ABSTRACT A comparison between the development of cognitive science in France
and the USA enables us to analyze some national differences linked to specific
connections between the scientific, military, economic and political worlds. The
influence of new practices and tools developed during World War II and the Cold
War appears to be of crucial importance in understanding the development of this
new field, as well as that of cybernetics, computer science, artificial intelligence and
molecular biology. This paper can be considered as a study in how the differing
contexts in France and the USA shaped the history of the construction of cognitive
science in each of these two countries. In spite of various differences, some common
aspects may be pointed out: in both cases, computer experts and psychologists using
a computational modelling approach were those first engaged in the construction of
cognitive science. If in France neuroscience-oriented cognitive science research was
stronger than in the USA, it seems that the artificial intelligence orientation is also of
growing importance in France.

The Emergence of Cognitive Science in
France:
A Comparison with the USA
Brigitte Chamak
During the past 20 years, the development of cognitive science has been
quite impressive. In this field, the number of scientists, books, seminars,
degrees and courses seems to increase daily, but it is very difficult to
understand exactly what ‘cognitive science’ is. This ambiguous term is used
by a wide variety of people from different disciplines who aspire to analyze
the processes involved in the formation and exploitation of knowledge.
Researchers in cognitive science explain that they are interested in studying
the mechanisms of the mind: describing, explaining and simulating cognitive functions such as memory, language, learning, reasoning and perception. This interest leads them to propose different theories of the mind.
Defined as ‘The Mind’s New Science’,1 cognitive science is invested
with both strong and vague components, susceptible to multiple appropriations and, because of this, in a state of perpetual redefinition. The
recent use of the term ‘cognitive’ seems to be characterized, on the one
hand, by an association of various disciplines, such as artificial intelligence,
psychology, neuroscience, linguistics, philosophy and anthropology and,
on the other hand, by the use of mathematical expressions to represent
cognitive functions. A particular conception of ‘psychism’ is expressed, the
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basic hypothesis being that ‘thinking’ is ‘processing information’. The
multi- or inter-disciplinarity claimed by researchers in cognitive science is
not easy to grasp: according to their basic discipline, each person who
participates in the development of the domain produces a different discourse corresponding to competing choices. For example, the rhetoric of
neuroscientists differs from that of computer experts because of their own
training and interests. Some maintain that the study of brain functioning is
crucial for the understanding of the cognitive processes,2 whereas others
believe that a functional characterization of cognition can be made independently of the study of the brain.3 Neuroscientists search for the neurophysiological mechanisms that underlie cognitive functions by identifying
molecules and neuronal structures involved in these functions. Computer
experts try to obtain intelligent behaviour from a machine or, more
precisely, what would be deemed intelligent if it were produced by a
human being. This goal is shared by researchers on ‘artificial intelligence’.
A set of metaphors (machine/organism/man) participates both in constructing the field and in establishing contacts with the political world. The
influence of new practices, ideas and tools elaborated during World War II
and the Cold War appears to be of crucial importance for understanding
how the production of more and more sophisticated machines, capable of
assuming intellectual tasks, became an objective, and how this objective
was linked to the development of theories of the mind.
Books devoted to the history of cognitive science in the USA refer to
the origin of cybernetics and artificial intelligence,4 but how did these
fields develop in France? The aim of this paper is to answer this question,
and to compare the emergence of cognitive science in France and the
USA.
Psychologists and researchers in artificial intelligence were the first to
be interested in building up a new profession around the term ‘cognitive’.
The professions generated by the construction of this field are not easy to
define. Andrew Abbott’s theories on the system of professions help us to
orient our research toward the study of work, jurisdiction and competition.5 Indeed, each profession is bound to a set of tasks by ties of
jurisdiction, which represent more or less exclusive claims. The subjective
qualities of a task are constructed by the profession currently ‘holding the
jurisdiction’ over the task. In their cultural aspect, such jurisdiction claims
create these subjective qualities by reference to three kinds of claims: how
to classify a problem; how to reason about it; and how to take action on it.
In summary, the academic knowledge system of a profession generally
accomplishes three tasks: legitimation, research and instruction. The
system model described by Abbott recognizes the interdependence of
professional development, and emphasizes that the internal structure of
professions is one among many determinants. It stresses the fact that
external social forces affect professions through many mechanisms, and
that tasks are continually changing.
In this paper I analyze the evolution of cognitive science by focusing on
the claims of researchers, the interrelations between disciplines, and on the
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internal and external forces bearing on the system. I have particularly
investigated the economic and political context. Because abstract knowledge is the foundation of an effective definition of professions, I have
studied how such knowledge is used to annex new areas and to define them
as the property of these researchers. Abbott gives an important example:
Practitioners of artificial intelligence argue that all professional inference
follows a certain form, which can be generated by a suitable programmed
machine. This is in some sense the ultimate abstraction, reducing all
professional inference to one form and all jurisdiction to a single unit.6

This type of abstraction allows researchers in artificial intelligence to study
cognitive functions, and to propose theories of the mind. Even if cognitive
science cannot be assimilated to artificial intelligence because researchers
from other disciplines want to participate in this domain, the construction
of cognitive science functions to increase the influence and prestige of
artificial intelligence. To check this assumption, and to compare the
construction of cognitive science in France and the USA, I used a
multiform approach.
The paper will be articulated around five points. First of all, I asked
who were initially engaged in the construction of this field, and why. A
discrepancy of 20 years was evident between the first use of the term
‘cognitive’ in France and the USA, and so I studied the mechanisms
involved in this gap. Like an archaeologist who sees the more recent period
first and then goes back to the past, I chose to begin in the 1980s, and then
to go back to World War II. For each part of this paper I examined the more
recent period first because the use of the term ‘cognitive’ is recent. I have
chosen this approach so as to avoid the methodological trap of a chronological approach which would consider ‘cognitive science’ as ‘given’. Thus,
I could show how the history of mathematics during and after the war, and
the evolution of cybernetics, computer science and artificial intelligence,
all appeared crucially important for understanding this 20-year discrepancy.
Second, I studied intellectual, cultural, political and economic influences of the Groupe des Dix, a group composed of scientists and politicians
who met between 1969 and 1976. The functioning of this group, and its
consequences for the institutional development of cognitive science, enabled me to understand how French cultural resistance was progressively
eroded.
Third, because French professional life is often overshadowed by the
state, it was important to analyze the institutional history of cognitive
science. Studying the institutional process allowed me to identify the types
of interrelation and competition between disciplines, and to determine the
weight of economic pressures on the orientation of the field towards
artificial intelligence.
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Fourth, I detailed the abstract knowledge produced by researchers in
cognitive science, so as to address the way in which theories and representations have been formulated, and to define the kinds of practice that
support such theories, and the main directions pursued by scientists who
participated in the construction of cognitive science.
Finally, I addressed the more general question of the construction of a
contemporary scientific field by comparing it to the construction of molecular biology. Two types of rhetoric are expressed during the construction of
a new scientific field: an emphasis on extreme specialization, or a claim to
universality and global vision. The second rhetoric may be an aspect of the
first, but with a different emphasis that favours ‘fuzziness’, so as to extend
the power of the domain. Cognitive science belongs to the second type of
construction. Two strategies of legitimation may be described. First, the
fact that it is difficult to define cognitive science makes ‘fuzziness’ more
important in the field, with its heterogeneous participants. The claim to
universality and unified science reminds one of the rhetoric surrounding
‘cybernetics’. The effective strategy is not to erect barriers between ‘inside’
and ‘outside’, but to make the ‘inside’ and the ‘outside’ converge.7 A new
model of scientific organization is proposed, mediated by a universal
language and a computational modelling approach. Second, the importance of applied research and links with industry and the military facilitates
support for the new field.
This study of the construction of a new scientific field examines the
dynamics of different alliances and numerous false starts before the field is
stabilized, and focuses on the creation of frameworks delimiting the
boundaries of legitimacy. These frameworks are composed of a set of
discourses, rules, heuristic principles, representations, models and practices, and an analysis of these frameworks is interesting because it helps us
understand how the field’s legitimation is negotiated, and how a new
conception of Human Nature is developed. I was particularly interested in
analyzing the speeches, books, images and work produced by the most
active participants in the construction of cognitive science, so as to
understand what kind of ideologies they develop, in what sort of cultural
environment they live, what arguments they use, how their practices
interact with their conceptions, and how their work opens up markets and
corresponds to economic claims.
This analysis gave me the opportunity to enter into a world in which
information and logic are more important than energy or matter, and living
beings are transformed into an abstraction. Cybernetics and artificial
intelligence play a crucial rôle in the establishment of this new vision of the
world. Because the researchers in these fields built new machines which
could operate faster than their human controllers, they were able to
interest military and industrial bodies; thus funding was easy to obtain.
Researchers in artificial intelligence were able to train more and more
students, and convince them of the importance of building machines
which could take the place of human beings. They adopted the tools
produced by cyberneticians, but chose a different orientation: for them,

Chamak: Cognitive Science in France

647

studying the functioning of the brain was of no use in producing ‘intelligent’ machines.

