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The Philosophical History and Dissolution of 
the Natural-Artificial Divide 

Executive Summary 
●​ Antiquity's Ontological Schism: Early philosophy established a 

strict dichotomy based on intrinsic generation (physis) versus 
human-imposed form (techne), though the concept of mimesis 
introduced early theoretical loopholes. 

●​ Medieval Theological Boundaries: The debate shifted to the limits 
of human artisanal power over elemental matter, formalizing 
distinctions such as natura naturans (nature naturing) and natura 
naturata (nature natured), while alchemists challenged natural 
limitations. 

●​ Early Modern Mechanism: Thinkers like Descartes and Hobbes 
briefly collapsed the boundary by defining both natural and artificial 
entities as mechanical arrangements of matter in motion, eliminating 
internal teleology. 

●​ Kantian & Romantic Revisions: Immanuel Kant resurrected the 
boundary epistemologically via the concept of biological 
purposiveness, while Romantic thinkers like Schelling inverted 
mechanism by treating the entire cosmos, including human 
technology, as a living organism. 

●​ Contemporary Technoscientific Synthesis: The rise of 
cybernetics, synthetic biology, and AI has effectively dissolved the 
historical dichotomy, leading to hybrid paradigms where technology 
operates with biological autonomy and biological material is 
programmed via engineering principles. 

●​ Legal Codification: This philosophical dissolution has been 
concretized in human legal and economic systems, most notably via 
the 1980 Supreme Court case Diamond v. Chakrabarty, which 



formally extended patent rights to living, genetically modified 
organisms. 

 
Research suggests that the dichotomy between the natural and the artificial 
is one of Western philosophy's most foundational and enduring 
epistemological frameworks. It seems likely that the boundary between 
these two realms has always been highly porous, functioning more as a 
contested ideological frontier than a strict ontological absolute. Evidence 
leans toward the conclusion that contemporary developments in artificial 
intelligence and synthetic biology do not represent a sudden rupture in 
human history, but rather the climax of a centuries-long philosophical 
trajectory. The historical record indicates a persistent, evolving struggle to 
locate the precise origin of form, agency, and teleology within the material 
world. 
 
The problem of the artificial strikes at the very heart of how human beings 
understand their place in the cosmos. To define what is "natural" is 
implicitly to define what is "human" and what constitutes human 
intervention. Throughout Western intellectual history, this definitional 
boundary has been subjected to relentless pressure. In antiquity, the 
distinction was rooted in metaphysics and the internal forces of living 
things. During the Middle Ages, the debate shifted to theology and the 
limits of human artisanal power over elemental matter. The scientific 
revolution and the Enlightenment sought to redefine both nature and artifice 
through the lens of mechanical physics and human cognition, while 
Romanticism attempted to fuse them back into a single living organism. 
 
Today, we confront the legacy of these philosophical epochs in our 
laboratories and digital architectures. As we synthesize biological life and 
engineer autonomous intelligence, the classical categories of physis 
(nature) and techne (art/craft) appear to be collapsing into a unified 
paradigm of technoscience. This exhaustive report traces the philosophical 
history of the concept of the "artificial," examining how the boundary 



separating it from the "natural" has been theorized, defended, contested, 
and ultimately dissolved across the pantheon of Western philosophy. 

Comparative Matrix: The Evolution of the 
Natural-Artificial Boundary 
To synthesize these shifting paradigms, the following matrix outlines the 
procedural and conceptual transitions across six pivotal epochs of Western 
philosophical history. 
 

Historical Era Key Thinkers Core Metaphor 
/ Principle 

Stance on the 
Natural/Artificia
l Boundary 

Antiquity Aristotle Internal Motion 
vs. Imposed 
Form: Nature 
has intrinsic 
teleology; artifice 
relies on human 
imposition. 

Strict 
Ontological 
Divide: 
Technology is 
strictly 
subordinate to 
and imitative of 
nature, with fixed 
metaphysical 
limits. 

Medieval Avicenna, 
Aquinas, Petrus 
Bonus 

Ars vs. Natura / 
Natura 
Naturans: 
Human art as a 
minister to the 
divine or 
universal 

Theological/Alc
hemical 
Permeability: 
Artifice can only 
induce 
accidental form, 
though 
alchemical 



Historical Era Key Thinkers Core Metaphor 
/ Principle 

Stance on the 
Natural/Artificia
l Boundary 

essence of 
nature. 

claims 
challenged this 
by accelerating 
natural laws. 

Early Modern 
(Mechanism) 

Descartes, 
Hobbes, Bacon 

The Clockwork 
Universe: All 
physical 
phenomena are 
arrangements of 
matter in motion. 

Collapsed 
(Mechanistic): 
No essential 
difference; 
nature and 
artifacts are both 
fundamentally 
machines 
governed by 
physical laws. 

Late 18th 
Century 

Kant The Natural 
Purpose 
(Naturzweck): 
Organisms 
possess an 
inexplicable, 
self-generating 
formative force. 

Epistemologica
l Reassertion: 
The boundary is 
resurrected in 
human 
cognition; we 
must view 
biology as 
having internal 
purpose distinct 
from machines. 

Romanticism Schelling, 
Novalis 

World 
Organism: The 

Collapsed 
(Organic): 



Historical Era Key Thinkers Core Metaphor 
/ Principle 

Stance on the 
Natural/Artificia
l Boundary 

universe is an 
active, creative 
productivity 
(Natura 
naturans). 

Human 
technology and 
consciousness 
are the highest 
evolutionary 
expression of 
nature's own 
organic 
processes. 

Contemporary Simon, 
Simondon, 
Haraway 

Autopoiesis & 
Transduction: 
Systems 
(biological and 
technological) 
self-create, 
individuate, and 
interoperate. 

Completely 
Dissolved: The 
realms merge 
into 
"technoscience," 
where biology is 
programmable 
and machines 
possess organic 
autonomy. 

 
 



Conceptual Timeline 

 
 

 

The Ontological Schism in Antiquity: Physis, Techne, 
and Mimesis 
To understand the contemporary blurring of the natural and the artificial, 
one must first examine the metaphysical foundation upon which this 
division was built. In ancient Greek philosophy, the concept of the artificial 
was entirely tethered to the ideas of physis (nature) and techne (art, craft, 
or skill) [1][2][3]. In pre-Socratic thought, physis was often contrasted with 
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nomos (law or human convention), setting up an early dichotomy between 
what arises spontaneously and what is imposed by human intellect [1]. 
However, it was Aristotle who formalized this distinction into a rigorous 
ontological system that would dominate Western thought for nearly two 
millennia. 

Aristotle's Internal Principle of Motion 
Aristotle's most influential delineation between the natural and the artificial 
occurs in Book II of his Physics. For Aristotle, the critical distinction 
between nature and art lies in the location of the entity's principle of motion 
and generation [2][4][5]. 
 
The Aristotelian framework establishes a strict division based on causality. 
First, the natural object: Aristotle argued that natural things—such as 
plants, animals, and the classical elements—possess an inner principle of 
generation and motion [2]. An acorn grows into an oak tree because its 
form and end (telos) are intrinsic to its very being; it is driven by an internal, 
spontaneous essence [1]. Second, the artificial object: techne produces 
entities that have their principle of motion from without—specifically, in the 
mind and hands of the human artisan [1][4]. A wooden bed does not come 
into existence through the intrinsic desires or teleology of wood; rather, the 
shape and structure of the bed are human impositions [6]. If one were to 
plant a wooden bed in the ground, and it somehow miraculously sprouted, 
it would not sprout a new bed, but a tree, because its natural, inner 
essence remains wood, while its artificial form as a bed is merely 
accidental and imposed [6][7]. 
 
This framework severely restricted the ontological status of artifacts. The 
artificial form arises only because human beings exert effects on natural 
substances, meaning that human technology was seen as ontologically 
subordinate to nature [6][7]. For Aristotle, the objects of techne are 
changeable and moved by the technician's activity, which fluctuates 
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according to external aims, whereas natural objects are moved by inherent 
forces that remain constant [4]. 

Mimesis: Imitation and Completion 
Central to the Greek understanding of the artificial is the concept of 
mimesis, commonly translated as imitation or representation [3]. In the 
prevailing view of antiquity, techne arises primarily as an imitation of nature; 
for instance, the art of weaving was thought to have developed from 
observing spiders [2][8]. 
 
