.e., measures taken to avoid the
emergence and spread of illnesses. Aztec society went to great lengths in this
respect by providing the population with clean potable water and healthy food,
and this demonstrates that Aztec society was centuries ahead of Occidental Europe
as clean potable water was still not offered in major urban centres in the 19 th
century (Ortiz de Montellano, 1993, pp. 156-157).
Parts of Aztec science as it relates to medicine and pharmacology was preserved in
the ethnic Mexican medicine and pharmacology after 1519, but the ethnic Mexican
medicine and pharmacology have been influenced by the Occidental European
medicine and pharmacology (Ortiz de Montellano, 1993, pp. 276-277). The
Occidental European influence cannot necessarily be interpreted as evidence of
the superiority of Occidental European medicine and pharmacology, because it can
also be interpreted as evidence of the destruction of Aztec science by Occidental
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European aggression, and this aggression has also deprived Aztec science of
sufficient societal support and resources to develop.
The rejection of Aztec science by the Castilians suggests that the Castilians
considered it incompatible with their interpretation of the Romanic Branch of the
Occidental Tradition. Occidental societies are characterized by a belief that only
conceptions of science compatible and based on the Occidental logos are science
and other conceptions of science are not science and thus illegitimate (Rozat
Dupeyron, 2002, p. 64).
The Aztecs considered that medicine and pharmacology were an aspect of the
holistic treatment of a sick person; other aspects included religious ceremonies
(Villaseñor Bayardo, Rojas Malpica, & Berganza Champagnac, 2002, pp. 5-9). An
aspect of the religious connection of Aztec medicine and pharmacology was that
every priest-physician was a living depository of the ancestral Aztec science (Viesca
Treviño, 1986, p. 229), and the delegitimization and persecution of any ticitl meant
that Aztec science was robbed of a part of its memory. For the Castilians, the
holistic approach incorporated in the non-Christian Aztec religion was
incompatible with their interpretation of the Romanic Branch of the Occidental
Tradition and thus the Castilians delegitimized the Aztec scientific knowledge. In
other words, the delegitimization was not necessarily caused by the quality and
quantity of the Aztec scientific knowledge. This is an indication that scientia est
immersa in societate.
The Aztec Branch of the Amerindian Tradition contained a belief in augurs and
dreams as the source for indications of the future, a view that clashed with the
Occidental pragmatism and materialism (Le Clézio, 1988, p. 227). Superficially, this
characterization suggests that superstition clashed with science. A closer look at
this characterization shows, however, that the societal dynamics in the Occidental
Tradition was not necessarily more conducive to science than the Aztec Branch of
the Amerindian Tradition. Science is based in neuroscience, and dreams are a
cerebral activity tied to neuroscience. We have seen above that the changes
occurring in the Occidental societies in the late Occidental Middle Ages were
associated with the legitimization of dreams, and these dreams were instrumental
in the dynamics that led to the maritime exploration in the 15th century. In other
words, dreams are important in creating societal dynamics that favours science
(and technology). We have seen that the adherence to Aristotelian and Cartesian
philosophy and science was detrimental to the development of modern chemistry
– and as an extension it was detrimental to technological innovation associated
with chemical engineering. Therefore, a solid case can be made that the Aztec
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Branch of the Amerindian Tradition was more conducive to science (and
technology) than the Occidental Tradition.
A late recognition for the sophistication of Aztec science in general and Aztec
medicine and pharmacology in particular came in 1570 when Félipe II sent his
physician Francisco Hernández to Mexico with a budget of 60000 ducats – probably
a part of the spoils of the pillage of the Spanish Americas and the enslavement of
the Amerindians by Occidental Europe – to collect Aztec pharmacological
knowledge, but only some parts of Francisco Hernández’ work was published and
much of it was destroyed in the fire of El Escorial in 1671. It can only be surmised
how much of Aztec science had already been destroyed by Occidental Europe
between 1519 and 1570, and how cautious the Aztecs had become to part with
knowledge about Aztec science as a result of the persecution and vandalism
unleashed in the name of theological orthodoxy.
The partial publication of Francisco Hernández’ collection can have been the result
of waning interest in Aztec science in Occidental Europe or the collection was
forgotten. A more sinister explanation would be that the Occidental societies were
not willing to admit that a non-Occidental society had been able to produce science
that was superior to whatever Occidental Europe had been able to achieve –
including the cherished Greco-Roman medical heritage personified by Hippocrates
of Kos and Galen of Pergamon. Whereas Aztec science was not based on the
Occidental Tradition, it was delegitimized in and by the Occidental societies. A
convenient expedient in the quest to delegitimize Aztec science would have been
that the Aztec society was not part of Occidental Christianity.
Mathematics had been taught in the Virreinato de Nueva España (Mexico) since
the 17th century, and in 1792 the Real Seminario de Minería started to teach
applied mathematics, chemistry and physics (Torales Pacheco, 2001, p. 111). This
was based on European concepts, and this may actually have been one or more
steps backward, because the Amerindian concepts may have been better at least
in some areas. Considering that the loss of science occurred several centuries ago,
it is impossible to establish if this was the case.
In 1491, the Amerindian peoples in the Americas probably possessed an advanced
science even in other disciplines than chemistry and pharmacology, and it is likely
that much of this science is not known to the Occident nowadays. What is known
shows that Mesoamerica possessed an advanced astronomy and mathematics
because of the accuracy of Amerindian calendars (Chavero, 1980, pp. 1236-1239).
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This would indicate that the Amerindian science at least equalled that of
contemporary European science.
The Castilians embarked on the wholesale destruction of all traces of Aztec beliefs
and knowledge purportedly for religious reasons (Flahaut, 1990, pp. 7-8). Bernard
Grunberg argues that the Castilians judged the Aztec Branch of the Amerindian
Tradition to contravene reason (Grunberg, 1993, p. 376). A verdict of science from
another society not being founded on reason highlights the problem with reason:
Reason is not universal but society-dependent. If the Aztecs had had a voice that
had carried across the centuries in spite of the destruction, enslavement and
genocide of the Aztecs and other Amerindian peoples at the hands of the Occident,
then it is highly probable that they would have said very much the same about
Occidental science.
If the Occident believed that Aztec science cannot be considered the product of
reason, then the Castilians de facto delegitimized not only the Aztec society but
also Aztec science with their view on reason. The opinion of the Castilians that
equated reason with the Romanic Branch of the Occidental Tradition raises the
spectre of a shift from theological legitimation to reason-based legitimation, but
the rise of the Occidental Enlightenment would not change the Occidental attitude
in regard to Aztec science. Such a misgiving is warranted. The Aztecs among other
Amerindians were not disadvantaged only in the 16th and 17th centuries, but also
some scientists during the 18th Enlightenment espoused crude racism against the
Amerindians (Jalón, 2002, pp. 595-596).
An avenue for the Aztec science to gain acceptance and legitimacy in Occidental
Europe would have been for the universities to pick up Aztecs science and found
scientific development on Aztec science. To gain access to the Aztec science it
would have been necessary to have teachers and students who were able to
comprehend the Aztec language, Nāhuatlahtōlli, and Aztec science on its own
terms. In other words, the universities would have had to include Aztec teachers
and Aztec students. This was de facto and de iure prevented by the prohibition of
admitting Amerindian students, and even Mestizo students were very rare
(Durand-forest, 1986, p. 341). This betrayed a mentality that was not conducive to
the acceptance of Amerindian science in the Occident, and it could even be
considered an indication that the Romanic Branch of the Occidental Tradition took
significant steps to prevent the possible realization that the Occidental science was
inferior to the Amerindian science.
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The linguistic issue has also a societal context relating to science. The language of
science in the Aztec society was embedded in the Aztec Branch of the Amerindian
Tradition, and this included the Aztec religion. The religious beliefs could not be
separated from the Aztec language of science, and thus the tool for learning and
expressing Aztec science was unpalatable for Occidental societies in general and
the Castilian society in particular. The decline of the language of Aztec science in
Mexico impacted the ability to comprehend Aztec science and to scientific
development on the foundation of the Aztec Branch of the Amerindian Tradition
in general and on the basis of existing Aztec science.

(c) Nueva España/México: Importation of Occidental Science
A major problem for Aztec science in general and scientific development on the
basis of Aztec science was that the Castilians imported even non-workable ideas to
the Spanish Americas from Europe. After the conquista, the Spanish in Mexico
continued with scientific development of chemistry based on concepts derived
from alchemy (Trabulse, 1994, p. 140). This is noteworthy, because the results
alchemy had to offer were far from convincing. With all the failures of alchemy,
why did the researchers in Mexico not look at novel approaches in Aztec science
and the other Amerindian sciences so close at hand? Was it contempt of
everything that was not part of the societally accepted interpretation of the
Romanic Branch of the Occidental Tradition in the 16th, 17th and 18th centuries?
Was it an example of the limitation set by recursion, i.e., the researchers looked
for solutions within the Occidental Tradition? Whichever way, traces of the
Amerindian science in Mexican literature on chemistry is hard to find.
Criollo science was part of an attempted vindication of the criollo heritage in
Mexico in the 18th century (Saldaña, 1990, pp. 123-124). In other words, it was
incompatible with the Amerindian Heritage in Mexico. Aztec science exemplified
by medicine and pharmacology that survived the destruction and persecution by
representatives of Occidental Europe became the medicine and pharmacology of
the Amerindians and the mestizos (Viesca Treviño, 1986, p. 232). This suggests an
ongoing attempt at delegitimizing Aztec science in general and Aztec medicine and
pharmacology in particular. Thus, science is not ethnically neutral, but science can
act as the excuse for a claim of supremacy of one ethnicity and one societal
tradition.
The scientists in Mexico kept themselves well informed about the scientific
developments in Europe, e.g., Francisco Xavier Alexo de Orrio quickly learned
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about the work of Étienne-François Geoffrey (Trabulse, 1994, p. 147). This means
that researchers were early on aware of the de-legitimization of alchemy. There
seems to have been differences in regard to the level of science and scientific
development in the Spanish Americas, because there was a call to establish
scientific education in Peru by a member of a scientific expedition to Peru in 1794
(Dios Guevara, 1993, p. 55). Obviously, this would have meant the teaching of
European concepts in Peru, but the call also implies that the interest in science had
been limited in Peru in the 16th, 17th and 18th centuries.
In spite of opposition from some sections of the criollo establishment, a medical
school was established in Mexico in 1768, a botanical garden in 1788 and a mining
school in 1791, and the chemical research facilities were modern according to
contemporary European standards (Verlinden, 1966, p. 408). The botanical garden
was important for pharmacological research and medicine. If the Castilians had
legitimzed Aztec science, then the establishment of a medical school and botanical
garden would have been unnecessary, because it would have evolved from the
(destroyed) Aztec educational system. Or there would have been educational
facilities founded on Aztec science, including Aztec medicine, all along.

(iii) Aztec Technology and Castilian Technology
The reforms the Spanish Bourbon kings instituted in the 18th century and the
extensive imports of goods from France demonstrate that the Spanish production
operations were not competitive or did not exist at the beginning of the 18 th
century. Castile would have had the opportunity to learn from and build on Aztec
technology particularly in the first half of the 16 th century, i.e., prior to the
destruction of Aztec technology had progressed too far, but Castile acted in the
opposite way by implementing Occidental technology in Mexico. As in the case of
Aztec science, this can be seen as an expression José Ortega y Gasset’s argument
of a Castilian society haunted by “great phobias” and a limitation of Fernand
Braudel’s assertion that demand turns technological invention into technological
innovation. This limitation is the product of what José Ortega y Gasset calls “great
phobias” in a society.

(a) Castile: Reset in the 18th Century after Devastation in the 16th and
17the Centuries
The 17th century was a time of a significant reduction of the population and a deep
crisis in manufacturing and other production operations (Gonzáles Enciso, 2007b,
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pp. 112-114). A slow improvement commenced in the last part of the 17th century,
e.g., in steel production the production of 1639-1640 was reached again in 1716
(Gonzáles Enciso, 2007b, pp. 120-122). Horacio Capel and Vicente Casals note that
the Spanish Crown wished for faithful and submissive servants, and the Crown
found them in the engineers in the 18th century (Capel Sáez & Casals Costa, 2002,
p. 571). To the extent that the existence of engineers is considered essential for
technological innovation particularly during and after the 18 th century, this raises
the issue whether traits like faithfulness and submissiveness are conducive to
technological innovation, i.e., introducing change into society and production
processes. E.g., Gabriel Tarde argues that technological innovation is tied to
opposition, or conflict.
To use the expression “great phobias” of José Ortega y Gasset again, the “great
phobias” as they related to being different was still prevalent in Spain as evidenced
by the continued existence of el Tribunal del Santo Oficio de la Inquisición
throughout the 18th century. This raises the issue of the impact of these “phobias”
in general and la Inquisición in particular on the spirit of potential inventors and
innovators in Castile. In a society characterized by “great phobias” the
legitimization of technological innovation was arguably not easy.
The
legitimization would have been easier for technology imported from other
societies, particularly other societies adhering to the teaching of the Ecclesia
Catholica Romana, e.g., France, because in these cases the objections by Castilian
society would have contained criticism against the other part of the worldwide
Ecclesia.
Manuel Bustos estimates that Spain possessed manufacturing operations of
significant size, but the technology used in these facilities was traditional and
demonstrated no technological innovation according to standards of the Occident
in the 18th century (Bustos Rodriguez, 1982, pp. 207-208). La Real Fábrica de Paños
de Guadalajara was established in 1719 under the auspices of the Crown with more
than 4000 on-site workers and 20,000 off-site workers at the end of the 18th
century (Torres Sánchez, 2007, pp. 152-153). This signifies that Castile was
prepared to accept the establishment and operation of large-scale manufactures
which had been legitimized in France by, e.g., Jean-Baptiste Colbert. To the extent
that the large-scale manufacturing plants were established along the French
model, then the path of legitimization of technology in the foundation of its
legitimacy seems possible. However, the role of close familial ties between the
Spanish and French dynasties as of Félipe V may have played a part in the
legitimization as well. Whichever, the timing of the establishment of the
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manufacture at Guadalajara was after Jean-Baptiste Colbert and the
commencement of the reign of Félipe V.
Dye chemistry is applied chemistry with a close relationship with textile
technology.
Agustí Nieto-Galan maintains that dye chemistry received
considerable attention in Castile in the late 18th century, both from the Crown and
in science, but scientific development was widely ignored by the manufacturers
who used the same dye formulations of old (Nieto-Galán, 2002, pp. 644-646). This
may indicate poor communications between science and manufacturing, but it
may also indicate an interpretation of the Romanic Branch Branch of the
Occidental Tradition that emphasized stability at the cost of scientific development
and technological innovation according to the medieval example. This second
interpretation would be in line with the view of engineers as faithful and
submissive servants. In other words, a low level of technological innovation in
Castile was not necessarily a result of the influx of the plunder from the Spanish
Americas but an interpretation of the Romanic Branch of the Occidental Tradition
that emphasized assimilation, conformity and obedience over anything else.
The conclusion of the supremacy of assimilation, conformity and obedience can
also be considered in the context of Fernand Braudel’s assertion that technological
inventions become technological innovations after there is a demand for the
technological inventions. Whereas technological innovation at least challenges
and possibly changes thestatus quo, a society steeped in assimilation, conformity
and obedience is not in a position to come up with the demand for technological
innovation. In other words, virtually no technological innovation would occur
irrespective of the number of domestic and available foreign technological
inventions.
A forerunner of modern-day patents was established in Castile in 1478: Isabel I
awarded the first patent to her physician Pedro Azlor (García Tapia, 2002, pp. 8384). Figure 16 visualizes the types of inventions for which the Hispanic Crowns
granted patents in 1478-1650: The numbers bear witness of the preponderance
of mining. It is claimed that the number and quality of inventions for which patents
were granted fell during 1478-1650 (García Tapia, 2002, p. 84). This development
would indicate that the Spanish society interpreted the Occidental Tradition
increasingly in such a way that technological innovation was not considered
favourably. It is noteworthy that only 17% of the inventors were from the Americas
(García Tapia, 2002, p. 88). Taken alone, this would indicate that activities related
to inventing and potentially also innovation were significantly less frequent in the
Spanish Americas than in Spain.
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Figure 16: Patents granted by the Hispanic Crowns in 1478-1650 (García Tapia,
2002, p. 84).

(b) The Aztecs: Technology as Artisanal Excellence
In the Aztec Empire, a multifaceted artisanal sector existed and it was capable of
producing both everyday items and quality luxury items according to Francisco
Calderón (Calderón, 1988, p. 78). An indication of the strength of the Aztec
artisanal sector is that it continued to exist after the conquest of Mexico by the
Spanish focussing on the low price market segment in the 16 th and 17th centuries
(Calderón, 1988, p. 396). The focus on the low price segment cannot be considered
conclusive proof of poor craftsmanship in comparison with European products at
the time. It may also be an indication of delegitimization of Aztec craftsmanship
ultimately founded on what José Ortega y Gasset calls the “great phobias” of the
Castilians, i.e., the Castilians feeling of superiority vis-à-vis the Amerindians could
hardly be expected to have recognized quality of Aztec craftsmanship.
When the technological sophistication of the Amerindian societies is assessed, it
would be wrong to perform such an assessment without consideration of the
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition at the point of time of interest, in this
case the time immediately prior to the arrival of the Conquistadores. After all,
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technicae est immersa in societate. It has been estimated that the Inca and the other
peoples in northwestern South America exploited the mineral resources only
superficially (Dios Guevara, 1993, p. 17). This might seem a sign of a low level of
technology to an Occidental observer in the 16 th century or even in the 21st
century, but this is a fully rational way to go about mining, if the society in question
did not attach any particular value to minerals in general and precious metals in
particular.
As an example of the sophistication of Aztec technology, or rather chemical
engineering in present-day parlance: Elías Trabulse argues that Aztec knowledge
of chemistry in silver mining and refining was significant, and their advanced
technology was adopted by the Spanish and used until 1556 (Trabulse, 1994, p.
59). Adding this to the sophistication of Aztec science as it related to medicine, a
picture emerges of a significant level of knowledge in applied chemistry and
chemical engineering. The destruction of much of Aztec literature by the Occident
in the course of the 16th century does not allow for a full reconstruction of Aztec
science in 1491. The silent witnesses of Teotihuacán, Tenochtitlan, Chichen Itzá
and many other sites certainly allow for the conclusion that much applied science
and technology has been irretrievably lost. It has been irretrievably lost, because
the Amerindians do not have had a repository of their science and technology
unlike the Occident that had had Constantinople and the Arabs.
The Aztecs had an educational system which appears to have focussed primarily
on religious and military studies, but this did not prevent the Aztecs from having
significant technology in civil construction, including redirecting waterways and
erecting structures to protect Tenochtitlan from floods, and significant knowledge
on medicines based on plants (Chavero, 1980, pp. 1242-1245). It seems that the
exchange of professional information was relatively easy in Aztec society: The
merchants seem to have lived in a separate section of Tenochtitlan (Verlinden,
1966, p. 52), and this proximity of each other favoured the exchange of
professional information and it would have helped in the dissemination of
technological innovation. In the case of the different artisans, the markets were
conducive to the exchange of professional information (Verlinden, 1966, p. 52).

(c) Nueva España/México: Implementation of Occidental Technology
The Occident imposed its technology on Aztec artisans: Francisco Calderón
estimates that Aztec artisans used traditional technology often modified to
incorporate European technology, including management practices (Calderón,
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1988, p. 396). This cannot be taken as proof of inferior technology on the part of
Aztec artisans in the context of Castilian masters who were marked by the Castilian
“great phobias” of everthing different, i.e., everything that did not comply with the
societally accepted interpretation of the Romanic Branch of the Occidental
Tradition in Castile at the relevant time. In Mexico was also manufactured high
quality products on a large scale using European large-scale manufacturing
practices, e.g., the best sombreros in the Realm were manufactured in Puebla
(Calderón, 1988, p. 426).
The artisan skills in Mexico were at a level that allowed for a quick adoption of
European “techniques” after the conquista (Verlinden, 1966, p. 186). The adoption
of the European “techniques” can be seen as a testament to the societal power the
Castilians had achieved in Mexico particularly after the massacre in the Main
Temple in 1520, the death of the last Aztec emperor, the disappearance of the
Aztec upper class and priests as clients, and the collapse of the Amerindian
societies as a result of epidemics. The drive to Occidentalize Mexico meant also
that Occidental “techniques” –technology in the parlance of this work – were
introduced in Mexico (Gruzinski, 1999, p. 94). When confronted with competition
from producers from China who at the time did not have to adopt European
technology, the shortcomings of the European silk manufacturing technology
became obvious and a steep decline in silk manufacturing occurred in Mexico,
Puebla and Oaxaca in the 17th century (Verlinden, 1966, p. 186). In other words,
Occidental technology was not superior to to at least some non-Occidental
technology when it had to compete fair and square without the assistance of
epidemics and military aggression.
The increase in mercantilist policies was good for technological innovation in
Mexico. In the case of the Virreinato de Nueva España (Mexico), the monopoly
enjoyed by Spain in trade in industrial products drove technological innovation in
production processes, instruments and machinery in Mexico, a development that
was assisted by the establishment of the Casa de Moneda de la ciudad de México
in 1732 (Saldaña, 1996, p. 189). Inventors and innonovators in Mexico had the
advantage of knowing the local requirements and societal contacts may have
worked in their favour as well. Considering the historical weakness of
technological innovation in all of Spain and not only Castile in the 16 th, 17th and
18th centuries, it does not come as a surprise that Mexico had a good chance in
engaging in technological innovation rather than importing technology in the 18th
century.
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Educational initiatives had the effect of deepening the racial inequality in the
Spanish Americas, because the students were overwhelmingly white and to a small
degree metis (Saldaña, 1996, p. 155). The education was only in Castilian at free
of charge schools in Mexico (Torales Pacheco, 2001, p. 98), and this put potential
Amerindian students at a disadvantage. This had implications for (i) the use of
applied science and technology by Aztecs and (ii) the use of Aztec applied science
and technology as the foundation for scientific development and technological
innovation – to the extent that technological innovation and its legitimization
required applied science. First, the Aztecs were disadvantaged when it came to
taking advantage of technological innovation: Even in the 21 st century, it has been
observed that the adoption of innovative technology in agriculture depends on the
level of scientific education (Orosco Cirilo, et al., 2009, p. 554). Second, increased
efforts were made to increase the number of students in mining, botany,
geography and engineering in the Spanish Americas as part of initiatives aimed at
modernizing the economy in the 18th century (Saldaña, 1996, pp. 153-154). For
obvious reasons, the Amerindians had the most in-depth knowledge of the botany
in the Spanish Americas, but the selection of the students and the programmes
discriminated against Amerindians (Saldaña, 1996, p. 155). Here the society in the
Spanish Americas and the Spanish Crown, at least as far as the Spanish Crown is
concerned, did not act to remedy this situation, effectively sacrificed potential
technological innovation and technological innovation to protect the Castilian
dominance in the Spanish Americas.
Technological innovation in the Spanish Americas must be assessed critically from
the standpoint of Saint Augustine’s emphasis on caritas and his contempt for
monetary wealth. Mercury was used in the mining and refining operations
(Marchis, 2005, p. 129). The use of mercury exposed to mostly Amerindian
workers to a dangerous substance with severe health effects. Again, the Occident
was prepared to sacrifice the health of people with non-Occidental backgrounds
on the altar of Mammon – even in a blatant contravention of Occidental
Christianity.