The French Attempt to Construct Cognitive Science
In France, the term ‘cognitive science’ has been used since 1981: the first
association of cognitive science, Association pour la Recherche Cognitive
(ARC), was founded at this time, and was essentially made up of researchers in computer science. Why were computer experts particularly
interested in the construction of cognitive science, and why was there a
difference of 20 years between the first use of this term in France and in
the USA? In 1960, the term ‘cognitive’ appeared for the first time in the
title of an American institutional centre, the Center for Cognitive Studies,
founded at Harvard University by two psychologists, Jerome Bruner and
George Miller.8 They wanted to liberate psychology from its behaviourist
yoke. To behaviourists, psychology was the study of observable behaviour
through measurable and reproducible experiments; they studied responses
to stimuli and did not care about internal mental states, considering the
mind to be a ‘black box’. Miller was interested in mental mechanisms
involved in the use of language, and sought a computerized model of a
glossary. He considered knowledge to be the manipulation of symbols, and
perceived the computer as a good model for the human mind; he wanted
to introduce more formal rigour in the social sciences, and tried to
integrate computer science and elements of logic and mathematics into his
work. His method of research consisted in modelling and formalizing in a
language as close as possible to formal logic. This method was also used by
members of the French ARC.
In the late 1970s, before the creation of the ARC, a group of French
computer experts, psychologists and linguists met on several occasions to
develop a theoretical computer science oriented towards the understanding
of natural language.9 Experts in artificial intelligence were faced with the
problem of developing computer programs capable of ‘understanding’
natural language. For them, the goal was to obtain intelligent behaviour
from the machine, and they considered the most significant cognitive
process to be textual understanding. Financed by the Institut de Recherche
en Informatique et Automatique (IRIA),10 these meetings aimed to develop a
simulation of expert cognitive activity, already much in use on the other
side of the Atlantic. Language understanding, automatic recognition, and
acquisition of knowledge by computers were topics discussed in 1977 and
1979. In May 1977, the first meeting, entitled ‘Understanding’, aimed to
‘introduce the interdisciplinary domain of studies on understanding and
contribute to the rise of original research in France’.11 The participants
were mainly researchers in computer science (Daniel Kayser, Mario
Borillo, Jacques Pitrat, Jean-Pierre Desclès, André Lentin) and psychologists (Jean-François Le Ny, François Bresson, Georges Noizet, JeanFrançois Richard). Kayser suggested a collaboration with psychologists
who were faced with the same problems, but who had a different approach.
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Borillo suggested that they use linguistics for theoretical support for
automatic treatments of language. In September 1979, the second meeting
was devoted to the representation of knowledge and reasoning in the social
sciences.12 The problem was to automate intellectual functions, such as
knowledge representation and reasoning.
One of those who participated in these meetings was Gérard Courtieux, a computer expert interested in the creation of systems of computerassisted design; he concluded the final meeting with remarks on computer
science and ideologies.13 He stressed the difficulties encountered when
modelling the behaviour of human beings, and tried to think about the
underlying ideological motivations leading to these attempts to rationalize
and computerize organizations and society in general. He suggested some
elements of such an analysis: the over-evaluation of the tool (the computer); experts’ positivism; the absence of theoretical reflections; the
deficiency of interdisciplinary communication; the disengagement from
politics; the atomized society; the dream of communication between
individuals and social groups; the Western endeavour to rationalize; and
the American model. He quoted a text by Haroun Jamous and Pierre
Grémion, published in 1978:
The power of the myth of the computer and of the political and economic
organizations which develop and favour it, the influence and the increasing persuasive capacity of the expert, the go-between, who tries to
enhance his ascendancy, the fascination for the instrument, the prestige
that it bestows, the excessive interest in problems of information . . . all
these elements may produce a depoliticization of problems, and avoid
fundamental political questions . . .14

This type of transformation was called the ‘computer escape’ (‘fuite informatique’) or ‘computerization instead of policy’.15 The idea was that the
tool overshadowed the political questions and social choices.

The First Steps toward Artificial Intelligence
At the very outset, artificial intelligence was defined as a confrontation
between machines and men. The first steps, in 1956 in the USA, were
characterized by the development of computational models, and computer
programs designed to produce ‘intelligent machines’; this involved the use
of high-level programming languages to provide models of various aspects
of intelligent activity.16 The heuristic approach was chosen to resolve any
problems, from theorem demonstration to the conception of artificial
vision. John McCarthy, Marvin Minsky and Allen Newell, all mathematicians, and Herbert Simon, an economist, played a pre-eminent rôle in the
construction of artificial intelligence in America. McCarthy wanted to
explore the idea of a finite automaton as an intelligent agent. In 1956, he
participated in the Symposium on Information Theory at MIT, with
Simon, Newell, the linguist Noam Chomsky and the psychologist George
Miller. The same year, the ‘Dartmouth Meeting’ was held – considered to

Chamak: Cognitive Science in France

649

be the inaugural meeting of artificial intelligence.17 Mathematicians, psychologists, engineers and economists met in Dartmouth; all agreed that
the computer is a good instrument with which to understand intelligence,
and that all the features of intelligence can be formally described for
simulation by a digital computer. McCarthy proposed calling this new
project ‘artificial intelligence’; in 1957, he became the first director of the
artificial intelligence laboratory at MIT.18 The success in obtaining funding
for this type of research is explained by the fact that studying human–
machine interaction, artificial vision and automatic translation interested
the US Army at the time of the Cold War. ARPA (the Advanced Research
Projects Agency) disbursed important funds for artificial intelligence, and
this led to a concentration of resources, enriching the main centres
controlled by the pioneers in this field. Most of the funding came from that
source.19
The presupposition expressed by McCarthy, Minsky, Newell and
Simon, that any knowledge could be solely approached in terms of logic,
was severely criticized, and gave rise to many discussions.20 Nevertheless,
the project of artificial intelligence – simulating cognitive processes through
computers – became the basis of cognitive science. Instead of being
absorbed by the established areas of linguistics, psychology, neuroscience
and philosophy, artificial intelligence succeeded in generalizing a computational modelling approach now prevalent in cognitive science.

At the Origin of the Differences between France and the USA:
The French Mathematicians’ Rejection of Logic and Applied
Mathematics
During the two meetings in France in 1977 and 1979, the term ‘cognitive
science’ was not yet used, but the participating computer scientists and
psychologists began to structure the cognitive science association (ARC)
that they eventually founded in 1981. In 1982, at the ARC’s first conference, they tried to set up the field of cognitive science.21 Their ambition
was to go back to the main topics of philosophy and treat them with the
tools of computer science. However, they lacked influence and did not
succeed in obtaining sufficient funds for any important developments in
this area. Computer science and artificial intelligence were not considered
‘noble’ sciences, and computer experts were regarded as technicians.22
They had less power than some neurobiologists during the same time, even
if computer science was considered a national priority by the French
government.
If, in the USA, American computer scientists also suffered feelings of
inferiority vis-à-vis other disciplines,23 the importance of technology and a
pragmatic conception of science constituted propitious grounds for building cognitive science around computer engineering. This was not the case
in France, where cybernetics and artificial intelligence have different
institutional and intellectual histories. Multiple factors are at the origin of
these differences. One is that French mathematicians from the Bourbaki
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group rejected logic and applied mathematics before, during and after
World War II.24
It was very hard to develop logic in France for at least two reasons. The
first contingent reason includes the untimely death of logicians such as
Jean Nicod (1893–1924) and Jacques Herbrand (1908–1931), and philosophers interested in logic such as Jean Cavaillès (1903–1944) and Albert
Lautman (1908–1944). The second reason is linked to the fact that
Gödel’s theorem (1931) bridled the formalist programme, and the
Bourbaki group, composed of young and ambitious mathematicians, was
hostile to logic.25 During a meeting in 1934, six young French mathematicians gathered in a Paris café decided to write, collectively, a textbook on
analysis because they were dissatisfied with the mathematics teaching they
had received, and did not want to use the old textbooks for their students.26 A few months later, in 1935, they formed ‘Bourbaki’. On the basis
of the notion of structures, they would construct the foundation of all
mathematics with the help of the axiomatic method. Eight booklets were
published, essentially devoted to aspects of algebra and topology.27 If, at
the beginning of the 20th century, the theory of functions constituted the
main line of French mathematics, after World War II the Bourbaki ‘choice’
was pre-eminent. From 1950 to 1965, the predominant ideology was
embodied by Bourbaki.28 It succeeded in imposing its conceptions when its
founders reached positions of influence. Logic and applied mathematics
were disregarded. Only ‘pure’ mathematics was respectable, and mathematicians were opposed to exchanges with other disciplines and to any direct
participation of mathematicians in technological applications.29 Such
mathematical conceptions were poles apart from cybernetics. The contempt of French mathematicians for cybernetics helps us to understand
why, if in the USA the cyberneticians included some of the most famous
mathematicians, in France the supporters of cybernetics were mainly
physicians and scientific journalists.30