However, Aristotle's view of mimesis was highly nuanced and contained the 
seeds of technological expansion. While he acknowledged that art often 
imitates nature, he also posited that techne can go beyond nature and 
"complete what nature cannot bring to a finish" [2][9]. In this dual 
capacity—both copying and completing—the artisan does not simply hold a 
mirror up to the world but actively intervenes in the teleological cycle. As 
Aristotle noted in the Meteorologica, technical operations such as cooking, 
boiling, or roasting mimic natural digestive and geological processes, 
implying a fundamental continuity between the artificial and the natural [5]. 
 
Thus, while Aristotle maintained a strict metaphysical hierarchy where 
nature possessed an intrinsic telos and the artificial did not, his admission 
that techne could accelerate or complete nature's designs created a 
philosophical loophole. This loophole would eventually be exploited by 
medieval alchemists and early modern mechanics to elevate the status of 
the artificial. 

The Medieval Crucible: Ars, Natura Naturans, and the 
Alchemical Challenge 
The transition into the Middle Ages saw the Aristotelian framework 
absorbed, debated, and transformed by Islamic and Christian Scholastic 
philosophers. During this period, the boundary between the natural and the 
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artificial became the subject of intense theological and practical dispute, 
primarily localized around the controversial practice of alchemy. Alchemy 
occupied a medial, liminal position between the theoretical sciences and 
the mechanical arts, much like medicine [10][11]. It was within the 
alchemical crucible that the limits of human artisanal power (ars) over the 
natural world (natura) were rigorously tested. 

Scholasticism and the Origins of Natura Naturans 
During this period, the translation of Aristotle's Physics (such as the 
Latin-Arabic translations by Michael Scot) and the commentaries of 
13th-century scholastics established a foundational linguistic and 
theological distinction between natura naturans (nature naturing) and 
natura naturata (nature natured) [12][13]. This terminology, which appeared 
in works like Robert Grosseteste's Château d'Amour, sought to map 
Aristotelian causality onto Christian theology [14]. In this scholastic 
framework, natura naturans was used to refer to God as the ultimate 
author, preserver, and ruler of nature, or to signify universal nature 
constituting the essence of things [12][14]. Conversely, natura naturata 
indicated the totality of created reality or the universal nature particularized 
in a singular object [12][14]. This framework set a theological ceiling on the 
artificial: if God was the supreme natura naturans, human art could only 
manipulate the already-created natura naturata. 

The Avicennan Condemnation and the Limits of Art 
The most formidable medieval challenge to the power of the artificial came 
from the Persian polymath Avicenna (Ibn Sina). In his influential text De 
congelatione et conglutinatione lapidum (often appended to Latin 
translations of Aristotle's Meteorologica), Avicenna launched a devastating 
attack on the theoretical possibility of alchemical transmutation [15][16]. 
 
Avicenna argued that natural and artificial products are intrinsically 
different, positing the universal proposition that art is inherently inferior to 
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nature and cannot hope to equal it [10][15]. For Avicenna, the true, hidden 
characteristics of natural species (such as the specific forms of metals like 
gold and lead) are known only to nature and God; an artisan cannot 
change a substance into something whose inner essence is hidden from 
human senses [15]. This argument constituted a massive attack on the 
totality of applied science and technology, asserting that human technology 
cannot outdo nature, nor even hope to imitate it in a truly successful 
fashion [10][11]. Avicenna claimed that alchemists could merely produce 
excellent imitations or superficial dyes, but could never replicate the true 
"species" or intrinsic form of a natural object [10]. 

Aquinas and the Accidental Form 
This skepticism deeply influenced Christian Scholasticism, notably Thomas 
Aquinas. Aquinas, steeped in Aristotelian metaphysics, integrated these 
ideas into a theological framework. He classified alchemy alongside 
medicine and agriculture as an "operative science" and a "mechanical art" 
[10][11]. 
 
For Aquinas, the limitation of the artificial was tied directly to the concept of 
the "substantial form." In his Summa Theologica, Aquinas argued that ars 
(artifice) falls short of the operation of nature because nature imparts a 
"substantial form" to matter, whereas human artifice can only impose an 
"accidental form" [17]. When an artisan shapes wood or mixes elements, 
the underlying species of the material remains unchanged [17]. 
 
However, Aquinas left a crucial caveat that mirrored Aristotle's loophole. 
Aquinas conceded that art might induce a true natural effect "by chance, [if] 
artifice applies the proper agent to the proper material" [17]. For example, 
by applying fire to combustibles, or by utilizing putrefaction to generate 
certain lower animals, the human artisan acts as a minister to nature 
[15][17]. In these cases, nature still performs the primary action, and art 
merely facilitates or directs it (ars solum ministrat) [10][16]. As this debate 
progressed, the issue of alchemy became increasingly theologized; 
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Aquinas even associated the illicit powers claimed by some alchemists with 
the intervention of demons, highlighting the deep anxiety surrounding the 
artificial manipulation of nature's boundaries [10][11]. 

The Alchemical Rebuttal: Ars Sequitur Naturam 
Medieval alchemists, such as Petrus Bonus and the Latin author known as 
Geber (likely Paul of Taranto), fiercely defended the artificial [18]. They 
developed a sophisticated philosophy of technology by asserting that art 
does not act against nature, but follows it (ars sequitur naturam) [18]. 
 
In the defense of their craft, alchemists formulated a powerful synthesis. 
They argued that the alchemical laboratory was a microcosm of geological 
processes. While nature might take "a thousand years" in the bowels of the 
earth to perfect base metals into gold, the alchemist could achieve the 
same substantial form in "a month" by artificially regulating the degree of 
heat [18]. Because the artificial process relied on nature's own laws and 
natural agents (like fire), the resulting product was not an artificial 
counterfeit but a natural substance generated by artificial means [5][18]. 
This vital argument blurred the strict boundary between physis and techne, 
suggesting that the artificial was simply natural law accelerated and guided 
by human intellect. 

The Mechanistic Turn: Clocks, Automata, and the 
Erasure of Inner Motion 
The delicate medieval compromise—where art was viewed as a minister to 
nature—was violently dismantled during the Scientific Revolution. Early 
modern philosophers orchestrated a radical metaphysical shift that 
completely collapsed the Aristotelian distinction between the natural and 
the artificial. They achieved this by rejecting the concept of "substantial 
forms" and internal principles of motion, replacing them with a universal 
mechanical physics [19][20][21]. 
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Descartes, Hobbes, and the Clockwork Universe 
One of the most salient features of early modern philosophy was the 
aggressive use of machines as theoretical models for understanding nature 
[20][21]. In this era, the mechanical clock emerged as the supreme allegory 
for the universe [21]. 
 
This mechanistic worldview was championed by René Descartes and 
Thomas Hobbes. Descartes, in works like Le Monde, reinvented nature as 
a geometrical space governed strictly by the laws of motion and the 
collision of corpuscles [20]. By arguing that all bodily phenomena could be 
explained by the size, shape, and motion of extended matter (res extensa), 
Descartes eliminated the need for mysterious "inner" principles of growth 
[20][22]. Consequently, the ontological gap between a tree and a clock 
vanished; both were merely arrangements of matter in motion. Descartes 
explicitly denied any essential difference between natural and artificial 
things, famously viewing animals as bêtes machines (animal-machines) 
operating via complex hydraulics and gears [20][21]. 
 
Thomas Hobbes further weaponized this mechanistic philosophy in the 
political and anthropological spheres. In the introduction to Leviathan, 
Hobbes mocked Aristotelian physics, which posited that stones and metals 
had internal desires or propensities [23]. Instead, Hobbes defined life itself 
as but a motion of limbs, famously extending the mechanical analogy to the 
creation of the State—the "artificial man" [24]. The artificial motion of the 
machine was seen as the supreme organizing principle capable of taming 
the disorderly matter of the natural multitude [19]. 