(iv) Aztec Economy and Castilian Economy
The destruction of Aztec society, science and technology coincided with the
destruction of the Mesoamerican economy of 1491. In an irony of history, the
perpetrator of this wholesale destruction was not able to achieve a long-term
beneit from its actions.
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(a) Castile: An Economy in Crisis Attempting a Reset
In spite of the huge influx of precious metals from the Americas, Spain was
economically destroyed by the end of the reign of Carlos II: agriculture was nonexistent, there was no manufacturing of any relevancy, and the population was in
decline in European Spain (Passet, 2010, p. 133). It has been estimated that the
engines of the Spanish economy in the 16 th century were the urban centres, but
the artisanal production declined in them in the 17 th century (Fernández Alvarez,
1983, pp. 109-115). The ascent of the Bourbon Félipe V onto the Spanish throne
was an opportunity for a new beginning for the Spanish economy which also
required some new ideas.
The Austrias, or the Habsburg dynasty, had already started to reform the economy
of Spain and its colonies by introducing Mercantilist policies (Yun Casalilla, 2010,
pp. 109-110). However, the Spanish line of the Bourbons instituted large-scale
economic reforms which resulted in the establishment of an imperial economy
encompassing Spain and its colonial empire, particularly the Spanish Crown ceased
to consider its American colonies solely as sources of precious metals but also
producers of, e.g., tobacco and sugar, but the Mexican exports of textiles were
sacrificed to benefit the production in Catalonia (Torres Sánchez, 2007, pp. 153155).
The aim of the reforms the Spanish Bourbons and Campomanes unleashed was to
vitalize the economy of Spain and its dependencies, mobilize the resources without
sacrificing the traditional customs and religious dogmas (Bustos Rodriguez, 1982,
p. 27). The increasing secularization taking place on the other side of the Pyrenees
during l’Ancien Régime in the 18th century was thus another path than the one the
Spanish Crown tried to proactively follow at the same time. Considering the Divine
origin of the legitimization of the power of the king during the Spanish Antiguo
Regimen, the path proposed by the Spanish Bourbons contained less societal
uncertainty than the development in France. In other words, the Spanish Crown
attempted to maintain the constitutional and much of the societal setup outlined
in Saint Augustine’s work and which had been the Occidental blueprint since late
Antiquity.
In the 18th century, the Crown established manufactures owned by the Crown or
by a Crown-private partnership, some manufacturers were granted different forms
or Crown protection, the Crown promoted the importation of foreign technology
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and machinery, regulations were liberalized, and the Crown improved the respect
for artisanal activities (Llopis Agelán, 2010).
The Franco-Iberian trade was helped by the Family Pact of 1761, and the trade
agreement between Louis XV and Carlos III of 1769 established the most favoured
nation principle, but this was abrogated by Spain in 1778. Carlos III implemented
mercantilist policies and refused to negotiate a trade agreement with France
causing a decline in French exports to Spain and its colonies in the second half of
the 18th century: The annual average in 1751-1755 was 51 million livres tournois,
in 1771-1775 47 million and in 1786-1789 44 million (Crouzet, 2008, p. 176).
A difference between Spain and France was that the Spanish aristocracy was not
prepared to invest into manufacturing because of the high uncertainty they
perceived in such investments (Lafuente, 1992, pp. 94-95). Doubts have been
raised as to the surplus at least the aristocracy in the Asturias had after expenses
relating to their households and the societally expected expenses by people
belonging to the aristocracy, i.e., it may not have been sufficient for capital
investments in mechanized manufacturing (Anes, 1988, pp. 95-96). Whichever,
this meant that capital investments in manufacturing in general and technological
innovation in particular suffered compared to France. However, the aversion also
meant that the aristocracy and the merchants did not find themselves at odds over
capital investments in the manufacturing sector thus safeguarding societal peace.
A key issue in the reforms of Carlos III was the idea of opening commerce within
the Spanish Americas and between Spain and the Spanish Americas. The
conceptual groundwork for this change had been laid by José de Campillo y Cossío
in the early 18th century (Dougnac Rodríguez, 1994, p. 224). Another ardent
defender of economic freedom was Cabarrús, and he severely criticized privileged
companies by claiming that these entities invariably result in slavery (Maravall,
1991, p. 96). One solution to the issue of the subsumed inefficiency of privileged
companies was enacted on Campomanes’ suggestion when the commerce with
the Spanish Americas was opened to all Spanish ports (Bustos Rodriguez, 1982, p.
267). A synthesis of the commercial reforms was the Reglamento y Aranceles
Reales para el Libre Comercio de España a Indias enacted in 1778 on the heels of
the legalization of commerce between the different government units in the
Spanish Americas enacted in 1776 (Dougnac Rodríguez, 1994, p. 224).
Cabarrús was intent on using the tax system as a way to increase iustitia and
equality (Maravall, 1991, p. 97). This suggests that the Spanish Crown was looking
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for ways to deliver on the demand for caritas, i.e., Occidental Christianity was
important in the legitimization of the tax regime in Spain in the 18 th century.
The theories of les Physiocrates were not accepted universally, and Nicolás de
Arriquíbar favoured economic development based on manufacturing, internal
commerce and agricultural productivity improvements (Torales Pacheco, 2001, p.
153). Campomanes considered the role of economic policy in a societal context,
e.g., he saw as the responsibility of economic policy to guarantee full employment
in order to safeguard societal peace (Bustos Rodriguez, 1982, p. 169). Particularly
Campomanes’ line of argument suggests the importance of Occidental Christianity
in the legitimization of economic policy in an interpretation of caritas that included
the offering of employment and thus a livelihood to people.
Carlos III made reality of one of the fundamental demands of les Physiocrates by
freeing commerce in 1765, and the partial liberalization of the trade between Spain
and the Spanish Americas went into the direction of free trade also favoured by les
Physiocrates (Bustos Rodriguez, 1982, p. 251). In a significant departure of the
fundamental thought of les Physiocrates, Campomanes considered the source of
wealth work, not agriculture (Bustos Rodriguez, 1982, p. 235).
A significant textile manufacturing operation in Guadalajara employing 5000
people onsite and another 20,000 offsite in the second half of the 18 th century
demonstrates the efforts for the societal reforms driven by the Spanish Crown
(Delsalle, 1998, p. 174). It is argued that these societal reforms were assisted by
population growth in the 18th century (Torras, 1997, pp. 262-264). The population
growth increased the potential size of the Spanish market, but of course the size
of the Spanish market grew only if the purchasing power of the population grew as
well.

(b) The Aztecs: An Imperial Economy with Extensive Commerce
The Aztec economy participated in trade both within the Aztec Empire and outside
of it, some of the merchants were individuals selling products they had harvested
or created themselves, but there was also a group of merchants active in largescale commerce (Calderón, 1988, p. 72). The small-scale merchants were
agriculturalists who used their spare time to manufacture different goods for their
own use or for small-scale commerce, but there were also fulltime artisans
manufacturing from everyday items to luxury products (Calderón, 1988, p. 78). The
Spanish officials were aware of the economic history and the potential of
establishing a colonial economy in Mexico (Castro Gutiérez, 2010, p. 85). After the
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conquest of Mexico by the Spanish, the Indigenous artisanal manufacturing
continued and was eventually organized according to the Spanish model into guilds
(Calderón, 1988, p. 398).
Aztec society included a governing elite consisting of meritorious warriors and a
group of large-scale merchants. A significant difference between Aztec society in
the early 16th century and the aristocracy during l’Ancien Régime in the second half
of the 18th century was that their different attitudes toward wealth. The Aztec
ruling class and the Aztec priesthood lived in poverty according to Jacques
Soustelle (Soustelle, 1995, p. 87). The aristocracy during l’Ancien Régime were
interested in activities relating to the multiplication of wealth. This difference had
two significant implications. First, Aztec society avoided a conflict between its
governing elite and its large-scale merchants thus avoiding the emergence of a
situation similar to the one during the last decades of l’Ancien Régime. Second,
the poverty of the Aztec governing elite limited the demand for products from this
group. The only products there was a demand for were related to the public
demonstration of their prestige (Soustelle, 1995, p. 87). This was obviously not a
solid financial foundation for demand turning technological inventions into
technological innovations.
Jacques Soustelle notes that the large-scale merchants did not show their wealth
in public, and they attempted to hide their wealth (Soustelle, 1995, pp. 90-92). The
implication of this is that there was no demand for luxury products from members
of this group, and thus there was no or very little demand for technological
innovation related to the production of luxury products from the large-scale
merchants.
The interrelationship between the governing elite and the large-scale merchants
can and should be considered in the light of Aztec syncretism. The conquest of
neighbouring societies and long-distance commerce has to be considered two
sides of the same coin, and the military feats facilitated and protected the longdistance trade of the pochteca (Florescano, 2009, pp. 434-435). In other words,
the two groups complemented each other.
The transportation infrastructure was highly efficient within the Valley of Mexico
because of the opportunities water-based transportation offered (Florescano,
2009, pp. 434-435). Consequently, there was no demand for an alternative
transportation technology in the Valley of Mexico. The long-distance trade with
areas outside of the Valley of Mexico was conducted with the help of human
porters according to Jacques Soustelle (Soustelle, 1995, p. 88). Considering the
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mountainous character of central Mexico, the reliance on porters was not
necessarily a bad one.
Aztec society could look back on a famous and old society that the Aztec society
liked to see as its predecessor society, Teotihuacán, which had mobilized the same
or at least similar resources to manifest and solidify its dominance in Mesoamerica,
including a highly efficient agriculture, large-scale manufacturing of obsidian-based
products, ceramics and luxury products destined for local and long-distance
markets (Florescano, 2009, pp. 465-466). The precedence of Teotihuacán provided
legitimacy to the actions of the Aztec society.

(c) Nueva España/México: Epidemics, Devastation and Enslavement
The precious metals entering Cadiz from the Spanish Americas has been
considered the oil that lubricated the global economy (Crouzet, 1993, pp. 25-26).
The impact of the influx of precious metals into the European economies was not
altogether favourable, because the influx caused significant inflation (Gentil, 2009,
p. 111). This may have caused a production cost escalation that destroyed the
competitiveness of the Spanish manufacturers in the 16th and 17th centuries, but
this does not explain the lack of manufacturing-based exports from the Spanish
Americas to Spain. If there was a glut of precious metals in Spain, these precious
metals had been subtracted from the Spanish Americas. Even allowing for the
retention of some of the precious metals in the Spanish Americas, the problem was
essentially a Spanish one that did not affect the cost competitiveness potential of
the Spanish Americas, particularly considering its labour pool.
Agustín Gonzáles’ work demonstrates that Spain was not the sole beneficiary of
the precious metals exports from the Spanish Americas: He estimates that 25% of
the gold being shipped from Callao was not registered and that 49% of the precious
metals reaching Cádiz in 1670 never made it further into Spain (Gonzáles Enciso,
2007a, p. 124). Nevertheless, the Spanish imports of precious metals were
significant albeit stagnant in the second half of the 17 th century and until the last
years of the 17th century can be observed in Figure 17. This stagnation coincided
with a severe societal disaster in Mexico.
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Figure 17: Imports of precious metals from the Spanish Americas to Spain
(Gonzáles Enciso, 2007a, p. 124).

The Roman Catholic brotherhoods combined with aspects of guilds provided the
opportunity for the Amerindian more collective societal traditions to continue
under the Roman Catholic Castilian rule, and the brotherhoods reproduced the
Amerindian hierarchical societal structure (Castro Gutiérez, 2010, pp. 94-95). In
Aztec society, the private property rights were limited to goods a person had
produced himself thus excluding private property rights to land (Verlinden, 1966,
p. 52). This was a very different concept than the one based on the Roman
Heritage and the teachings of Ecclesia Catholica Romana, including Saint
Augustine. The incentive for scientific development and technological innovation
cannot have been based on monetary inducements, and considering the high level
of Aztec science and technology, non-monetary inducements worked in the Aztec
Societal Tradition.
A serious economic contraction was the result of the societal tragedy caused by
epidemics in Mexico in the latter half of the 16 th and first half of the 17th century,
and it resulting in an acute shortage of labour in the mining operations, a declining
artisanal production, and a rise in wages (Calderón, 1988, p. 369). Indicative of the
population tragedy in the Spanish Americas was the precipitous decline in the
Amerindian population in Central Mexico during the 16 th century visualized in
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Figure 18 caused by grave epidemics, e.g., the hueyzahuatl in 1520, the
matlazahuatl in 1545-1548 and the particularly devastating terezequa in 15761581 (Castro Gutiérez, 2010, p. 89). The numbers do not give the full picture,
because the Mestizo population is not included, but the devastation among the
Amerindians is evident.
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Figure 18: Amerindian population devastation caused by epidemics in Central
Mexico in the 16th century (Castro Gutiérez, 2010, p. 89).

Simultaneously, the composition of the population changed significantly from the
16th to the 19th century. Whereas the Amerindians represented still 97% of the
population in 1570 their share had dwindled to 41% in 1825 in Mexico, Central
America and the Antilles as is visualized in Figure 19.
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Figure 19: Ethnic composition of the population in Mexico, Central America and
the Antilles (Fernández Alvarez, 1983, pp. 162-163).

The labour shortages in the mining sector caused by the Amerindian population
tragedy resulted in an increase in the capital intensity of the mining sector, but this
was driven by the acquisition of slaves. The price of a slave increased from 220330 pesos in 1553 to 400-500 pesos in 1592 in Mexico, and it has been shown that
one silver mining operation had “invested” about 30,000 pesos in slaves, an
“investment” with an estimated payback of two years (Mentz, 2010, p. 119). In
other words, the development in Mexico mirrored that of the Imperium Romanum.
This raises the issue whether the societal acceptance of slavery was an impediment
to technological innovation even in the Occident in the 16 th and 17th centuries?
The availability of cheap labour as evidenced by the short payback period certainly
did not provide any incentive to embark on turning possibly existing technological
inventions into technological innovation as long as the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition did not prohibit
slavery – and any other form of forced labour.
The Amerindian population started to regain its strength from 1650 onward, and
this led to a strengthening of the domestic artisanal manufacturing particularly in
urban centres like Puebla, Tlaxcala and Texcoco (Miño Grijalva, 2010, p. 164). The
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urban aspect of the strengthening of the Mexican manufacturing sector was
different to the increasing ruralisation of the Imperium Romanum from the 3rd
century onward, and the difference allowed for better scientific and technological
interchanges in Mexico than in the Imperium Romanum thus favouring
technological innovation. However, it did not address the discrimination against
the Amerindian population thus erecting obstacles to scientific development and
technological innovation.
From the standpoint of Spain, the bleeding of the precious metals from the Spanish
Americas to other realms, whether legitimate or illegitimate, was of decisive
importance for finding the necessary funds for scientific development and
technological innovation, or at least the purchase of manufacturing technology
from other realms. This means that the Spanish Crown faced three societal
challenges: (i) the societal tolerance of illegitimate exports of precious metals had
to be ended, (ii) the use of precious metals to purchase non-essential goods had to
be societally delegitimized, and (iii) scientific development and technological
innovation had to be societally favoured. As noted in the case of the French
exports to Spain, the Spanish Crown acted on the second point. As the actions by
the Spanish Crown to improve education shows, the Spanish Crown acted on the
third point. As noted above, the euro centrism of the initiatives of the Spanish
Crown probably resulted in suboptimal outcomes, but the ultimate success or
failure of the reforms enacted by the Spanish Bourbon dynasty cannot be assessed,
because the Peninsular War and the independence of the Spanish Americas in the
early 19th century prevents a reliable assessment.
The reforms of the Spanish Bourbons were based on the Romanic Branch of the
Occidental Tradition, and this resulted in poor results for the Amerindian
population in Mexico, and a further delegitimization of Aztec society as it related
to commerce and the economy. A further delegitimization can be seen as
shattering the legitimization of Aztec science and technology, because the
delegitimization of the commercial and economic aspects of the Aztec society also
meant that the demand for Aztec technological innovation in the sense of Fernand
Braudel was delegitimized as well. This last argument based on a reversal of
Fernand Braudel’s argument: He argues that technological invention is turned into
technological innovation when there is demand for the technology in society
(Braudel, 1979c, p. 489), hence the logical result of a lack of demand is the
cessation of technological innovation. There is no reason to believe that the same
did not hold true for Aztec science.
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On the pretext on improving the efficiency of the agricultural sector, the Crown
confiscated the collective agricultural lands thus depriving the Amerindian
population of important resources particularly in times of problems (Castro
Gutiérez, 2010, p. 106). This measure meant that the Crown unilaterally
terminated the modus vivendi that had been found between the Occidental
Tradition and the Amerindian Tradition in the acceptance of the brotherhoods and
collective lands. Such a stark breach of the Occidental Tradition as accepted by the
Amerindian societies in Mexico would raise the expectation of a societal reaction.
A significant societal reaction in the form of the independence of Mexico did occur
some years after 1789, i.e., the end of the time period considered in this work.
The economy of the Spanish Americas was growing based on mining, and the
growth in mining drove the growth in agriculture and artisanal production in the
18th century (Saldaña, 1996, p. 152). The increase of the production of precious
metals impacted the different parts of Mexico differently thus resulting in regional
societal changes in Mexico (Ibarra, 2010, p. 218).
The focus on mining was in accordance with the societal reforms instigated by the
Spanish Crown in late part of the 18 th century (Jáuregui, 2003, p. 726). However,
the exports of the Spanish Americas to Spain became more diverse in the 18 th
century: In the time period from 1747 to 1778 precious metals represented 78%
and in the time period from 1778 to 1796 60%, the remainder consisted of, e.g.,
tobacco, cacao and sugar, and the imports from Spain consisted mostly of textiles,
brandy, wine and iron products (Llopis Agelán, 2010, p. 156). Although mining and
agriculture certainly do pose some scientific and technological challenges, the
exports from the Spanish Americas to Spain were generally speaking scientifically
and technologically not very sophisticated. From the standpoint of Madrid, the
Spanish Americas were captive markets for Spanish manufactured goods (Jáuregui,
2003, p. 726). The Spanish Crown did not take advantage of the full potential of
the Spanish Americas as sources of manufactured products, scientific development
and technological innovation, particularly the creativity of the peoples with some
of the most sophisticated economies in the 15 th and early 16th centuries, e.g., the
Aztecs and the other peoples living in the Valley of Mexico.
It has been argued that the Spanish did not establish much manufacturing in the
Spanish Americas, and that the textiles manufactured in the Spanish Americas
were sold to Amerindians and generally poor people at low prices (Dougnac
Rodríguez, 1994, pp. 446-447). It is noteworthy that there does not seem to have
been any significant Spanish attempt to take advantage of the obviously low
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production costs in the Spanish Americas and sell them into the European markets,
maybe even undercutting the cost of mechanized textile manufacturing.
It would be wrong to consider the Spanish Americas pure suppliers of natural
resources as already suggested by the existence of significant textile
manufacturing in Mexico. The Mexican economy also had manufactures in the 16 th
and 17th centuries producing, e.g., crystals (the only production facility in the
Realm), cotton-based clothing and books (in Ciudad de México was the largest
production of books in the Spanish Americas) (Calderón, 1988, p. 426). This shows
that the Spanish Crown did not prevent the establishment of manufacturing in the
Spanish Americas in general, but potentially the Spanish Americas may have played
a larger part in manufacturing.
An indication of the societal obstacles is contained in the source of the funds used
in capital investments into large-scale manufacturing in Mexico. The funds for the
first large-scale manufacturing operations were provided either by the Crown or
by merchants (Jáuregui, 1997, p. 21). The interesting point is not that the Crown
and the merchants are mentioned, but who is not mentioned: the owners of large
agricultural estates. This reflects the situation in France during l’Ancien Régime in
the beginning of the 18th century, but it differs from the situation in the second half
of the 18th century.
Some research indicates that the Spanish merchants lost preferential treatment in
Mexico resulting in investments in mining and specialized agriculture by Mexican
merchants from 1778 until 1789 (Valle Pavon, 2003, p. 660). This indicates that the
Mexican merchants were sufficiently knowledgeable about science and technology
to operate some of the scientifically and technologically most challenging
operations in the Spanish Americas, and that they possessed significant amounts
of capital. It does not explain why they decided to invest in mining and agriculture
instead of scientifically and technologically even more sophisticated
manufacturing operations. Apart from legal reasons, there may have been other
societal reasons along the lines of those outlined for textiles above. In other words,
the same or similar societal reasons potentially affecting the purchasing decisions
in Spain may have affected the thinking of the decision-makers in Mexico.
Unfortunately, it is impossible to get information from long since deceased
decision-makers.
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(v) Chapter Assessment
This Chapter shows serious limitations, even flaws, in the Occidental Tradition as it
relates to the legitimization of science and technology. Whereas Chapter VI and
Chapter VII deal with achievements in science and technology, Chapter VIII deals
with inability. These two different sides are necessary to comprehend the
legitimization of science and technology in societies based on particularly the
Romanic Branch of the Occidental Tradition.
In this Chapter, we see that the Occident delegitimizes particularly science that is
incongruent with the Occidental Tradition. The extensive destruction of Aztec
literature by the Occident particularly in the 16 th century demonstrates three
issues in this context. First, it was not only Aztec society that tied religion and
science, because the destruction of Aztec literature on religious grounds suggests
that also the Occident tied religion and science. Thus, any attempt to delegitimize
Aztec science on the grounds that it was based on religion rather than some form
of scientific approach is asymmetric and thus flawed because of such an attempt
ignores the equally important tie between religion and science in the Occident in
the 16th century. It can even be argued that such an attempt is fundamentally
racist and thus unethical.
Second, the recognition Aztec medicine received in the 16th century means that at
least in medicine Aztec society had achieved a significant level in science. For this
recognition by the Occident documentary evidence exists. The willfull destruction
of Aztec literature by the Occident means that any substantive assessment of other
Aztec science is challenging because of the lack of documentary evidence. This
cannot be considered proof that Aztec science was not equally sophisticated in
other fields than medicine in the early 16th century. Equally, it does not mean that
it was. However, the sophisticated Aztec medicine obviously based on empirical
observations suggests that Aztec society did possess an overall sophisticated
science. In turn, this suggests that the Occident was not willing to consider
legitimate science based on empirical observations in the 16th century, if this
science was incongruent with the Occidental Tradition.
Third, the single-minded focus on Occidental science at the universities in the
Spanish Americas and the exclusion of Amerindian students de facto meant that
the evolution and even survival of Aztec science was dubious in Nueva España.
Whereas Aztec society had been largely destroyed by the Occident and the
epidemics the Occident introduced into the Americas, it is not credible to maintain
that the delegitimization of Aztec science was driven by religious motives. At this
time, a significantly more credible interpretation of the situation is that the
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Occident was not willing to legitimize science that was incongruent with the GrecoRoman philosophy and science.
Occidental science demonstrates characteristics of being closed to a significant
degree to outside influences irrespective of the merits of non-Occidental sciences,
here Aztec science. In other words, empirical observations have to be interpreted
within the confines of the Occidental Tradition in order to be legitimized. This
limits scientific development in the sense that the search for a single and
immutable truth as exemplified by the work of Gaston Bachelard (see Chapter V)
precludes the existence of several and changing truths. This sets strict limits to
what can be legitimized within the Occidental Tradition and thus Occidental
science.
Does the present-day hegemony of Occidental science and technology mean that
they are substantively superior to their non-Occidental counterparts? The
delegitimization of Aztec science in the Occident suggests that this is not
necessarily the case. This standpoint can be defended on two grounds. First, a
potentially superior alternative to Occidental science was destroyed by military
prowess combined with ruthless intolerance and not by a fair competition of two
sciences, Aztec science and Occidental science.
Second, a credible assessment of the superiority or inferiority of Occidental science
vis-à-vis non-Occidental science would require that all alternative sciences have
had sufficient resources to evolve over the centuries. The destruction of Aztec
society by the Occident means that Aztec science did not have this chance.
Consequently, it cannot be concluded that Aztec science is substantively inferior to
Occidental science.
Considering Fernand Braudel’s view that (i) the demand for technological
innovation originates after technological inventions has taken place in society (ii)
the economy was an aspect of society, the rejection of Aztec science by the
Occident irrespective of its merits becomes comprehensible although hardly
acceptable from the standpoint of science and technology. The rejection
demonstrates a weakness in Occidental science and technology: Science and
technology at odds with the relevant branch of the Occidental Tradition face an
uphill battle to be accepted in the Occident. This limits the intellectual input that
forms the foundation for development in science and technology.
In spite of its present-day hegemony, the essentially closed and intolerant
Occidental science as demonstrated by the delegitimization of Aztec science by the
Occident contains the seeds of its own destruction exactly in these two
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characteristics. Looking ahead: If Occidental science is confronted by a challenge
from a non-Occidental science that cannot be subjugated by military aggression
and that is well resourced, then Occidental science may not be capable to fend off
the challenge by adopting concepts which are incongruent with the Occidental
Tradition and Occidental science.
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IX. Complex and Recursive Recombination: Legitimization and
Societal Tradition
As defined in Chapter I, the Sub-Objective of Chapter IX is: The Fifth Sub-Objective
is to present conclusions and recommendation in the form of the concept of
Complex and Recursive Recombination. This Sub-Objective is assessed in the SubChapters: (i) Societal Legitimization of Science and Technology, (ii) (ii) Cerebral
Aspects of the Legitimization of Science and Technology, and (iii) Foundation of
Legitimization: Complex and Recursive Recombination.
Before getting started, it is warranted that we remind ourselves on three
fundamental ideas which flow through this entire work:
(1) Legitimization: Legitimization is based on the societally accepted
interpretation of the relevant branch of the appropriate societal tradition
at the point in time in question.
(2) Science: Science is a product of a society and hence science is not universal,
but there are many different sciences, e.g., there is an Occidental science
that is different from Aztec science.
(3) Technology: Technology is a product of society, particularly the demand
from society decides which technological inventions become technological
innovations.
Let us make one additional comment in regard to the fundamental idea relating to
science: Edgar Morin argues that science is not a reflection of reality but a
construction of the spirit translated into a human language (Morin & Le Moigne,
1999, p. 36). Whereas the spirit and human language are not universal, Edgar
Morin’s argument explains why science as a description of universal natural
phenomena is not and cannot be universal.
The three fundamental ideas above emphasize the need to anchor the assessment
of science and technology to society and individuals, and this means in this work
sociology (the French Pragmatic Sociology), history (the Annales School) and the
cerebral activities in individuals (Neuroscience). At the end of Chapter IX, the
concept of Complex and Recursive Recombination is developed and presented as
a key result of this work.

(i) Societal Legitimization of Science and Technology
Let us consider the legitimization of science and technology in four parts. These
four parts resemble the three fundamental ideas presented above, i.e., (a)
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Legitimization, (b) Legitimization of Science, (c) Delegitimization of Science and (d)
Legitimization of Technology. Let us keep in mind the argument in Chapter V:
Engineering feats have existed for millennia suggesting that applied science has
existed throughout this period of time, but its association with science or
technology has varied over time and depending on scientific discipline in the
Occident.