A Comparison between American and French Cybernetics
As articles, ideas and tools elaborated by cyberneticians are often used by
researchers in artificial intelligence or cognitive science, it seems important
to analyze this influence. Cybernetics appeared in the mid-1940s in the
context of World War II as the result of several meetings between researchers from different disciplines, in particular mathematicians (Norbert
Wiener, John von Neumann), neurophysiologists (Warren McCulloch,
Arturo Rosenblueth) and electrical engineers (Julian Bigelow).31 Typical
military problems gave rise to cybernetics:32 together with Julian Bigelow,
Norbert Wiener studied mathematical aspects of the guidance and control
of anti-aircraft fire, working on the design of control equipment for antiaircraft guns. They had to conceive an anti-aircraft predictor able not only
to locate a plane in order to intercept it, but also to anticipate the pilot’s
strategy. They came to the conclusion that any solution to this problem was
determined by what the servomechanism specialists called ‘feedback’.
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Feedback was defined as an alteration of input by output. Information was
considered as the crucial variable: the information transmitted to the
control mechanism makes the difference between the state to be reached
and the existing state. The mechanism acts to reduce the difference
between the two states.33
In order to understand the pilot’s strategy better, Wiener contacted
neurophysiologists and psychologists. The collaboration of Rosenblueth,
Wiener and Bigelow was followed in 1943 by the publication of an article
in which the authors described their new representation of control systems,
comparing physiological homeostasis, servomechanisms and behavioural
processes.34 Nervous system troubles were compared to mechanical malfunctions, purposeful systems were distinguished from non-purposeful
systems, and the purposeful ones were then subdivided into feedback
(teleological) and non-feedback (non-teleological) systems. In an effort to
erase the distinction between humans and machines, Wiener and his
colleagues rehabilitated the terms ‘purpose’ and ‘teleology’ by bringing
them under the aegis of a ‘uniform behavioristic analysis’.35 Teleology was
defined as the study of purposeful conduct that was equally applicable to
living organisms and machines.
A paper by Warren McCulloch and Walter Pitts, published in 1943,36 is
also an important reference for researchers in cognitive science. It was
often discussed during the Macy Conferences (1946–53), a series of
conferences sponsored by the Macy Foundation and organized by cyberneticians.37 McCulloch and Pitts constructed a mathematical model of
neuronal networks based on Carnap’s logical calculus and Alan Turing’s
work on theoretical machines. They considered that ‘because of the ‘‘all-ornone’’ character of nervous activity, neural events and the relations among
them can be treated by means of propositional logic’.38 All logical choices
were condensed into statements of ‘yes’ or ‘no’, and the question of brain
functioning was reduced to a logical and physical problem that an engineer
could solve. McCulloch and Pitts introduced the idea that logic could be
considered as the appropriate discipline to understand brain functioning.
The engineers’ point of view gained ground: nervous system disorders
were compared to mechanical malfunctions;39 neurons were considered as
apparatuses exhibiting two states, either active or inactive;40 human/machine analogies and metaphors became more frequent; logic and modelization became crucial; any problem was translated in terms of communication and control. When Norbert Wiener published his popular Cybernetics
in 1948, it became a cult subject for a large audience.41 Cyberneticians
wanted to produce a theory that could be equally applied to animate and
inanimate, and to humans and machines. They saw in the principle of
feedback the basic mechanism common to different organizational levels.
The logico-mathematical formalism was introduced in brain science, and
the notion of information treatment was generalized. Information was seen
as a measure of organization and control and used in a technical sense
without its semantic value, resulting in the erasure of its meaning.42
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Cybernetics shows multiform aspects, but if we consider the computer
engineering route for framing the history of cybernetics, the beginning of
computers and the production of new kinds of machines cannot be
dissociated from this history. After mechanical and energy-producing
machines, machines using and transforming information were conceived:
machines resolving mathematical or logical problems, and ‘teleological
machines’ able to pursue goals such as recognizing letters, playing a game
of chess and translating languages. All these machines were considered as
automata, achieving more or less complex operations without human
intervention. In the USA, cybernetics, which emphasized automatism, was
closely linked to the military domain. This is exemplified in Wiener’s work,
as well as in von Neumann’s project.43
The development of computers was central to von Neumann’s strategic and technological objectives. In 1944, he joined the ENIAC Project
(Electronic Numerical Integrator and Computer) and formally defined the
first machine to incorporate an internal stored program, the EDVAC
(Electronic Discrete Variable Automatic Computer).44 In 1948, von Neumann conceived a general and logical theory of automata.45 He made
detailed comparisons between computing machines and living organisms:
machines, like organisms, could use raw materials from their surroundings
and transform them into complex and specific matter that made up their
parts. Thus a reproducing machine had to be endowed with the ability to
transform pieces of matter into machine parts, and to organize them into a
new machine. The von Neumann machine possessed a ‘nervous system’ to
provide logical control, body ‘muscles’ and a genetic ‘tail’, transmission
cells carrying messages from control centres.46 All these metaphors were
borrowed from biology.
At the same time as von Neumann designed machines for military
goals, he conceived, with other cyberneticians, a theory of the mind.
Indeed, cybernetics was characterized by a will to describe phenomena of
mind and behaviour through conceptions derived from the mathematical
and physical sciences. Jean-Pierre Dupuy has described cybernetics as ‘a
physicalistic attempt to conquer the sciences of the mind which provided
formal means to think about the category of process without subject’.47 A
mechanistic conception of the mind was proposed: the brain was compared to a computer and the living being to a self-regulated machine. Brain
and mind were both machines, McCulloch reasoned; Wiener considered
the method for studying organisms and machines to be similar. From the
importance attributed to information and its exchange emerged a new
vision of the world dominated by the culture of physicists, who search for
universal laws, of mathematician-logicians, who think in terms of formalization and modelization, and of engineers, who look for efficiency.
In France, even among physicians and journalists interested in
cybernetics, the discourses differed from those produced in the USA.
French people were aware of the importance of the new calculators, but
they did not appreciate machine anthropomorphism. For example, Albert
Ducrocq,48 a science journalist who constructed an ‘electronic fox’ during
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the 1950s, had reservations about the American advertising for the brain
calculators:
It seems that in the beginning there was an unfortunate mistake in
principle, because cyberneticians expressed their ambition to demonstrate
that the human brain is only an improved mechanism. It would have been
better, and more consistent with the spirit of science, to ask the question
in these terms: among the functions of the human brain, which of them
could be compared to servo-mechanisms?49

Whereas Ducrocq explained that ‘It is impossible to talk about personality
for these machines since the robot is deprived of consciousness’,50 in
England, Grey Walter’s ‘electronic turtles’ were described in anthropomorphic terms,51 and American cyberneticians compared the brain to an
electronic calculator.
The mathematician who represented cybernetics in France, Louis
Couffignal, was a mechanic-mathematician, and his interests and conceptions differed from those of American cyberneticians. The options chosen
by Couffignal did not favour the creation of an electronic calculator. He
actually thought that the stored-program architecture was a historical
dead-end in the evolution of computing machines. In 1946, the CNRS
(Centre National de la Recherche Scientifique) founded the Institut Blaise
Pascal to stimulate research into calculators and create a centre of computation. In 1947, Couffignal, considered as the French specialist in binary
algebra, was made director of a CNRS project to construct a great
calculator, but he never succeeded in bringing it about.52 Whereas the first
electronic calculators were built in the universities of the USA, England,
Germany and Italy before the 1950s, no calculator was constructed in
French universities at the same time.53 Companies such as SEA (Society of
Electronics and Automatism) undertook to build computers. Researchers
in French universities were not interested in constructing machines, since
for them it was not research: they thought that companies should construct
machines for researchers. This conception of research was based on a
division of work between researchers in the university and industrialists.
Couffignal, who was an applied mathematician concerned with technology, entrusted a small company with the construction of a calculator.
Unlike von Neumann, he had no personal experience in developing
electronic machines.
The meaning of cybernetics was indeed different for Couffignal and
for Wiener or von Neumann. Even if, during World War II, a comparable
cross-disciplinary curiosity had gathered Couffignal, the mathematician,
with the neurophysiologist Louis Lapicque, the relationship between them
did not resemble that of Wiener and Rosenblueth. Lapicque wanted to
apply the concepts of physics and mathematics to the understanding of
the nervous system, and not to the construction of a machine. In 1942, on
the initiative of Louis Lapicque, neurophysiologists and mathematicians met together to study the functions of the brain,54 like American
cyberneticians.
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Lapicque was opposed to the idea of chemical transmission for nerve
impulse. He was a fierce proponent of a solely electrical transmission, and
defined a strength–duration curve over time, the ‘chronaxie’. It provided a
coherent way of describing the excitability of many different types of
tissues through the examination of the duration of these curves. Chronaxie
was used to measure the effect on the nerves of various agents such as
drugs and temperature, and to follow the evolution of degeneration or
regeneration processes. By developing a measurement which took a threshold (‘rheobase’) sufficient to fire the nerve, the chronaxie (which Lapicque
explained as ‘time-value’), by definition, was an intensity double the
rheobase. Using small electrodes of silver to stimulate, one produced what
Lapicque termed an ‘invariable chronaxie’, which meant that the curves of
excitability were identical in shape for a muscle and its nerve.55
Using the electrical analogy of the nervous system, Lapicque’s theory
was more than a simple time-duration measurement. It was a grand theory
of the nervous system which inspired a great deal of research in France and
throughout Europe. From 1903 to 1938, Lapicque had enormous influence, and his theory of chronaxie generated hundreds of papers on the
subject. This theory emphasized that only the physical form of the nerve
impulse accounts for the nerve transmission. Lapicque had a global vision
of the nervous system. Studying the conditions of nerve impulse, he aimed
to discover a mechanism of nerve harmony. The functioning of the ‘nerve
machine’ was founded on the law of isochronism (invariable chronaxie)
but, in England, the Cambridge School disagreed with this law, since it
found that muscle chronaxie changed as a function of electrode diameter.
In 1932, W.H. Rushton, a young British neurophysiologist from the Cambridge School, attacked the theory, questioning the significance of chronaxie and, after the war, even Lapicque avoided references to his theory,
which was replaced by the new concepts of measurement of action potentials and chemical transmission. Now, the period of chronaxie is described
as ‘a shameful period of French science’.56
In 1952, Couffignal compared the structure of the cerebellum to the
diode memories of the Blaise Pascal Institute machine, but his conclusion
was:
The studies we pursued with Louis Lapicque were unsuccessful. The
analysis led us to understand that our analogical reasonings failed because
these analogies were structural.57

The same association of mathematicians and neurophysiologists did not
produce the same results in France and the USA. The objective was
different. Whereas American cyberneticians used the knowledge of neurophysiologists and psychologists to design new machines, French researchers wanted to use the concepts of mathematics and physics to
understand the functioning of the nervous system. They used structural
instead of functional analogies. For Lapicque, the nervous system was an
electrical machine and he wanted to demonstrate that nerve transmission
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was only electrical in nature. These differences, and especially the difficulties encountered in France in constructing calculators, had important
consequences for the development there of computer science, and therefore for the history of artificial intelligence and cognitive science.