Francis Bacon and the Unity of Form 
The epistemological justification for this collapse was perhaps best 
articulated by Francis Bacon. Bacon actively sought to overturn the ancient 
prejudice that art is an inferior imitator of nature. 

https://www.researchgate.net/publication/365067498_Descartes_on_Forms_and_Mechanisms
https://www.mdpi.com/2409-9287/7/6/139
https://www.mdpi.com/2409-9287/7/6/139
https://www.researchgate.net/publication/365067498_Descartes_on_Forms_and_Mechanisms
https://www.researchgate.net/publication/365067498_Descartes_on_Forms_and_Mechanisms
https://www.ias-research.net/wp-content/uploads/2018/02/ruizmirazo_moreno_2012.pdf
https://www.researchgate.net/publication/365067498_Descartes_on_Forms_and_Mechanisms
https://www.mdpi.com/2409-9287/7/6/139
https://www.cambridge.org/core/books/abs/concept-of-nature-in-early-modern-english-literature/introduction/CC7627F6D5DB22AE65502B8C0875B513
https://dsc.duq.edu/cgi/viewcontent.cgi?article=1451&context=etd
https://bura.brunel.ac.uk/bitstream/2438/13800/1/FulltextThesis.pdf


 
Bacon provided a new taxonomy of existence based on an inherent unity. 
He argued that it is a profound error to believe "that art is something 
different from nature, and things artificial different from things natural" [21]. 
For Bacon, the artificial does not differ from the natural in form or essence 
[21]. He reasoned that human beings possess only the power to "bring 
natural bodies together or put them asunder; nature does the rest" [25]. 
Thus, the products of human technology are entirely natural in their 
composition and obey universal physical laws; they are simply 
arrangements of matter facilitated by human intervention [21][25]. 
 
This mechanistic paradigm represented a total victory for the artificial. If 
nature itself was a machine, then the human engineer was not an inferior 
imitator, but a participant in the same mechanical logic that governed the 
cosmos. However, while this mechanism triumphed in the realm of physics, 
it soon faced a profound crisis when confronted with the complex realities 
of biological life. 

Kantian Purposiveness: The Reassertion of Organic 
Autonomy 
By the late eighteenth century, the limits of the mechanistic worldview had 
become increasingly apparent, particularly in the study of living organisms. 
Mechanistic philosophy struggled to explain the apparent purposiveness, 
self-organization, and self-reproduction of biological life [26]. It was 
Immanuel Kant who systematically addressed this crisis in his Critique of 
Judgment (1790), re-establishing a boundary between the artificial (as 
mechanism) and the natural (as organism), albeit on entirely new 
epistemological grounds [27][28][29]. 

Mechanism vs. The Natural Purpose (Naturzweck) 
Kant recognized that the mechanical models of Descartes and Newton 
were insufficient to explain the complexities of biology. In the Critique of 
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Teleological Judgment, Kant introduced the concept of the Naturzweck, or 
"natural purpose" (often translated as "natural end") [27][28][30]. 
 
To delineate the difference between a machine and an organism, Kant 
focused on the relationship between parts and wholes. In a machine (an 
artificial construct), the parts exist for the sake of the whole, but they are 
assembled by an external designer [22]. In contrast, an organism is both 
the cause and the effect of itself [27][30]. In a natural purpose, every part is 
reciprocally both means and end; the parts produce the whole, and the 
whole sustains the parts [22][28][31]. An organism, such as a tree, 
generates itself, maintains itself, and reproduces its own 
species—capabilities no clock or automaton possessed [30][32]. 
 
Kant encapsulated this distinction by contrasting the types of forces at play. 
A machine, he argued, possesses only "motive force" (bewegende 
Kraft)—the ability to transfer motion through physical contact [22][27][29]. 
An organized being, however, possesses a "formative force" (bildende Kraft 
or Bildungstrieb, borrowing from the biologist Blumenbach), which allows it 
to assimilate unorganized matter and communicate its specific form to it 
[27][28][29]. This formative, self-propagating force "cannot be explained 
through the capacity for movement (mechanism) alone" [27][29]. 

Purposiveness Without a Purpose 
Crucially, Kant did not regress to medieval theology or naive 
Aristotelianism. He established that this purposiveness was epistemological 
rather than strictly ontological. 
 
Kant navigated this by introducing a highly specific mode of reflective 
judgment. Because human understanding is limited and naturally seeks 
mechanical (efficient) causes, we are utterly incapable of explaining the 
origin of a blade of grass using purely Newtonian physics [28][29]. 
Therefore, we are forced to view organisms as if they were the product of a 
rational design, structured by a concept [33][34]. This is Kant's famous 
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doctrine of "purposiveness without a purpose" (Zweckmäßigkeit ohne 
Zweck) [34][35]. 
 
This teleological lens is a "regulative" rather than a "constitutive" principle 
[31][34][36]. It means that while we cannot objectively prove that nature has 
an actual, intentional designer (an external purpose), our minds require the 
concept of internal purposiveness to make sense of biological phenomena 
[34][35][36]. Kant thus resurrected the boundary between the natural and 
the artificial by locating it in the structure of human cognition: we know 
artifacts are designed by humans, but we must regard natural organisms as 
self-designing, guided by an inscrutable inner teleology that defies 
mechanistic reduction [29][33]. 

Romantic Organicism and the Dynamic Cosmos 
While Kant's critical philosophy sought to cautiously manage the boundary 
between mechanism and teleology, the generation of philosophers that 
followed him—the German Idealists and Romantics—violently rejected his 
epistemological caution. Thinkers like Friedrich Wilhelm Joseph von 
Schelling and Novalis sought to erase the boundary between the natural 
and the artificial not by reducing nature to a machine (as the early moderns 
did), but by elevating the entire cosmos to the status of a living organism 
[37]. 

Schelling's Naturphilosophie and the World Organism 
In the late 1790s, Schelling developed his Naturphilosophie (Philosophy of 
Nature) as a direct response to both Enlightenment rationalism and Kantian 
dualism [37][38]. Schelling considered Kant's opposition between motive 
(mechanical) and formative (organic) forces to be an objectionable dualism 
[38]. 
 
Schelling proposed a radical unification. Instead of viewing nature as a 
passive object of human observation to be controlled by mechanistic 
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science, Schelling posited that nature is an active, self-developing entity 
[37]. Drawing on Spinoza and directly repurposing the scholastic 
vocabulary of the Middle Ages, he distinguished between nature as a static, 
empirical product (Natura naturata) and nature as an active, creative 
productivity (Natura naturans) [12][38]. For Schelling, the entire universe is 
a dynamic, living organism driven by an interplay of opposing forces (such 
as attraction and repulsion) [37][39]. 
 
In this framework, the boundary between the natural and the artificial, or 
the objective and the subjective, dissolves completely. Human 
consciousness and human intellect (techne) are not alien impositions onto 
a dead, mechanical world. Rather, human beings are the highest 
evolutionary expression of nature itself [39]. Through humanity, nature 
achieves self-consciousness [39]. Therefore, human art and technology are 
merely the continuation of nature's own unconscious, organic productivity 
reaching a conscious state [37][39]. 

The Aesthetics of Excitability and Fluid Boundaries 
Romantic organicism inherently possessed a circular, holistic character: the 
whole could only be understood through its parts, and the parts through the 
whole [40]. 
 
Thinkers of this era utilized concepts from contemporary biology to 
philosophical ends. For example, incorporating the medical concept of 
"excitability," Schelling and his contemporaries defined the organism as an 
open system integrating internal self-determination with an active 
responsiveness to the external world [41][42]. Thinkers like Novalis pushed 
this further, emphasizing the "perviousness" and communicability of all 
matter, rendering the very concept of fixed boundaries indistinct [42]. 
 
By framing human rationality and technical production as the organic 
unfolding of nature's own deep spirit, Romanticism provided a profound 
philosophical counter-narrative to mechanism. The "artificial" was 
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reimagined not as a violation of nature, but as nature's own self-expression. 
This organicist dream of total unity, however, would soon be tested by the 
brutal realities of the Industrial Revolution and, eventually, the digital age. 

The Contemporary Dissolution: Cybernetics, 
Simondon, and Technoscience 
In the twentieth and twenty-first centuries, the philosophical debate 
regarding the natural and the artificial has shifted from abstract 
metaphysics to the urgent realities of applied science. The advent of 
cybernetics, artificial intelligence, and synthetic biology has actualized the 
theoretical paradoxes debated by Aristotle, Kant, and Schelling. Today, we 
are witnessing what researchers and theorists call the emergence of a 
"polymorphous information system" where the traditional boundaries 
constraining system design have evaporated [43]. 

The Sciences of the Artificial and Autopoiesis 
The modern theoretical grounding for this convergence can be traced to 
Herbert A. Simon's seminal 1969 work, The Sciences of the Artificial 
[44][45][46]. 
 