(a) Legitimization
Saint Augustine’s division of power between Imperium and Ecclesia has impacted
the substance of legitimization in the Occident. Its most fundamental impact on
legitimization is that there are two substantive foundations for legitimization in
general and the legitimization of science and technology in particular in the
Romanic Branch of the Occidental Tradition: the Roman Heritage and Occidental
Christianity. Depending on the situation, these two roots of the Romanic Branch
of the Occidental Tradition may complement or compete with each other.
If it is accepted that theology can be equated with ideology, then Saint Augustine’s
division of power contributed to at least the potential emergence of competing
ideologies in Occidental societies: One of them was associated with the Imperium
and the other with the Ecclesia. The existence of two competing interpretations
of the same societal tradition or the same branch of the same societal tradition can
be seen to constitute an example of Roger Chartier’s view that there may be more
than one set of societal norms in one society and that this multitude does not
disappear over time. However, taken together, Chapter VI, Chapter VII and
Chapter VIII demonstrate that the relative authority and thus impact of the two
roots of the Romanic Branch have varied over time. This means that there is no
guarantee that the current supremacy of the Roman Heritage as the foundation of
legitimization in general and the legitimization of science and technology will
continue in the future, i.e., Occidental Christianity may regain at least some of its
former authority in this realm.
Roger Chartier’s view applies for each of the two roots of the Romanic Branch of
the Occidental Tradition as well. Let us look at the development during l’Ancien
Régime in the second half of the 17th century and the 18th century. Arguably, the
Roman Heritage provided the foundation of legitimization throughout this period,
but the part of the Roman Heritage used differed. In the first part of this time
period, the emphasis was on the Imperium Romanum, particularly the Late
Imperium Romanum, with its emphasis of the authority and power of the
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Imperator as the ultimate source of law but also legitimization. This favoured the
Crown. In the second part of the time period, the emphasis shifted toward the Res
Publica Romana with its emphasis of the authority and power of the patricii, i.e.,
the aristocracy. This meant that the hitherto societally accepted interpretation of
the Romanic Branch of the Occidental Tradition was increasingly destabilized after
the onset of the aristocratic reaction after 1730. Chapter VII demonstrates that
the resulting societal tensions were not limited to the relationship between the
Crown and the aristocracy, but they also increased between the aristocratic
seigneurs on the one hand and the wealthy artisans and merchants on the other
hand as both of these groups clashed over capital investments in natural resourcesbased production operations and manufactures. Underlying this clash was also the
legitimization of science and technology: The aristocratic seigneurs were primarily
involved with production operations based on chemistry and chemical
engineering, and the wealthy artisans and merchants were primarily involved with
manufactures based on physics and mechanical engineering. Consequently, a shift
in the foundation of legitimization in general impacted the legitimization of
different disciplines in engineering, i.e., science and technology.
Chapter VII exemplifies that science and technology, including scientific
development and technological innovation, are legitimized by society. The focus
in this work is on societies belonging to the Romanic Branch of the Occidental
Tradition, i.e., Chapter VI deals with legitimization in the context of the Occidental
Tradition prior to its split into the Germanic Branch of the Occidental Tradition and
the Romanic Branch of the Occidental Tradition, and Chapter VII and Chapter VIII
deal with legitimization in the context of the Romanic Branch of the Occidental
Tradition. Chapter VII also demonstrates that the foundation of legitimization of
science and technology changes over time as reinterpretions of the relevant
branch of the appropriate societal tradition occur from time to time.
The work of Luc Boltanski and Laurent Thévenot on “justification” – i.e.,
“legitimization” in the parlance of this work – is applied in conjunction with the
French Pragmatic Sociology and the Annales School in this work. Chapter II shows
that legitimization is tied to the idea of the common good, but Chapter VII
demonstrates that the in casu assessment of the common good is not a
straightforward task when a society is in the throes of a reinterpretation of its
branch of its societal tradition: The John Holker case exemplifies the challenges at
finding consensus about what was considered to be in the public interest during
l’Ancien Régime in the second part of the 18th century. To a degree, the John
Holker case also demonstrates that the societal perception of the public interest
changes over time. This is not a surprise, because like all legitimization the
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perceived public interest is founded on the societally accepted interpretation of
the relevant branch of the appropriate societal tradition at the time of the
legitimization, i.e., a foundation that changes from time to time.
Although individuals made the decisions raising the societal tensions and
ultimately destroying l’Ancien Régime, their understanding of the common good
and iustitia was of decisive importance. We have seen that Gabriel Tarde argues
that for iustitia to reign there has to be harmony of sentiments relating to the
heart, including pity, admiration, anger and enthusiasm. We have also seen that
Émile Durkheim offers a complementary view: The spirit of discipline is the
essence of life in society, and the spirit of discipline is founded on reason and truth.
Although an individual can influence his/her environment, the sweeping societal
pressures building in l’Ancien Régime were not caused by one individual alone but
in a society adhering to some definition of the common good. When harmony
ceased, and when the belief in reason and truth were corroded, then the discipline
of society eroded. And this happened with the seignieurial system.
The societal dynamics in the Occident demonstrates that any substantive definition
of the term “common good” has been dynamic, i.e., it has changed over time. In
18th century France, the differing views held by adherents of le Colbertisme and le
Physiocratisme on a wide array of societal issues show very different
understandings in regard to the common good. This does not mean that the
fundamental differences between these two currents of thought were radically
new. There is no reason to believe that adherents of both of these currents of
thoughts believed that their view did not serve the common good, and they were
able to legitimize their viewpoints. This demonstrates that finding a universally
accepted definition of the common good is de facto impossible. Another example
underlining this same point is the forced labour required from the Amerindians in
the Spanish Americas, including Mexico. In the early 16th century, the vast majority
of the population was Amerindian, and the legitimization of slavery and/or forced
labour on the pretext of the common good is dubious at best. It certainly was not
compatible with the common good from the standpoint of the Amerindians.
Chapter II also deals with the foundation of rationality. The societally accepted
interpretation of the relevant branch of the appropriate societal tradition at the
point in time in question also impacts the substance of rationality. This is
exemplified in Chapter VIII. It would be nonsensical to consider that the Aztecs
considered Aztec science anything but rational at least until the beginning of the
16th century, but the Occident had a different comprehension of the substance of
rationality. In other words, the substance of rationality differed in the societally
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accepted interpretation of the Aztec Branch of the Amerindian Tradition in the
early 16th century and the Castilian societally accepted interpretation of the
Romanic Branch of the Occidental Tradition in the early 16 th century.
Even if Fernand Braudel’s view on discontinuities occurring in the context of
continuities is accepted, a reinterpretation contains uncertainties in regard to its
outcome. Specifically, it is not necessarily a given which aspects of an
interpretation of a societal tradition or a branch of a societal tradition will be part
of the continuities. The uncertainty is accentuated if Gabriel Tarde’s view that
during periods of discoveries and inventions there is more critical thought is
accepted. Fernand Braudel’s view and Gabriel Tarde’s view shows a path to a part
explanation of the fall of l’Ancien Régime in 1789. The societal tensions caused by
the escalating conflict between the aristocratic seigneurs on the one hand and the
wealthy artisans and merchants on the other hand forced a reinterpretation of the
Romanic Branch of the Occidental Tradition in 1789. However, it is hardly credible
that the aristocratic seigneurs had pursued their action, if they had expected that
one of the outcomes was la Terreur of 1793 and 1794, i.e., after the time period
considered in this work. Thus, a reinterpretation of the relevant branch of the
appropriate societal tradition is subject to uncertainties and uncertain outcomes.
A reinterpretation of the relevant societal tradition can also be embarked on
consciously by society, particularly by the dominating powers in spite of the
uncertainties associated with such an exercise. A reinterpretation may require
action if there is not an event that triggers a reinterpretation. E.g., the confidence
and trust the Occidental societies had in the Ecclesia Catholica Romana in the
Occidental Middle Ages and its domination of much of the medieval Occidental
societies did not only legitimize the Crusades, but it also helped the societies and
individuals to overcome the fear they had of the Mare Diabolicum, i.e., the Atlantic
Ocean. This reinterpretation can be seen as the replacement of a purely landbased ideal with an ideal conducive to maritime ventures as well. If a
reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition is equated with the replacement of one ideal with
another, then Émile Durkheim’s view about the similarity and relatedness of
societal ideals and religious ideals demonstrates that the dominating Occidental
intellectual force in the late Middle Ages, the Ecclesia Catholica Romana, did not
comprehend this connection – an unlikely situation given the historical struggle
between Paganism and Christianity in the Imperium Romanum – or it was
confident of the continuation of its domination of society. The confidence of the
Ecclesia was in this line of argument the foundation for the societal mobilization of
the confidence and trust medieval people had in the Ecclesia to trigger the
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reinterpretation and the adoption of an ideal conducive to the commencement of
maritime explorations. The actions of the Ecclesia Catholica Romana triggered the
reinterpretation of the Occidental Tradition – before its separation into different
branches – associated with several Occidental societies embracing the oceans
rather than being effectively landlocked.
The example of the problems Saint Thomas of Aquino had with the Ecclesia shows
that domination without tolerance can lead to stagnation – this very example
shows that the resulting stagnation may affect science and technology. In this
context, the effort of the Ecclesia to have domination over all knowledge was
undermined by the societal strengthening of the Crown which contributed to the
protection of science and technological innovation. Because the Crown did not
base its claim to domination on a particular understanding of science and
technology, the Crown was able to protect and to be tolerant vis-à-vis science and
technological innovation without fear of losing its societal legitimacy and the
societal asymmetries underpinning its domination during l’Ancien Régime. Or so
the Crown wrongly assumed.
The protection and toleration of science and technology became a problem for the
Crown when science and technology contributed to societal changes perceived as
a violation of iustitia during l’Ancien Régime in the second half of the 18th century.
Particularly, the legitimization of science and technology during the reign of Louis
XIV meant that it was easier for aristocratic seigneurs to engage in large-scale
production operations as the aristocratic reaction gathered speed after 1730.
Opposition according to Gabriel Tarde and criticism according the Luc Boltanski are
fundamentally important for science and technology in general and scientific
development and technological innovation in particular. It is easy to see why
criticism, or more accurately a critical mind, can be considered a potentially
subversive element in society. Let us first briefly look at the importance of
opposition and criticism in theoretical science and applied science as it relates to
chemistry, and then as it relates to society. In the case of chemistry, without the
criticism Lavoisier levelled against the phlogiston theory it is difficult to envision
the scientific development which laid the foundation for modern chemistry. In the
case of society, it is difficult to assess the real importance of the criticism levelled
against l’Ancien Régime by men like Jean-Jacques Rousseau and François-Marie
Arouet (also known as Voltaire) in the context of all factors delegitimizing l’Ancien
Régime in the middle of the 18th century, but the opposition and criticism are at
least symptomatic of all the opposition and criticism that resulted in the fall of
l’Ancien Régime in 1789.
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A fundamental problem for Luc Boltanski’s concept of simple domination is that
l’Ancien Régime was prepared to tolerate criticism in the context of science
indicating that it did not consider this criticism a threat to the Crown’s domination,
i.e., l’Ancien Régime allowed for the emergence of science. However, science
threatened to undermine the legitimacy of a key ally of the Crown, the Ecclesia
Catholica Romana, and thus the Crown’s tolerance of science and the opposition
and criticism associated with science undermined the legitimization of l’Ancien
Régime as the 18th century progressed.
Considering the societal history of the Occident, the assessment of the role of
ideologies is an interesting task. There have been attempts by different individuals
and organizations to influence the interpretation of the Occidental Tradition. The
societal domination of Imperium and Ecclesia contained in Saint Augustine’s work
can be interpreted an ideology with theological underpinnings. The increased use
of science in societal decision-making did not necessarily result in the decline in
ideology during l’Ancien Régime in the 18th century. Leaving the issue of science
as an ideology aside, the use of science actually increased ideology in France in the
18th century: The Crown’s policy was heavily influenced by le Physiocratism during
the reign of Louis XVI, and simultaneously ideologies which propagated a new
constitutional settlement and significant changes to the society of l’Ancien Régime
gained strength and were successful in 1789. In other words, the rising importance
of “scientific” physiocratism coincided with a need to legitimize l’Ancien Régime on
a new foundation. From this perspective, Luc Boltanski’s claim that the use of
science reduces the need for legitimization is problematic.
Insofar ideologies can be equated with illusions; the impact of non-scientific
sources for societal change should not be underestimated. The ideology of the
Imperium Romanum has been a strong driver of societal change in the Occident.
The richness of the Roman Heritage means that there have been many different
interpretations of it based on numerous sources. The ideology of Imperium and
Ecclesia as the foundation of society has been mentioned several times, but also
the ideology of the dominance of the Imperator has had a great influence in the
Occident, including in France during l’Ancien Régime. As noted in the context of
the Crown as a protector of science and technological innovation, this dominance
of the Imperator has also had a significant impact on the development of science
and technological innovation in the Occident.
In regard to the issue of the societally accepted interpretation of the Occidental
Tradition being a compromise, several examples are seen in this work. Luc
Boltanski and Laurent Thévenot argue that a compromise is a way to render a
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decision in a situation characterized by contradiction, but that a compromise is a
fragile foundation for a judgement. In some cases a societal reaction has set in
when the foundation of the compromise has shifted. The case of the tax-exempt
seigneurial income is one example. The perception of a contravention of iustitia
could be legitimized by referring to the origins of the tax exempt status of the
seigneurial income: It existed to offset the costs of the war service the seigneurs
had to partake in. With the de facto disappearance of this duty the raison d’être
of this tax exemption seemed to contravene iustitia. However, the seigneurs had
other responsibilities as well relativizing the legitimization of the criticism against
the tax exemption. In other words, even a partial shift has been enough to trigger
a perception of a contravention of iustitia.
Luc Boltanski’s and Laurent Thévenot’s view on the fragility of decisions based on
compromises is certainly supported by the cases in the context of the Occidental
Tradition contained in this work. This does not mean that compromises provide
fragile foundations for decisions in the context of other societal traditions. The
syncretism of Aztec religion and Aztec science is an example hereof, because
syncretism allows for the existence of more than one legitimate truth at any given
point in time. The cause for the fragility is not necessarily founded in the action of
finding a compromise but the dichotomy true-false associated with the Occidental
Tradition.
The foundation and the way of legitimization have changed significantly over time.
The clearest example in this work is certainly the shift from theology-based
legitimization to reason-based legitimization in France particularly in the 18th
century. This change was not as significant as it appears at first glance. Émile
Durkheim argues that society has the capability of creating ideals which are similar
to and related to religious ideals. If a legitimization is associated with an ideal
associated with, e.g., ethics or economic efficiency, then this ideal can be
considered an expression of a surrogate religion or to be based on religion in view
of Émile Durkheim’s argument. The similarities do not mean that significant
changes did not take place in the 18th century.
The shift in the foundation of legitimization was not initiated by the Imperium but
by the Ecclesia, i.e., the loser of this societal development. Saint Augustine’s
division of power between Imperium and Ecclesia – and this was most likely an
unintended consequence – resulted in a societal interplay between Imperium and
Ecclesia on the one hand and an interplay between the Roman Heritage and
Occidental Christianity on the other hand in the context of legitimization. The
urban decline from the 3rd century onward and the fragmentation of the Occident
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from the 5th century onward resulted in an increase of the importance of the
teaching of the Ecclesia and Occidental Christianity as the source of legitimization.
The tide turned in the 12th century. The Ecclesia Catholica Romana was at the heart
of significant changes to legitimization from the 12th century onward, e.g., the work
of Thomas of Aquino and the reintroduction of the Greco-Roman philosophy and
science would form the foundation of the weakening of the Ecclesia in the context
of legitimization in later centuries. As the canonization of Saint Thomas of Aquino
demonstrates, this does not mean that the Ecclesia did not attempt to adapt its
teaching, but the existence of the Imperium meant that a change in the source of
legitimization could result in a change in the relative societal weight of Imperium
versus Ecclesia. From the standpoint of science, this societal shift meant that the
source for the legitimization of science changed from the Imperium to the Ecclesia
in Late Antiquity and the early Middle Ages and then from the Ecclesia to the
Imperium from the late Middle Ages onward. Obviously, the different foundation
used in the legitimization impacted science and technology and influenced the
focus of scientific development and technological innovation.
No clear evidence for scientific determinism – analogous to technological
determinism – and technological determinism can be discerned in Chapter VI,
Chapter VII and Chapter VIII. In other words, it cannot be concluded that science
and technology would have unilaterally resulted in a reinterpretation of the
Romanic Branch of the Occidental Tradition, but there are strong indications that
societal change impacted science and technology. Let us briefly look at two
examples. In Chapter VII, the aristocratic reaction from 1730 onward preceded
many of the technological inventions and particularly technological innovations in
the natural resources-based production operations in the 18th century. In Chapter
VIII, the delegitimization of Aztec science was preceded by a societal event – the
conquista of the Aztec Empire by Castile. This suggests that Fernand Braudel is
correct, and serious reservations have to be expressed about the validty of Jacques
Ellul’s claims in regard to technological determinism – at least for the time period
until 1789. Admittedly, Jacques Ellul does not claim that technological
determinism is valid before the 19th century. This can also be seen in the context
of Edgar Morin’s assertion that creativity is associated with strategic behaviour,
but strategic behaviour resulting in no societal acceptance of the scientific
development and technological innovation would not be strategic.
No consistent overriding driver of societal change in general and in science and
technology in particular can be identified for the Occident in this work. To
conclude that the temporal society including the Imperium has been a key driver
of science and technology in general and scientific development and technological

344

Legitimization of Science and Technology

innovation in particular would not honour the significant impact the Ecclesia
Catholica Romana has had on science and technology particularly during the
Occidental Middle Ages. We can see that the legitimization of science and scientific
development were different for the Imperium and the Ecclesia. The policies of
Jean-Baptiste Colbert demonstrate that the focus of science was more in applied
science or science that held the promise of forming the basis for military and/or
commercial applications during l’Ancien Regime in the second half of the 17th
century and the first half of the 18th century. The legitimization was not the
generation of wealth per se but the creation of the foundation of increased gloire
for Louis XIV and thus for the Realm – and the many wars Louis XIV fought during
his reign amply demonstrate that the king’s and the Realm’s gloire was ultimately
based on military success and conquest.
A straightforward dominance of monetary considerations in societal development
in general and science and technology in particular cannot be found. This
statement is in line with Fernand Braudel’s work. In arguing that solely the specific
and insistent demand from society turns technological inventions into
technological innovations, and that technological inventions lay often dormant for
long periods of time until said demand materializes, then the uncertainty in regard
to the later demand by society combined with the uncertainty of which
technological invention will form the foundation of technological innovation, i.e.,
the step in which monetary benefits emerge precludes a monetary motivation for
technological inventions. The lacking monetary success of the inventor of
steamboats, Claude Jouffroy d’Abbans, and the inventor of automobiles, Nicolas
Joseph Cugnot, exemplifies the futility of monetary motives in technological
inventions. Whereas applied science is in an identical situation with technological
inventions, the monetary incentive for applied science is equally dubious. This
underlines the importance of the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at a particular point in time for science
and technology.
A good case can be made for the concept of a homo duplex in the sense of Émile
Durkheim. It gives individuals an individualist aspect and a societal aspect. We can
see that success in science and technology requires from a scientist and innovator
that he/she acts strategically in the sense of Edgar Morin. E.g., Antoine Laurent de
Lavoisier had to have a sufficient societal position to win acceptance for and
legitimize his contention that the phlogiston theory was wrong. More broadly, a
scientist and innovator have to find a way to legitimize their science and
technology in the context of the societally accepted interpretation of the relevant
branch of the appropriate societal tradition at the point in time on question to
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achieve success. The example of Antoine Laurent de Lavoisier demonstrates that
full agreement among the scientists in the relevant discipline is not absolutely
necessary.
Edgar Morin has raised the issue of auto-organization in science and technology.
If auto-organization is equated with another term Edgar Morin uses, “strategic
behaviour”, then we have seen that there are numerous indications that autoorganization has occurred. The controversies among humans working in science
and technology calls into question the concept of auto-organization, the example
of Antoine Laurent de Lavoisier can be cited here again. Any attempt at autoorganization is limited by society at large. A case in point is the delegitimization of
Aztec science by the Occident particularly in the 16th century. It would have been
completely pointless for the Aztec scientists, i.e., Aztec priests in the case of Aztec
medicine, to auto-organize in some way, because the Occident was not willing to
accept Aztec science.
The legitimization of modern chemistry would suggest that Edgar Morin’s autoorganization argument has merit. Legitimizations occur in the context of societies,
sub-societies, groups and individuals. It is unimportant whether the aim to
legitimize something is in the context of a society, sub-society, group or an
individual, the interaction between a society, a sub-society, a group or an individual
is necessary. The emergence of chemistry as a science demonstrates the
importance of interactions between individuals in gaining societal acceptance for
chemistry as a science. However, all individuals had not to be convinced one-byone – convincing every individual irrespective of his/her level of scientific
knowledge of the legitimacy of the emerging chemistry would have been obviously
impossible for practical reasons – of the legitimacy of chemistry as a science. The
emergence and acceptance of chemistry as a science was favoured by the
personalities of men like Berthollet, Fourcroy, Lavoisier and Morveau, but for all
the intellectual brilliance of these men and others chemistry would not have
emerged as a science without societal acceptance. If, for whatever reason, there
had been societal reluctance to accept modern chemistry during l’Ancien Régime
in the late 18th century, then it would not have gained legitimacy. Here we can
refer to the delegitimization of Aztec science as an example of a delegitimization
of science based on society and not science. This does not mean that a path to
societal acceptance would not have been found by someone else at another time
and maybe in another society, i.e., there would have been someone else who
would have taken Lavoisier’s mantle.
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The formal influence of ethics and/or morals on science and technology, including
scientific development and technological innovation, was relatively stable in the
Occident until the 18th century. The protection and support of the Crown for
science and technology did not mean that the principles of the Christian faith were
abandoned by the French and Spanish societies although some reinterpretations
may have occurred. In the 18th century, the importance of religious arguments
waned in France although not in Spain.

(b) Legitimization of Science
The legitimization of science – including the adoption of science which originated
in a society with another societal tradition – faces several obstacles even if the
science in question is considered legitimate in another society. First, scientists face
the loss of different types of investment, e.g., in education and experience, if the
existing science is delegitimized. Second, new science is not necessarily compatible
with the existing rationalities, and this poses the challenge of attempting to
legitimize new science in the confines of rationalities which are not compatible
with the rationalities underpinning the new science and technology. This challenge
is made even more daunting, if the language used in the society in which the
attempted legitimization takes place is not conducive to the rationalities of the
new science and technology. Third, new science and technology may delegitimize
the rationalities to such a degree that the societally accepted interpretation of the
revelant societal tradition or the relevant branch of the appropriate societal
tradition is delegitimized as well. The last delegitimization would provoke a
reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition.
Chapter V and Chapter VIII offer two examples of the issues involved. In Chapter
V, the tension between theoretical science and applied science demonstrates that
the rationality of empirical work as found in the precursors of what is nowadays
called chemistry as a legitimate part of theoretical science was not necessarily
shared by other disciplines of science. The establishment of les Écoles particularly
in the 18th century facilitated the emergence of engineering that tied together
science and technology and legitimized applied science in the process (Chapter VII).
The action of society, particularly the Crown, was required to break down the
poorer appreciation of applied science and technology propagated in the Roman
Heritage, particularly in the work of Aristotle. In other words, the Crown improved
the legitimacy of applied science and technology in other disciplines than those
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based on chemistry based in the 18th century. In Chapter VIII, it took the actions
of Occidental society to delegitimize Aztec science.
If science, particularly scientific development, is at odds with the societally
accepted interpretation of the respective branch of the appropriate societal
tradition, then this science cannot be legitimized within the confines of the
societally accepted interpretation. It also means that this science represents a
challenge to the societally accepted interpretation, including the different
rationalities derived from the societally accepted interpretation. Additionally, this
science threatens to delegitimize the rationalities underpinning the existing
science. Considering this argument from the opposite direction, science that does
not conform to the societally accepted interpretation threatens the existing
science. Thus, the rationalities underpinning the existing science and ultimately
the societally accepted interpretation gave rise to these rationalities depend on
each other. In other words, science is at least potentially societally subversive.
E.g., the scientific development was societally subversive by undermining the
position of the Ecclesia Catholica Romana during l’Ancien Régime particularly
during the 18th century.
Garbriel Tarde emphasizes the role played by imitation in science. Imitation of
science was possible, because of the intellectual dominance of the Ecclesia
Catholica Romana in the Occidental societies at the time in question. The
intellectual dominance of the Ecclesia was a bulwark against conformity with the
Arab Tradition – as a result imitation of Arab science was hampered. Jean Baechler
argues that a challenge associated with imitation is that it leads to conformity
(Baechler, 2009, p. 116). A suggestion of conformity with the Arab Tradition would
have been problematic in view of the animosity between the Christians and
Muslims. We have seen that the Occidental societies were involved in many
conflicts with Arab societies during the late Occidental Middle Ages.
Gabriel Tarde’s view that inter-societal imitation commences the dynamic of
scientific development and technological innovation has to be considered in the
context of Fernand Braudel’s argument about the simultaneousness of
discontiunuity and continuity at least in the case of the scientific development in
the 11th, 12th, 13th and 14th centuries. We have seen that the Greco-Roman
philosophy and science was reintroduced into the Occident via the Nestorians and
Arabs, and that this inter-societal imitation was of crucial importance for
Occidental science and scientific development. Although much of what was (re-)
introduced was new for the Occidental societies at this point in time, the aspect of
continuity cannot be completely ignored. We have seen that Saint Augustine used
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some parts of the Greco-Roman philosophy and science in his writing, and we have
seen that Latin – albeit Church Latin and not Classical Latin – was the language of
learning throughout the Occidental Middle Ages. Although the contents were new
for the men of letters and the Arabs represented discontinuities, the continuities
were significant. The Greco-Roman foundation was largely legitimate for
Occidental men of letters cognizant of, e.g., Saint Augustine’s work. This was a
significant difference to the situation in Mexico particularly in the 16 th century:
Aztec science was not legitimized by roots in the Greco-Roman philosophy and
science, because it did not have them. Moreover, the discontinuity triggered by
the (re-) introduction of the Greco-Roman philosophy and science from the
standpoint of the Occident societies occurred in the context of the continuity the
dominance of the Ecclesia Catholica Romana offered.
We can see that during the Occidental Middle Ages the Ecclesia Catholica Romana
dominated all things intellectual, and this at least severely limited the potential
competition between ideologies in Occidental societies. This does not mean that
men associated with the Ecclesia did not engage in actions which legitimized the
Roman Heritage, particularly Greco-Roman philosophy and science. In other
words, the Ecclesia cannot be considered necessarily an impediment to Occidental
science and technology in general and scientific development and technological
innovation in particular. Fernand Braudel’s argument about the simultaneousness
of discontinuity – in this case the re-emergence of the Greco-Roman philosophy
and science and the subsequent scientific development particularly from the 12th
century onward – and continuity – in this case the intellectual dominance of the
Ecclesia Catholica Romana in Occidental societies – suggests that key to scientific
development is not necessarily who dominates but that there is a perception of
stable dominance allowing for the continuity in the face of discontinuity.
An assessment of the pros and cons of the transfer of science from the Ecclesia to
the Imperium has to contend with two implications of this transfer. First, scientific
development was certainly impressive in the 18th century as exemplified by the
emergence of modern chemistry, but insofar science and scientific development
are associated with a rise in reason, the assertion of Edgar Morin that reason
means the dehumanization of humans creates, the implications were not
necessarily societally all good in the sense of promoting harmony in the sense of
Gabriel Tarde. Second, the transfer meant that the “rationalis” of the protection
and support of science had to be aligned with the Crown. This meant that one set
of constraints – ecclesial constraints – were traded for another set of constraints –
as defined by the utility of the Crown.
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The fundamental issue is not that the Imperium and the Ecclesia were pursuing
their respective utility, but it is how this utility was connected to iustitia in Émile
Durkheim’s sense: Was utility understood to be limited to commercial (and thus
also military) considerations or was it geared toward collective solidarity? This
issue can be seen in the context of Paul Ricœur’s argument that a project is
legitimized with history. As a result of Saint Augustine’s division of power, the
history of the Imperium was characterized by managing internal and external
conflict, and thus improving its tactical and strategic position before, during and
after a conflict. We have seen that the societal focus of the Ecclesia had been in
education, healthcare and social services – of course, the Ecclesia had been
involved in military conflict as we have seen in the case of, e.g., the Pauperes
commilitones Christi Templique Salomonici. Considering the differing histories of
the Imperium and the Ecclesia, Paul Ricœur’s argument suggests that the
protection and support of the Imperium and the Ecclesia would result in a different
focus in science and scientific development.
A decisive consequence of the reinterpretation of the Romanic Branch of the
Occidental Tradition in the 17th century was that the legitimization of science could
be and was focussed on the concerns and interests of the Crown particularly in
l’Académie and les Écoles. The de facto supremacy of the Crown in the field of
science was extended to applied science and technology as a result of le
Mercantilisme and particularly le Colbertisme.
The policies of the Crown
legitimized applied science and technology. The legitimization of theoretical
science and applied science outside of the control of the Ecclesia under the
protection the Crown provided allowed individuals to legitimize their actions based
on the temporal interests of l’Ancien Régime. The Crown played thus a significant
role in legitimization based on reason rather than theology in the 18 th century.
Thus, society changed the the foundation of the legitimization of theoretical
science and applied science.
The many components of a societally accepted interpretation of the relevant
branch of the appropriate societal tradition at the point of time of interest which
forms the foundation for societal norms used in the legitimization of theoretical
science and applied science raise the spectre of contradictory norms. Considering
how multifaceted the Romanic Branch of the Occidental Tradition is, it is unlikely
that contradictions were not frequent even within a societally accepted
interpretation thereof at a particular point in time. This poses the societal
challenge of the societal norms being sufficiently specific to guide and safeguard
the legitimacy of human actions on the one hand and being sufficiently flexible as