The Development of Computer Science and Artificial
Intelligence in France
The French conceptions of mathematics, Couffignal’s personality, the
misunderstanding between the spheres of universities and industry, and
the difficulties encountered in building an efficient industrial ensemble,58
explain the difficulties in producing calculators in France. With a few
exceptions, such as René de Possel (1905–74) and Jean Kuntzmann
(1912–92), very few French mathematicians were interested in computation and computers. Jean Kuntzmann played a pioneer rôle in the development of computer science in Grenoble. The interactions between Grenoble
University and local industries, and the existence of an engineering school,
the Institut Polytechnique de Grenoble, stimulated the development of applied
mathematics and computation. As early as 1945, Kuntzmann began to
teach these disciplines that were not appreciated by other French mathematicians. A computation laboratory was created in 1951, and a cooperative programme with industry and aeronautics services enabled it to
obtain funds. In 1957, Kuntzmann initiated the French Association of
Calculus (AFCAL) and in 1958, the publication of the review Chiffres. In
1960, l’ENSIMAG, a prestigious school for engineering in computer
science and applied mathematics, was created in Grenoble, as well as a
Centre for the study of automatic translation.59
René de Possel was a member of Bourbaki but, in 1941, he left this
group and became a Professor of Numerical Analysis at the University of
Algiers. In 1957, Jean Coulomb, director of CNRS, asked him to replace
Couffignal at the head of the Institut Blaise Pascal. De Possel acquired
powerful computers, and led the development of teaching of computer
science and research in new directions, such as artificial intelligence.60 De
Possel was particularly interested in optical character recognition. Just as
the US Army provided funds for research in automatic translation
(Russian/American), the French military financed automatic translation
(Russian/French).61 The beginning of computer science in France coincided with the emergence of laboratories in numeric computation, and
the use of applied mathematics. Among factors that slowed down this
development were the low prestige of the applied sciences, the domination of Bourbaki, and the rivalry between disciplines inside the university.
However, engineers needed applied mathematics, and the association
between universities and engineering schools in some regions favoured
the emergence of computer science in France.62
A restricted but very active professional milieu was established around
the first calculators. It created associations, reviews and organized meetings. The term ‘informatique’ (used for computer science and technology)
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was created in 1962, and gradually replaced the usual terms ‘electronics’
and ‘automation’. Social and political recognition of this field appeared
with the Plan Calcul (1966–75) and when masters’ degrees were created in
French universities in 1967.63 Daniel Kayser, one of the founders of the
ARC, submitted one of the first successful theses in computer science.
Two organizations contributed to the development of computer science:
the DGRST (Délégation Générale à la Recherche Scientifique et Technique),
founded in 1959, and the AFCAL association, founded in 1957, which
became AFCET (Association Française pour la Cybernétique Economique et
Technique) in 1968.64
Between 1957 and 1970, the advent of the second and third generations of computers led to a marked increase in the market directed towards
management applications. It was the period of great programmes (nuclear,
space, aeronautics), and the USA took the lead on the world market.
European countries perceived this situation as dangerous and regarded
computer science as a tool for American domination.65 Beginning in 1963,
European countries reacted against this supremacy, but had a considerable
distance to make up. In 1963, in France, the DGRST designated computer science as a priority, and created the concerted action ‘Electronic
Calculators’, dedicated to the financing of joint projects in computer
design, programming and use. This soon became a national industrial
policy. In 1966, the Plan Calcul was created, a great technological programme of the Fifth Republic,66 conceived for the protection of the French
computer industry.
The idea of ‘informatique’ as a science took shape between 1965 and
1968. Teachers in computer science fought to establish their field as a
reputable science. They tried to secure their students’ futures. In fact the
latter were not considered as mathematicians, and found it difficult to
obtain positions of employment.67 At the beginning of the 1970s, computer science progressively gained autonomy in relation to other disciplines. More and more laboratories were created within, or in association
with, the CNRS. The professional milieu was very active and organized
many meetings and conferences. The IRIA, founded in 1966,68 organized
150 meetings and four international conferences between 1967 and
1969.69 IRIA and AFCET were involved in the financing and organization
of many meetings and congresses related to the problems linked to
cybernetics, computer science and artificial intelligence. These organizations constituted meeting places for industrialists, researchers and officials;
pressure groups; and producers and disseminators of information. The
topics embraced pattern recognition, the understanding of language,
knowledge representation, the formalization of reasoning, the development
of robotics, and computer-assisted teaching. Two options were sometimes
distinguished: ‘informatique pratique’ and ‘informatique théorique’. Researchers in artificial intelligence included themselves in the second
option.
In the 1960s, the term ‘artificial intelligence’ was not often used in
France. Research projects in this field were carried out, but this provoca-
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reserve. The archives of the French
document about pattern recognition,
the term.70 At the same period, in the
et technique, artificial intelligence was

. . . a field aiming to endow computers with faculties considered as specific
to human beings. Two directions gave rise to this new branch of computer
science: the study of processes leading to the mechanization of intellectual
faculties; the research on models explaining the functioning of the brain
and the organs of perception. The problem of pattern recognition is
dependent on the first tendency.71

Examples of applications of this type of research were listed: optical
character recognition, recognition of electroencephalograms, automatic
diagnosis, classifying of letters, aerial photography, synthesis and analysis
of speaking, and submarine recognition. Precise short-term results were
produced by this type of research, and led to the creation of new markets.
In October 1978, during a press conference, Pierre Aigrain, who had been
the president of the Electronic Committee of the DGRST in the 1960s
(the committee that had created the concerted action ‘Electronic Calculators’), explained the importance of the interests linked to the ‘information revolution’:
The Americans were in fact the first to control computer science and to
associate vast technical means with telecommunications. They invested
considerable resources in these new ways of treating scientific and technical information in order to achieve economic and commercial
domination.72

Pierre Aigrain noted a French deficiency in this domain and the necessity
of changing this situation, because the American monopoly had ‘unacceptable consequences’ in the political, economic and scientific fields. Some
government initiatives tried to stimulate the development of computer
science in France. While in some universities researchers wanted to participate in this action, until the 1980s computer science was neglected by top
schools like the Polytechniques.73 Computer experts were considered as
technicians for computation centres. Computer science was reduced to a
calculation service for other disciplines. The French reserve with regard to
computer science and artificial intelligence recalls its rejection of cybernetics. Reservations were expressed with regard to the brain/computer
comparison and the consideration of living beings as machines.

France/USA Comparison, and a Focus on Operations
Research
If we consider that cognitive science derived from cybernetics and artificial
intelligence, we can better understand the differences between France and
the USA, and especially the lapse of 20 years between the creation of the
first Center of Cognitive Studies at Harvard and the first Association of

658

Social Studies of Science 29/5

Cognitive Science in France. Because of the contempt of French mathematicians for cybernetics, delays in the production of French computers
and the use of these tools, the difficulties encountered by researchers in
computer science in getting their discipline accepted as a science and not
as a technique, and the French reservations with regard to the comparison
between men and machines and the excessive language of the American
pioneers of artificial intelligence, the simulation of cognitive faculties by
computer had a bad reputation in France. The myth of thinking machines
was rejected.
The conception of research deepened the gap. Designing computers
and promoting the development of computer science were not considered
to be ‘research’.74 The culture of mathematicians after World War II
exercised an important influence. Whereas American mathematicians were
encouraged to participate in the war effort during World War II, French
mathematicians were not. Some of them were prisoners who directed their
work towards objectives that could not be applied or used by the enemy.75
After the war, the absence in France of a military and industrial complex
(in contrast to America, where its development was directed toward
technological warfare) constitutes an important factor for understanding
the different developments of cybernetics, computer science and artificial
intelligence in these two countries.
World War II altered the character of science in a fundamental and
irreversible way. In the USA, the importance of the contribution to the war
effort of engineers and scientists, particularly mathematicians and physicists, changed the relationship between scientists and the state. From the
mid-1940s to the mid-1950s, a close relationship was developed between
scientists and the military. World War II also initiated a revolution in
management science. Operations research and its methods were partly
responsible for initiating these changes. The objective was to increase
efficiency and effectiveness. The first American groups were formed in
1942, and one of these groups included John von Neumann, who brought
‘game theory’ into operations research. The mixed-team aspect of the
groups and the interdisciplinary nature of the effort was to become a
distinguishing characteristic of both operations research and systems engineering. Operations research was predominantly an Anglo-American
phenomenon.76
As Ted Porter observes,77 the notion of ‘objectivity’ has prestige mainly
as a substitute for trust, and logic and objectivity are most readily expressed by the language of numbers, quantification and mathematics.
Whereas logic and applied mathematics (in particular cryptography) provided concepts and tools for launching computer science, these matters
were neglected in France. Computers have been powerful tools for computation and applied mathematics. Thus the development of computer science and applied mathematics were tightly linked. Because of the low
prestige of applied mathematics in the academic milieu and the rivalry
between disciplines, it was only by the end of the 1960s that the French
school of applied mathematics began to emerge. During the 1950s and
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1960s, French universities succeeded in developing computer science
through associations with schools of engineering interested in applied
mathematics.78
Between 1960 and 1970, American researchers in artificial intelligence
(AI) obtained important funds from the military but, after a critical report
on automatic translation (the Pierce Report), this funding decreased.79
More funds came from industry, and the priority shifted to the creation of
new markets. Moreover attacks on the foundations of AI came from MIT,
one of the major centres of AI research, and from Joseph Weizenbaum,80 a
man who had made an early major contribution to the field. Because of
these many criticisms, the status of researchers in AI weakened; they
needed to gain respectability in the academic context. Provocative theses
became less frequent, and different discourses were produced according to
the interlocutors. At that period cognitive science began to develop. The
definition of this field was sufficiently vague not to trigger such attacks. As
‘operations research’ was a term covering a whole range of already known
activities, studied and applied under other names, cognitive science picked
up different lines of research already followed by other fields, in particular
topics covered by the AI rubric. The remarkable fluidity of the definition of
operations research, and the lack of precision of its boundaries, are also
applied to cognitive science.
The study of the history of cybernetics, computer science and artificial
intelligence in France reveals the existence of cultural resistances to these
fields but, even if it took a long time, the ideas and tools produced were
gradually accepted. Attempts by some scientists and politicians to promote
the new technologies played a rôle in this acceptance. To understand how
the French contempt for cybernetics, computer science and artificial
intelligence gradually disappeared, I studied the Groupe des Dix, a group
made up of scientists and politicians which met between 1969 and 1976.
This informal structure, which favoured exchanges between scientists and
politicians, appeared as a first step towards the institutionalization of
cognitive science in France.