Simon explicitly challenged the exclusion of human-made artifacts from the 
rigorous domain of natural science. He defined the artificial through four 
indicia: they are synthesized by human beings; they may imitate 
appearances of natural things; they are characterized by functions, goals, 
and adaptation; and they are discussed in terms of imperatives (how they 
ought to be) rather than just descriptives [43][45]. Crucially, Simon saw all 
forms of functional design, whether natural or artificial, as the product of 
variation, selection, and replication processes [44]. He recognized that 
artificial intelligence could just as accurately be conceptualized as artificial 
evolution [44]. 
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Simultaneously, the biological sciences developed the concept of 
autopoiesis (self-creation), formulated by Humberto Maturana and 
Francisco Varela. Autopoiesis defines living systems by their metabolic 
closure and generative ability to produce and maintain their own 
components [47][48][49]. While initially meant to define biological life, 
cybernetics and systems theory quickly realized that computational 
networks and advanced algorithms also exhibit autopoietic characteristics, 
maintaining and generating their own systemic logic [49]. The Kantian 
definition of the organism—as something that is both cause and effect of 
itself—was suddenly applicable to complex software. 

Gilbert Simondon and Technical Individuation 
To philosophically map this new reality, scholars frequently turn to the 
French philosopher Gilbert Simondon. Simondon sought to overcome the 
ancient Aristotelian "hylomorphic" model (which separated passive matter 
from imposed human form) by demonstrating that technology has an 
organic life of its own [48][50]. 
 
Simondon's philosophy of technology provides a bridge between 
mechanism and organicism. He introduced the concept of "technical 
individuation," arguing that technical objects are not static tools imposed by 
humans, but dynamic entities that evolve and become more autonomous 
and complex over time, much like biological organisms [49][51]. In 
Simondon's view, a machine passes from an "abstract" blueprint to a 
"concrete," highly integrated existence where its parts become mutually 
dependent, perfectly mirroring Kant's definition of an organism [52]. 
 
Crucially, Simondon theorized that technology evolves through its own 
"immanent teleology", structural coupling with its environment, and a 
process of transduction (defined by Simondon as an operation—physical, 
biological, mental, or social—by which an activity propagates incrementally 
from one place to another within a domain, basing this propagation on a 
structuring of the domain itself, much like the growth of a crystal passing 

https://dialnet.unirioja.es/descarga/articulo/7529923.pdf
https://pubmed.ncbi.nlm.nih.gov/25037160/
https://culturemachine.net/vol-24-aesthetics-biomachine/pierre-huyghes-art-bio-machines-and-the-question-of-life/
https://culturemachine.net/vol-24-aesthetics-biomachine/pierre-huyghes-art-bio-machines-and-the-question-of-life/
https://pubmed.ncbi.nlm.nih.gov/25037160/
https://digitalcommons.ciis.edu/cgi/viewcontent.cgi?article=1115&context=advance-archive
https://culturemachine.net/vol-24-aesthetics-biomachine/pierre-huyghes-art-bio-machines-and-the-question-of-life/
https://journals.rcsi.science/2454-0757/article/view/360798
https://www.puissanceetraison.com/en/gilbert-simondon-philosopher-of-information/


from a metastable, pre-individual state into a structured form) 
[47][52][53][54]. Simondon argued for a correlative, symbiotic existence 
between humans and machines, recognizing that machines possess an 
ontological dignity and an operational autonomy that cannot be reduced to 
mere human intention [49][51]. 

Technoscience, Cyborgs, and Synthetic Biology 
The ultimate philosophical dissolution of the boundary is captured by the 
contemporary concept of "technoscience." This term acknowledges that 
science (knowing) and technology (making) are no longer distinct pursuits; 
we now inhabit an era of "knowing through making" [55]. 
 
The theorist Donna Haraway embodied the essence of technoscience in 
her famous figure of the cyborg—a cybernetic organism that is a hybrid of 
machine and organism, creature of both social reality and fiction [55]. 
Haraway's post-humanist framework rejects the need to purify the natural 
from the artificial, arguing that such boundaries are politically and 
philosophically obsolete in an age of genetic engineering and global data 
networks [43][55]. 
 
This obsolescence is practically demonstrated in the field of synthetic 
biology. Here, engineering principles are applied directly to biological 
systems, treating DNA as programmable code and organic material as a 
design medium [56][57]. When bio-artists like Eduardo Kac created the 
transgenic artwork Alba in 2000—an albino rabbit injected with a synthetic 
mutation of the enhanced green fluorescent protein (EGFP) gene originally 
from the jellyfish Aequorea Victoria, causing the rabbit to glow bright green 
under 488 nm blue light (reaching maximum emission at 509 nm)—they are 
enacting Aristotle's definition of techne intervening in physis, but at the 
molecular level of the "substantial form" itself [3][6][58][59]. Alba, born in 
Jouy-en-Josas, France, with the assistance of zoosystemician Louis Bec 
and scientists Louis-Marie Houdebine and Patrick Prunet, forced society to 
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grapple with the social integration and ethical reality of chimerical beings 
that do not exist independently in nature [58][60][61]. 
 
As thinkers like Joi Ito have noted, this represents the "End of the Artificial," 
as the blending of natural and artificial realms indicates a total shift in our 
utilization of biological principles [56]. We have reached a point where 
algorithms generate unpredictable, autonomous outputs (such as 
DeepMind's AlphaFold autonomously predicting highly complex biological 
protein structures) and biological cells are programmed like microchips 
(such as the creation of Xenobots, the world's first computer-designed, fully 
programmable living organisms), rendering the historical distinction 
between the grown and the made practically meaningless [51][62]. 

The Legal and Economic Codification of the Artificial 
The philosophical dissolution of the boundary between the natural and the 
artificial has not remained confined to theoretical discourse or artistic 
expression; it has triggered profound downstream consequences, forcefully 
reorganizing human legal and economic systems. If an organism can be 
designed and manufactured, the immediate legal question arises: can it be 
owned? 
 
This question reached its climax in the landmark 1980 United States 
Supreme Court case Diamond v. Chakrabarty (447 U.S. 303) [63][64]. In 
1972, Ananda Chakrabarty, a microbiologist working for General Electric, 
developed a genetically engineered Pseudomonas putida bacterium 
capable of breaking down multiple components of crude oil (such as 
camphor and octane) for use in bioremediation [63][64][65]. Because no 
naturally occurring bacterium possessed this property, Chakrabarty sought 
a patent [64]. Initially, the patent examiner rejected the claim, citing the 
long-standing legal principle under 35 U.S.C. § 101 that living things and 
"products of nature" were not patentable subject matter [63][64]. 
 

https://ekac.org
https://www.galeriecharlot.com/en/expo/163/Eduardo-Kac-GFP-Bunny
http://www.forbes5.pitt.edu/article/glowing-green-rabbits-dangers-aestheticization-and-future-bio-art
https://www.tandfonline.com/doi/full/10.1080/14606925.2024.2381914
https://journals.rcsi.science/2454-0757/article/view/360798
https://sfera.unife.it/retrieve/2ea0a863-85ae-406c-bacf-9e47117104c0/castelli%201%20%28numero%20completo%29_compressed.pdf
https://en.wikipedia.org/wiki/Diamond_v._Chakrabarty
https://caselaw.findlaw.com/court/us-supreme-court/447/303.html
https://en.wikipedia.org/wiki/Diamond_v._Chakrabarty
https://caselaw.findlaw.com/court/us-supreme-court/447/303.html
https://cip2.gmu.edu/2021/01/29/forty-years-since-diamond-v-chakrabarty-legal-underpinnings-and-its-impact-on-the-biotechnology-industry-and-society/
https://caselaw.findlaw.com/court/us-supreme-court/447/303.html
https://en.wikipedia.org/wiki/Diamond_v._Chakrabarty
https://caselaw.findlaw.com/court/us-supreme-court/447/303.html


However, the Supreme Court, in a narrow 5-4 decision authored by Chief 
Justice Warren E. Burger, ruled in favor of Chakrabarty, officially blurring 
the legal line between biology and technology [63][66][67]. The Court held 
that the human-made, live micro-organism constituted a "manufacture" or 
"composition of matter" and was therefore patentable, famously noting that 
patent laws could extend to "anything under the sun that is made by man" 
[63][64][67]. The dissenting opinion, authored by Justice William J. Brennan 
Jr. (and joined by Justices Byron White, Thurgood Marshall, and Lewis F. 
Powell Jr.), warned that extending patent law to living organisms without 
explicit congressional authorization was deeply problematic [63][64]. 
 