350

Legitimization of Science and Technology

not to completely stifle science and technology in general and scientific
development and technological innovation in particular.
The possibility of a complete suppression of science is underlined by Luc Boltanski’s
and Laurent Thévenot’s view that individuals are prone to return to the status quo
ante in their quest of finding a solution to a troubling situation. If science is not
congruent with the ex-ante situation and even more if it is not congruent with the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition, then an attempt to legitimize science will face challenges. A
special case of the ex ante argument is that the ex ante situation just prior to the
point of time of interest is continued into subsequent time. Let us briefly consider
an example. In Chapter VII, we can see that the aristocratic seigneurs invested
heavily into production operations in natural resources-based sectors in the last
decades of l’Ancien Régime. This can be considered an expression of Luc
Boltanski’s and Laurent Thévenot’s view on individuals’ attempts to return to the
status quo antes, because the French aristocratic seigneurs returned to, or stayed
with, natural resources which had been the source of their status and wealth for
several centuries: Natural resources in the form of agricultural products were the
foundation of the income from the seigneuries. A focus on natural resource-based
production processes signified a more chemistry-related focus than the more
physics-based focus of the manufactures. Note that this is a statement about
degree and not an either-or statement.
Legitimization of science need not be based on personal expertise. The support of
Louis XIII for the establishment of botanical gardens did not mean that the king
knew much about botanical gardens in general and medicinal plants in particular.
However, research into medicinal plants is pointless, if society does not accept the
use of medicines. In other words, the protection and support the king offered
meant that the scientific development was useful, if it is assumed that the populace
had confidence and trust in the king and that this confidence and trust translated
into the acceptance of scientific development resulting in new and better
medicines. This example is also instructive in the context of rationality versus
reasonableness. Having confidence and trust in the king’s view that scientific
development in the context of pharmacology and ultimately in the beneficial
effects of the new medicines is hardly rational, because neither the king nor the
society at large had significant knowledge about medicinal plants and medicines.
The confidence and trust may have been legitimate in the sense of reasonable, if
the French society had confidence and trust in the king. Admittedly, this argument
is somewhat circular, but it is “realis”.
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(c) Delegitimization of Science
Aztec science was an aspect of Aztec society and particulary the societally – by the
Aztec society – accepted interpretation of the Aztec Branch of the Amerindian
Tradition. Considering the differences between Aztec society and Castilian society
in the early 16th century, the acceptance of Aztec science by Castile would have
required a reinterpretation of the Romanic Branch of the Occidental Tradition by
Castilian society. A reinterpretation contained to possibility – certainly considered
a threat by the Imperium and Ecclesia dominating the Castilian society in the 16th
century – of critical thought questioning the fundaments of Castilian society and of
Aztec thought delegitimizing some Castilian interpretations of the Romanic Branch
of the Occidental Tradition in the early 16th century. E.g., the syncretism of Aztec
religion and thought was in stark contrast with the right-or-wrong dichotomy
associated with the Roman Heritage and particularly Occidential Christianity. A
rejection of Aztec religious syncretism also meant the rejection of syncretism in
science and technology.
We can see that Occidental science was on another trajectory than Aztec science.
Although the Aztec Branch of the Amerindian Tradition was separate from the
Romanic Branch of the Occidental Tradition, the delegitimization of Aztec science
was the result of the conquest of the Aztec Empire by Castile and the subsequent
domination of the Romanic Branch of the Occidental Tradition of the Aztec society.
We can see that Aztec science was delegitimized by the Occidental societies
irrespective of its merits.
In keeping with Gabriel Tarde’s standpoint that
geographical proximity – the Aztecs and the Castilians were in Mexico – does not
necessarily result societal acceptance of science and technology, the Occidental
societies delegitimized Aztec science. The diverging trajectories of Occidental
science and Aztec science raise the issue of the universality of science particularly
in view of the legitimization of science. More specifically, if the premise is accepted
that the legitimization of science is founded on rationality and language, and both
of these are products of society and the societally accepted interpretation of its
branch of its societal tradition at a particular point in time, then science and
technology are not universal but dependent on society, i.e., science is subject to
societal relativism.
This line of argument can also put into the context of Marc Bloch’s view that shared
views can form the basis for societal disintegration. If the Occidental societies had
legitimized Aztec science and thus at least this aspect of the Aztec Branch of the
Amerindian Tradition, then the dichotomous true-or-false thought pattern
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prevalent in the Occidental societies would have meant that the shared belief in
dichotomy would have been delegitimized by Aztec syncretism, and this would
have formed a potential basis for societal disintegration – not of Aztec society but
of Castilian society.
Aztec science was – if this line of argument is accepted – not delegitimized by the
Occidental societies because of its inaccuracy in describing natural phenomena but
because of its challenge to the rationalities found in the Romanic Branch of the
Occidental Tradition and even the Occidental Tradition in its entirety. Émile
Durkheim has argued that it is not sufficient that a scientific concept is true, but it
has to comply with all collective beliefs to be accepted. Whereas Aztec science did
not comply with the the collective beliefs of the Occidental Tradition it was not
accepted by the Occidental societies, i.e., Aztec science was delegitimized by the
Occident.
This line of argument can also be put into the context of Marc Bloch’s view that
shared views can form the basis for societal disintegration. If the Occidental
societies had legitimized Aztec science and thus at least this aspect of the Aztec
Branch of the Amerindian Tradition, then the dichotomous true-or-false thought
pattern prevalent in the Occidental societies would have meant that the shared
belief in dichotomy would have been delegitimized by Aztec syncretism, and this
would have formed a potential basis for societal disintegration – not of the Aztec
society but of the Occidental societies.
The combination of Gabriel Tarde’s view of the importance inter-societal imitation
combined with Fernand Braudel’s argument about the simultaneousness of
discontinuity and continuity also offers a different perspective on the
delegitimization of Aztec science particularly in the 16 th century. Neither the
Imperium in the incarnation of the Castilian Crown nor the Ecclesia Catholica
Romana had a solid domination in Mexico in the 16th century. This meant that
neither was able to provide for continuity in the face of discontinuity caused by a
legitimization of Aztec science in the context of Occidental science in Mexico. The
lack of domination-based continuity translated according to this line of argument
into the delegitimization of Aztec science in the 16 th century. The epidemics along
with the destruction of Aztec literature and science weakened Aztec science
significantly in the 16th, 17th and 18th centuries, and this explains why Aztec society
was not able to mount a challenge to Occidental domination, and this challenge
would have established continuity in the face of discontinuity.
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The delegitimization of Aztec science was a refusal by Occidental societies to
incorporate Aztec science into Occidental science, and the refusal was
accompanied by the destruction of Aztec literature and knowledge. Another
standpoint is the introduction of Occidental science and technology into Mexico.
Such an introduction puts into place the groundwork of imitation in the sense of
Gabriel Tarde with the additional aspect of Jean Baechler’s warning about
conformity. The refusal to accept and absorb Aztec science was underlined in the
17th and 18th century when the educational facilities in the Spanish Americas
introduced European concepts rather than continuing on the foundation of Aztec
science. In other words, whatever survived of Aztec science was not allowed to
develop and be the foundation of scientific development.
Aztec science has not disappeared completely, and some of it is part of Mexican
tradition medicine even nowadays. Mexican traditional medicine has incorporated
criollo medicine. The reason is not necessarily that Aztec medicine did not have
and that Aztec science could not have developed solutions to new challenges which
might even have been better than those offered by criollo medicine, but the only
research and development facilities were founded solely on the foundation of
criollo medicine effectively preventing an extensive preservation of Aztec medicine
and Aztec scientific development after the conquista in 1519.
The impact of the lack of educational facilities based on Aztec science can also be
considered in the context of Gabriel Tarde’s assertion that “progress” is based on
collective thought with many individual brains working in mutual solidarity and
engaging in imitation. The destruction of Aztec society meant that establishing
mutual solidarity and imitation became challenging and even impossible. It also
became dangerous because of the persecution under the auspices of the
Franciscans. If the Mexican educational facilities had incorporated Aztec science –
and Amerindian science in general – instead of concentrating of Occidental science,
then the establishment of mutual solidarity and imitation among individuals
interested in Aztec science would have been facilitated. Obviously, this would have
not been sufficient as long as Amerindians were prohibited from attending higher
education.
Fernand Braudel’s concept of interconnectedness offers another perspective to
consider the delegitimization of Aztec science: The long hostilities between the
Christian kingdoms on the Iberian Peninsula, including Castile, on the one hand and
the Moorish entities on the other hand until the completion of la Reconquista of
the Iberian Peninsula in 1492 established distrust against diversity in Castilian
society. Accepting and particularly absorbing Aztec science in the 16th and 17th
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centuries would have stoked the fear of losing the defining characteristic of the
Castilian society: Occidental Christianity. Although the Reconquista of the Iberian
Peninsula and the conquista of the Aztec Empire were two separate events, the
societally accepted interpretation of the Romanic Branch of the Occidental
Tradition exhibited continuity. Consequently, there was interconnectedness
between the situation on the Iberian Peninsula and in Mexico in regard to the
distrust and even destruction of diversity in the 16th century.
The society-dependence of sciencecontains a serious weakness from the
perspective of a society: The Aztecs – and more broadly Amerindians – had not
been confronted with these or similar epidemics. Thus, Aztec science, including
Aztec medicine, was not prepared to deal with these epidemics. If the Aztec
society had had to deal with these or similar epidemics before, then it stands to
argue that Aztec science had been better prepared to deal with the onslaught of
the epidemics from 1492 onward, but only as long as Aztec science had not been
destroyed by the Occident.
As the rejection of the Aztec science demonstrates, the legitimization of science is
not only a question of the substance of the science, but it depends on the society
from that the science in question orginates from. In other words, reflection by
individuals with the aim of scientific development does not guarantee societal
acceptance. Aztecs had de facto no chance after 1519.

(d) Legitimization of Technology
Chapter VII demonstrates that the Crown actively protected and supported
technology during l’Ancien Régime in the 17th and 18th centuries. The Crown was
societally sufficiently strong to provide the continuity required for discontinuity in
and caused by science and technology. The societally accepted reinterpretation of
the Romanic Branch of the Occidental Tradition commenced during the reigns of
Henri IV and Louis XIII, and it reached its de facto conclusion during the reign of
Louis XIV. Technology was societally accepted during l’Ancien Régime in the 18th
century. The societal acceptance of technology suggests that the reinterpretation
in favour of technology had been concluded previously. This reinterpretation
meant that the Imperium, i.e., the Crown de facto legitimized human acts in the
context of technology. In other words, the Imperium took over the role of the
Ecclesia.
The activities of the aristocratic seigneurs in regard to production operations in the
last decades of l’Ancien Régime brings us to the issue of the role discontinuities –
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or perturbations in Gabriel Tarde’s parlance – in the lead-up to the fall of l’Ancien
Régime in 1789. Gabriel Tarde argues that perturbations are forces of renewal.
There were significant perturbations in numerous aspects of the society during
l’Ancien Régime in the decades leading up to 1789. Excluding interconnectedness
in the sense of Fernand Braudel for a moment, the perturbations in French society
during l’Ancien Régime coincided with significant achievements in science in
France as we have seen. A possible elucidation of this would be that the
perturbations resulted in the weakening of the Cartesian order and constraints
associated with society in reference to Émile Durkheim, and the simultaneous
increase of spontaneous inventiveness and hazard in the sense of Gabriel Tarde.
This can also expressed as a weakening of consensus and a strengthening of
conflict and thus a legitimization of change, criticism and disequilibrium in the
sense of Luc Boltanski and Laurent Thévenot. As long as there is a minimum
consensus – the required level of consensus is impossible to pinpoint universally –
it safeguards that the perturbation does not mutate into a crisis with significant
delegitimization of, e.g., technology.
If the conflict results in a reinterpretation of the relevant societal tradition or the
relevant branch of the appropriate societal tradition by a part of society without
societal acceptance from all of society, then a significant level of delegitimization
may result. This would be the case when Roger Chartier’s conclusion that a society
may have several sets of societal norms results in societal conflict. From the
standpoint of the legitimization of technology this means that technology is not or
is not any longer based on the societally accepted interpretation of the relevant
branch of the appropriate societal tradition in the sense of accepted by the entire
society in question at the point of time of interest. If the interpretation of the
relevant branch of the appropriate societal tradition that accepts the technology
in question gains domination in the society in question, then this technology will
gain societal acceptance. If not, then it will remain a footnote in history. However,
the issue is not necessarily the technology per se but who gets the benefit
associated with it. The tensions between the aristocratic seigneurs on the one
hand and the wealthy artisans and merchants during l’Ancien Régime in the second
half of the 18th century was primarily not an issue of the legitimacy of technology
but a question who got the benefit from technology. In other words, technology
was a tool in a broader societal development with the two groups competing with
each other.
Considering technology a tool in a broader societal development brings this work
close to the French Pragmatic Sociology, particularly Gabriel Tarde, and the
Annales School, particularly Fernand Braudel, but it means that technological
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determinism represented by, e.g., Jacques Ellul is rejected. Let us point out in the
defense of Jacques Ellul’s work that it does not claim that technological
determinism occurred prior to the 19th century, and this work ends with the fall of
l’Ancien Régime in 1789. More broadly, this work rejects any notion that
technology is autonomous from society as far as technological innovations are
concerned, however, it does not preclude some degree of autonomy in the context
of technological inventions. The reason for this is that a technological invention
does not require societal acceptance, because a technological invention is not
used. A technological innovation requires societal acceptance, because it is used
in society. This work supports Fernand Braudel’s view that technological
inventions become technological innovation based on specific and insistent
demands from society. Let us briefly recapitulate: It was the Crown on behalf of
the Realm that demanded technology by establishing les Écoles in the 18th century
and by granting privileges for technology during l’Ancien Régime in the 17th and
18th centuries, and it were the aristrocratic seigneurs who demanded for
technological innovation in the course of the aristocratic reaction in the 18 th
century.
In view of of the higher prestige of science that dealt with immutable natural
phenomena than technology that dealt with mutable issues in the Roman Heritage
on the foundation of the work of, e.g., Aristotle, the issue of legitimization of
technology by science has to be raised. Let us note at the outset that Aristotle’s
view of science was largely metaphysical, and the value of speculation – this word
is used here in a neutral connotation – is not necessary a useful foundation for
practical applications. Such a view would mean that science in the sense of
Aristotle would not even have been capable of legitimizing technology. However,
Aristotle’s view is useful only in the context of theoretical science, but it is not
useful in the context of applied science.
Applied science did not see the daylight with the establishment of les Écoles and
the emergence of formalized engineering education in the 18 th century, and thus
it could only have been additionally legitimized by the Crown in the 18 th century.
Let us recapitulate a few examples of the use of applied science in the Occident:
Alchemy had existed for centuries when les Écoles were founded, pharmacology
had existed for millennia before les Écoles were established, and artisans in what
is nowadays called civil engineering had dealt with materials science for millennia
prior to establishment of les Écoles.
The existence of applied science alongside technology cannot provide any
conclusive evidence regarding the legitimization of technology by applied science,
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the legitimization of applied science by technology, or mutual and interactive
legitimization of applied science and technology. To the degree that applied
science and technology form one entity, the direction of the legitimization cannot
be determined. The exclusive focus of Aristotle on theoretical science prevents the
argument that applied science provided legitimization for technology, because
applied science cannot be considered science in Aristotle’s sense. In the final
analysis, the source of the legitimization is irrelevant, because the legitimization of
applied science and technology was the result of their combined success. When
applied science, e.g., materials science, and technology, e.g., the craftsmanship,
produced an aqueduct or a cathedral that did not cave in, then both have been
legitimized as a whole.
Considering the existence of engineering for millennia – the existence of
engineering is a separate issue from the existence of formalized engineering
education – the separation of theoretical science, applied science and technology
must be doubted. There is no valid reason to believe that engineering feats were
not performed before the 18th century and there is no valid reason to assume that
the humans involved in engineering before the 18 th century did not have significant
knowledge of natural phenomena, i.e., the object of science. Consequently, there
was interaction between theoretical science, applied science and technology albeit
not with the part of science that followed in the footsteps of Aristotle, Plato,
Socrates and others. In other words, science can be science even if it does not
comply with the ideals of Greek philosophers in Antiquity – even before the 18th
century. Science is a description of natural phenomena and not a construct of
ancient Greek philosophers.
Feudalism characterized much of society during much of the history of the
Occident, and it remained in force until the end of l’Ancien Régime in 1789. The
mutual solidarity and the requirement of caritas the seigneur had to fulfill de facto
did not provide any solid foundation for technological innovation that would have
increased labour productivity. Keeping in mind the predominantly agrarian nature
of the Occident throughout the period of time considered in this work, this
excluded much of society from technological innovation. To put this another way
by using Fernand Braudel’s concept that technological inventions become
technological innovations only as a result of specific and insistent demand from
society, feudalism prevented demand from arising. This relates only to technology
increasing labour productivity. Other forms of innovation are not affected by this
limitation. Consequently, the implementation of applied science in the form of,
e.g., improved grain types is not affected by this limitation. The importation and
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use of new plants, e.g., maiz and potatos, in the agricultural operations are not
subject to this limitation, either.
Slavery has deep roots in the Roman Heritage. Arguably, the availability of cheap
labour is a disincentive to technological innovation. This economic argument is de
facto undermined by the findings in Chapter VII. In the late 17 th century and in the
18th century, a reinterpretation of the Romanic Tradition of the Occidental
Tradition as it relates to technology took place in France. This reinterpretation
meant that society believed in the possibility of improving human life with the use
of applied science and technology – the addition of applied science is necessary
because of the non-technological nature of, e.g., pharmacology. It has to be noted
that slavery still existed on the Caribbean plantations during l’Ancien Régime in the
18th century. Consequently, the legitimization of technology was not a result of
the fall of slavery, but it had its roots in a reinterpretation that established a belief
in technology as a solution to societal challenges.
The argument of a reinterpretation of the Romanic Branch of the Occidental
Tradition legitimizing technology during l’Ancien Régime in the late 17th century
and the 18th century also ties to an individual’s cognition, because an individual’s
cognition is impacted by society: Whereas individual cognition is the result of a
child’s exposure to its societal environment according to the work on neuroscience
by Laurent Thévenot, the societally accepted interpretation of the relevant societal
tradition or the relevant branch of the appropriate societal tradition play an
important role in the formation of an individual’s cognition. Cognition is a way to
deal with uncertainty, and a reinterpretation favouring technology arguably
reduces the uncertainty related to technology at the level of an individual’s
cognition. At the level of groups, sub-societies and societies the role of an
individual’s cognition is played by a collective cognition – in keeping with Laurent
Thévenot – and/or the societally accepted interpretation of the relevant societal
tradition or the relevant branch of the appropriate societal tradition – in keeping
with the approach in this work. Substantially, the biggest difference is that the
term “collective cognition” does not indicate the source of the contents of the
“collective cognition”, but the term used in this work is unequivocally associated
with a societal tradition, including a society’s history.
A reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition can be considered in the context of the obsolescence
of past societal investments in, e.g., education, research and machinery. Thus, a
reinterpretation means also at least some societal delegitimization of science and
technology associated with the societally accepted interpretation facing
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replacement. This issue can be seen in the context of Luc Boltanski’s and Laurent
Thévenot’s assertion that individuals are prone to returning to the status quo ante
in their search for a solution of a troubling situation. This can be elucidated to
mean that individuals arguably attempt to leverage their past societal investments
in the face of challenges – even for situations in which the past investments do not
offer a viable solution. This elucidation would comply with Émile Durkheim’s view
that individuals are constrained by a Cartesian order and societal regularities – not
in the sense that society enforces them on individuals but in the sense that
individuals want them to exist. Societal investments also limit the viability of
spontaneous inventiveness, hazard and probabilistic behaviour suggested by
Gabriel Tarde.
The societal investments-based argument can be used to explain the continued
importance of small-scale manufacturing in an artisanal sense until the end of
l’Ancien Régime in 1789. It can also be seen in the capital investments the
aristocratic seigneurs made in natural resources-based production operation,
because as seigneurs they had already societal investments in natural resourcesbased operations. It can also be seen in capital investments by wealthy artisans in,
e.g., textile production, because they had alrerady societal investments in
operations based on the skills associated with the human hand.
We turn now to the multivariate property of reasonableness in the sense of
Laurent Thévenot and the potential of a perception of arbitrariness. The
complexity of human society raises this challenge often. We have seen in the case
of capital investments into manufacturing (including mining) by the French
aristocrats in the 18th century, and the Crown desired to increase the output of
manufactured goods which probably would have created more demand and a
greater market for technological innovation. This was certainly a reasonable
approach from the standpoint of increasing tax revenues. However, the Crown
was also required to respect the requirements of iustitia. The aristocratic seigneurs
could rely on significant tax-free incomes from their seigneuries, a source of
income and security wealthy artisans and merchants did not have. In other words,
capital investments into production operations by the aristocratic seigneurs were
reasonable from the standpoint of supplanting imported goods and the
maximization exports, and a societal reaction by the societal subgroup consisting
of the wealthy artisans and merchants was also reasonable. The tax-free status of
the seigneurial income must have seemed arbitrary in the eyes of the wealthy
artisans and merchants.
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Let us consider legitimization of technology from the perspective of iustitia. This
perspective is interesting from the standpoint of societal uncertainty. Depending
on the norms underpinning legitimization a great variety of actions may be
legitimized. This does not mean that all actions which may be legitimized can be
considered congruent with the perception of iustitia in a particular society at a
particular point in time. The example used in the context of the multivariate
property of reasonableness is a good example hereof. This example also shows
that the interpretation of which actions are congruent with iustitia may vary within
a society, i.e., different societal subgroups may have different interpretations of
iustitia even if or because all relevant groups have the same aim: investing in
manufacturing in this case.
An incongruence of actions may also occur as a result of Saint Augustine’s division
of power. Saint Augustine’s division of power between Imperium and Ecclesia does
not establish a clear societal domination by either one, and in the subsequent
centuries this led to drawn-out conflicts in the Occident and different
interpretation of the Occidental Tradition, and it contributed to the final split of
the Occidental Tradition into the Germanic Branch and Romanic Branch in the 16 th
century. During the Middle Ages, the Ecclesia Catholica Romana managed to
establish arguably an Ecclesial domination in the Occident based on, e.g., its
position as the only centre of knowledge and learning. After the failure of the
Crusades, the Crowns became increasingly assertive. During l’Ancien Régime, the
domination increasingly moved from the Ecclesia to the Imperium.
Considering the ability to change the societally accepted interpretation of the
Occidental Tradition, the issue of domination is of significant interest as it
ultimately affects the legitimization of technology as well. Luc Boltanski notes that
the term “domination” implies asymmetries, but there may be different
asymmetries. This can be elucidated to mean that there may be different
dominations within one society at the same time, and that the asymmetries
associated with the same domination may change over time in the same society.
The constitutional domination of the king did not change in the 18 th century until
the fall of l’Ancien Régime in 1789. In spite of this continuity in the asymmetries
associated with the constitutional domination, other asymmetries associated with
other dominations resulted in the king’s inability to dominate a reinterpretation of
the Romanic Branch of the Occidental Tradition in the second part of the 18th
century. Although the king had all legislative and judicial powers during l’Ancien
Régime, the increasing societal tensions in the 18th century demonstrate that the
constitutional set-up was not of decisive importance for the process relating to the
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change of the societally accepted interpretation of the Romanic Branch of the
Occidental Tradition.
The role of the king was indirect: The support of the Crown for large-scale
manufacturing operations, the tolerance of the aristocratic reaction from 1730
onward and the decline of the authority of the Ecclesia without effective royal
counter-measures, among others, set the stage for a reinterpretation of the
Romanic Branch of the Occidental Tradition in France that would eventually impact
the other societies belonging to the Romanic Branch of the Occidental Tradition.
Louis XVI was obviously unsuccessful in decisively influencing this reinterpretation
process as the fall of l’Ancien Régime in 1789 shows. If the Crown had managed to
steer the reinterpretation process, then the true meaning of domination would
have been authority and/or influence rather than formal constitutional power.
The terms “domination” and “authority” have unfavourable connotations in
present-day Occident, but this should not obscure the fact that various people and
organizations have exercised domination and authority in Occidental societies. In
fact, the Occidental Tradition would not exist without individuals who had or still
exercise domination and authority. This should not obscure the fact that
domination and authority can only exist insofar it is based on at least tacit societal
acceptance. The Imperium and the Ecclesia have exercised at least some authority
for millennia in the Occidental societies. Some theologians, scientists and
philosophers have had significant authority societally or in their field, e.g.,
Aristotle, Plato and Saint Augustine have been authoritative voices for millennia.