The Groupe des Dix and the Political and Economic Context
(1969–85)
The aim of this study is not to stress the scientific and political importance
of the Groupe des Dix, but to illustrate a series of connections between
science and politics during the 1970s which succeeded in creating propitious ground for the development of cognitive science.
The four founders of the Groupe des Dix were Robert Buron, a politician interested in productivity and automation; Jacques Robin, a physician and director of a pharmaceutical company; Edgar Morin, a sociologist;
and Henri Laborit, a biologist. They wanted to bring together scientists
and politicians so as to help politicians make more ‘rational’ decisions and
avoid the ‘magical aspect of the political decision’.81 The group organized
meetings and discussed cybernetics, artificial intelligence, information
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theory, the functioning of the brain and the behaviour of human beings
and societies.82 From its creation in 1969, Jacques Sauvan also participated
in these meetings. A long time before, Laborit and Sauvan, who were both
physicians, had been attracted by cybernetics and, when the International
Association of Cybernetics was founded in 1956, they participated in
conferences organized in Namur. Sauvan was employed by the Société
Nationale d’Etude et de Construction de Moteurs d’Avion (SNECMA) to
design autonomous machines able to function without human help.
These pioneers had many aims. For Robert Buron, the essential task of
politicians was ‘to help to change the world through objective knowledge’.83 Henri Laborit, who believed that ‘scientific elements were removed from all value judgments’, said:
Politics being a human activity, Man being a living organism, why should
a biologist, who is essentially interested in the things of life, not have a
point of view on the political thing? Man being a living organism who
thinks, who is conscious of his existence, why shouldn’t the biologist,
especially if he is professionally interested in the study of the cerebral
mechanisms of consciousness, be useful to political action?84

Edgar Morin saw the importance of the life sciences for ensuring mankind’s enlightenment in society. For him ‘the social sciences establish the
great problems of human development but cannot resolve them’.85 Jacques
Robin was the most enthusiastic:
Biology and the other life sciences now have enough means to be applied
to the study of man, his evolution and Society, as well as to the study of
man’s environment.86

The founders of the Groupe des Dix wanted to elaborate a theory of the
organization of society founded on a better use of knowledge, and believed
that the group could participate in the construction of a fair society.
In February 1969, a first meeting with ten people was organized in
Jacques Robin’s apartment. Others members joined later, particularly Joël
de Rosnay, scientific popularizer, and Henri Atlan, a biophysicist. The
group had socialist inclinations: Jacques Attali, Michel Rocard and Jacques
Delors participated in some of the meetings.87 Attali was often present and
took notes. All the members of the Groupe des Dix were very interested in
cybernetics: they liked to use its metaphors and analogies, and they often
compared biological organization and social structures. Cybernetics reinforced their dream of a global, unified science because one of its aims
was to discover universal mechanisms that could be applied to different
areas: biology, society, science, economics, politics. Cybernetics helped
them conceive of a cooperative, self-regulated society, the ideal image of a
classless society based on a rationalization of choices and objective decision-making processes. A member of the Groupe des Dix, Jean-François
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Boissel, an engineer, was an out-and-out cybernetician. For him, hierarchy
would disappear with . . .
. . . the perfect expression of organization and continuous, complete
information: given a system . . . when the goal has been chosen . . .
everything or almost everything is determined if we look for the optimal
way. Then we need only information. Decision-making becomes a collective activity. No need for a leader. Each member of a company would
become a leader, but as everybody would be a leader, there would be no
more leaders. This new point of view seems to go with the flow of socialist
development throughout the world.

For Boissel, the fusion of science and politics could be achieved through
cybernetics, defined as ‘the search for an optimal solution in order to
obtain a functioning system, whatever the system (machine, human organism or society)’.88 In these systems, one element was considered to be
essential: information.
Members of the Groupe des Dix tried to apply cybernetic concepts to
society and politics. Twenty years earlier, members of the Macy Conferences had been tempted by this option. Lawrence Frank, a researcher in
social sciences and vice-president of the Josiah Macy Foundation, was
stirred by the belief that 20th-century social sciences would be able to
liberate us from old superstitions. For him, as well as for Margaret Mead
and Gregory Bateson, human nature was not fixed but adaptable and
changeable. Based on this view of human nature, some of the theoretical
concepts provided by cybernetics seemed suitable for modelling people
and cultures. Frank’s pragmatic faith in the merits of social science
expertise took for granted the right and ability of experts to guide the
people for their own good,89 a presumption shared by some members of
the Groupe des Dix.
Founded within the context of the social and political crisis of May
1968,90 the Groupe des Dix tried to imagine a new society in which science
would be a tool to overcome social crisis and ensure efficient social
management. Many books written by members of the Groupe propounded
the idea that the aim of science and technology was to improve the human
condition. Beyond this activity, a few members of the Groupe succeeded in
implementing an important project: the creation of CESTA (Centre d’Etude
des Systèmes et Technologies Avancées), which aimed at the circulation and
promotion of new technologies. Since it organized the first cognitive
science national congress, originating government action, CESTA was
linked to the development of cognitive science in France. An analysis of the
history and the achievements of this Centre allowed me to bring to light
some political and economic aspects of the construction of cognitive
science in France.
In 1981, when François Mitterrand became President of the French
Republic, Jacques Attali became one of his advisers and proposed the
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foundation of CESTA. Influenced by the meetings of the Groupe des Dix
and aware of the importance of the computing revolution, Attali wanted to
create a centre for forecasting and aiding decision-making processes. At
that time, the Japanese were planning to implement the fifth generation of
computers, called ‘intelligent computers’, which were supposed to make
decisions.91 In 1982, CESTA was founded with the help of several members of the Groupe. At the same time a research laboratory was created, the
LDR (Laboratoire de dynamique des réseaux), which was engaged in the
mathematical modelling of biological systems.92 In this laboratory,
Françoise Fogelman, a computer scientist, used artificial neural networks
for the first time in France.93 Another structure was also created, the
CREA (Centre de Recherche en Epistémologie et Autonomie), a social science
centre affiliated to l’Ecole Polytechnique and directed by Jean-Pierre
Dupuy, a philosopher.94 Both the LDR and the CREA were interested in
mathematical modelling and the epistemological status of self-organizing
and complex models. In the same way that MIT was the American centre
where the abstract knowledge of cognitive science was elaborated, from the
1980s the CREA was the French centre where this knowledge was propagated. The philosophy of language, the links betweeen philosophy and
psychology, and the development of cognitive science especially interested
the CREA members.
While the CREA group participated in the elaboration of the abstract
knowledge of cognitive science in France, the director of CESTA, sociologist Yves Stourdzé, tried to promote the development of new technologies
in France. Stourdzé and his team actively participated in the organization
of the Versailles Summit in June 1982. At this meeting of the industrialized
countries, François Mitterrand suggested dedicating a day to science and
technology, to encourage international, technological and scientific cooperation. Following this meeting, a ‘Technology, Growth, Employment’
group was created including Canada, France, Germany, Italy, the United
Kingdom and the USA. Yves Stourdzé was appointed its General Secretary. In January 1983, the group proposed 18 projects in a cooperative
initiative involving companies specializing in microelectronics, computers,
robots, new energy sources and materials.95
Two months later, Ronald Reagan proposed the Strategic Defense
Initiative, or ‘Star Wars’. Pointing to the USSR as the enemy, he asked
scientists to participate in the development of a protection system against
nuclear ballistic missiles. He invited the other nations to collaborate with
the USA to improve robotics, electronics, artificial intelligence, telecommunications, lasers and biotechnology. Irritated by what he considered as
an American injunction to participate in Star Wars, François Mitterrand
asked CESTA to propose a topic for an European joint project in civilian
research. The work of Yves Stourdzé and his team from 1982 to 1985
resulted in the creation of Eureka (European Research Coordination
Agency), an agency established to encourage companies to join the world
of new technologies.96
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In this context, early in 1985, Yves Stourdzé decided to support the
organization of the first important congress in cognitive science,97 called
‘Cognitiva 85: from artificial intelligence to biosciences’. CESTA, in collaboration with ARC and AFCET, succeeded in organizing this important
congress in June 1985. The programme committee chairman was JacquesLouis Lions, the president of INRIA from 1980 to 1983. Many researchers
in computer science were present, but very few neurobiologists, such as
Jean-Pierre Changeux, were invited. The explicit objective was to bring
together diverse experts so as to understand better the functioning of
mind, memory, language, learning and perception, and to model and
simulate cognitive processes. All problems, from pattern recognition to
knowledge representation, were approached through artificial intelligence.
No classical neurophysiological work was submitted. In the session devoted to neurophysiology, models of mental states, expert systems for
diagnosis, biological modelling, and spatial-ability training using computer
games were presented. Other topics included image processing, man–
machine communication, robotics, expert systems, language understanding and memory models. On the first day, Allen Newell, a pioneer in
artificial intelligence, gave the inaugural talk.98 During this meeting the
construction of cognitive science was clearly centred on artificial intelligence and computer expertise, and members of ARC and AFCET
were pre-eminent. After the congress, the popularity and funding of
cognitive science increased.
Just before the organization of Cognitiva 85, CESTA began to be
troubled by political rivalries. At this period Laurent Fabius was Prime
Minister (1984–86). Although he belonged to the same party, he did not
appreciate Jacques Attali. Considered as Attali’s creation, CESTA was
attacked. In 1984, the Audit Office was called upon, and its report
(delivered in 1985) concluded there had been ‘severe anomalies’ in CESTA’s financial administration.99 At the same time, the responsibilities of the
Eureka project were entrusted, not to Yves Stourdzé, but to the military
engineer Yves Sillard, a close collaborator of the Research Minister,
Hubert Curien. Moreover, Stourdzé learned he had severe health problems; in December 1986, he died, aged 39 years.
In March 1986, the French parliamentary election gave the right a
slight margin of victory: it was the beginning of the ‘cohabitation’ experience, with a President on the left and a parliamentary majority on the
right. Jacques Chirac was Prime Minister. Hostility against CESTA was
amplified because of the right wing’s resentment. Indeed, CESTA was
created after the closure of the Auguste Comte Institute, founded in 1978
by Valéry Giscard d’Estaing. Conceived for an advanced training of a
limited group, essentially polytechnicians, this Institute was closed in
1987. CESTA took its place, but with another perspective: it fitted into the
image-making policy of the Mitterrand government. It was conceived to
shape decision-making, training, forecasting and, essentially, to foster
technological choices. Yves Stourdzé was central to this last function. His
death, and the many attacks against CESTA by both left and right
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politicians, led to the dissolution of CESTA in November 1987.100 However, the dynamic impulse communicated by Yves Stourdzé allowed cognitive science to enter a process of institutionalization.