Nevertheless, the Chakrabarty decision revolutionized the biotechnology 
industry [65][66]. By legally establishing that the presence of life is a 
"distinction without legal significance" in the context of invention, human 
law formalized the philosophical consensus that biological matter and 
artificial construction are no longer mutually exclusive domains [63][64][65]. 

Synthesis: The Unending Transmutation 
The philosophical history of the artificial is not merely a chronicle of 
technological advancement, but a profound record of humanity's shifting 
self-conception. 
 
The ancient world, through Aristotle, erected a formidable metaphysical 
wall between physis and techne, safeguarding the autonomy of nature from 
the hubris of human craft. Yet, the seeds of dissolution were planted 
immediately through the concept of mimesis as completion. The medieval 
alchemists exploited this, demonstrating that human art could harness 
natural laws to accelerate time, collapsing the distance between the 
artisan's fire and the geological furnace. 
 
The early modern mechanists like Descartes and Hobbes seemingly 
destroyed the boundary by leveling everything—nature and artifice—into a 
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single, soulless clockwork of matter in motion. Kant heroically rescued the 
uniqueness of biological life by introducing the concept of the Naturzweck 
and formative force, warning that our minds must respect the inscrutable 
teleology of the organism. The Romantics, driven by Schelling, inverted the 
mechanistic nightmare by making the universe a living, breathing subject, 
of which human technology was merely an unconscious, evolutionary 
extension. 
 
Today, we stand at the confluence of all these historical streams. Through 
the lens of Simondon's technical individuation, the legal realities of 
Diamond v. Chakrabarty, and the bio-artistic interventions of Alba, we see 
that the boundary has not simply been erased; it has been integrated. 
When an artificial intelligence independently designs a new biological 
protein, we witness the absolute fusion of Aristotelian techne, mechanistic 
efficient causality, and Kantian formative force. The artificial is no longer a 
departure from nature; it has been fundamentally theorized, contested, and 
finally accepted as nature's own extended, transductive mode of 
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Covid and Biotech 



Following this formalization, the economic infrastructure rapidly adapted to treat biological 
material as a distinct form of capital. The Chakrabarty ruling effectively inaugurated the era of 
biocapitalism, shifting the fundamental paradigm of biological research from the discovery of 
natural phenomena to the invention of proprietary technologies. If an organism could be 
manufactured and owned, it could be commodified, scaled, and distributed through the same 
logistical frameworks previously reserved for mechanical or synthetic goods. This transition 
fundamentally altered the ontological status of living organisms, reducing them to programmable 
substrates and framing genetic sequences as executable, proprietary code. The economic 
valuation of life became intrinsically tied to its modifiability, utility, and integration into industrial 
processes. 

This epistemological and economic shift required further legal refinement as biotechnology 
advanced from whole organisms to the molecular components of life. The tension between the 
natural and the artificial resurfaced forcefully in the 2013 Supreme Court case Association for 
Molecular Pathology v. Myriad Genetics, Inc. (569 U.S. 576). The Court was tasked with 
determining whether isolated human genes—specifically the BRCA1 and BRCA2 genes, 
mutations of which are strongly associated with breast and ovarian cancer risk—were 
patentable. Myriad Genetics had discovered the precise location and sequence of these genes, 
and by isolating them, claimed exclusive patent rights. 

In a unanimous decision, the Court drew a definitive, if ontologically precarious, line. It ruled that 
naturally occurring DNA segments are products of nature and cannot be patented merely 
because they have been isolated from the surrounding genetic material. However, the Court 
simultaneously ruled that synthetically created complementary DNA (cDNA)—which contains 
only the protein-coding exons and omits the non-coding introns found in natural DNA—is 
patentable because it is not naturally occurring. 

The Myriad decision reinforced the Chakrabarty precedent while highlighting the persistent 
friction inherent in codifying the artificial. It demonstrated that modern jurisprudence does not 
evaluate biological material based on an inherent vitality, but strictly on the degree of human 
intervention applied to its structure. The "artificial" is legally defined by the expenditure of human 
ingenuity and labor upon the biological baseline. 

Consequently, the contemporary bioeconomy operates on the premise that nature constitutes 
an open-source repository of raw data, while the artificial—the rearranged, synthesized, and 
optimized organism or sequence—is the exclusive domain of private property. This legal 
architecture cements a profound philosophical reorientation: biological life is no longer 
recognized as an irreducible, sovereign state of being, but as a flexible, mechanistic material 
awaiting human authorship and economic optimization. The boundary between biology and 
technology is not merely blurred; biology has been fully subsumed into the category of 
technology. 

 



The controversy surrounding the origins of SARS-CoV-2 serves as a profound stress test for the 
philosophical and legal frameworks established by Chakrabarty and Myriad. The debate over 
whether the virus was a product of natural zoonotic spillover or a laboratory accident is, at its 
core, a crisis over how we define and detect the "artificial" when human engineering explicitly 
mimics natural processes. 

The previous paradigms of biotechnology relied on a clear demarcation of human intervention. 
The COVID-19 origin debate demonstrates what happens when that demarcation collapses. 

The Epistemological Crisis of the "Seamless" Artificial 

In both Chakrabarty and Myriad, the legal definition of the artificial relied on obvious markers of 
human labor: a bacterium with unprecedented capabilities or a synthesized cDNA strand 
stripped of its non-coding introns. The intervention was legible. 

In contrast, modern virology and gain-of-function research frequently employ techniques 
designed to leave no mechanical "fingerprints." 

●​ Directed Evolution: Techniques such as serial passaging involve accelerating a virus's 
mutation rate by repeatedly infecting animal models or cell cultures. The resulting 
mutations occur biologically, but the selective pressure is entirely human-curated. 

●​ Seamless Cloning: Advanced genetic engineering allows for the insertion or deletion of 
genetic material (such as the heavily scrutinized furin cleavage site in SARS-CoV-2) 
without leaving the traditional "scars" of recombinant DNA splicing. 

When technology advances to the point that human synthesis is perfectly indistinguishable from 
natural mutation, the epistemological framework for defining the artificial breaks down. If a virus 
is evolved in a laboratory under human-directed selective pressures, it is philosophically 
ambiguous whether the resulting pathogen is a "product of nature" or a "manufacture." 

The Weaponization of the Boundary 

Because the biological material itself cannot definitively answer the question of its ontological 
status, the boundary between natural and artificial becomes a contested geopolitical and 
scientific boundary. 

If the virus is classified as natural (zoonotic), the policy response focuses on ecological 
regulation, wildlife trade, and environmental conservation. The natural world remains the 
unpredictable adversary. 

If the virus is classified as artificial (a lab leak or engineered construct), the paradigm shifts 
entirely. It becomes an issue of technological regulation, biosafety protocols, and institutional 
liability. The virus shifts from an act of nature to a product of human enterprise—subject to the 



very legal and economic scrutiny that Chakrabarty inaugurated. The fierce resistance to the 
lab-leak hypothesis in the early days of the pandemic can be analyzed as a defense of the 
scientific establishment's jurisdiction, attempting to keep virology out of the liability frameworks 
associated with industrial accidents. 

Rapid Integration into Biocapitalism 

Regardless of its origin, the global response to COVID-19 illustrated the total dominance of the 
biocapitalist infrastructure described earlier. 

The moment the SARS-CoV-2 genome was sequenced and published in January 2020, its 
ontological status as a physical pathogen became secondary to its status as digital, actionable 
information. The virus was instantly translated into programmable code. This code became the 
substrate for massive economic mobilization. The rapid development of mRNA vaccines by 
Pfizer-BioNTech and Moderna did not require the physical virus; it only required its sequence. 

The virus, whether natural or artificial in origin, was immediately subsumed into the machinery of 
the artificial. Its sequence was utilized to design synthetic RNA, encapsulated in lipid 
nanoparticles, patented, and distributed globally. The pandemic response proved that in the 
modern bioeconomy, nature merely provides the raw data; human technology instantly 
commodifies the synthesis. 

How do you view the role of future regulatory frameworks when the scientific tools themselves 
are increasingly designed to erase the boundary between natural evolution and human 
engineering? 

 



Schelling 



Romantic Organicism and the 
Dynamic Cosmos: From Schelling’s 
Naturphilosophie to Contemporary 
Cosmotechnics 

Disclaimer: This report discusses historical philosophical, medical, and biological theories for 
informational purposes only. It does not constitute modern medical, scientific, or professional 
advice. 