(ii) Cerebral Aspects of the Legitimization of Science and
Technology
The work of Jean-Pierre Changeux offers additional perspectives on the concept of
legitimization proposed by Luc Boltanski and Laurent Thévenot. If the societally
accepted interpretation of the relevant societal tradition or the relevant branch of
the appropriate societal tradition – and hence the societal perception of iustitia –
are “hard-wired” in the brains of the individuals living in the society in question,
then at least a degree of determinism is introduced into the societal and individual
judgements. To be clear: This determinism is not rooted in an unchangeable law
in Occidental science like, e.g., the second law of thermodynamics formulated by
Sidi Carnot, but in the otherwise changeable interpretation of the societally
accepted interpretation of the relevant societal tradition or the relevant branch of
the appropriate societal tradition.
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Determinism based on the societally accepted interpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition is the
foundation of an individual’s attempt to judge in a way that is congruent with the
different forms of rationality. Because the substance of the societally accepted
interpretation is cerebrally hard-wired, an individual will judge in accordance with
the societally accepted interpretation irrespective of the outcome. The cases
assessed in this work indicate several instances of the societal tradition trumping
science and technology, including scientific development and technological
innovation.
From the standpoint of Jean-Pierre Changeux’ work, the
delegitimization of Aztec science by a representative of the Occidental Tradition,
the Castilian society, is a particularly interesting case.
The Castilians participating in la conquista of what would become the Spanish
Americas came from a society characterized by the long Reconquista of Iberian
Peninsula. It is safe to say that the long Christian-Muslim conflict had resulted in a
societally accepted interpretation of the Occidental Tradition that equated the
Christian faith with the Castilian society. It is also safe to say that the ultimate
legitimacy of a judgement was derived from its compatibility with Occidental
Christianity in general and the teaching of the Ecclesia Catholica Romana in
particular. There is no reason to believe that science and scientific development
have to be compatible with Occidental Christianity in order to be legitimate if
legitimacy is not tied to a particular interpretation of a societal tradition or a branch
of a societal tradition. However, legitimacy was tied to the societally accepted
interpretation of the Occidental Tradition in the Castilian society in the 16 th
century, and one of the roots is Occidental Christianity. We can see that practically
all levels of education were still administered and organized by the Ecclesia in the
critical time period, i.e., the 15th and 16th centuries, and this is an indication of the
connection between Occidental Christianity and the legitimization of science and
scientific development. This meant that the Ecclesia had a strong position in
Occidental science as well. We have seen that the influence of the Ecclesia in
science started to wane in the French society at the end of the 17th century, but it
remained relatively strong in Spain and the Spanish Americas in the 18 th century.
Consequently, science and faith connected in the Castilian society and thus in the
Spanish Americas.
The dominance of the Ecclesia Catholica Romana in all matters intellectual during
the Occidental Middle Ages and its continued dominance in the Castilian
educational system meant that the Castilian and the colonial Mexican men of
letters were cerebrally “hard-wired” to think along a path congruent with the
societally accepted interpretation of the Occidental Tradition and later the
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Romanic Branch of the Occidental Tradition, particularly the societally accepted
interpretation in Castile in the 16th, 17th and 18th centuries. The “rules” used to
legitimize science were not inherent to science in a universal sense as a Eurocentric
reading of Émile Durkheim would suggest, but these “rules” were tied to the
cerebrally “hard-wired” societally accepted interpretation of the Occidental
Tradition and the later the Romanic Branch of the Occidental Tradition.
When the Castilians arrived in what was to become the Spanish Americas, they met
societies with religious beliefs different from Occidental Christianity. If Amerindian
societies legitimized their science with their religious beliefs, then this
delegitimized Amerindian science from the standpoint of the Castilian society.
If the societally accepted interpretation of the Occidental Tradition or later the
Romanic Branch of the Occidental Tradition was not cerebrally “hard-wired”, then
it could be expected that the Castilian society in general and the Castilians in the
Spanish Americas in particular would have been prepared to consider Amerindian
science stricto sensu legitimate, i.e., Amerindian science without religious
connotations. Although there was some receptiveness in regard to Amerindian
technology and pharmacology, the Castilians did not engage in a reinterpretation
of their their societally accepted interpretation of the Occidental Tradition or the
Romanic Branch of the Occidental Tradition in order to legitimize Amerindian
science. The perceived illegitimacy of Amerindian science is indicated by the
universities focussing on European science in the Spanish Americas. This begs the
question: Why?
The answer is either unwillingness, inability or a combination of both. If it is
assumed that the Castilian conquistadores were more or less uncivilized soldiers of
fortune, then unwillingness certainly would have played a significant part in the
delegitimization of Amerindian science while gold, silver and other riches were
plundered from the peoples and the land, and many Amerindians were at least de
facto enslaved. Obviously, uncivilized soldiers of fortune would hardly have
possessed the ability to engage in science, thus the delegitimization would have
been founded on a combination of unwillingness and inability. The main problems
with this line of argument are that (i) it is unlikely that all conquistadores were
uncivilized ignoramuses however murderous and brutal they were, and (ii) the
conquistadores were accompanied by men of the cloth, i.e., representatives of the
Ecclesia Catholica Romana with its association with science and learning.
This raises the spectre of another explanation: The Castilian society and the
Castilians were not cerebrally capable to accept Amerindian science. In other
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words, their societally accepted interpretation of the Occidental Tradition and later
the Romanic Branch of the Occidental Tradition was cerebrally “hard-wired”. This
would have made any acceptance of Amerindian science de facto impossible for
the Castilians. This line of argument would also explain why Amerindian science
did not get a more favourable hearing after the dust had settled after the conquista
of the Spanish Americas.
Any favourable hearing in regard to Amerindian science would have had to take
place not long after the conquista, because the hardship caused by the Castilians
and the epidemics caused a humanitarian tragedy in the Americas. Tens of millions
died particularly in the 16th and 17th centuries, and it is safe to assume that as a
result much science was lost.
The cerebral “hardwiring” of a societally accepted interpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition would
also provide an explanation for the resilience of l’Ancien Régime in the face of
societal problems until 1789. From the standpoint of science and technology,
including scientific development and technological innovation, the societal
problems of l’Ancien Régime are of particular interest, because the tensions
between the aristocratic seigneurs on the one hand and and the wealthy artisans
and merchant on the other hand imply a different emphasis on chemical unit
operations – often associated with natural resource-based production processes –
and other manufacturing technology. The aristocratic seigneurs were more
focussed on natural resources-based production operations and chemical
engineering, and the wealthy artisans and merchants were more focussed on other
than natural resources-based manufacturing operations and thus mechanical
engineering particularly as it relates to textile manufacturing.
Superficially, the tension between the aristocratic seigneurs on the one hand and
the wealthy artisans and merchants on the other hand can be seen in the financial
resources the aristocratic seigneurs could leverage based on their seigneurial
income and wealth thus creating an uneven playing field favouring the French
aristocratic seigneurs. From the standpoint of technology and technological
innovation this difference is insofar interesting that it suggests that the aristocratic
seigneurs were more able to invest in capital intensive manufacturing operations
– and thus technology and technological innovation – often associated with natural
resource-based production processes. Additionally, the seigneurs had a better
access to Versailles. This could be important in obtaining the necessary permits
for the use of natural resources and for manufacturing operations. Obviously, the
aristocratic seigneurs’ ability to leverage their seigneurial wealth and income on
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the one hand and their better access to Versailles must have appeared an iniustitia
and a breach of the societally accepted interpretation of the Romanic Branch of
the Occidental Tradition underpinning l’Ancien Régime from the standpoint of the
merchant-manufacturers.
The legitimacy of the seigneurial system and the related income and wealth had
remained essentially unchallenged for centuries and the seigneurial system was
obviously part of the societally accepted interpretation of the Romanic Branch of
the Occidental Tradition during l’Ancien Régime. In keeping with Fernand Braudel
it can be argued that there are many histories founded on a multitude of
curiosities, viewpoints and possibilities. One such history among histories would
be that of the seigneurs. Considering the situation from the perspective of the
aristocratic seigneurs the extraction of natural resources, including agriculture and
at least a part of their processing, must have seemed in line with the societally
accepted interpretation of the Romanic Branch of the Occidental Tradition
underpinning l’Ancien Régime. It is safe to assume that the children of the
aristocratic seigneurs learned during their childhood that engaging in natural
resources-based ventures was legitimate for them. The conviction that such
ventures were legitimate for them to engage in was thus “hard-wired” in the brains
of the seigneurs.
The wealthy artisans and merchants looked back on another history among
histories. In the case of a person originated from an artisan family, manufacturing
of goods was their privilege in a society like that of l’Ancien Régime based on a
multitude of different privileges. The children of artisans would be cerebrally
“hard-wired” to consider artisanal manufacturing and by extension large-scale
manufacturing their privilege. The expansion of the aristocratic seigneurs into
manufacturing was thus difficult to legitimize because of cerebral reasons.
The rising societal tensions between the aristocratic seigneurs on the one hand and
the wealthy artisans on the otherhand indicate that the societal acceptance of the
seigneurial system and thus the hitherto societally accepted interpretation of the
Romanic Branch of the Occidental Tradition was not considered legitimate by some
parts of the French society any longer. This raises doubts in regard to the societally
accepted interpretation of the Romanic Branch of the Occidental Tradition
legitimizing the seigneurial system was cerebrally “hard-wired” to the degree that
it was untouchable.
In spite of the rising tensions between the aristocratic seigneurs on the one hand
and the wealthy artisans and merchants on the other hand, it took dozens of years
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for l’Ancien Régime to fall and a reinterpretation of the Romanic Branch of the
Occidental Tradition to occur. Superficially, the fact that l’Ancien Régime did fall in
1789 would suggest that the societally accepted interpretation of the Romanic
Branch of the Occidental Tradition underpinning l’Ancien Régime was not
cerebrally “hard-wired”. Such a conclusion relies on one key assumption: The fall
of l’Ancien Régime was not an accident. This very assumption is not necessarily
true.
The delegitimization of Amerindian science particularly in the 16th and 17th
centuries and the resilience of l’Ancien Régime in the 18th century until 1789 raise
the issue whether the delegitimization and the resilience were based on the
respective societally accepted interpretation of the Occidental Tradition or the
Romanic Branch of the Occidental Tradition? This issue is of fundamental
importance, because an interpretation of a societal tradition is more prone to
change than the societal tradition itself. If the delegitimization and the resilience
were based on the Occidental Tradition, then the Occidental Tradition is closed to
exogenous influences to such an extent that gaining societal acceptance for science
from other sources than those tied to the Occidental Tradition or the relevant
branch of the Occidental Tradition is at the very least challenging. To formulate
this issue in another way: Was the societally accepted interpretation of the
Occidental Tradition or the Romanic Branch of the Occidental Tradition cerebrally
“hard-wired”?
The long religious hostilities associated with the Arab-Moorish conquest of much
of the Iberian Peninsula and then the Reconquista were certain to underline the
importance of Occidental Christianity in the societally accepted interpretation of
the Romanic Branch of the Occidental Tradition in Castile and the other Christian
realms on the Iberian Peninsula. Considering the situation in the French society
until the fall of l’Ancien Régime in 1789, l’Ancien Régime was an interpretation of
the Romanic Branch of the Occidental Tradition, and the Romanic Branch of the
Occidental Tradition is multifaceted to such a degree that many more
interpretations of it are possible. This line of argument would lead to the
conclusion that the societally accepted interpretation was cerebrally “hard-wired”,
but it was less “hard-wired” than the Occidental Tradition or the Romanic Branch
of the Occidental Tradition. This elucidation is in line with Fernand Braudel’s view
that discontinuities and continuities are found side-by-side in societies.
A line of argument maintaining that a societally accepted interpretation of the
Romanic Branch of the Occidental Tradition or that least the Romanic Branch of
the Occidental Tradition is cerebrally “hard-wired” raises the question whether a
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change in the societally accepted interpretation cannot occur for cerebral reasons?
Considering the significant changes in the societally accepted interpretation at
different points in time in the history of the societies which are part of the Romanic
Branch of the Occidental Tradition, it is obvious that the societally accepted
interpretations change and that these changes are neither infrequent nor minor,
e.g., the change from land-bound to seafaring societies was a major change in the
societally accepted interpretation particularly in the 15th and 16th centuries, and
the rise of the legitimacy of science was another major change in the societally
accepted interpretation particularly in the 17th and 18th centuries. The frequency
and magnitude of the changes to the societally accepted interpretation favour the
elucidation that only the Romanic Branch of the Occidental Tradition was and is
cerebrally “hard-wired”.
If the Romanic Branch of the Occidental Tradition rather than its societally
accepted interpretation is cerebrally “hard-wired”, then the Romanic Branch of the
Occidental Tradition has to contain components which form the foundation for the
delegitimization of Amerindian science. Superficially, the Occidental Imperium
Romanum was characterized by a side-by-side of different societal traditions as
evidenced by Saint Augustine himself. However, by the late 4 th century the
Occidental Imperium Romanum had become a religiously intolerant society as
evidenced by the attacks against the Donatists and the Pagans in Saint Augustine’s
De civitate Dei. In the delegitimization of all other societal traditions than those
founded on the teaching of the Ecclesia Catholica Romana can be seen an evident
indication that the Occidental Tradition itself contained the foundation of the
delegitimization of Amerindian science by the Occidental societies, primarily the
Castilian society.
Considering the situation in the French society until the fall of l’Ancien Régime in
1789 in the 18th century in turn, the Crown faced challenges from the aristocracy,
and more importantly there were rising societal tensions between the aristocratic
seigneurs on the one hand and the wealthy artisans and merchants on the other
hand. The challenges were thus directed against the increasingly societally not
accepted interpretation of the Romanic Branch of the Occidental Tradition –
societally accepted by society as a whole – than against the Romanic Branch of the
Occidental Tradition itself. In other words, the willingness to change the
interpretation of the Romanic Branch of the Occidental Tradition indicates that the
societally accepted interpretation is not societally “hard-wired”.
The declining importance of the Ecclesia Catholica Romana in the French society
raises the spectre that the Romanic Branch of the Occidental Tradition was being
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challenged and that not even the Romanic Branch of the Occidental Tradition was
cerebrally “hard-wired”. After all, the Occidental Tradition has two roots: the
Roman Heritage and Occidental Christianity. La Constitution civile du clergé passed
on 12 July 1790 and later action against the Ecclesia would legitimize such an
interpretation, but the Régime concordataire français of 1801 would delegitimize
it. Whereas these events occurred after the time period covered by this work (until
1789), this issue will not be pursued further. However, seeing in a readjustment of
the weight of the two roots of the Romanic Branch of the Occidental Tradition a
wholesale delegitimization of the Occidental Tradition seems an exaggeration. It
should also be remembered that one of Saint Augustine’s objectives in proposing
the division of power between Imperium and Ecclesia was to secure some
autonomy for the Ecclesia against the overbearing Imperium. From this
standpoint, proposals directed at losing the ties between Imperium and Ecclesia
were not necessarily incompatible with Saint Augustine’s teaching and
consequently with the religious aspect of the Romanic Branch of the Occidental
Tradition.
The assessment of the impact of the societally accepted interpretation of the
Romanic Branch of the Occidental Tradition on the delegitimization of Amerindian
science and the resilience of l’Ancien Régime is problematic. On the one hand, it
demonstrates the difficulty in proving beyond reasonable doubt that cerebral
“hardwiring” in accordance with Jean-Pierre Changeux’ work is the cause of a
historical societal change. Nevertheless, Jean-Pierre Changeux’ work offers an
excellent framework for assessing societal conservatism – also when it relates to
science and technology – and the resilience of the Romanic Branch of the
Occidental Tradition throughout the centuries. Any experimental assessment
based on neuroscience, e.g., psychoanalysis, on a deceased person is obviously
impossible.
The preponderance of evidence shows that the foundation of the Romanic Branch
of the Occidental Tradition is cerebrally “hard-wired” but its societally accepted
interpretation is not. There is no reason to believe that this would be any different
in the Amerindian Branch of the Occidental Tradition or the Germanic Branch of
the Occidental Tradition.
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(iii) Foundation of Legitimization:
Recombination

Complex and Recursive

The concept of Complex and Recursive Recombination offers a novel way to
perform historiography in general and to interpret the past developments of
science and technology in particular. More importantly from the standpoint of
industrial engineering and management, the concept of Complex and Recursive
Recombination offers a tool in strategic assessment relating to the present
position of a business enterprise and the strategic planning for the future.

(a) Preliminary Considerations
The assessment in this work demonstrates that science and technology, including
scientific development and technological innovation, occur in society. Society
both favours and limits them. Favouring and limiting may be mutually exclusive,
but it may also be concurrent in the sense of a prominent representative of the
Annales School, Fernand Braudel: He maintains that discontinuities and
continuities occur simultaneously in societies. One way to elucidate the
discontinuity and continuity is to tie it to the subject matter under consideration:
Fernand Braudel divides history in quasi immobile history – this history relates to
the natural environment humans have to contend with – , slowly changing history
– this history relates to societies – and rapidly changing history – this history relates
to individuals and events (Braudel, 1966, pp. 16-17). Although scientists involved
in scientific development and innovators involved in technological innovation are
individuals – this would suggest that rapid scientific development and
technological innovation in the sense of Fernand Braudel’s rapid history would be
commonplace – scientists and innovators are members of society as well.
Fernand Braudel offers another line of argument that legitimizes the argument of
the supremacy of society at least in the case technology, particularly technological
innovation: He maintains that technological inventions become technological
innovations only as a result of precise and insistent societal demand for particular
technological innovations, i.e., technological inventions predate societal demand
(Braudel, 1979c, p. 489). There are two reasons why this cannot be taken to mean
that Fernand Braudel considers the claim of technological determinism to be valid.
First, Fernand Braudel clearly states that the demand originates in society and then
a search commences which technological inventions serve as the basis for
technological innovations which satisfy the societal demand. Second, Fernand
Braudel does not suggest that there is only one technological invention that would
force society to enter a particular path, but he implicitly assumes that there are a
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great number of technological inventions, and only the ones corresponding with
the societal demand are chosen as the foundation for technological innovation.
Even leaving the point aside that inventors are impacted by the societally accepted
interpretation of the relevant branch of the appropriate societal tradition of the
society they live in and at the time of the invention, Fernand Braudel’s argument
relegates technology into the role of an enabler of the satisfaction of societal
demand. Consequently, any assessment of technology, including technological
innovation, has to commence with the causes of the demand from society for
technological inventions satisfying the precise and insistent societal demand.
Fernand Braudel’s line of argument also offers an explanation why technological
inventions and even technological innovations made in Society A are not adopted
in Society B in spite of the obviously available track record of these technological
inventions and technological innovations: If there is no societal demand that
would legitimize the technological inventions and technological innovations from
Society A, then they will not be used in Society B. Fernand Braudel’s line of
argument does not address the situation when there is a societal demand, but
Society B delegitimizes Society A and hence the technological inventions and
technological innovations which have originated in Society A. In other words,
Fernand Braudel’s line of argument is an ideal world that does not contain
destructive phenomena, e.g., racism and xenophobia.
Fernand Braudel’s line of argument does not address here issues related to the
way a society protects its cohesion and identity which in turn are expressions of
the society’s societally accepted interpretation of its branch of its societal tradition
at a particular point in time. The protection of a society’s cohesion and identity
may be based on or result in destructive phenomena, but this is not necessarily
true, if the society in question is characterized by tolerance. A society’s attempt to
protect its cohesion and identity erects a barrier against the adoption of
technological inventions and technological innovations which the society deems
incompatible with its cohesion and identity, i.e., the society’s societally accepted
interpretation of its branch of its societal tradition at a particular point in time.
Fernand Braudel developed his line argument solely in the context of technology,
but there is no reason to believe that it would not apply to science as well. Let us
look at applied science and theoretical science separately. In the case of applied
science, the direct use of applied science in, e.g., materials science and
pharmacology and their indirect use in technology from the standpoint of society
establishes applied science in the proximity of Fernand Braudel’s line of argument,
and this suggests that it can be considered in the same way as technology. In the
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case of theoretical science, the direct connection to the demand from society is
more tenuous, but the delegitimization of non-Occidental science demonstrates
that there has to be a fundamental societal acceptance of the substance of science
for it to be considered in the context of societal demand for science, and this would
apply to applied science and theoretical science alike.
Let us move from the Annales School to the French Pragmatic Sociology for a
moment: Gabriel Tarde argues that “progress” – arguably this includes scientific
development and technological innovation – is a type of collective thought made
possible by solidarity (Tarde, 1895, p. 161). Another line of argument can be based
on the work of another prominent representative of the French Pragmatic
Sociology, Émile Durkheim, maintaining that real individuals – this would include
scientists and innovators – are products of their time and society, i.e., scientists
and innovators are impacted by society. Consequently, science and technology,
including scientific development and technological innovation, do not occur in the
context of Fernand Braudel’s “rapid history” alone but also in the context of his
“slowly changing history”, i.e., in the context of society. The French Pragmatic
Sociology thus offers a way to consider scientific development, technological
invention and technological innovation before they happen: The actions of
scientists, inventors and innovators are favoured and limited by society. The
decisive issue for any assessment of science and technology is society, particularly
the societally accepted interpretation of its branch of its societal tradition at the
point in time under consideration. In other words, it is the way in which the
societally accepted interpretation emerges and the limits set to it by the relevant
branch of the appropriate societal tradition. Together, the French Pragmatic
Sociology and the Annales School establish thus an interrelationship between
science and technology on the one hand and society on the other hand.
We also see another connection between scientists and innovators on the one
hand and society on the other hand: Jean-Pierre Changeux’ work on neuroscience,
particularly cerebral development, shows that the societally accepted
interpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition are cerebrally “hard-wired” into an individual’s brain
during the individual’s childhood. This impacts the legitimization of science and
technology, including scientific development and technological innovation.
Consequently, science and technology on the one hand and society on the other
hand are interrelated through the cerebral processes of individuals.
The interrelationship between science and technology, including scientific
development and technological innovation, on the one hand and society on the
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other hand raises the issue of the legitimization of science and technology,
particularly the foundation of the societal norms used in this legitimization.
Whereas societal traditions, the branches of societal traditions and the societally
accepted interpretations of them may differ significantly, the legitimation of
science and technology cannot be universal. We focus on the Romanic Branch of
the Occidental Tradition in this work. It is founded on the Roman Heritage – for
this work the Greco-Roman philosophy of science contained therein is of particular
interest – and Occidental Christianity as taught by the Ecclesia Catholica Romana.
Its language is Latin or a language based on Latin.
A branch of a societal tradition or a societal tradition is essentially stable over time.
A dynamic aspect is introduced by the societally accepted interpretation of the
respective branch of a societal tradition – the interpretation changes from time to
time – Émile Durkheim’s argument that an individual is a product of his/her time is
an expression of a similar view. Although it is rare, this does not mean that a
societal tradition or a branch of a societal tradition cannot and does not change
over time. A particular case is the re-emergence of a previously suppressed
societal tradition or a branch of a societal tradition which has survived in the
margins of the dominant society – this can be elucidated as an aspect of Fernand
Braudel’s view that there is not one history but several histories founded on a
multitude of curiosities, viewpoints and possibilities. A current example of a partial
re-emergence of several branches of the Amerindian Tradition is the emergence of
the Amerindian Branch of the Occidental Tradition, and a past example of a partial
re-emergence of several branches of the Germanic Tradition is the emergence of
the Germanic Branch of the Occidental Tradition particularly in the 16 th century. A
complete rebirth of the Amerindian Tradition divided in different branches is
unlikely because of the irreversible damage caused by the Europeans during and
after the conquest of the Americas. Thus, the Amerindian traditions need to be
complemented by non-Amerindian components, and the logical source is the
Romanic Branch of the Occidental Tradition.
In the future, the fragmentation of the Occidental Tradition will likely continue
because of societal changes and interactions between other branches. Two
potential cases shall exemplify this. First, the demographical changes particularly
in the southwestern USA raises the prospect of either the emergence of a new
branch consisting of components of the Amerindian Branch, the Germanic Branch
and the Romanic Branch, or the replacement of the Germanic Branch by the
Romanic Branch, potentially even with the Amerindian Branch, in the medium- to
long-term. The replacement of the Germanic Branch by the Amerindian Branch
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would be an irony of history, because the Amerindian Tradition would return to its
ancestral lands.
A potential example of the emergence of a new branch of the Occidental Tradition,
or more precisely a hybrid of two different societal traditions, could occur in
France. Here the Romanic Branch of the Occidental Tradition and the Arab
Tradition meet. The likelihood of the emergence of a hybrid of these two societal
traditions is small because of a long history of animosity featuring, e.g., the Arab
conquest of Sicily and much of the Iberian Peninsula, the Crusades, la Reconquista,
colonialism in the Maghreb, and the Algerian War.
Prior to continuing to the dynamics of a societal tradition, it is warranted to briefly
reflect on the individual and the legitimization of actions. Two representatives of
the present-day French Pragmatic Sociology, Luc Boltanski and Laurent Thévenot,
have established that individuals have to legitimize their actions in society. This is
necessary in the case of science and technology as well. It would be difficult to,
e.g., find funding, obtain operating permits and identify markets for science and
technology without legitimization. In other words, an individual has to act within
the confines of societal norms and the societal perception of iustitia, i.e., the
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition.
Individuals and the actions of individuals have to be seen in the context of society.
As neuroscience shows, society impacts individual cognition. Whereas a societal
tradition or a branch of a societal tradition is the result of a long and complex
history, a societal tradition or a branch of a societal tradition contains numerous
components – some of these components may be part of the societally accepted
interpretation of a societal tradition or a branch of a societal tradition at a
particular point in time, and some other components may be moot at this point in
time. The moot components may be reactivated in the context of a later
reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition. In the case of the Romanic Branch of the Occidental
Tradition, the multifaceted history of the Occident and the societies belonging to
the Romanic Branch means that a great number of different components exist –
some of them contradictory. This can be elucidated to be an example of Fernand
Braudel’s assertion that discontinuities and continuities occur simultaneously in
societies:
The discontinuity is represented by the societally accepted
interpretation particularly during reinterpretation at a particular point in time, and
the continuity is represented by the Romanic Branch of the Occidental Tradition.
A discontinuity can be interpreted to represent a novel combination of different
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components of the Romanic Bramch of the Occidental Tradition, or the
reactivation of a component thereof.
Considering the Roman Heritage and particularly the Greco-Roman philosophy and
science contained therein, it contains aspects of science and technology, including
scientific development and technological innovation, aided by long-distance
intellectual and commercial exchanges, but it also contains aspects of scientific and
technological decline. In any reinterpretation of the Romanic Branch of the
Occidental Tradition it is thus important which components have which position
on a continuum from irrelevant to relevant. The societally accepted interpretation
of the Romanic Branch of the Occidental Tradition at a particular point in time
impacts not only the quantity and quality of scientific development and
technological innovation but also the quantity and quality of science and
technology in the society in question.
When a societal tradition is divided into branches, the focus is on the branch. This
statement has several decisively important implications. First, the components of
the different branches differ at least partially, and it is extremely unlikely that two
societally accepted interpretations of two different branches of the same societal
tradition would be identical. Second, the differences in the two branches and
hence the two interpretations mean that the foundation of the legitimization of
actions is different – this results in different actions and hence different sciences
and technologies. Third, differences in the foundations of legitimizations of
science and technology, including scientific development and technological
innovation, signify differences in various aspects of scientific development and
technological innovation, e.g., the direction of research and innovation activities.
Fourth, government or private sector attempts to increase a society’s performance
in regard to science and technology, including scientific development and
technological innovation have to be founded on the contemporary societally
accepted interpretation of the relevant branch of the appropriate societal tradition
including the societal perception of iustitia.
The last point deserves some additional elaboration. The conquistadores
delegitimized Aztec science. Even if the conquistadores had not delegitimized
Aztec science and even if epidemics had not caused a population tragedy in the
Americas, it is doubtful whether the conquistadores would have been successful in
motivating Aztec scientists to work within the confines of Occidental science and
hence the Romanic Branch of the Occidental Tradition. We have seen that the
societally accepted interpretation of the Aztec Branch of the Amerindian Tradition
as it related to Aztec scientists – i.e., priests - did not value wealth and hence any
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attempt to motivate an Aztec scientist with gold would have fruitless. The
destruction of Aztec religion by the Castilians removed the previous religious
legitimization of science and scientific development from the standpoint of Aztec
scientists.
The differences between the Romanic Branch and the Germanic Branch are not as
fundamental as those between the Aztec Branch of the Amerindian Tradition and
the Romanic Branch of the Occidental Tradition, but differences exist. A key
difference is the strength of individualism on the continuum of society – individual:
In the societies belonging to the Romanic Branch the teaching of the Ecclesia
Catholica Romana means a stronger emphasis on society than in the societies
belonging to the predominantly Protestant societies belonging to the Germanic
Branch. Any government or private sector attempt to improve performance in
terms of scientific development and technological innovation of a society
belonging to the Romanic Tradition would be suboptimal if it focussed solely on
factors related to individualism. It would be of no bearing on the outcome that an
identical attempt had been successful in a society belonging to the Germanic
Branch.
There are significant differences between societal traditions and between different
branches of the same societal tradition impacting the pace of the scientific
development and technological innovation. The relative pace may change as a
result of a reinterpretation of the relevant societal tradition or the relevant branch
of the appropriate societal tradition. All of the branches of the Occidental Tradition
change over time, either through a full or partial re-emergence of another societal
tradition or branch of a societal tradition or by a reinterpretation within the
confines of the existing relevant societal tradition or relevant branch of the
appropriate societal tradition. Analogously to Gabriel Tarde’s assertion that
repetition and adaptation are more frequent than invention, reinterpretations
which are based on repetition and adaptation related on the foundation of the
existing societal tradition or branch of the appropriate societal tradition are more
frequent than “invention” in the guise of a re-emergence. We have seen that the
Occidental Tradition has experienced a handful of re-emergences, but it and its
branches have experienced numerous reinterpretations.
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(b) Reinterpretation of the Relevant Branch of the Appropriate Societal
Tradition
A change, or more precisely a reinterpretation, may be triggered when the societal
status quo differs from the societally accepted interpretation of the relevant
branch of the apprprate societal tradition and thus its perception of iustitia at a
particular point in time – as seen in the case of the tensions in French society of
l’Ancien Régime in the 18th century. The societal status quo could be brought back
to conform with the society’s interpretation of its branch of its societal tradition as
a result of a societal reaction. At the other end of the continuum, a process leading
to a reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition may be triggered. A reinterpretation can be
triggered by an endogenous crisis relating to, e.g., scientific development and
technological innovation. Chapter VI, Chapter VII and Chapter VIII demonstrate
that endogenous scientific development and technological innovation has rather
followed and strengthened a reinterpretation than vice versa. A society may have
no viable choice to a reinterpretation if stricken by an exogenous crisis, e.g., a
natural disaster, military conflict and/or a depletion of its natural resources. We
have seen that a reinterpretation occurred in the Occidental Imperium Romanum
from the 3rd century onward, and exogenous military conflict – particularly the
Germanic incursions – arguably contributed to this reinterpretation. With the
expedient of a reinterpretation a society strives to find a new equilibrium between
its interpretation of its societal tradition or branch of the appropriate societal
tradition on the one hand and the new societal reality on the other hand – without
overstepping the boundaries set by the relevant societal tradition or the relevant
branch of appropriate societal tradition. As the development in the Occidental
Imperium Romanum from the 3rd century onward demonstrates, a reinterpretation
is not necessarily favourable to science and technology, including scientific
development and technological innovation.
The reinterpretation of the relevant branch of the appropriate societal tradition is
simultaneously deterministic and indeterministic: It is deterministic in the sense
that it is based on the relevant branch of the Occidental Tradition, and it is
indeterministic in the sense that the Romanic Branch of the Occidental Tradition
based on its Roman Heritage – including the Greco-Roman philosophy and science
– and Occidental Christianity is sufficiently rich that it allows for de facto an infinite
number of different outcomes when its different aspects are synthetized – or
recombined – into a reinterpretation. This societal process of synthetizing a
reinterpretation of the Occidental Tradition is recursive because it uses
components from the Romanic Branch of the Occidental Tradition and its history,
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and it is complex because of the complexity of relevant Occidental societies and
the multifaceted history of the Occident and Occidental societies. The synthesis is
a recombination because of its reliance on existing components. It is a Complex
and Recursive Recombination, i.e., a recombinatio complexa recursiva.
Figure 20 visualizes the simultaneous determinism and indeterminism in the
interpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition. The relevant societal tradition or the relevant
branch of the appropriate societal tradition set strict – or deterministic –
boundaries for a reinterpretation. Within these boundaries, a band representing
the societally accepted interpretation of the society’s societal tradition at a point
in time meanders. From time to time, the position of the band changes more or
less rapidly – this represents indeterminism.