Institutional Aspects: After a First Step in the Direction of the
Neurosciences, Computer Experts Gained Influence (1984–95)
In 1984, CNRS became interested in the emergence of cognitive science.
Pierre Papon, its director, asked Dominique Wolton, a sociologist, to write
a report on the communication sciences and cognitive science. Later on,
several reports were commissioned by the CNRS and the Ministry of
Research, to investigate how to use funding to develop cognitive science in
France. An analysis of these reports,101 written between 1984 and 1995,
enabled me to follow the institutional development of cognitive science in
France. The institutionalization process of this domain is quite different
from that observed in the USA. Before dedicating public funds to cognitive
science, a large number of reports were requested. This explains the delay
in setting up institutional structures. The multiplicity of reports reveals the
inefficiency of the authorities when faced with a problem, but also indicates how difficult it is to define a field that includes antagonistic
interests. The different reports reveal a clash of interests between those
who wanted to structure cognitive science around the study of the brain
(neurobiologists) and those who wanted this field to be centred on
computing.
The first action taken by CNRS was based on the American definition
of cognitive science, because computer science, psychology and linguistics
were defined as the core of the field. Dominique Wolton, who wrote the
first report, specialized in sociological studies of problems of communication. The report’s aim was to stimulate the ‘interdisciplinary field of
communication’ by encouraging research in three directions; neurosciences, cognitive science and social sciences. But in fact, this report
seemed to be an attempt to join together ‘human and social sciences’, on
the one hand, and ‘engineering sciences’, on the other.102 Wolton identified
collaboration between psychologists, linguists and computer experts as
essential. He considered the ARC association crucial. In an appendix to
this report, Gérard Sabah, a computer expert and president of ARC,
defined cognitive science as the result of ‘three epistemological revolutions
in psychology, linguistics and computer science’. Artificial intelligence was
described as central, and ‘the aim was to construct computer models of
knowledge’. The other disciplines were considered as ‘tools’ for computer
science. Neuroscience was not mentioned by Sabah, and Wolton evoked
the rivalry between neuroscience and cognitive science. He blamed neuroscience for considering itself to be the core of the cognitive sciences ‘in the
name of an analytical and fundamentalist approach’. In fact, if the development of cognitive science took shape around the study of the brain, the
social sciences would probably be discarded, whereas a preferential relationship could be woven between computer experts and researchers in
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social sciences who work on problems of communication (multimedia,
image treatment, man/machine interactions, and the like).
If the first report followed the American direction of cognitive science,
neurobiology was favoured in 1989 when Jean-Pierre Changeux, a neurobiologist, was commissioned by the Ministry of Research to manage the
programme on Cognisciences. The most famous French neurobiologist,
Changeux is a molecular biologist. He entered the Pasteur Institute in
1959, and worked in Jacques Monod’s laboratory with François Jacob.
After a study of regulatory enzymes, Changeux became interested in
allosteric proteins and cellular control systems.103 In 1965, Monod,
Wyman and Changeux published their research on the allosteric model.104
In this model, the regulation of cell metabolism relies on the control of
enzyme activity. Allosteric properties are a biochemical alternative to the
regulatory model of gene action.
Interested in the functioning of the brain, Changeux chose to apply the
allosteric model to a neurotransmitter, the acetylcholine receptor. In his
1983 book,105 Changeux detailed a neuronal theory of thought, establishing a causal relation between structure and function. He described the
neuronal membrane as an arithmetic calculator, and suggested the translation of human behaviour in terms of neuronal activities. Changeux was
director of a CNRS laboratory devoted to molecular neurobiology at the
Pasteur Institute, and Professor at the Collège de France; he was thus a
powerful member of the scientific community. Widely known in the media,
he was regarded as an expert, and a good scientific popularizer. Owing to
the success of molecular biology during the 1960s, and his contacts with
influential people, Changeux gained trust, responsibility, power, and a
multiplicity of positions, which allowed him to influence the direction of
cognitive science. He was the president of the scientific committee in
charge of the report for the Ministry of Research. No computer science
expert was on this committee. The report reflected his conceptions: ‘The
final goal is the scientific knowledge of the organization and functioning of
the brain and especially the most elevated human faculties’.106 The rôle of
computer science was minimized and the ARC association was not
mentioned.
However, in 1995, an important change seems to have occurred
because, for the first time, a computer expert, Jean-Gabriel Ganascia, was
appointed director of the unified programme on the Sciences de la Cognition, which included the CNRS, the Ministry of Research, the CEA
(Commissariat à l’Energie Atomique), the INRIA and, since 1996, the
INRETS (Institut National de Recherche sur les Transports et leur Sécurité).
Since technological transfer and practical applications were more and more
in demand, computer experts were in a good position to give precise
examples of industrial development (editing, video games, electronic components, robotics, telecommunications, and so on). Ganascia’s project
seems to have been an attempt to rehabilitate applied research and the
status of the engineer. Industrial applications were put forward. Neurobiology was not mentioned. The new system of alliances involved computer
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experts and industrialists. As in the USA, the field of cognitive science is
now centred on computing technologies. Student training in cognitive
science confirms this direction: logician-computer experts are moulded
with basic notions of psychology, philosophy, linguistics and biology, so as
to increase their domain of efficiency, and allow them to apply the same
approach – formalization, modelling and simulation of all problems in all
domains.107
Jean-Gabriel Ganascia is a member of the ARC, and in 1996 published
a popular book on cognitive science.108 Almost all of the members of the
ARC actively participated in directing cognitive science towards artificial
intelligence. Daniel Kayser, one of the founders of ARC, is now working in
a computer science laboratory at the University of Paris-Nord: he is trying
to produce a program capable of processing reports written after road
accidents, without human intervention. Mario Borillo, another founder of
ARC, is also a computer expert: he has participated in a number of
conferences in cognitive science, and works at the Institute of Computer
Science Research in Toulouse. This institute has many links with aeronautics and aeronautical companies (Matra, Aerospatiale, Airbus, CNES); it
has carried out research on the coding of representations in spatiotemporal tasks, mental space representations, and ‘performance mistakes’.
The links between industry and the military are important. A clear
tendency towards applied research echoes the requirements of the government. Indeed, a desire for greater state control and research planning was
made clear with the Consultation Nationale sur les Grands Objectifs de la
Recherche Scientifique launched by François Fillon in 1994. A closer relationship between public laboratories and private companies was strongly
recommended, and more and more researchers tend to choose short-term
projects, as they find it easier to obtain funding. As funds become scarce
for research with no short-term applications, or in fields not considered as
high priority, most researchers adapt themselves to the demand.
This analysis of the institutional development of cognitive science
shows interrelations with the economic and political spheres. Now, if we
turn to recognition in the academic arena, we must examine and understand the theoretical framework of cognitive science.