Source Text 
The following passage, authored by Benjamin Bratton, provides the foundational framing for this 
research. The deep research expands on and documents the claims made here. 

Romantic Organicism and the Dynamic Cosmos 

While Kant’s critical philosophy sought to cautiously manage the boundary between mechanism 
and teleology, the generation of philosophers that followed him—the German Idealists and 
Romantics—violently rejected his epistemological caution. Thinkers like Friedrich Wilhelm 
Joseph von Schelling and Novalis sought to erase the boundary between the natural and the 
artificial not by reducing nature to a machine (as the early moderns did), but by elevating the 
entire cosmos to the status of a living organism [37]. 

Schelling’s Naturphilosophie and the World Organism 

In the late 1790s, Schelling developed his Naturphilosophie (Philosophy of Nature) as a direct 
response to both Enlightenment rationalism and Kantian dualism [37][38]. Schelling considered 
Kant’s opposition between motive (mechanical) and formative (organic) forces to be an 
objectionable dualism [38]. 

Schelling proposed a radical unification. Instead of viewing nature as a passive object of human 
observation to be controlled by mechanistic science, Schelling posited that nature is an active, 
self-developing entity [37]. Drawing on Spinoza and directly repurposing the scholastic 
vocabulary of the Middle Ages, he distinguished between nature as a static, empirical product 
(Natura naturata) and nature as an active, creative productivity (Natura naturans) [12][38]. For 
Schelling, the entire universe is a dynamic, living organism driven by an interplay of opposing 
forces (such as attraction and repulsion) [37][39]. 

In this framework, the boundary between the natural and the artificial, or the objective and the 
subjective, dissolves completely. Human consciousness and human intellect (techne) are not 
alien impositions onto a dead, mechanical world. Rather, human beings are the highest 



evolutionary expression of nature itself [39]. Through humanity, nature achieves 
self-consciousness [39]. Therefore, human art and technology are merely the continuation of 
nature’s own unconscious, organic productivity reaching a conscious state [37][39]. 

The Aesthetics of Excitability and Fluid Boundaries 

Romantic organicism inherently possessed a circular, holistic character: the whole could only be 
understood through its parts, and the parts through the whole [40]. 

Thinkers of this era utilized concepts from contemporary biology to philosophical ends. For 
example, incorporating the medical concept of “excitability,” Schelling and his contemporaries 
defined the organism as an open system integrating internal self-determination with an active 
responsiveness to the external world [41][42]. Thinkers like Novalis pushed this further, 
emphasizing the “perviousness” and communicability of all matter, rendering the very concept of 
fixed boundaries indistinct [42]. 

By framing human rationality and technical production as the organic unfolding of nature’s own 
deep spirit, Romanticism provided a profound philosophical counter-narrative to mechanism. 
The “artificial” was reimagined not as a violation of nature, but as nature’s own self-expression. 
This organicist dream of total unity, however, would soon be tested by the brutal realities of the 
Industrial Revolution and, eventually, the digital age. 

Executive Summary 
●​ Research indicates that Romantic organicism emerged as a profound counter-narrative to 

Enlightenment mechanism, proposing a holistic universe driven by dynamic, 
self-organizing forces rather than inert, mathematically predictable particles. 

●​ It seems highly probable that Friedrich Wilhelm Joseph von Schelling’s Naturphilosophie 
(philosophy of nature) and his adaptation of the Spinozist distinction between Natura 
naturans (active, productive nature) and Natura naturata (created, static nature) 
fundamentally revolutionized post-Kantian philosophy, bridging the divide between mind 
and matter. 

●​ The concept of the “world-organism” suggests that the cosmos operates as a unified, living 
entity where individual parts exist only in reciprocal relation to the whole. 

●​ In Romantic biology, the concept of excitability (Erregbarkeit) reframed living beings as 
open systems defined by their continuous, dynamic exchange with the environment, 
navigating the boundary between autonomy and environmental dependence. 

●​ The poetic philosophy of Novalis (Friedrich von Hardenberg) posits the “perviousness” 
(Durchlässigkeit) of matter, suggesting that the boundaries between the natural and 
artificial, as well as the organic and inorganic, are fundamentally porous. 

●​ Romantic organicism completely dissolves the natural/artificial boundary, positioning 
human techne (craft and technology) not as an unnatural imposition, but as nature’s own 
highest self-expression. 

●​ The legacy of these idealist and Romantic frameworks appears deeply relevant today, 
significantly informing contemporary environmental ethics and ecology, post-Kantian 



phenomenology, and the philosophy of technology, particularly in critiques of cybernetics 
and the formulation of “cosmotechnics.” 

The late eighteenth and early nineteenth centuries witnessed a profound epistemological 
rupture in European thought. Frustrated by the limitations of Cartesian dualism (the 
philosophical distinction between non-physical mind and physical body) and Newtonian 
mechanics—which tended to view the universe as a grand, deterministic clockwork—thinkers of 
the German Idealist and Early Romantic movements sought a new paradigm. They envisioned a 
dynamic cosmos, an interconnected web of living processes where human consciousness was 
not an alienated observer, but the highest expression of nature’s own self-reflective capacity. 
This paradigm, broadly termed Romantic organicism, did not merely propose a different 
scientific methodology; it demanded a radical rethinking of ontology, aesthetics, and the very 
boundaries of life. 

At the center of this intellectual maelstrom was Friedrich Wilhelm Joseph von Schelling’s 
Naturphilosophie, which boldly attempted to uncondition the metaphysics of nature by treating it 
as an autonomous subject rather than a passive object of human cognition. By synthesizing 
advanced medical theories of excitability, Spinozist metaphysics, and poetic intuition, Schelling 
and his contemporaries—such as Novalis, Johann Wolfgang von Goethe, and Andreas 
Röschlaub—forged a vision of a “world-organism.” Goethe played a particularly crucial granular 
role in this development; his theory of the Urphänomen (archetypal phenomenon) and his 
pioneering work on the metamorphosis of plants sought to bridge Kantian epistemological 
ruptures through what he called a “tender empiricism” (zarte Empirie), which recognized the 
underlying unity of morphological forms [cite: 1, 2]. This report comprehensively explodes the 
multifaceted dimensions of Romantic organicism. It traces the philosophical architecture of the 
Natura naturata/naturans distinction, the emergence of open-system biology, the dissolution of 
the natural/artificial divide, and the transformation of human techne (craft or making) into 
nature’s own self-expression. Finally, it evaluates the enduring legacy of these organicist 
counter-narratives in contemporary debates surrounding ecology, cybernetics, and the 
post-Kantian philosophy of technology. 





Figure 1 

The Genesis of Romantic Organicism: 
Counter-Narratives to Mechanism 

To understand the revolutionary impact of Romantic organicism, one must first locate it within 
the crisis of post-Kantian philosophy and the ascendance of the mechanistic worldview. By the 
late eighteenth century, the scientific triumphs of the Enlightenment had established mechanism 
as the dominant explanatory model. Mechanism posited that the natural world operated 
according to strict deterministic laws, composed of unthinking, extended matter whose 
interactions could be completely exhausted by mathematical physics. 

The Mechanistic Paradigm and its Discontents 
In the mechanistic framework, a biological organism was essentially understood as an intricate 
automaton—a machine whose functions could be deciphered by dismantling it into its 
constituent parts, much like taking apart a pocket watch to observe its gears and springs. 
However, this approach encountered severe theoretical limits when confronted with the 
phenomena of life, development, and self-organization. Immanuel Kant, in his Critique of 
Judgment (1790), highlighted this limitation by arguing that the mechanistic paradigm could 
never adequately explain a blade of grass. For Kant, an organism possesses intrinsic 
purposiveness (teleology); its parts are mutually dependent and exist for the sake of the whole, 
organizing themselves in a way that no mere machine can replicate [cite: 3, 4]. A watch cannot 
assemble itself, repair its own broken cogs, or reproduce to create new watches. An embryo, 
however, does precisely this. 

Despite recognizing this, Kant maintained a cautious epistemological boundary: he argued that 
while we must judge organisms as if they were designed according to a purpose, we cannot 
claim that nature in itself operates teleologically [cite: 4, 5]. Teleology was merely a regulative 
principle for human understanding, not a constitutive reality of the natural world. 