Societal Tradition

Interpretation of Societal Tradition

Societal Tradition

t
Figure 20: Determinism and indeterminism of a society's societal tradition. The
societal tradition forms a deterministic boundaries which limit and
reinterpretation of a societal tradition. The societally accepted interpretation of
the societal tradition meanders within these boundaries and changes to the width
describe more or less tolerance of, e.g., science and technology. If a societal
tradition is divided into branches, then the outer boundaries represent the
relevant branch of the appropriate societal tradition.
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The concept of recombinatio complexa recursiva is similar to Edgar Morin’s spiral
movement, but it explicitly limits the reach of the spiral movement to one societal
tradition or one branch of the societal tradition in question. At first glance, this
limitation may seem to be a significant constraint, but considering that the
Amerindian Branch, Germanic Branch and Romanic Branch of the Occidental
Tradition are all multifaceted this is not a significant constraint.
A recombinatio complexa recursiva is simultaneously destructive and constructive –
this is an example of the complementarity of superficially contradictory terms as
argued by, e.g., Edgar Morin. Or it is an analogy with Fernand Braudel’s argument
of simultaneousness of discontinuity and continuity. It is destructive, because the
societal rejection of the status quo may yield existing technology societally
unacceptable thus resulting in this technology and real investments based on this
technology to lose their value. An unequivocal assessment of any loss is made
difficult by a key characteristic of a recombinatio complexa recursiva: At a later point
in time the delegitimized science and/or technology may become legitimate again
as the result of yet another recombination in the same society or in another
society. This is an extension to Gabriel Tarde’s assertion that inter-societal
imitation is the foundation of additional technological innovation and arguably
additional scientific development, because the focus is not on the legitimized
science and technology but supplementarily on delegitimized science and
technology.
Simultaneously, a recombinatio complexa recursiva is constructive, because it
creates the demand for new scientific development and technological innovation
that is compatible with the new interpretation of the relevant societal tradition or
the relevant branch of the Occidental Tradition. The reinterpretation of the
Romanic Branch in the French society in the late 17th century exemplifies the
demand for science-based technological innovation. As we have seen, the French
society of l’Ancien Régime and the Crown saw in science and technology a way to
strengthen the Realm – also militarily. This created a societal demand for science
and technology, including scientific development and technological innovation.
This demand was not necessarily in the form of monetary incentives but the
creation of a societal appetite for new scientific knowledge and/or technological
innovation. Ultimately, the demand would result in the establishment of modern
chemistry by Antoine-Laurent de Lavoisier in the late 18th century and
thermodynamics by Nicolas Léonard Sadi Carnot in the early 19th century.
From the standpoint of scientific development and technological innovation in
societies belonging to the Romanic Branch of the Occidental Tradition a key issue
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is the status of science and technology in the societally accepted interpretations of
the Romanic Branch of the Occidental Tradition at different points in time. During
l’Ancien Régime in the late the 17th century and in 18th century, French society
exhibited an appetite for scientific development and technological innovation, or
more specifically a belief in science and technology as solutions to societal
challenges. Considering the situation today, does the French society exhibit at
least a similar degree of appetite for scientific and technological innovation? If this
is not case, then no amount of monetary incentives will increase scientific
development and technological innovation, because such incentives would not
address the key issue: the societally accepted interpretation of the Romanic
Branch of the Occidental Tradition as it relates to science and technology, including
scientific development and technological innovation. The same holds true for the
other societies founded on the Romanic Branch of the Occidental Tradition.
In respect of destructiveness and constructiveness the concept of a recombinatio
complexa recursiva does not significantly differ from Edgar Morin’s spiral
movement. However, it differs significantly from Gaston Bachelard’s idea of
cumulativeness, because the concept of a recombinatio complexa recursiva does not
make any prognosis of whether delegitimized science and technology will form any
part of the foundation for later scientific development and technological
innovation, and it allows for the loss of knowledge. The aspect of the loss of
science and technology is exemplified by the loss of science in the Occident
particularly from the 5th century onward. The Occident retrieved significant
portions of this science in conjunction with its contacts with the Arabs and
Constantinople during the late Occidental Middle Ages as we have seen – at least
initially it was not necessarily identical with the Greco-Roman philosophy and
science because of the scientific development performed by the Arabs. The
amount and contents of the lost Greco-Roman philosophy and science cannot be
estimated, because the amount and contents of lost science cannot be assessed
because of lack of information on what was lost except for maybe some quotes or
references.
It is warranted to consider the time and particularly the timing aspect of a
reinterpretation of the Romanic Branch of the Occidental Tradition, because the
possible impression that the societal reaction setting of the process of a
recombinatio complexa recursive occurs immediately after the boundaries of the
relevant societal tradition are exceeded is not an accurate one. The time lag may
be a lengthy one. One explanation of this time lag is that a difference between the
societally accepted interpretation of the Romanic Branch of the Occidental
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Tradition and the societal status quo is not necessarily sufficient to result in a
societal reaction resulting in a reinterpretation. Even an evident contravention
against the societally accepted interpretation does necessarily mean that there is
a societal perception that iustitia has been broken. Alternatively, in a time of a
crisis a society may overlook some contraventions against the contemporary
societally accepted interpretation of the Romanic Branch of the Occidental
Tradition.
A societally accepted interpretation of the relevant branch of the appropriate
societal tradition at a particular point in time may remain in force for a long period
in the face of even serious societal challenges, and when a societal reaction takes
place this may come as a surprise even for the society itself. Reinterpretations
relating to some aspects of the societally accepted interpretation may occur, e.g.,
the actions of the aristocratic seigneurs were founded on a partial reinterpretation
in relation to the proper role of the aristocracy in a society with strong roots in
feudalism as was the case in l’Ancien Régime. However, l’Ancien Régime survived
until 1789.
The stability of the fundamental aspects of a societally accepted interpretation of
the Romanic Branch of the Occidental Tradition as that underpinning l’Ancien
Régime is exemplified by the long survival and the ultimate fall of l’Ancien Régime.
Let us consider this stability briefly. Throughout the destructive religious wars in
the 16th century, the disastrous last years of the reign of Louis XIV, and the loss of
la Nouvelle-France and East India during the reign of Louis XV, the societal
legitimacy of l’Ancien Régime remained intact. Even decisions taken by the Crown
which were at least problematic from the standpoint of the societally accepted
interpretation of the Romanic Branch of the Occidental Tradition which included
Saint Augustine’s separation of power between Imperium and Ecclesia did not
result in an immediate significant societal reaction in the late 17 th century and in
the 18th century until 1789. The Imperium was expected to respect the rights of
the Ecclesia, but it was not necessarily clear which church thus casting doubt over
l’Édit de Fontainebleau of 1685. According to the constitutional conventions of
l’Ancien Régime the Crown was not allowed to cede territory without the consent
of les États-généraux, but it did so by ceding la Nouvelle-France in 1763. In spite
of relatively minor earlier societal problems, l’Ancien Régime fell relatively
suddenly in 1789.
A societal reaction setting in motion a reinterpretation of the relevant branch of
the appropriate societal tradition requires an initial and driving force. The inability
of science to mount a serious challenge to the societally accepted interpretation

381

Legitimization of Science and Technology

of the Romanic Branch of the Occidental Tradition underpinning l’Ancien Régime
demonstrates that science alone was too weak in this respect in spite of
undermining the legitimacy of l’Ancien Régime. The aristocratic seigneurs were a
completely different matter. Fernand Braudel’s description of their mentality
suggests that the aristocratic seigneurs thought that they had iustitia on their side
when they invested in, e.g., production operations during l’Ancien Régime in the
second half of the 18th century (Braudel, 1979b, p. 256): “Après les années de
pénitence si longues, de 1660 à 1730, la noblesse terrenne voudrait vite, aussi vite
que possible, compenser les jeûnes antérieurs, oublier sa «traverse du desert».
Tous les moyens lui seront bons…”51 The problem from the standpoint of the
stability of the hitherto societally accepted interpretation of the Romanic Branch
of the Occidental Tradition was that the belief of the iustitia of the aristocratic
reaction after 1730 was not shared by another important part of society, the
wealthy artisans and merchants hailing from the Tiers état. In other words, there
were two very different views of iustitia represented by two powerful groups as it
related to production operations and manufactures, and to solve the resulting
tensions a more comprehensive reinterpretation of the Romanic Branch of the
Occidental Tradition became inevitable by 1789.
The driving force for a societal reaction resulting in a reinterpretation of the
appropriate societal tradition is iustitia, or more accurately the societal perception
of iniustitia. Reconsidering the societal dynamics leading up to the fall of l’Ancien
Régime in 1789: Three developments could be elucidated as decisively important
violations of the societally accepted interpretation of the Romanic Branch of the
Occidental Tradition during l’Ancien Régime in the 18th century prior to 1789. First,
the expansion of the activities of les seigneurs to manufacturing and large-scale
mining activities based on their seigneurial income and wealth constituted an
iniustitia, because the raison d’être of this wealth was created to finance the
expenses of aristocratic warriors during military conflicts. Second, the disastrous
societal consequences of free trade agreements caused societal hardship and the
king as Pater patriae was not perceived to act decisively to protect his children, i.e.,
the French people. Third, the king as Pater patriae was not perceived to act
decisively to still the hunger of his children, i.e., the French poor, after the poor
harvests in the late 1780s.

51

Author’s translation: After the long years of penitence, from 1660 to 1730, the aristocratic
seigneurs wanted to compensate the wandering in the desert as soon as possible and shunning no
methods.”
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The importance of iustitia for science and technology, including scientific
development and technological innovation deserves to be repeated. The
substantive contents of iustitia differ from society to society as a result of
differences in the societally accepted interpretations of the respective societal
tradition or the respective branch of the appropriate societal tradition at the point
in time of interest. Considering the decisive role of the societal perception of
iniustitia in triggering a reinterpretation based on a recombinatio complexa
recursive, the differences between the Amerindian Branch, the Germanic Branch
and the Romanic Branch impact the legitimization and delegitimization of science
and technology, including scientific development and technological innovation.
These differences impact which science and technology is legitimized and which
science and technology is delegitimized in the context of a reinterpretation. This
raises the issue of the sources of the Amerindian Branch, the Germanic Branch and
the Romanic Branch of the Occidental Tradition. Whereas the focus in this work is
on societies founded on the Romanic Branch of the Occidental Tradition, the
Romanic Branch is the focus of the assessment of the sources.
In the Romanic Branch of the Occidental Tradition two sources can be considered
the main sources of the substantive contents of iustitia: (i) the Roman Heritage
and (ii) Occidental Christianity. The substantive foundation is heterogeneous,
because particularly Roman Heritage is multilayered spanning centuries of
different and often contradictory influences.
Figure 21 visualizes the dynamics of a societal reaction that results in a new
interpretation of a society’s societal tradition and thus its perception of iustitia.
The meandering line shows that societal reality changes over time, the reasons for
this may vary and include legislative action by the Crown, scientific development
and technological innovation. When the fluctuation of the societal reality breaks
the boundaries of what is societally accepted as forming the boundaries of iustitia,
a societal reaction may take place. Whether a societal reaction takes depends on
the aggregate effect of numerous factors. E.g., we have seen that a key reason for
societal tensions between the aristocractic seigneurs on the one hand and the
wealthy artisans and merchants on the other hand was that both moved into largescale manufacturing in the 18th century, and the wealth and contacts the
aristocratic seigneurs enjoyed at Versailles gave them an advantage over the
wealthy artisans and merchants. Whereas the societal reason for the seigneurial
system, the military service, was not valid any longer, this may have been seen a
violation of iustitia by the wealthy artisans and merchants, and this contributed to
the delegitimization and the fall of l’Ancien Régime.
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Iustitia

Societal Reaction

Societal Reality

t
Figure 21: Dynamics of iustitia and societal reaction. A societal reaction is
triggered by a violation of the societal perception of iustitia. When the societal
reality exceeds the boundaries of iustitia – based on the societally accepted
interpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition – a societal reaction occurs may result in a change of
the bandwidth describing what is compatible with iustitia. The process is complex
and recursive. It may result in a widening, narrowing or confirmation of the
bandwidth.

A societal reaction should not be interpreted to mean that societal reality dictates
the substance of iustitia, because all societal reality is embedded in society, and
society rejects components of a societal reality which do not find societal
acceptance, i.e., a society rejects components which are incompatible with its
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition.
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A recombinatio complexa recursiva results in a reinterpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition. This
reinterpretation does not need to be more sophisticated than the previous
interpretation. Quite the opposite, it may be less sophisticated as suggested by
the trajectory of societal changes occurring in the aftermath of the urban crisis in
the 3rd century, during the Merovingian dynasty and during the Carolingian dynasty
in the Occident.
A recombinatio complexa recursiva may result in a change of the status quo, but not
necessarily of all parts of the status quo. We have seen such a partial change in
the case of Spain when the powers of the king remained intact during a period of
significant societal reforms particularly during the reign of Carlos III. More
importantly, as suggested by Fernand Braudel in his approach to divide history in
three histories moving at different speeds, there are factors humans cannot
change or a particular human society cannot change. In these cases, such a part of
the status quo has to be taken as a given.
A reinterpretation of the relevant branch of the appropriate societal tradition has
implications for all societal aspects if it is not clearly limited to a particular issue
that has no interactions with other aspects of the society in question. The
complexity of society – suggesting an obvious analogy with Fernand Braudel’s view
on interrelatedness in history – means that no changes limited to one societal
aspect has been observed in this work. Although there may be no immediate
implications the occurrence of implications later on cannot be ruled out. The
reinterpretation of the Romanic Branch of the Occidental Tradition resulting in the
emergence of seigneur-manufacturers in the 18th century exemplifies the time
delayed societal reaction culminating in the delegitimization and the fall of l’Ancien
Régime in 1789.

(c) Complex and Recursive Recombination in Science and Technology
A Complex and Recursive Recombination does not impact science and technology
only indirectly via society, but a reinterpretation is also part of scientific
development and technological innovation directly. A recombinatio complexa
recursiva ties later science and technology to earlier historical development
impacting earlier science and technology. The impact may be indirect or direct. In
terms of an indirect impact, a recombinatio complexa recursiva relating to the
acceptance and “hunger” for science and technology, scientists and innovators are
encouraged or discouraged in their desire to research or innovate. This point ties
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to the point that potential scientists and innovators have existed throughout
history but the societal acceptance of science and technology has varied over time.
As Chapter III demonstrates, at least after the 8th century the focus of Occidental
philosophy and science was theology. Consequently, there was no encouragement
to engage in scientific development outside of theology. The societal disinterest
of philosophy and science outside of the theological realm did not only mean that
there was practically no scientific development. This also meant that there was no
societal interest in maintaining the literary sources on other topics than theology.
As a result, the available literature on science disintegrated and no oral tradition
replaced it. Obviously, any irretrievably lost philosophy and science cannot
become part of a later recombinatio complexa recursiva.
In terms of a direct impact, a recombinatio complexa recursiva describes the use of
previous knowledge that had been delegitimized as part of scientific development
and technological innovation. The resurrection of previously delegitimized science
and technology may be viable on the basis of later scientific development and
technological innovation in the same or in a related discipline. Albeit certainly
interesting, this issue is outside of the topic of this work – the legitimization of
science and technology – and hence it will not be pursued.
The fragmentation of science and technology can be compared with the
emergence of the Amerindian Branch and the Germanic Branch of the Occidental
Tradition: A limited mutually accepted foundation remains, but reinterpretations
tend to widen the differences. The widening differences between the branches of
the Occidental Tradition correspond with the widening differences between
scientific disciplines: Edgar Morin has described la grande disjonction (Morin E. ,
1986, p. 70).
An impact of la grande disjonction is that more knowledge can mean less
knowledge. More science is simultaneously less science, because every disciplinespecific epistemology depends on the subdivision of knowledge into disciplines,
and the addition of knowledge in one discipline adds to the overall complexity
which makes the comprehension of the whole more difficult (Serva, Dias, &
Alperstedt, 2010, p. 284). The obstacles raised by a lack of multidisciplinary science
can be seen in the development that led to modern chemistry. Prior to the
emergence of modern chemistry, chemical elements, reactions and processes
were used in the Occident, but there were significant barriers between, e.g.,
metallurgy and pharmacology. The fall of these barriers as a result of the
emergence of modern chemistry has allowed for significant scientific
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developments not only within metallurgy and pharmacology but also in entirely
new applications of chemistry.
It is warranted to turn to the individuals making up a society. The human brain is
behind science and technology. However, the human brain has its limitations as
demonstrated by Jean-Pierre Changeux. One of the key limitations is the way in
which the human brain perceives the environment. We have seen that this
perception depends on an individual’s cognition, and this very cognition depends
on society, including the language spoken in the relevant society and the societally
accepted interpretation of the relevant branch of the appropriate societal
tradition. Apart from favouring or hampering science and scientific development,
a reinterpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition may also effectively broaden or limit individual
cognition thus impacting science and scientific development. What is important
from the standpoint of a Complex and Recursive Recombination in science and
technology is that a reinterpretation legitimizes or delegitimizes potential
foundations for science and technology. This is not solely an issue related to an
individual’s willingness to play according to the societally accepted interpretation
of the relevant branch of the appropriate societal tradition at the point of time of
interest, but the work of Jean-Pierre Changeux suggests that an individual cannot
act in a way contrary to the societally accepted interpretation because of reasons
rerlated to neuroscience.

(d) Complex and Recursive Recombination in Industrial Engineering and
Management
The concept of a recombinatio complexa recursiva and its use as an analytical and
predictive tool also offers important insights in industrial engineering and
management in general and strategy in particular. Because this work focusses on
societies, the following elaborations on the use of the concept of a recombinatio
complexa recursiva in strategic management will remain rudimentary and shall be
considered solely as pointers. The following short elaborations outline the
application of the concept of a recombinatio complexa recursiva in three aspects –
strategic science and technology management, strategic marketing and strategic
legal and regulatory management – of strategic management of private
organizations, including industrial enterprises.
Insofar a private organization strives to achieve a competitive advantage based on
scientific development and technological innovation, the societal acceptance of
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science and technology in a dynamic societal context is crucial for the degree of
success. Any legitimization of scientific development and technological innovation
depends on the relevant society’s perception of iustitia and hence its
interpretation of its societal tradition or its branch of its societal tradition at the
relevant point in time. The societal acceptance of scientific development and
technological innovation does not only depend on the level of education and the
existence of an at least satisfactory science and technology infrastructure. The
degree of success also depends on the societally accepted interpretation of the
relevant societal tradition or the relevant branch of the appropriate societal
tradition at the point in time of interest, particularly as it impacts the cognition of
the individual scientists and researcher.
An individual’s cognition impacts the same individual’s perception of the world,
and it impacts the range of viable options from the individual’s standpoint. A
private organization can use its insight regarding the societally accepted
interpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition at the point in time of interest to maximize its
worldwide scientific development and technological innovation performance by
steering the relevant activities to locations with the highest societal acceptance of
the science and technology in question.
In a science- and technology-intensive52 industrial sector the perspective of the
societally accepted interpretation of the relevant societal tradition or the relevant
branch of the appropriate societal tradition at the point in time of interest adds
another dimension to portfolio management in the context of strategic
management. This is simultaneously something different and something broader
than considering different potential sites from the standpoint of science and
technology. Current science and technology are certainly helpful when scientific
development and technological innovation takes place in the context of the
existing science and technology, but because of societal and cognitive reasons
current science and technology can become an impediment to scientific
development and technological innovation. Apart from choosing the most
favourable society for particular scientific development and technological
innovation, a private organization may choose to create a portfolio of potential
sites for present and future scientific development and technological innovation
projects.