The Abstract Knowledge of Cognitive Science: The
Generalization of a Computational Modelling Approach
(1960s–90s)
The study of abstract knowledge produced by researchers in cognitive
science is of crucial importance for understanding how old problems are
defined in a new way. The theoretical framework elaborated by American
researchers was used and popularized in France by the CREA, and by
some researchers in artificial intelligence. We saw that Jerome Bruner and
George Miller defined knowledge as the manipulation of symbols, and
perceived the computer as a good model for the human mind. In 1975,
Jerry Fodor, psychologist, philosopher, and researcher in computer
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science, suggested a model for the functioning of the mind which
summarized the favourite theories of cognitivists during the 1960s and
1970s.109 Thought was seen in terms of an automaton processing input
and producing output; the internal state of this system corresponded to
our mental states and mental representations. This computational theory
of mind and behaviour, and the related notions of persons as ‘information-processing systems’, was advocated by Fodor, who suggested the
existence of a language of thought involving a programmed mind, like a
computer.110
According to Howard Gardner,111 psychology and computer science
are at the central core of cognitive science, and these two fields are linked,
via information techniques, and by cognitivist treatment of knowledge as
symbol manipulation. The cognitivist hypothesis, which assumes that
cognition is a computation of mental representations, considers that there
is an informational equivalence between living beings and machines. From
this assumption arose a kind of functionalism, based on material independence and formal equivalence. For these functionalists, it is not the material
support but the function that is important. Zenon Pylyshyn, director of the
Cognitive Science Center of the University of Western Ontario, considered
functionalism as the basic theory unifying the domain,112 but this assumption is not accepted by all researchers in cognitive science.
Cognitivism and functionalism are linked to analytical philosophy by a
common fascination with formalization. Heir to logical positivism, analytical philosophy is interested in formalizing language, so as to reach a logical
understanding of thought. The analytical task lies in transcribing a statement into more ‘appropriate’ terms, a sort of translation within the same
language. A regard for formalism leads us to replace scientific objects with
syntactic constructions. For cognitivists and functionalists, the brain is
compared to a computer and the mind to a program functioning as a
system of symbol manipulation. Daniel Dennett, an American philosopher
who directs the Center for Cognitive Studies at Tufts University, adopts
what he calls a ‘top–down’ strategy which ‘begins with a more abstract
decomposition of the highest levels of psychological organization, and
hopes to analyze these into more and more detailed smaller systems or
processes until finally one arrives at elements familiar to the biologists’.113
He compares consciousness to the activity of a virtual machine that has
taken root in the brain.114 A new conceptual universe is proposed which
produces new metaphors and new images, often inspired by sciencefiction; it expresses a new way of conceiving life. The vocabulary used by
biologists is entirely redefined: a chromosome becomes a chain of bits,115 a
neuron or a cell an apparatus sculpted from the ultra-tiny quantum
transistors. CREA members in France participated in the translation of
Dennett’s books and in the popularization of his ideas. Cognitive science
defined by Dennett looks like a project for the redefinition of categories
such as knowledge, intelligence, consciousness, mind and life. It has
established a new frame of thought in which mathematical language and
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computers appear as the most relevant tools for understanding cognitive
processes.
Cognitivism is not the only theoretical framework for cognitive science. Since the 1980s, connectionism has gained influence. Inspired by the
model described by Warren McCulloch and Walter Pitts in 1943, connectionism takes neural networks as its model. The method consists in
building a cognitive system from components connected to each other in
just the same way that neurophysiologists describe the architecture of the
brain. The idea is that human thought solves problems not by a series of
logical deductions but by virtue of complex interactions between microunits of information.
Research on neural networks was enhanced by Frank Rosenblatt in
1958, when he came up with the ‘perceptron’, a model of visual perception.116 This network was arranged in layers of formal neurons. The activity
of the retina was simulated by input ‘neurons’, whereas output ‘neurons’
classified the features recognized by the system. ‘Neurons’ from the hidden
layer realized an intermediate calculus. Only separable linear functions can
be achieved by this architecture. This limitation was stressed by Marvin
Minsky and Seymour Papert, who criticized this rival approach to cognitivism in 1969.117 The pioneers of artificial intelligence disapproved of neuralnet theory propagated by cyberneticians. The criticisms were highly elaborated from a mathematical point of view, and came from influential
scientists. The neural-net approach was largely rejected for ten years.
However, throughout the 1970s, some researchers continued working on
neural networks, and this method regained favour from the 1980s, when
control of the development of artificial intelligence by an ‘élite’ was
weakened. Dramatic decreases in computing costs brought about a ‘democratization’ in access to computing resources.118 As mentioned earlier,
Françoise Fogeman, a French computer scientist working in the LDR, was
engaged in research on neural networks in the early 1980s.
Whereas computation is sequentially performed in a cognitivist
model, it is conducted in parallel without central control as a result of
local interactions in a connectionist model. As with cognitivism, connectionism provides a computational modelling approach, but it is better
understood by neurophysiologists who find it more suitable for simulating
cognitive functions. Connectionists, therefore, are often closer to
neuroscientists.
For the philosopher Patricia Churchland, one of the major figures of
an American group known as the eliminativists, cognitive science cannot
exist without a neuronal theory of mind.119 Neurophysiology is central to
this conception, and psychology and functionalism are criticized. In 1975,
Churchland began to adopt these positions in disputes with Fodor, who
argued that an understanding of brain functioning was useless for understanding the functioning of the mind. She was convinced that the psychological level was not relevant to a study of the mind, and propounded
eliminativist reductionism, which means the reduction of mental states to
biological phenomena. This group competes with the cognitivists and
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disapproves of functionalist positions. It uses the method of neural networks to simulate cognitive functions.
Other currents of thoughts are proposed by researchers who are
inspired by phenomenology and its central concept of intentionality. They
describe the links between consciousness and phenomena in terms of
intentionality, and take perception to be the most representative form of
knowledge. A French proponent of this approach is Francisco Varela, a
neurophysiologist from the CREA group. He suggests that observer and
observed phenomenon define one other; his idea is that cognitive structures emerge from sensory-motor schema, allowing action to be guided by
perception.120
In spite of this diversity, the most powerful cognitive scientists are still
the functionalists, and it is important to analyze their political strategies
and rhetorics. The next section addresses this point through a comparison
with another major contemporary field: molecular biology.

The Construction of a Contemporary Scientific Field: A
Comparison with Molecular Biology
When cognitivists examined the language of biology, they were attracted by
the problems posed by biologists but felt an aversion to the biological
techniques and methods used, just like physicists at the beginning of
molecular biology.121 Their aim was to redefine problems in terms that
would enable them to use their methods and know-how. The cognitivists’
objective was to impose an approach originating from their own discipline,
and to force biology to be treated by the techniques and tools of cognitive
science. Biology was seen as a territory to be conquered. In the 1950s, a
number of geneticists and biochemists began to redefine organisms as
cybernetic systems, and to rewrite their accounts in terms of information:
DNA carries the ‘genetic information’ (or program), and genes ‘produce
their effects’ by providing the ‘instructions’ for protein synthesis. DNA
makes RNA, RNA makes proteins, and proteins make us.122

Cognitive science also moved from material and energetic representations
of life to informational ones. Molecular biology appeared as a first step in
rewriting biology as an information science. After reading Wiener’s cybernetics, a few molecular biologists and geneticists found in this new way of
looking at life some unifying principles and a powerful interpretative
framework. They concluded that genes form the basic element of control
within the organism’s integrated control systems.123 Molecular biology
initiated a new way of seeing and speaking about organisms (a description
of a human being in terms of molecules), and cognitive science a new way
of seeing and speaking about the mind. Both used a mechanistic vision in
which the human being is compared to a machine, but in one case the
machine is made of molecules and, in the other, the material support does
not matter, only the function is taken into account.

670

Social Studies of Science 29/5

The rhetoric used by the pioneers of cognitive science, artificial
intelligence and molecular biology exhibited the same tendencies. When
Francis Crick gave a lecture to the British Society of Experimental Biology
in 1957,124 he expressed, for the first time, the idea that protein folding was
a spontaneous process, and that the final configuration was only a function
of the order of amino acids. He suggested that the specificity of a nucleic
acid was based only on the sequence of its bases, and he formulated what
he called the ‘central dogma’: information can go from a nucleic acid to a
nucleic acid and from a nucleic acid to a protein, but never from a protein
to a protein, or from a protein to a nucleic acid. As Evelyn Fox Keller
notes:
The crucial point of the central dogma is its insistence on unidirectional
causality, its repudiation of the possibility of a substantive influence on
genes, either from their external or from their intra- or inter-cellular
environment.125

The pioneers of artificial intelligence postulated that a human being
functions as a universal system of symbol manipulation, and that any
knowledge can be explicitly formulated. Mind was considered as a system
composed of binary elements of information following formal rules. In
1957, Allen Newell and Herbert Simon claimed that within the next ten
years, a computer would be a world chess champion, would discover and
prove new mathematical theorems, would write music exhibiting obvious
aesthetic qualities, and almost all psychological theories would come in the
shape of computer programs.126 They postulated that human behaviour
was managed by programs organized by a system of elementary processes
of information treatment,127 justifying their postulate in terms of a basic
methodological principle, the principle of economy: all information processed by the human mind is of the same type as information processed by
computer, because this hypothesis is the simplest, and therefore the most
economical.128 As for molecular biologists, simplicity was the ‘new
credo’.129
If the pioneers of molecular biology have played a rôle in reducing the
specific properties of living beings to physics and chemistry, the pioneers of
cognitive science reduced the mind to a kind of computation, and thus to
mathematics and logic – but also to computer science, which allows
simulations – the aim being the computing simulation of cognitive functions. If Erwin Schrödinger’s book, What is Life?,130 looks like a transfer of
new concepts from physics to biology, a physicist’s appropriation of heredity mechanisms, books written by the pioneers of cognitive science look
like a transfer of concepts from logic and computer science to biology, the
appropriation of cognitive processes by mathematicians, logicians and
computer experts. Molecular biologists favour a new way of perceiving a
living being as a store house and transmitter of information. Researchers in
cognitive science use the same reasoning to consider living beings as a set
of functions, and functions as information processing, but they have added
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a new component: functionalists assimilate artificial organisms to living
beings, as cyberneticians once did.
In spite of their many common features, molecular biology and cognitive science offer opposing visions of life and competing sets of metaphors.
In the one case, everything is reduced to molecules and, in the other, to
logic and words. In the late 1980s, Francis Crick pointed out the rivalry
between the two conceptions. When he ‘decided that the move to the Salk
Institute was an ideal opportunity to become closely interested in the
workings of the brain’, he discovered ‘a new subject that called itself
cognitive science’:
Some people define cognitive science as studies that take no account of
such things as nerve cells. In cognitive science the usual procedure is to
isolate some psychological phenomenon, make a theoretical model of the
postulated mental processes, and then test the model, by computer
simulation, to make sure it works as its author thought it would. If it fits at
least some of the psychological facts it is then thought to be a useful
model. The fact that it is rather unlikely to be the correct one seems to
disturb nobody.