The Organicist Rupture 
The Romantics and German Idealists viewed Kant’s cautious dualism as an intolerable fracture 
between the human mind and the natural world. Romantic organicism emerged as a rigorous 
counter-narrative designed to heal this fracture. Instead of imposing mechanistic, artificial 
categories onto living forms, organicism demanded that the fundamental principles of 
life—growth, epigenesis, integration, and diversity—be recognized as the foundational 
ontological realities of the cosmos [cite: 6, 7]. 

The core tenets of this organicist counter-narrative can be understood through a comparative 
synthesis: * Contextual Setup: Enlightenment science sought to explain the complex through 
the simple, reducing biological phenomena to chemical or mechanical interactions. Organicism 
inverted this trajectory. * The Data of Organicism: First, organicism insists that the whole is 
ontologically prior to, and greater than, the sum of its parts; a severed hand is no longer truly a 



hand because it has lost its functional relationship to the body [cite: 3, 8]. Second, organic 
systems are characterized by spontaneous, self-directed development from within (epigenesis), 
rather than the mere unfolding of pre-existing, externally imposed forms (preformation) [cite: 7, 
9]. Third, the organic paradigm assumes a fundamental unity between the observer and the 
observed, proposing that the human mind is continuous with the natural world. * Implications: 
This meant that mechanism was merely an abstracted, limited perspective. The universe is not 
a sterile container of colliding atoms, but a dynamic, self-generating matrix. Romantic 
organicism thus replaced the metaphor of the machine with the metaphor of the developing 
plant or the living body, fundamentally altering the trajectory of the life sciences and philosophy. 

Feature / Aspect The Mechanistic Paradigm Romantic Organicism 

  

Ontological Foundation The universe consists of 
inert, extended matter 
colliding deterministically. 

The universe is a dynamic, 
self-organizing matrix of 
living processes. 

Primary Metaphor The Clockwork (Automaton 
or Machine). 

The Developing Plant or 
Living Body. 

Teleology (Purpose) Strictly external; objects 
operate only through blind 
cause and effect. 

Intrinsic purposiveness; 
entities develop 
spontaneously from within 
(epigenesis). 

Relationship of Parts The whole is merely the 
sum of its independent, 
interchangeable parts. 

The whole is ontologically 
prior; parts exist only in 
reciprocal relation to the 
whole. 

Human Observer Alienated and separate from 
nature (Cartesian observer). 

A continuous, integral 
expression of nature’s own 
self-consciousness. 

Schelling’s Naturphilosophie and the Dynamic 
Cosmos 

The most systematic articulation of this new paradigm was achieved by Friedrich Wilhelm 
Joseph von Schelling. In the 1790s, attempting to overcome the subjective idealism (the belief 
that only minds and mental contents exist) of his mentor J.G. Fichte—who viewed nature merely 
as an inert obstacle (“the Not-I”) posited by the human ego for its own moral 
development—Schelling inaugurated Naturphilosophie (speculative physics). Schelling argued 



that nature is not a passive backdrop to human drama; rather, it is an autonomous, generative 
subject [cite: 5, 10]. If the self-conscious subject emerges from nature, then nature must already 
contain the structural dynamics of subjectivity within it. 

The Spinozist Distinction: Natura Naturans and Natura Naturata 
To articulate the absolute autonomy and productivity of the cosmos, Schelling appropriated and 
transformed the metaphysical vocabulary of the seventeenth-century rationalist Baruch Spinoza. 
Spinoza had famously distinguished between two aspects of the universe: Natura naturans and 
Natura naturata [cite: 5, 11]. 

In Schelling’s hands, this distinction becomes the motor of a dynamic, evolutionary cosmos: * 
Natura naturans (Naturing Nature): This represents the active, productive, and vital aspect of 
the universe. It is the ungrounded ground of pure productivity, the infinite, self-organizing power 
that continually generates reality [cite: 11, 12, 13]. Schelling viewed Natura naturans not as a 
substance, but as an unspeakable tension, an original creative power, and a universal life force 
[cite: 6, 12]. * Natura naturata (Natured Nature): This constitutes the finite, objective products 
of nature’s activity—the arrested, crystallized forms such as rocks, individual plants, and specific 
biological organisms [cite: 12, 13, 14]. It is the phenomenal world of appearance, the corporeal 
“excretions” or specific manifestations of the infinite process [cite: 12, 15]. 

Concept Translation Ontological 
Status 

Core 
Characteristics 

Examples / 
Manifestations 

  

Natura 
naturans 

Naturing 
Nature 

The infinite, 
ungrounded 
ground of 
reality. 

Active, vital, 
purely 
productive, 
unseen, and 
self-organizing. 

Universal life 
force, 
underlying 
cosmic tension, 
the “drive” of 
evolution. 

Natura 
naturata 

Natured Nature The finite, 
objective 
products of the 
cosmos. 

Static, arrested, 
crystallized, 
and 
phenomenal. 

Rocks, specific 
plants, 
individual 
human bodies, 
discrete 
biological 
systems. 

Schelling argued that empirical science errs by focusing exclusively on Natura naturata—the 
dead, stable products—while ignoring the underlying, invisible productivity of Natura naturans 
[cite: 13]. For Schelling, if one only studies the final, static products, the universe appears as a 



lifeless machine. Naturphilosophie, therefore, is the attempt to trace the hidden, continuous 
activity of Natura naturans as it struggles to achieve self-consciousness through the gradation of 
natural forms. The tension between the infinite drive to produce and the finite limitations of the 
product forms the dialectical engine of the universe. 

The World-Organism (Weltorganismus) 
Because the entire cosmos is animated by this single, infinite productivity, Schelling concluded 
that the universe itself must be understood as a singular, colossal “world-organism” 
(Weltorganismus) [cite: 6, 16, 17, 18, 19]. 

The concept of the world-organism dissolves the boundaries between discrete scientific 
disciplines. In Schelling’s early speculative physics, phenomena ranging from magnetism and 
electricity to chemical affinity and biological reproduction are not isolated events; they are 
interconnected expressions of the same underlying polar forces of attraction and repulsion 
operating at different levels of complexity [cite: 16, 19]. 

At every level of the cosmos, we detect organized systems of processes, and the interlocking of 
these systems derives from the activity of the whole organizing itself [cite: 19]. The life of an 
individual organism is thus a microcosmic reflection of the macrocosmic universal life process 
[cite: 19]. By extending the concept of the organism to the totality of existence, Schelling 
proposed that everything—even the ostensibly inorganic realm of minerals and planetary 
orbits—is a relative, arrested stage in the endless becoming of the world-organism [cite: 20, 21]. 
There is no absolute division between the living and the dead; inorganic matter is simply life in a 
state of suspended animation, while biological life is matter that has achieved a higher potency 
of organizational freedom. 

Excitability and the Open System in Romantic 
Biology 

While Schelling was charting the metaphysical architecture of the cosmos, physicians and early 
biologists were simultaneously grappling with the material realities of life and disease. The 
philosophical imperative to define life without resorting to occult vital forces (such as Johann 
Friedrich Blumenbach’s Bildungstrieb, which Schelling criticized as a hidden quality that merely 
restated the problem) found a crucial resource in the medical theory of “excitability” [cite: 20, 
22]. 

Brownian Medicine and the Concept of Erregbarkeit 
In 1780, the Scottish physician John Brown published Elements of Medicine, proposing a 
radically simplified medical paradigm. Brown argued that all diseases stemmed from either 
excessive or deficient stimulation of the body. He identified “excitability” as the fundamental 
property of life—the capacity of living tissue to respond to external and internal stimuli [cite: 23, 
24, 25]. 

When Brown’s theories reached Germany in the 1790s, they ignited a massive controversy 



because they threatened the established orthodox medical dogmas of the time, radically 
subverting both the complex taxonomies of humoral pathology and strict mechanistic models by 
reducing all disease origins to a single, easily quantifiable scale of excitability [cite: 18, 26]. The 
physician Andreas Röschlaub recognized the philosophical potential of Brown’s work and 
significantly refined it. Röschlaub transformed excitability (Erregbarkeit) from a rigid diagnostic 
tool into a sophisticated dialectical principle that mediated the relationship between an organism 
and its environment [cite: 18, 24, 25]. For Röschlaub, excitability was the mechanism by which 
an organism maintained its internal well-being despite continuous environmental impingement 
[cite: 25, 27]. 