52

The term “technology-intensive” encompasses all technologies, including chemical
engineering, electrical engineering and mechanical engineering.
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The access to science and technology in societies with a different interpretation, a
different branch and a different societal tradition at the point in time of interest
cannot be considered intellectual property in the sense of a patent, copyright, et
cetera. A portfolio of access to different science and technology demonstrating
different strengths and weaknesses based on societal factors offers the private
organization in question potentially valuable options in its current and future
optimization of its scientific development and technological innovation.
The realization of the benefits derived from an optimization of the site of scientific
development and technological innovation requires that the private organization
does not attempt to standardize and streamline the organization workings along
the lines of scientific development and technological innovation in another society.
This sounds like a truism. However, it cannot be ruled out that an internationally
operating private organization would not attempt to achieve some cost and/or
other benefits from standardization undermining the raison d’être of the portfolio
in the process.
A private organization considering the potential of future changes in regard to the
societal acceptance of science and technology should look into the past of the
relevant society to assess the components which will be in play as part of any
recombinatio complexa recursiva in the future – including societal perception of
iustitia. The challenge lies in forecasting accurately the complex and recursive
dynamics of a recombinatio complexa recursiva. As the societal response to the
teaching of Saint Thomas of Aquino demonstrates, a societal rejection may turn
into societal acceptance – within the boundaries of the relevant societal tradition.
This requires from a private organization that it pays close and constant attention
to the societal factors of importance for triggering a reinterpretation of the
relevant societal tradition or the relevant branch of the appropriate societal
tradition.
In the context of technological innovation, artisans played a significant role during
l’Ancien Régime in the 17th and 18th centuries. Artisanal knowledge of materials
and processes – however archaic – was a starting point for technological
innovation. A society with a former and/or present strong artisanal sector has
possessed, likely possesses and likely will possess a societally accepted
interpretation of the relevant societal tradition or the relevant branch of the
appropriate societal tradition that forms the societal foundation for future
technological innovation – if and only if the future societally accepted
interpretation reflects components favouring artisanal activities. Any future
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societally accepted interpretation has a significant chance of being favourable to
artisanal activities in the future.
In an assessment of the future potential for technological innovation in a society
based on the concept of a recombinatio complexa recursiva it would become obvious
that both the French society and the Mexican society on the foundation
established by the Aztecs have significant potential in technological innovation in
the future. The challenge in strategic management in the case of France is to assess
whether the French society will have a societally accepted interpretation of the
Romanic Branch of the Occidental Tradition favouring technological innovation as
in the 18th century or one hampering technological innovation as during the Middle
Ages.
The challenge in strategic management in the case of Mexico is to assess whether
the Mexican society will be able to resurrect the Aztec Branch of the Amerindian
Tradition in the context of the Romanic Branch of the Occidental Tradition. If the
Mexican society is able to include the components favourable to artisanal activities
in the Aztec Branch of the Amerindian Tradition into its societally accepted
interpretation of the Romanic Branch of the Occidental Tradition and thus give
impetus to the emerging Amerindian Branch of the Occidental Tradition, then the
Mexican society would be in a strong position in the global competition based on
technological innovation. If the Mexican society has a societally accepted
interpretation of the Romanic Branch of the Occidental Tradition similar to that in
the 16th, 17th and 18th centuries, then technological innovation will be much
weaker in Mexico in the future – technology would be either purchased from other
societies or would be based on imitation. The strength of Amerindian thinking in
the Mexican society will be important to watch in this context.
Products featuring or based on scientific development and technological
innovation require a market, and in the development of a strategic marketing plan
the concept of the societally accepted interpretation of the relevant societal
tradition or the relevant branch of the appropriate societal tradition as the result
of a recombinatio complexa recursiva is a valuable tool. Markets may be more or
less receptive to a particular technological innovation, and this receptiveness is
rooted in the societally accepted interpretation at the point of time of interest.
The comprehension of a society’s perception of iustitia based on its societally
accepted interpretation facilitates the identification of societally viable
legitimizations for the product a private organization wants to sell. Market
acceptance may also change over time as a result of a reinterpretation. Hence, it
is necessary to closely and constantly monitor developments which may trigger a
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reinterpretation based on a recombinatio complexa recursiva in existing and
potential markets. The dynamism of a society’s societally accepted interpretation
adds a strategic – in the sense of strategic management – aspect to legitimization,
because a legitimization that is acceptable at the point of time t1 may be
inacceptable after a reinterpretation at the point of time t 2 – this may have serious
repercussions for a product’s sales figures after the reinterpretation.
Merchant-manufacturers played an important role in the development of
manufacturing activities during l’Ancien Régime in the 18th century. Similarly, the
pre-Columbian Aztec society had extensive merchant activities. This means that
both the French society and the Mexican society possess components which are
beneficial in identifying market opportunities. Combining this with the assessment
about the artisanal activities means that both the French society and the Mexican
society have the potential of having a strong performance in technological
innovation based on a societally accepted interpretation of the Romanic Branch of
the Occidental Tradition and the Amerindian Branch of the Occidental Tradition,
respectively.
Particularly the chemical process industries are often subject to legal and
regulatory requirements in regard to their production processes and products. The
capital-intensity of numerous industrial chemical facilities means that processand/or product-related legal and/or regulatory change may result in significant
capital investment requirements in process and/or product changes.
Consequently, issues relating to obtaining and maintaining the required operating
permits and/or product approvals are also of crucial importance for scientific
development and technological innovation. In the context of strategic
management, a timely identification of societal developments leading to future
legal and/or regulatory change offers a private organization more time for adapting
its production processes and/or products. A timely identification of future legal
and/or regulatory change also offers a private organization the opportunity to
review its capital investment plans to avoid spending on production processes
and/or products which require significant additional capital investments or even
face obsolescence because of future legal and/or regulatory change.
An assessment in regard of the likely legal and/or regulatory changes has to take
societal complexity into account, but it is helped by the limitations contained in the
concept of a recombinatio complexa recursiva. As the case of l’Ancien Régime
shows, legal and/or regulatory change is a reaction to societal change rather than
the other way around: In spite of the mounting societal tensions in the 18 th
century, we have seen that the basic tenets of the French constitutional law and
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private law remained intact until 1789. In other words, for any assessment of
future legal and/or regulatory change, the assessment of societal change is of
decisive importance. The concept of a recombinatio complexa recursiva limits the
number of potential outcomes. Consequently, it is a valuable tool in the
assessment of future legal and/or regulatory change. Hence, the concept of a
recombinatio complexa recursiva helps in the identification of the scientific
development and/or technological innovation priorities of a private organization.
The Occidental Tradition in general and the Romanic Branch of the Occidental
Tradition in particular contain components making significant regulation or little
regulation of production processes and products possible within the boundaries of
the Romanic Branch of the Occidental Tradition. The confrontation between le
Colbertisme and le Physiocratisme during l’Ancien Régime in the second half of the
18th century exemplifies the multifaceted history of one society belonging to the
Romanic Branch of the Occidental Tradition in this regard.
Additional examples to these three examples of the importance of a recombinatio
complexa recursiva for private organizations could be described, but these three
examples already make it clear that an assessment of the implications of a past or
future recombinatio complexa recursiva is a valuable tool in strategic management.
Such an assessment should not be limited to individual aspects of the value chain
of a private organization but it should encompass all aspects analogously to
Fernand Braudel’s interconnectedness. The key point is that societies work within
their societal tradition or their branch of their societal tradition: It is unnecessary
to expect that Society S1 belonging to the Societal Tradition ST 1 changes in such a
way that it is identical with Society S2 belonging to the Societal Tradition ST2.
Let us now look specifically at the six issues relating to industrial engineering and
management in general and strategy in particular identified in Chapter I:
(1) The degree and distribution of research and development operations of
business enterprises.
(2) Managerial and strategic implications of diversity in science and
technology.
(3) Knowledge required for gaining a competitive advantage in a world
characterized by diversity in science and technology.
(4) Knowledge about past science and technology for achieving a competitive
advantage.
(5) Monoculture as an imperdiment to comparative advantages of Occidental
societies.
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(6) The need to abandon the premise of one truth inherent to the Occidental
Tradition in Occidental science and technology.
First, as long as Occidental science and technology enjoyed global hegemony on
the wings of Occidental economic and military dominance, it was sufficient to pay
scant attention to non-Occidental sciences and technology. In this work, we see
that Aztec science was destroyed because of actions taken by the Occident
particularly in the 16th century. The rising importance of societies which do not
adhere to one of the branches of the Occidental Tradition means that nonOccidental sciences and technologies are gaining importance as a function of the
rising importance of the societies in question, because science and technology are
expressions of society, more precisely they are expressions of the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at a particular point in time. If a business enterprise has research and development
operations in different societies hailing from different branches of the same
societal tradition or from entirely different societal traditions, then the business
enterprise has exposure to more sciences and technologies which may offer it
competitive advantages. The importance of non-Occidental sciences and
technologies are increasing because of an increasing wealth in non-Occidental
societies, because now non-Occidental societies have increasingly the material
resources to support their sciences and technologies. It would be too simplistic to
view this as a dichotomy Occidental science and technology versus non-Occidental
sciences and technologies. It is more that there will be some absorption of
Occidental science and technology into non-Occidental sciences and technologies.
The extent of this absorption will be determined by the possibility to legitimize the
foreign science and technology according to criteria derived from the relevant
branch of the appropriate societal tradition. A society adhering to relevant branch
of an appropriate societal tradition that accepts many truths is likely to absorb
more, because it can better accept heterodox science and technology as one
additional truth. This is where the Occident will be in a weaker position, even its
absorption of prima facie Arab science and technology was arguably only possible
during the Middle Ages, because the Arab science and technology were based on
work by philosophers and scientists who were part of the Roman Heritage as well
– as an expression of the concept of Complex and Recursive Recombination in the
context of the legitimization of science and technology. Hence, Occidental
business enterprises will have to overcome an inherent bias against the absorption
of non-Occidental science and technologies.
Second, the existence of numerous science and technologies, i.e., each science and
technology is legitimized founded on the societally accepted interpretation of the
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relevant branch of the appropriate societal tradition at a particular point in time –
this is the result of a societal process based on the concept of Complex and
Recursive Recombination.
Hence, every science and technology is a
representation of its society, signifies that every business enterprise is confronted
with numerous sciences and technologies globally. The differences in the sciences
and technologies means that a business enterprise possesses the opportunity to
find competitive advantages, if it mobilizes these different sciences and
technologies in its research and development operations – in the 16th century it
would have been possible to obtain competitive advantages with the use of Aztec
science in, e.g., pharmaceutical knowledge. This means that the research and
development operations are managed in such a way that the different sciences and
technologies are considered legitimate by management, i.e., Occidental science
and technology are not considered the only legitimate ones. If management did
subscribe to technological determinism assessed by, e.g., Jacques Ellul, then the
business enterprise would de facto subscribe to the belief that there is only one
legitimate set of science and technology, i.e., Occidental science and technology.
In other words, technological determinism are the concept of Complex and
Recursive Recombination are incompatible both as concepts of science and
technology, and as concepts used to identify intellectual property-based
competitive advantages by business enterprises.
Third, an open mind vis-à-vis non-Occidental sciences and technologies is
necessary in a world with many sciences and technologies, but it is not sufficient.
Whenever a business enterprise needs to take decisions relating to sciences and
technologies, it is necessary for the decision-makers to have sufficient knowledge
about both Occidental science and technology and the relevant non-Occidental
sciences and technologies. This knowledge has a supply component and a demand
component, i.e., it is necessary to comprehend the potential of legitimization of
science and technology. The supply component deals with the potential inventions
and innovation in the context of science and technology in terms of the
neuroscientific confines set by the societally accepted interpretation of the
relevant branch of the appropriate societal tradition at the point of time under
consideration. The demand side deals with the market for science and technology,
and it is necessary to keep in mind that there may differences between supply and
demand. E.g., in spite of its high level of science and technology, France imported
some machinery instead of being the source of the inventions in the last decades
of l’Ancien Régime. The challenge for a business enterprise looking for export
opportunities is thus to assess which markets possess a societally accepted
interpretation of their branch of their societal tradition at the point in time in
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question conducive to the science and technology in question. In other words, the
market as is and the potential market has to be assessed. This applies also to
science and technology in general and research and development in particular.
The acquisition of the knowledge of non-Occidental sciences and knowledges
cannot be the sole responsibility of business enterprises, it also requires measures
taken by educational institutions in the Occident.
Fourth, the third point covers different contemporary sciences and technologies,
but the different sciences and technologies also have a past. Solutions to present
and future challenges may be found in the history of science and technology.
Science and technology which were rejected in the past may form the foundation
for solutions in the present and in the future as part of Complex and Recursive
Recombination in the context of science and technology directly and not
necessarily the indirect path of the legitimization of science and technology. The
past science and technology do not need to be limited to Occidental science and
technology. The solution can be found in past non-Occidental sciences and
technologies. Obviously, finding a solution in the past requires knowledge about
past sciences and technologies. In other words, a reinterpretation of the relevant
branch of the appropriate societal tradition may legitimize a previously
delegitimized science or technology. This is exemplified by the renaissance if wood
as a fuel in manufacturing and production operations thus relegitimizing the
combustion of wood during l’Ancien Régime. Obtaining the knowledge of past
science and technology cannot be the sole responsibility of business enterprises, it
also requires that measures are taken by educational institutions.
Fifth, shifting the perspective from business enterprises to societies, particularly
governments, the strengthening of non-Occidental societies has significant
implications as well. The economic and military dominance of the Occident has
allowed for the existence of a monoculture in science and technology in the
Occident, one that consists of Occidental science and technology. In other words,
science and technology has been solely legitimized using criteria derived from the
Germanic Branch of the Occidental Tradition or the Romanic Branch of the
Occidental Tradition. The strengthening of non-Occidental societies and hence
non-Occidental sciences and technologies legitimized using criteria derived from
non-Occidental societal traditions threatens to expose the weaknesses of this
monoculture in the form of comparative disadvantages. In order to maintain at
least part of their historical comparative advantages, Occidental societies need to
legitimize non-Occidental sciences and technologies. This is a challenge for the
Occident, because as the example of the fate of Aztec science demonstrates the
Occident has a track record of delegitimizing science and technology incompatible

395

Legitimization of Science and Technology

with the societally accepted interpretation of the Romanic Branch of the
Occidental Tradition. Additionally, this is a challenge, because non-Occidental
societies have worked with Occidental science and technology, and Occidental
societies have scarcely worked in an open-minded fashion with non-Occidental
sciences and technologies. Occidental societies have to break down a deeply
ingrained bias against non-Occidental sciences and technologies which have been
legitimized with criteria derived from a non-Occidental societal tradition.
Sixth, the issue of abandoning the premise of one single truth in Occidental science
and technology is a fundamental issue, because this premise already originated in
the Roman Heritage and Occidental Christianity. There is a need to seriously
question the validity of this premise in the face of non-Occidental sciences and
technologies not necessarily encompassing this premise. The premise of one
thruth raises an obstacle to the absorption of competing sciences and
technologies, if these competiting sciences and technologies cannot be legitimized
within the Germanic Branch of the Occidental Tradition or the Romanic Branch of
the Occidental Tradition – irrespective of their accuracy in describing natural
phenomena. The premise of truth could prove a serious obstacle to Occidental
science and technology when it has to finally compete with non-Occidental
sciences and technologies instead of attemptimng to destroy them with military
aggression as was the case with, e.g., Aztec science.

(e) The Process of a Complex and Recursive Recombination
The general process of a Complex and Recursive Recombination is already outlined
in its name. The process is recursive in the sense that it reverts back into the
Romanic Branch of the Occidental Tradition, including its roots, i.e., the Roman
Heritage and Occidental Christianity, for components which will become part of
the recombination. The process is complex in the sense that its progression and
outcome cannot be determnined beforehand. The process results in a
recombination in the sense that it is a new combination of different components
which have not been combined in an identitical way before.
The general process of a recombinatio complexa recursiva is analogous to the
recombination that occurs in genetics with the DNA of father and mother creating
a completely new individual based on existing genes. This analogy is not new by
any means, e.g., Joel Mokyr uses it in his assessment, but he compares only
“technique” with a specie (Mokyr, 1990, p. 277). In this work, a recombination of
the relevant societal tradition of the appropriate societal tradition results in a

396

Legitimization of Science and Technology

metaphorical child. Whereas Joel Mokyr is looking for an intra-relationship within
science and technology, this work generally operates with an interrelationship
between society on the one hand and science and technology on the other hand
with legitimization providing the connection. This work also allows for a
recombination within science and technology, but even then legitimization is
required.
A Complex and Recursive Recombination provides the process for (i) a
reinterpretation of the relevant branch of the appropriate societal tradition and (ii)
a fundamentally new approach in science and technology. Let us clarify the extent
of a Complex and Recursive Recombination with the help of an example. No claim
is made that all individual parts of science and technology have existed before, e.g.,
the concept of Complex and Recursive Recombination does not claim that there
was the same or even a similar chemistry based on empirical science in the past,
but it claims that 18th century empiricism is founded on earlier empiricism within
the Romanic Branch of the Occidental Tradition.
Figure 22 visualizes a recombinatio complexa recursiva. In this example
combinations of components of an interpretation of a societal tradition at three
points of are recombined by society to form a new interpretation of its societal
tradition. More components are not precluded. The source periods of time are
not necessarily the ones most closely preceding the new period of time, e.g., it has
been seen above that the Greco-Roman components have been influential in many
instances of a recombinatio complexa recursiva – particulrarly in the Romanic Branch
of the Occidental Tradition.
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Combinatio

...

Tempus
Figure 22: An example of a Complex amd Recursive Recombination. Different
components from the left are used in a Complex and Recursive Recombination at
the time of the last bar. The sophistication of the combination may be less than in
the preceding point in time.

A few words about the absence of some combinations in the recombination are in
place. Whereas every combination is the foundation of a fully operational society,
the absence of some combinations as sources does not imply that the resulting
recombination could not be the foundation of a fully functional society. E.g., the
Medieval Occidental societies were significantly less complex than the society of
the Occidental Imperium Romanum particularly prior to the urban decline and the
society during l’Ancien Régime in the 18th century. However, the Medieval
Occidental societies were fully functional with agriculture, artisanal manufacturing
and commerce.
The complexity of the combinations of the interpretations of the appropriate
societal tradition and hence the complexity of the societies are indicated by the
height of the bars. Assuming that a higher societal complexity corresponds with
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more science and technology, then the height of a bar is also an indication of the
abundance of science and technology at a particular point in time. The use of
societal complexity as an indication of the abundance of science and technology
does not necessarily offer any indication of the level of knowledge on specific
issues. If it is accepted that the success of a society depends on scientific
development and technological innovation, then the societally accepted
interpretation of the relevant societal tradition or the relevant branch of the
societal tradition has to at least accept scientific development and technological
innovation – also in regard to the issues which are the Achilles’ heel of the society
in question.
Chapter III, Chapter VI and Chapter VII demonstrate that lower societal complexity
corresponds with less science and technology. The ruralisation of the Occidental
Imperium Romanum from the 3rd century onward and the relative primitiveness of
the Occidental societies from the 8th century to the 13th century have been
observed in this work. The low level of science and technology during the
Occidental Middle Ages came on the heels of a significantly more complex society
exhibiting more science and technology: the Imperium Romanum. The emergence
of the Amerindian Branch of the Occidental Tradition grapples with a similar
situation. The high levels of societal complexity and science of, e.g., the Aztecs
have been destroyed by the Europeans and the disastrous epidemics. The
Occident had to reconnect with its scientific and technological roots – GrecoRoman philosophy and science – during the Occidental Middle Ages. The
Amerindian Branch of the Occidental has to find a way to reconnect to its more
complex past.
The concept of a recombinatio complexa recursiva can also be used to explain
variations in technological innovation. A primitive interpretation of a society’s
societal tradition as in the period from the 3rd century to the 13th century
corresponds with self-sufficiency and very limited commercial exchanges as
exemplified by the villa estates. This implies that from the standpoint of
technological innovation – as well as for scientific development – the relevant issue
is not the configuration of the political entity per se but the interpretation of the
society’s societal tradition or branch of its societal tradition. E.g., the Occidental
Imperium Romanum had an Imperator until 476 (Romulus Augustulus) or 480
(Julius Nepos), but a new reinterpretation of the Occidental Tradition setting the
stage for the Occidental medieval societies occurred earlier as evidenced by the
urban decline from the 3rd century onward. If a society grows more complex and
the societally accepted interpretation of the society’s societal tradition branch of
its societal tradition becomes more sophisticated, then the demand for a larger
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variety of goods and technologies increases. E.g., during the 18th century
technological innovation brought new manufacturing technologies into large-scale
and increasingly mechanized manufacturing operations, but simultaneously the
continued activity of the proto-industries and artisanal operations meant that the
number of manufacturing technologies actually grew.
The concept of a recombinatio complexa recursiva is not necessarily limited to the
long-term. E.g., in human sciences, some issues receive more research attention
than other issues and after some time the issues which have received less attention
gain more prevalence again resulting in a development that has been considered
cyclical (Dogan & Pahre, 1991, p. 243). This phenomenon could also be described
as a short- to medium-term recombinatio complexa recursiva. An example would be
the change of the behaviour of the Ecclesia Catholica Romana after the Spanish
conquest of the Mesoamerica: The Ecclesia discontinued the destruction of the
Amerindian literary sources and started to actively collect and protect them –
similarly it did not reject Pagan Greco-Roman texts particularly after Saint Thomas.
For anyone favouring the notion of mathematically rationally acting humans the
concept of a recombinatio complexa recursiva must be disappointing because the
societal process of a recombinatio complexa recursiva is based on another
conception of rationality. It is based on the notion of societal rationality. The
concept of a recombinatio complexa recursiva is rather based on how a human
society is – “realis” – than what it should be – should be based on theological
reasoning or should be based on mathematically rational reasoning.
The concept of a Complex and Recursive Recombination allows for an extensive
use of sociology and history as they relate to the societally accepted interpretation
of the relevant branch of the appropriate societal tradition at a particular point in
time in strategic management. Particularly, the concept of a recombinatio complexa
recursiva operationalizes the French Pragmatic Sociology and the Annales School
for the purposes of strategic management. Additionally, the concept of a
recombinatio complexa recursiva offers a robust tool for assessing science and
technology, including scientific development and technological innovation, in their
societal context.
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(iv) Chapter Assessment
In this Chapter IX, the concept of the Complex and Recursive Recombination is
assessed. It takes into account that the legitimization of science and technology is
founded on the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at the point in time in question. This societally
accepted interpretation may change from time to time, but any reinterpretation
will remain within the boundaries set by the relevant branch of the appropriate
societal tradition. In other words, the legitimization of science and technology –
and thus the substance of science and technology – depends on the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at a particular point in time. Hence, science and technology are a product of
society at a particular point in time.
Whereas a reinterpretation means that the societally accepted interpretation
changes from time to time, the dependence of the legitimization of science and
technology on the relevant branch of the appropriate societal tradition does not
mean that science and technology cannot and does not change over time. This is
more than Gaston Bachelard’s “la connaissance approchée” with one true
knowledge – it is completely new knowledge. Quite the contrary, there are two
ways in which science and technology can change over time. First, the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at a particular time represents a band that allows for the legitimization of some
changes in science and technology.
Second, a reinterpretation of the relevant branch of the appropriate societal
tradition at a particular point in time means that some science and technology is
delegitimized, and that some science and technology is legitimized as a
consequence of a reinterpretation. In other words, a reinterpretation may create
the demand for science and technology which could not be legitimized before and
hence did not exist. It would be fallacy to conclude from this that very rapid
changes – or revolutions – in science and technology exist. Neither the
reinterpretation in the 13th century nor the reinterpretation caused by the
aristocratic reaction during l’Ancien Régime in the 18th century occured overnight.
This means that the legitimization of science and technology could not change
overnight, either. The resulting lacking rapid change in the criteria used in the
legitimization of science and technology means that rapid changes in science and
technology do not occur.
The evolutionary property of a reinterpretation – and ultimately science and
technology via the legitimization of science and technology – is founded on societal
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factors, particularly language and neuroscience. The way society and the human
brain function is not conducive to rapid change. We have to be careful to separate
between the society-related aspect and the purely science and technology-related
aspect of the legitimization of science and technology. First, the society-related
aspect of the legitimization of science and technology consists of the situations
when the legitimization of science and technology reach the boundaries set by the
societally accepted interpretation of the relevant branch of the societal tradition
at the point in time in question. In these cases, society sets limits to science and
technology. A special case of this aspect is Jacques Ellul’s view that “technique”
has de facto replaced the Germanic Branch of the Occidental Tradition and the
Romanic Branch of the Occidental Tradition, because in this special case there is
no other limitation to “technique” than “technique” itself.
Second, the purely science- and technology-related aspect of the legitimization of
science and technology is applicable within the boundaries set by the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at a particular point in time. Within these boundaries, there are no societal
limitations to the legitimization of science and technology. The issue is the width
of the area between these boundaries. The width is an aspect of the societally
accepted interpretation of the relevant branch of the appropriate societal tradition
at a particular point in time. If the width is great, then much science and
technology can be legitimized.
There is no convincing proof that the width would remain the same or increase
over time. Although the developments from the 13 th century to the late 18th
century would suggest that the width increased in the case of science, and the
support for applied science and technology by the Crown as part of le Colbertisme
in the 17th and 18th centuries and as part of the aristocratic reaction in the 18 th
century would suggest that the width increased for applied science, the
developments in the Imperium Romanum with the progress of the urban decline
and the delegitimization of Aztec science by the Occident particularly in the 16 th
century paint a more problematic picture. The loss of a significant part of GrecoRoman philosophy and science with the progress of the urban decline
demonstrates that the width may decrease. There is no credible reason to claim
that the width could not decrease in the future.
Prima facie, the delegitimization of Aztec demonstrates that even in the face of
superior science – as exemplified by Aztec medicine – a reinterpretation of the
Romanic Branch of the Occidental Tradition resulting in an increased width did not
take place. In other words, the width remained the same.
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The aspects of a societally accepted interpretation of the relevant branch of the
appropriate societal tradition at a particular point in time differ between
theoretical science and technology with applied science taking an intermediary
position. Considering the conflict between the Bishop of Paris, Étienne Tempier,
and the Sorbonne University in the 13th century, the issue was the relationship
between God and science – and more broadly the position of humans in the
universe. Particularly in a society that is strongly religious, this conflict was
inevitable in the 13th century. Although the position of religion has weakened
since, the Roman Heritage does contain elements which affect the Occidental
understanding of the position of humans in the universe.
Technology impacts the functioning of society, including interpersonal
relationships. Therefore, the issue is whether technology is compatible with the
aspects relating to the functioning of society found in the societally accepted
interpretation of the relevant branch of the appropriate societal tradition at a
particular point in time. Prima facie, this view would not cover environmental
protection, but even environmental protection can be considered interpersonal
across generations – or intergenerational iustitia.
The legitimization of science and technology impacts the substance of science and
technology. Science and technology which cannot be legitimized will either not
emerge or not be used. This argument is similar to that used by Fernand Braudel
when he states that all inventions are not innovations immediately, but they may
become innovations later on. In other words, all inventions cannot be legitimized
right away. The legitimization of science and technology also addresses the issue
of the demand for invention and ultimately innovation raised by Fernand Braudel.
The demand relates to inventions and innovation which are compatible with the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition. The lack of demand for some inventions and innovation that
changes into a demand for these same inventions and innovation means that there
has been a reinterpretation of the societally accepted interpretation of the
relevant branch of the appropriate societal tradition.
The Complex and Recursive Recombination is a simplification to a degree. From
Chapter II it can be concluded that there may be more than one society with its
societally accepted interpretation of its branch of its societal tradition in the same
geographical area at the same point in time. This does not mean that the Complex
and Recursive Recombination is wrong. It does just mean that there may be more
than one society in the same geographical area at a particular point in time.
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Consequently, there may be more than one way to legitimize science and
technology in the same geographical area at a particular point in time.
Whereas Jacques Ellul’s technological determinism is founded on the Occidental
Tradition, it is not incompatible with the Complex and Recursive Recombination in
the case of at least the Germanic Branch of the Occidental Tradition and the
Romanic Branch of the Occidental Tradition. However, the Complex and Recursive
Recombination allows for the existence of other foundations for the legitimization
of science and technology. More broadly speaking, it allows for the existence of
more than one science and technology, e.g., there may be an Aztec science that is
different from Occidental science and still be equally valid. Jacques Ellul’s
technological determinism in the disguise of “technique” relates to science is based
on the Occidental Tradition, and thus there is only one valid science, i.e., Occidental
science.
By highlighting the dependence of the legitimization of science and technology on
the societally accepted interpretation of the relevant branch of the appropriate
societal tradition at a particular point in time, the Complex and Recursive
Recombination provides a reminder that non-Occidental sciences and
technologies do exist, and that non-Occidental sciences and technologies may by
superior to Occidental science and technology. Any assessment and use of nonOccidental science and technology requires an open mind by someone hailing from
one of the branches of the Occidental Tradition. The deligitimization of Aztec
science by the Occidental societies particularly in the 16th century shows the
danger of a mistaken belief in the superiority of Occidental science and technology.
Whereas the legitimization of science and technology depends on language and
neuroscience, a reinterpretation of the relevant branch of the appropriate societal
tradition has to address issues relating to language and neuroscience as well. To
the degree that to express and to be willing to engage in science and technology
are important, changes a reinterpretation of the relevant branch of the
appropriate societal tradition effects in language and neuroscience are important
for the legitimization of science and technology. A case in point is the term
“science” until the 18th century. A physics-inspired definition of “science” was
detrimental to empirical science thus impeding theoretical science, but it also
impeded the collaboration between theoretical science on the one hand and
applied science and technology on the other hand thus impeding all three.
The Complex and Recursive Recombination also points to two future challenges
the Occidental science and technology as a result of their legitimization. First, it
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cannot be excluded that there will be a need to abandon the premise of the
existence of one single truth in the favour of several relative truths in science and
technology in the future. This will be a significant challenge in the context of the
legitimization of science and technology that is ultimately founded on the Roman
Heritage and Occidental Christianity.
Second, the strengthening of non-Occidental societies particularly in East Asia may
result in the emergence of science and technology which cannot be legitimized
within the confines of the Germanic Branch of the Occidental Tradition and the
Romanic Branch of the Occidental Tradition. In the case of Aztec science, the
Occident could rely on its military aggression to prevent the emergence of a serious
challenge to Occidental science and technology. This defence of Occidental science
is not necessarily viable in the future. This will put the criteria used in the
legitimization of science and technology under a serious strain in the Occident. A
significant reinterpretation of the Germanic Branch of the Occidental Tradition and
the Romanic Branch of the Occidental Tradition as they relate to the legitimization
of science and technology will be necessarily, if the Occident wishes to be
successful in science and technology in the future.
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X. Conclusion and Recommendations
The title of this work is “Legitimization of Science and Technology” and its subtitle
is “From the French Pragmatic Sociology and the Annales School to Complex and
Recursive Recombination”. This work focusses on increasing scientific knowledge
and technological innovation in the context of the different societal traditions and
their interpretations. Concepts and insights offered by neuroscience, the French
Pragamtic Sociology and the Annales School have been used in the assessment of
the legitimization of science and technology.
The title raises the two key issues: (i) the need to legitimize human actions, and
(ii) the foundation of legitimization. In this work, the need to legitimize human
actions has been assessed on the basis of the French Pragmatic Sociology in
general and the work of Gabriel Tarde, Luc Boltanski and Laurent Thévenot in
particular. In the French Pragmatic Sociology Émile Durkheim and Gabriel Tarde
offer two very different views on societal dynamics, and these different views have
also implications on the need to legitimize human behaviour and the foundation
of the legitimization needed. In the context of the Annales School, the work of
Fernand Braudel is of particular importance to this work. The assessment of the
actual legitimization of science and technology is performed on the foundation of
three cases from the history of the Occident.
Generally, the contributions of this work are:
(1) Relativity of science and technology: Science and technology are
expressions of the societally accepted interpretation of the relevant branch
of the appropriate societal tradition at a particular point in time. This
finding has two major implications. First, the Occidental science and
technology are not universal but they are just two among numerous
sciences and technologies, e.g., there was a distinct Aztec science and
technology. Second, a reinterpretation of the relevant branch of the
appropriate societal tradition delegitimizes some science and technology
and gives the impetus for changes in science and technology. This societal
relativity of science and technology is very uncommon in the existing
literature, and this relativity allows for a better understanding of the
change of Occidental science and technology in addition to its inability to
change.
(2) Neuroscience: In this work neuroscience is used instead of mentalité thus
bringing this work into line with present-day knowledge about the
functioning of the human brain. Neuroscience shows that human thought
is to a significant degree deterministic for cerebral reasons. In other words,
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(3)