Crick’s prejudices were exactly the opposite of the functionalists’: ‘If you
want to understand function, study structure’.131 Crick was particularly
interested in the mammalian visual system, and when he met Patricia
Churchland in 1984 at the University of California, San Diego, he appreciated her point of view, because she was interested in molecular and cell
biology as he was; but the positions adopted by Churchland are not
dominant in the field of cognitive science. The first direction to be followed
by researchers in cognitive science was that of cognitivism, which describes
cognition as computation, and many studies were devoted to the formalization of language. The influence of logical positivism and analytical
philosophy is significant. An attraction towards the study of language,
formalization, axioms and postulates, reveals the pervasiveness of this
philosophy, focused on the understanding of the meaning of statements. In
the 1920s, with the ‘Vienna Circle’,132 logical positivism was codified, and
Rudolph Carnap was the first to achieve Bertrand Russell’s wish to use as
a base for physics the method Russell used as a base for mathematics.133
Even if Carnap was blamed by Quine for confusing problems of logic with
those of translation, and signs with objects, this direction was followed by
those who have now created cognitive science.
The elaboration of simple schemes and models which reduce the
complexity of biological phenomena has contributed to the success of
molecular biology. In the same way, simple models which seem to favour a
better understanding of cognitive processes are attractive to cognitive
scientists. They use an a priori method – namely, to construct simplified
mathematical models and to try to find general solutions to them. These
models look obvious to them because they correspond to the world image
reflected by the mass media: in the late 20th century, the computer
dominates our imagination; every day, the computer model is exemplified.
The ‘information revolution’ is described as the advent of a new world, and
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its revolutionary dynamics is attributed, not to the creative power of
humans, but to the tool. Communication is considered as essential, even if
this communication is without meaning and not correlated with a social
object. Just as molecular biology succeeded in imposing a new vision
explaining the functioning of living beings in terms of information, memory, code, message and regulation by feedback, functionalists try to assimilate cognitive functions to computer performances, thus eliminating differences between image and object, natural and artificial, virtuality and
reality.

Conclusion
This study shows that both in France and the USA the first scientists
engaged in the construction of cognitive science were computer experts
and psychologists using a computational modelling approach. Some of the
protagonists in the new field of computer science, using the tools for
formalization they drew from their training in mathematics and engineering, developed artificial intelligence (for those primarily engaged in military projects to improve machines or human/machine interfaces) and
cognitive science (for those working in more traditional academic arenas
and entrenched in psychological discourse). Neurobiologists began to
invest in the construction of the new field of cognitive science 15 years
later. Cognitive scientists’ claim to study the functioning of the mind by
using a computational modelling approach and their functionalist positions
provoked the neurobiologists.
For neuroscientists and molecular biologists, cognitive functions cannot be understood without studying brain functioning and the molecules
involved in neurophysiological mechanisms. Many critics of this point of
view emphasize that human behaviour cannot be described purely in terms
of the sequences of organic transformations involved in its production.134
For researchers into artificial intelligence, cognitive functions are compared to mathematical models, the subject is defined as a unit of functions,
and its functions described as information processing. A topic is chosen –
knowledge, the mind, or life – and a definition is provided in such a way
that the best possible approach to deal with the problem is the one used by
logicians and computer experts. This phenomenon tends to increase the
social recognition of computing. When it was on its own, computing was
considered a technique that could be used in different domains.135 Integrated into cognitive science, computing became, with artificial intelligence, a force majeure which tried to impose the logic of its researchers on
its other partners. Artificial intelligence is concerned with constructing
devices that can perform complex tasks rapidly and efficiently. As Jeff
Coulter says:
The problem with the proponents of the computational approach to
cognition is not their blind faith in technological progress, but their
conviction that such progress in computer science alone illuminates the
domain of the mental and the material in the study of man.136
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In an attempt to theorize biology, the proponents of the computational
approach to cognition regard formalization and modelization as the final
step in what they consider to be ‘scientific’. They argue that the computer
provides a new technology that covers all of knowledge, and that cognitive
science is the abstract representation of that technology.
In spite of common features, this comparison between the development of cognitive science in France and the USA has revealed clear
differences in the institutional process. First, the attempt to define and
construct a new scientific field only began in France in the 1980s, whereas,
in the USA, the first Center of Cognitive Studies was founded in 1960.
Second, in the mid-1980s, a French neurobiologist succeeded in orienting
cognitive science toward the study of the brain. However, with the establishment of a professional milieu by computer experts, and a political claim
for technological transfer and practical applications, cognitive science in
France began to follow the orientations of artificial intelligence as it had
developed in the USA.
Andrew Abbott’s theories on the system of professions allowed me to
examine the effects of both internal and external forces on the construction
of cognitive science. Among external forces, politics and economic choices
play a significant rôle in structuring the field, as the study of the French
case illustrates. When politicians became aware that cognitive science could
be built around information technologies, which were considered crucial,
funding was made readily available. Even if, at the end of the 1980s, a
neurobiologist thought he had succeeded in directing research toward the
study of the brain, the pressure of international competition led to a
concentration on artificial intelligence. A strong correlation is observed
between the impact of political and economic pressures and the orientation
of science. Conversely, science strongly influences ways of life. Science and
technology are integrated in a political strategy and play a prominent rôle
in national and international choices. Science and politics seem to be
linked through the function of science in resolving problems and creating
new markets.
Heir to game theory, cognitive science favours an approach which
redefines an object through computer simulation. Is this a revolution, as its
protagonists like to claim? Not in the sense used by Thomas Kuhn.137 It is
not a crisis caused by an anomaly, but a fight for the prescription of an
approach and a new conception of the world: the important thing is not to
discover the mechanisms of nature but to invent nature.138 If molecular
biology has succeeded in imposing a new way of conceiving life, cognitive
science seems to be pursuing the same goal in seeing the human individual
and the living organism in terms of information exchange, but with a
supplementary element: artificial organisms are considered as living
beings.
This study of the construction of a new domain has enabled us to
analyze some changes in the scientific field since World War II. The
influence of cybernetics is significant, as well as the emergence of new
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rivalries and alliances: just as molecular biologists competed with embryologists after the war,139 researchers in cognitive science competed with
neurobiologists and molecular biologists, while new alliances were formed
between computer experts and certain researchers in the social sciences.
The goals of science and the position of a researcher are continually being
redefined.
Cognitive science, defined as the mind’s new science, can be adapted
for different purposes. According to their training, practice, and their
discipline, researchers involved in the construction of cognitive science
define the field in different ways. While they elaborate theories of the mind
they define an image of the society they are trying to construct.
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During my study, I consulted the following archives:ANF

Archives Nationales Françaises (Direction des Archives de France: 60 rue des
Francs-Bourgeois, 75141 Paris Cedex 03), including:
• CNRS Archives (Centre des Archives Contemporaines: 2, rue des Archives,
Fontainebleau 77300), versement 800284:
– articles 129 & 141–49; liste des colloques Rockefeller, cybernétique, les machines à
calculer (colloque de 1951).
• Délégation Générale à la Recherche Scientifique et Technique (DGRST) Archives
(Mission Archives Nationales-Recherche: 1 rue Descartes, 75231 Paris Cedex 5),
versement 770321 (1960s):
– fonds RE 130/6, RE 130/12, RE 130/19, RE 130/20 (Informatique)
– RE 130/26 (Calculateurs)
– RE 130/10, RE 130/11, RE 130/32 (Electronique)
– RE 160/22 (Sommet de Versailles)
•
–
–
–
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CESTA Archives (address as for DGRST Archives):
RE 292 (service de publications)
RE 295 (fonds Feldmann)
RE 297 (création et dissolution du CESTA)
RE 558 (préhistoire du CESTA, rapports de Rosnay)

Archives of the Groupe des Dix (Jacques Robin, Transversales Science Culture, 21
boulevard de Grenelle, 75015 Paris):
– Numéro 1 d’Objectif 72 (May 1967)
– Plaquette de présentation d’Objectif 72 (1968)
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Politique’ (December 1968): Robert Buron, Jacques Robin, Henri Laborit, Edgar
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1968)
– Séminaire à Chantilly (14–15 February 1970)
– ‘La Science, la Politique et l’Homme’, Jack Baillet (September 1970)
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– Jean-François Boissel’s text, ‘Cybernetics and Hierarchy’ (7 September 1970)
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– Jacques Robin’s text for preparing the meeting of the Club of Rome: ‘En cette Fin
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– Bulletin spécial du journal municipal Laval Demain (1973)
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1974)
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(INRIA) (INRIA Rocquencourt, Domaine de Voluceau B.P., 10578 153 Le Chesnay
Cedex):
– Séminaires IRIA, Journées du Travail: ‘La Compréhension (acquisition,
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(U508)
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Jean-Pierre Changeux, Institut Pasteur, Paris, 1994
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