(4)

(5)

(6)

the notion of a free will is wrong. In this work, the insight from
neuroscience is used to assess the development of science and technology
in the Occident from Antiquity to the fall of l’Ancien Régime in 1789. This
use of neuroscience is novel.
Iustitia as the driver of science and technology: The need to legitimize
science and technology based on criteria founded on the societally
accepted interpretation of the relevant branch of the appropriate societal
tradition at a particular point in time operationalizes iustitia and gives
iustitia a decisive role in the context of science and technology, including
inventions and innovation. Consequently, iustitia plays a decisive role in
industrial engineering and management as well. Iustitia is not solely
instrumental, but iustitia is the very heart of science and technology
through the need to legitimize them. This is a unique feature of this work.
Long-term perspective: The empirical material encompasses about 2500
years from Antiquity to the fall of l’Ancien Régime in 1789. This allows for
the assessment of the changes in science and technology over a long period
of time. Particularly, the long-term perspective allows for an assessment
of the validity of concepts which may hold during shorter time periods, e.g.,
technological determinism. Albeit not unique, this long-term perspective
is uncommon in the literature.
Historiography: The focus on science and technology allows for another
read of historical developments and historical events. E.g., the line of
argument of the historical developments leading up to the exploration of
the new Mare Nostrum on the other side of the Pilars of Hercules and the
fall of l’Ancien Régime in 1789 are novel.
Complex and Recursive Recombination: The theoretical and empirical
assessments of this work form the foundation of the concept of Complex
and Recursive Recombination. This concept is both explanatory and
prognosticatory. It can be used in, e.g., industrial engineering and
management as a tool to assess the strategic strengths, weaknesses,
opportunities and threats of a firm’s portfolio of intellectual property as it
relates to science and technology. The concept of Complex and Recursive
Recombination is novel.

Specifically, the contribution of this work is that the five Sub-Objectives and one
Objective identified in Chapter I assessed. These identify the questions which are
assessed in this work, and they form the structure of this work.
The First Sub-Objective is assessed in Chapter II. The First Sub-Objective is defined
as:
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The First Sub-Objective is to
assess the substantive and
procedural scientific
foundations of the
legitimization of science and
technology. Substantively, this
assessment relates to the
French Pragmatic Sociology
and the Annales School.
Procedurally, the legitimization
of science and technology is
limited by language and
neuroscience.

The legitimization of science and technology occurs in society and within the
confines set by society. Consequently, the factors affecting thinking in society also
affect science and technology via the need to legitimize them on the foundation of
the factors affecting thinking within society that is ultimately based on the
societally accepted interpretation of the relevant branch of the appropriate
societal tradition at the point of time of the legitimization.
The substance of the societally accepted interpretation of the relevant branch of
the appropriate is the result of historical developments and societal (sociological)
processes, including the language a society has given rise to. At the level of the
individuals forming the society, neuroscience explains the factors which favour and
limit science and technology, but society significantly and de facto permanently
impacts the neuroscientific processes of an individual during early childhood. This
can be considered a further development of Émile Durkheim argument that society
is founded on a Cartesian order and this constrains individual behaviour. This sets
the stage for insight that society and its societally accepted interpretation of its
branch of its societal tradition at the point of time of interest have a decisively
direct and confine the thinking of individuals engaged in science and technology,
including scientific development, technological innovation on the one hand, and

408

Legitimization of Science and Technology

decision-making related to creating the demand for science and technology on the
other hand.
We have seen that the shifts in domination are long-term societal processes. As
suggested by neuroscience, humans are fundamentally conservative as a result of
the cerebrally “hard-wired” societally accepted interpretation of the relevant
societal tradition or the relevant branch of the appropriate societal tradition. In a
similar vein, Luc Boltanski and Laurent Thévenot argue that individuals are prone
to return to the status quo ante in the face of challenge and uncertainty. Both of
these lines of argument suggest that a societal tradition or a branch of a societal
tradition is essentially stable over time. The interpretation of a societal tradition
or a branch of a societal tradition may change from time to time. Such a
reinterpretation has to remain within the boundaries of the societal tradition or
the branch of the societal tradition.
The supremacy of society has two implications. First, science and technology are
not universal. Second, technological determinism is impossible. The first
implication goes against much of what Occidental science and technology claim,
and it means that apart from Occidental science and technology there are equally
valid other sciences based on other societal traditions, including Aztec science and
technology. In other words, there are not only many histories as Fernand Braudel
argues, but there are also many sciences dealing with the same natural
phenomena. Looking at the world of today, this implication means that the
Occident cannot rely on Occidental science and technology as a foundation of
prosperity, but Occidental science and technology may be eclipsed by, e.g., Sino
science and technology.
The second implication means that science and technology do not define the
direction of societal development and history a priori. The choice of the science
and technology to satisfy a societal demand is dependent on the science and
technology available at the time of the emergence and insistent requirement for
science and technology may affect the subsequent development, but this does not
mean that science and technology would force societal development without
societal demand. It has also to be remembered that choice may be the result of
pure chance – Gabriel Gabriel Tarde argues that individuals exhibit spontaneous
inventiveness based on hazard and probabilistic behaviour. The pure chance
argument further undermines the idea of technological determinism.
After it is established that society directs and confines technology and innovation,
the issue becomes the substantive foundation of legitimization in society. In the

409

Legitimization of Science and Technology

case of the Occidental Tradition in general and the Romanic Branch of the
Occidental Tradition two roots are identified: the Roman Heritage and Occidental
Christianity. The Second Sub-Objective is assessed in Chapter III and Chapter IV,
and the Second Sub-Objective is:

The Second Sub-Objective is to
assess the sources for societal
norms based on the Roman
Heritage and Occidental
Christianity used in the
legitimization of science and
technology in Occidental
societies and in the Occidental
Societal Tradition.

In view of the impact of Greek philosophy and science on Roman thinking, it is
warranted to consider it in the context of the Roman Heritage. Hence, iustitia has
to be considered an important part in legitimization of, e.g., science and
technology, because iustitia is the glue of society according to one of the most
authoritative Greek philosophers and scientists: Aristotle. By giving iustitia such a
fundamental position in society, Aristotle subordinated all legitimizations of
science and technology, including monetary ones, to iustitia. This means that the
legitimization of science and technology is possible only if science and technology
are congruent with iustitia. This relationship cannot be turned around: Science
and technology are not congruent with iustitia ipso facto. This central role of
iustitia means also that iustitia is the factor that drives science and technology:
Only science and technology which are congruent with iustitia will experience
demand from society. To the degree that the societal perception of iustitia
changes as the result of a reinterpretation of the relevant branch of the
appropriate societal tradition, science and technology may be delegitimized and
other science and technology may be legitimized.
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The Roman Heritage offers the Occident the foundation of the legitimization of
many aspects of society, e.g., the iuris romani, and the Greco-Roman philosophy
and science. However, the urban decline that commences in the 3 rd century also
laid the foundation to the decline of science and technology that was to
characterize the Occcidental Middle Ages. An important part of the Roman
Heritage was that it was the dream of the reactivation of the Occidental Imperium
Romanum that was of significant importance in the commencement of the
scientific development from the 12th century onward.
Occidental Christianity is an amalgamation of Christianity and an interpretation of
the Roman Heritage. Thus, Occidental Christianity cannot be cleanly separated
from the Roman Heritage. The work of one of the most influential Doctors of the
Church, Saint Augustine, stressed in his work the importance of caritas and
solidarity. These two concepts were to have a significant impact on legitimization
in the Occident until the end of the time period considered in this work, i.e., 1789.
A society characterized by interpersonal relationships as exemplified by the feudal
characteristics of l’Ancien Régime, vertical and horizontal interrelationships
embedded in the Christian Tradition and thus requiring the respect of caritas and
solidarity. This limits the possibility to legitimize capital investments in applied
science and technology which increase labour productivity because of the
unfavourable implications for employment opportunities. Consequently, the
demand for applied science and technology increasing labour productivity is
limited because of the difficulty to legitimize them in a society with feudal
characteristics like l’Ancien Régime.
The work of Saint Augustine contains a division of power between the Imperium
and the Ecclesia thus introducing the potential of competition between the two
particularly in science. This allowed for two different ways to legitimize science
until 1789. First, there is the legitimization of science based on the idea that the
description of natural phenomena is a glorification of God irrespective of the
potential of applying them for political, monetary or some other temporal gain.
Second, there is the legitimization of science based on its potential use for the
benefit of the Crown in the context of, e.g., the generation of wealth and warfare.
The first would be more compatible with interests of the Ecclesia and the latter
with the interests of the Imperium, but this is not a strict rule.
The literature on the French Pragmatic Sociology, the philosophy of science and
the sociology of science on the one hand, and on the history of technology and
technological innovation on the other hand offer another perspective of the
legitimization of science and technology. The literature is centred on the Occident
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without always making this clear. These issues are assessed in Chapter V, and the
Third Sub-Objective is:

The Third Sub-Objective is to
assess the legitimization of
science in the context of the
work of Gabriel Tarde, Gaston
Bachelard and Edgar Morin, and
to assess the legitimization of
technology from a theoretical
standpoint.

A key issue in these two bodies of literature is that there is a clear separation
between science and technology with a propensity of discounting science-based
technology and technological innovation prior to the 18 th century. This propensity
is dubious for particularly two reasons. First, there definitely were engineering
feats prior to the 18th century, and engineering contains theoretical science,
applied science and technology. A case in point is civil engineering: Considering
the requirements in regard to materials science and statics in the construction of,
e.g., acqueducts in Antiquity and cathedrals in the Middle Ages, a strict separation
between at least applied science and technology is unlikely. The lack of Crown
sanctioned formalized education in applied science and engineering does not
prove that the two did not exist. Second, in the precursors of chemistry applied
science was not uncommon as evidenced by alchemy, metallurgy and
pharmacology. The existence of applied science establishes the link between
theoretical science and technology, and thus science-based, or more precisely
applied science-based technology cannot be discounted in chemical engineeringrelated production operations even prior to the 17th century.
The work of Gabriel Tarde suggests that science is based on imitation between
different disciplines at the same point in time. Apart from the issue that this does
not explain the origin of the science being imitated, Gabriel Tarde does not address
the issue of obstacles to imitation in a satisfactory way. Imitatation may work
within the Occidental Tradition and even between the different branches of the
Occidental Tradition, but this does not mean that imitation works between
different societal traditions with different foundations for legitimization. This issue
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is highlighted by Gaston Bachelard’s concept of science approaching a perfect
description of natural phenomena without ever achieving this situation (“la
connaissance approchée”). At the heart of Gaston Bachelard’s concept of there
being one immutable and universal truth corresponds with ideas in the Roman
Heritage, particularly Greco-Roman philosophy and science, and Occidental
Christianity. This may be acceptable in the Occident, but it is not necessarily
compatible with other societal traditions, e.g., the Aztec Branch of the Amerindian
Tradition.
Edgar Morin suggests that scientific change occurs in circular movements contrary
to Gaston Bachelard who proposes a development that never loses science
through time. The conception of Gaston Bachelard is problematic in the view of
this work, because science was lost after the urban decline started to set in in the
Imperium Romanum in the 3rd century, and in the context of the destruction of
Aztec science particularly in the 16th century.
Some of the literature on the history of technology and technological innovation
suggests that technology determines the direction and pace of societal
development: This is referred to as technological determinism. The premise of
this work is the very opposite. In agreement with the work of Fernand Braudel
society is considered to create an insistent and specific demand for technological
inventions which then become technological innovations.
The issues assessed in Chapter II, Chapter III, Chapter IV and Chapter V are
considered against the historical development in the context of three cases, i.e.,
the legitimization of scientific development in the High Middle Ages (Chapter VI),
the legitimization of modern science and technology during l’Ancien Régime
(Chapter VII), and the delegimization of Aztec science by the Occident (Chapter
VIII). The Fourth Sub-Objective is:
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The Fourth Sub-Objective is to
demonstrate the legitimization
of science and technology when
the science and technology are
within the confines of the
Occidental Tradition in three
historical cases, and the
delegitimization of nonOccidental science in one
historical case.

The case dealing with the commencement of what sometimes is referred to as the
“Scientific Revolution” in the 12th century demonstrates that significant societal
change preceded the new path in science, e.g., at the Sorbonne. The shock of the
Arab conquest of Carthage, Sicily, much of the Iberian Peninsula and particularly
the incursion of Moorish troops into the western Frankish lands culminating in the
Battle of Tours in 732, set into motion a development that would change the
Occident in the subsequent centuries. These included the commencement of the
Reconquista of the Iberian Peninsula in the 8th century, the reactivation of the
Occidental Imperium Romanum in 800, the Crusades from the 11th century onward,
and the establishment of universities. The historical development during the High
Middle Ages and Late Middle Ages demonstrates that societal change preceded
scientific development. In analogy with Fernand Braudel’s view of societal demand
resulting in technological innovation as foundation for the start of the evolution of
Occidental science that would result in, e.g., the emergence of modern chemistry
in the 18th century, the shock of the Arab conquest resulted in a reinterpretation
of the Occidental Tradition that created societal demand for scientific
development. More broadly, the reinterpretation legitimized science in the
Occident.
This legitimization was not universal in terms of the origin of science. With some
exceptions, the science that was legitimized in the Occident was part of the
Occidental Tradition, particularly the Greco-Roman philosophy and science
contained in the Roman Heritage. In other words, science did not define its own
boundaries, but these boundaries were defined by society, and more specifically
the Occidental Tradition. This suggests that science is not autonous not to mention
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in a position to direct societal development, but it is society that directs science,
including scientific development through the legitimized.
In the case of the legitimization of modern science and technology during l’Ancien
Régime, two reinterpretations of the Romanic Branch of the Occidental Tradition
during l’Ancien Régime in the late 17th century and in the 18th century. The first
reinterpretation occurred in the context of le Colbertisme that legitimitized
science, particularly the applied sicneces, and technology by means of, e.g., the
establishment of l’Académie royale des sciences and privileges granted to
production operations. In other words, the legitimization emanated from the
Crown. The second legitimization occurred from the aristocratic seigneurs
particularly in the second half of the 18th century. The second legitimization pitted
the aristoicratic seigneurs on the one hand and the wealthy artisans and merchants
on the other hand against each other causing societal tensions arguably
contributing to the fall of l’Ancien Régime in 1789. The increasing involvement of
the aristocratic seigneurs could be interpreted as a violation of iustitia in the sense
that it was not necessarily compliant with the privileges enjoyed by other groups
during l’Ancien Régime. In both cases, science and technology were favoured by
societal demand, i.e., science and technology were instruments. In the first case,
the demand was based on the glorification of Louis XIV and the Realm which
included increasing its wealth. In the second case, the aristocratic seigneurs looked
for ways to gain wealth as part of the aristocratic reaction after 1730.
The context of the aristocratic reaction was also conducive to the abandonment of
the confines set by the hitherto societally accepted interpretation of the Romanic
Branch of the Occidental Tradition. In other words, scientific development and
technological innovation occurred in the context of a reinterpretation of the
relevant branch of the appropriate societal tradition, but it was not the cause
thereof. In the process of the reinterpretation science and technology may have
aggravated the societal tensions, but the demand for the science and technology
orginated in society.
In the case of the destruction of Aztec science by the Occident, the inability of the
Occident to accept non-Occidental science is demonstrated. Aztec society and
hence Aztec science were not based on the Occidental Tradition. The Aztec
literature was purposefully destroyed by the Occident, and even Aztec medicine
that was recognized for its high effectiveness and efficiency was delegitimized by
the Occident at least partially surviving as Mexican folk medicine over the
centuries. The Occident did not use Aztec science as a foundation for scientific
development, and European science was imported to the Spanish Americas.
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Society is the origin for science and technology in the Occident, and this means
that the legitimization of science is based on the societally accepted interpretation
of the relevant branch of the appropriate societal tradition at the point of time in
question. This is analyzed in Chapter IX that addresses the Fifth Sub-Objective is:

The Fifth Sub-Objective is to
present conclusions and
recommendation in the form of
the concept of Complex and
Recursive Recombination.

The concept of Complex and Recursive Recombination operationalizes the finding
of work. This concept is founded on determinism in the sense that the relevant
branch of the appropriate societal tradition sets strict limits to legitimization and
thus also to science and technology. In other words, both science and technology
are to be compliant with the relevant branch of the appropriate societal tradition.
In view of multifaceted substance of the Romanic Branch of the Occidental
Tradition, a societally accepted interpretation thereof operationalizes it further.
Contrary to the substance of the Romanic Branch of the Occidental Tradition, the
societally accepted interpretation thereof changes from time to time. Again,
science and technology have to be compliant with the societally accepted
interpretation. Consequently, the legitimization of science and technology has to
be founded on the societally accepted interpretation of the relevant branch of the
appropriate societal tradition at the point in time in question. The concept of
Complex and Recursive Recombination is based on the supremacy of society over
technology, a view similar to the one espoused by Fernand Braudel.
A reinterpretation of the relevant branch of the appropriate societal tradition is
provoked by societal perception that iustitia has been violated. This strong
emphasis is deeply rooted in the Occidental Tradition, including the work of
Aristotle. Although science and technology do not directly reinterpret the relevant
branch of the appropriate societal tradition, societally perceived iniustitia caused
by science and technology may provoke such a reinterpretation. Depending on the
outcome thereof, such a reinterpretation may delegitimize some parts of science
and technology thus giving an impetus to scientific development and technological
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innovation. In other words, societal perception of iustitia is a driver of scientific
development and technological innovation.
The inability of the Occident to work with non-Occidental science can become a
serious problem for the Occident in the future. This issue would become
particularly virulent, if non-Occidental societies achieve a position of strength visà-vis the Occident, a very realistic possibility in view of the increasing importance
of the Sinosphere in the world.
This brings us back to the beginning of this work, i.e., its Objective.The Objective
of this work is:

The Objective of this work is to
develop and present a concept to
explain the deterministic and
indeterministic interrelationship
between science and technology on
the one hand and relevant branch of
the appropriate societal tradition on
the other hand.

This has been achieved with development and presentation of the concept of
Complex and Recursive Recombination, or recombinatio complexa recursiva.
From the standpoint of industrial engineering and management in general and
strategy in particular, this work allows for several conclusions which are
simultaneously the recommendations:
(1) Societal diversification increases the potential for intellectual property
generation. Whereas science and technology are expressions of society,
the establishment and operation of research and development operations
in societies adhering to different branches of the same societal tradition or
to different societal traditions increases the business enterprise’s exposure
to different sciences and technologies as sources of intellectual propertybased competitive advantages.
(2) Business enterprises are well advised to embrace societal diversity. The
different sciences and technologies can only be fully mobilized, if business
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enterprises accept and embrace the different sciences and technologies as
equal sources of intellectual property-based competitive advantages.
(3) Evaluation of non-Occidental science and technology by business
enterprises. Business enterprises rooted in Occidental societies face the
challenge of having to evaluate many sciences and technologies some of
which seem uncompatible with contemporary Occidental science and
technology. The lack of comprehension on part of the Occidental
management does not necessarily translate into the non-Occidental
sciences and technologies being wrong or not offering a foundation for
business opportunities. For an Occidental business enterprise needing to
take advantage of non-Occidental sciences and technologies it is imperative
to have people who are capable of objectively assessing both Occidental
science and technology and at least one of the non-Occidental sciences and
technologies. This cannot be shouldered by a business enterprise alone,
but it calls adjustments in the contents offered by Occidental education
institutions as well.
(4) Business enterprises may find competitive advantages in past science and
technology. The concept of Complex and Recursive Recombination
suggests that past science and technology may form the platform for
achieving competitive advantages instead of contemporary science and
technology. The finding of such past science and technology requires
knowledge not only of contemporary science and technology but past
science and technology as well. The challenge of possessing knowledge of
past science and technology cannot be expected to be shouldered by
business enterprises alone, but it has to be shouldered by the relevant
educational institutions as well.
(5) Monoculture as an impediment to comparative advantages. Occidental
societies, particularly the societies adhering to the Germanic Branch of the
Occidental Tradition, have enjoyed the benefit of having their science and
technology as the global science and technology for centuries. The ongoing
changes in the global economy means among other things that societies
with roots in other societal traditions are obtaining the resources to
support research and development activities which are dissimilar to
Occidental science and technology. If non-Occidental sciences and
technologies prove to be superior to Occidental science and technology,
then Occidental societies stand in front of serious societal challenges. A
particular challenge would be that Occidental societies are monocultures
in the context of science and technology, i.e., they do not possess another
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foundation for science and technology than the Occidental science and
technology.
(6) Abandonment of the premise of one truth. The Roman Heritage and
Occidental Christianity combine to form the belief in the existence of one
truth in the Occidental Tradition and hence in Occidental science and
technology. This premise of one truth was not part of, e.g., Aztec science.
In a fundamental shift in Occidental science and technology it is warranted
to seriously question the validity of this premise in the face of stiffening
competition from societies which do not adhere to one of the branches of
the Occidental Tradition.
Scientia non habet inimicum nisp ignorantem.
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