Schelling’s Appropriation of Excitability 
Schelling enthusiastically incorporated the concept of Erregbarkeit into his First Outline of a 
System of the Philosophy of Nature (1799) to define the essence of the living organism [cite: 10, 
22, 28]. For Schelling, excitability offered a way to explain biological autonomy without reverting 
to a mystical “vital force” or reducing life to mere mechanism. 

Schelling posited that excitability operates through a complex reciprocity of receptivity and 
activity [cite: 28]. * Context and Setup: Traditional mechanistic biology viewed environmental 
influences as unilaterally determining the behavior of a living body, much like a cue ball striking 
an eight ball. * The Logic of Excitability: Schelling used the example of poison to explain the 
distinctiveness of organic life. He noted that poison does not inherently possess a destructive 
quality in a vacuum; it only becomes poisonous in relation to a specific biological body [cite: 28]. 
For example, the toxic secretions of the golden poison frog (Phyllobates terribilis) are harmless 
to the frog itself but lethal to predators [cite: 28]. Thus, Schelling argued, “Poison does not 
attack the body, but the body attacks the poison” [cite: 28]. The body’s receptivity to the external 
substance is simultaneously an active counter-reaction to it. * Synthesis and Conclusion: 
Excitability is therefore the continuous, dialectical process whereby an organism changes 
external nature and is changed by it, while actively maintaining its own distinct identity [cite: 28]. 

The Organism as an Open System 
Through the lens of Erregbarkeit, Romantic biology conceptualized the organism as an “open 
system” [cite: 18, 24, 29]. The living being is not a closed loop, sealed off from the universe; it is 
a nexus of continuous interaction, heavily dependent upon the influx of external stimuli to 
sustain its internal vitality. Carl Friedrich Kielmeyer, a profound influence on Schelling, similarly 
conceptualized life as an open, interactive system of living beings developing over time [cite: 
18]. 

This understanding of the organism as an open system anticipated modern cybernetic and 
ecological models of self-regulation and homeostasis (the state of steady internal, physical, and 
chemical conditions maintained by living systems) [cite: 29]. It suggested that life is essentially 
relational. An organism’s identity is not a static property but a continuous, active achievement of 
proportionality against the entropic pull of the environment [cite: 10]. Because of this openness, 
however, life is also inherently vulnerable to disease, dissolution, and contingency—a 
vulnerability that Romantic philosophers openly embraced as the necessary cost of freedom 



and vitality. 

Novalis and the Perviousness of Matter 
While Schelling provided the systematic architecture for Romantic organicism, the 
poet-philosopher Novalis (Friedrich von Hardenberg) explored its epistemological and aesthetic 
extremities. Recognizing that the new sciences of chemistry, galvanism, and biology defied 
conventional logic, Novalis employed poetic fragments and literary romance to conceptualize a 
fluid, radically interconnected cosmos. 

The Concept of Durchlässigkeit 
Central to Novalis’s thought is the concept of “perviousness” (Durchlässigkeit). If the universe is 
a singular, living organism, then the boundaries separating distinct entities—between mind and 
matter, subject and object, life and death, human and nature—must be inherently porous, 
permeable, and capable of dissolution [cite: 18, 30, 31, 32]. 

Novalis utilized chemical metaphors to illustrate this ontological fluidity. Chemistry, in the 
Romantic era, was viewed not as the sterile combination of dead atoms, but as a magical 
theater of transformation, where substances lost their previous identities to form entirely new 
unities (amalgamation and dissolution) [cite: 33]. To ground these chemical metaphors in 
concrete reality, Novalis was deeply influenced by the actual experimental breakthroughs of his 
friend Johann Wilhelm Ritter in Jena [cite: 34, 35]. Ritter’s pioneering galvanic experiments on 
frogs and organic tissue, his early formulations of electrochemistry linking galvanism to chemical 
reactivity, his invention of the dry cell battery, and his groundbreaking 1801 discovery of invisible 
ultraviolet radiation provided tangible scientific proof to the Romantics that hidden, 
interconnected energetic forces permeated all matter [cite: 35, 36, 37]. Novalis saw Ritter’s 
laboratory apparatuses as translating the invisible world into an “instrumental language” [cite: 
34], demonstrating that the boundaries between different states of matter were fluid. For 
Novalis, this chemical mixing served as a model for the interaction of consciousness and reality. 
The mind does not stand passively outside nature, observing it through a thick pane of glass; 
rather, the mind and nature permeate one another. 

This principle of perviousness extended to the boundary between the living and the dead. 
Following the tragic death of his young fiancée, Sophie von Kühn, Novalis developed a 
philosophy that viewed death not as an absolute termination, but as a chemical 
transmutation—a passing through a permeable membrane into another state of the 
world-organism [cite: 31, 32]. His diaries and poetic works, such as the Hymns to the Night, 
evoke a “dialectic perviousness,” suggesting that the barriers between heaven, earth, and 
Hades are mere illusions created by the limitations of waking consciousness [cite: 30, 31]. 

The Magical Will and the Fluidity of Forms 
Novalis expanded the notion of perviousness into what he termed the “magical will” or “magical 
idealism” [cite: 38]. If human consciousness is the highest expression of Natura naturans, then 
the human imagination possesses the latent power to consciously alter and structure the 
material world. Novalis envisioned a futuristic, utopian state where human beings, through 



poetic and scientific mastery, could realize the total perviousness of the world, transforming 
reality at will [cite: 32, 38]. 

In his unfinished novel Heinrich von Ofterdingen, Novalis depicts an era where such 
transformations were natural—where humans, animals, plants, and stones could easily 
transition into one another [cite: 32]. He writes of a blue flower, a symbol of ultimate longing and 
unity, which dissolves the rigid isolation of the individual [cite: 31]. This radical perviousness 
challenges the Aristotelian logic of non-contradiction; in Novalis’s poetic science, a thing can 
simultaneously be itself and its other, continuously dissolving and recombining within the 
dynamic flux of the cosmos [cite: 32, 38]. 

The Dissolution of the Natural/Artificial Boundary 
and Human Techne 

The Romantic insistence on a dynamic, interconnected cosmos logically led to a profound 
re-evaluation of human culture, art, and technology. In the classical and Enlightenment 
traditions, a sharp ontological line was drawn between the “natural” (that which grows and 
develops of its own accord) and the “artificial” (that which is crafted by human hands). 

Overcoming the Dichotomy 
Romantic organicism systematically collapsed the boundary between the natural and the 
artificial [cite: 19]. If the human being is not an alien interloper but the most highly organized 
product of the world-organism, then human activities, cultural productions, and technological 
inventions cannot be categorized as strictly “unnatural” [cite: 19, 39, 40, 41]. 

The Early German Romantics and Idealists argued that the human mind is the locus where 
nature finally achieves self-consciousness. Consequently, human art and technology are the 
conscious continuations of nature’s unconscious productivity. A factory, a symphony, or a 
political structure, while bearing the stamp of human agency, are ultimately extensions of the 
same generative forces that produce coral reefs and planetary orbits. The artificial is simply 
nature operating through the medium of human freedom and intelligence [cite: 19, 42]. 

Techne as Nature’s Self-Expression 
This theoretical shift necessitated a radical reimagining of the Greek concept of techne. In 
antiquity, techne referred to the human capacity to make or craft something in a purposive, 
rule-governed way, aiming to copy or realize a pre-existing ideal form (such as building a ship or 
sculpting a statue) [cite: 3, 42, 43, 44, 45]. Classical techne was strictly separated from poiesis 
(the self-bringing-forth of nature). 

The Romantics subverted this classical understanding: * The Reconceptualization: Instead of 
viewing human art as a mere imitation of nature (mimesis), or techne as an imposition of human 
will upon dead matter, thinkers like Schelling and Kant (in his aesthetic writings) elevated art to 
the highest organ of philosophy [cite: 3, 46]. * The Mechanism of Expression: They argued 
that a true work of art or a groundbreaking technological invention is not produced mechanically 



by following pre-established rules. Instead, it grows organically from the genius of the creator. 
The genius operates much like the unconscious forces of nature [cite: 7, 43, 47]. Samuel Taylor 
Coleridge, heavily influenced by German Idealism, articulated this by distinguishing “mechanical 
form” (imposed from the outside on inert material) from “organic form” (which develops 
spontaneously from within, much like a Shakespearean play growing word by word) [cite: 7]. * 
Synthesis: Therefore, human techne is fundamentally nature’s self-expression [cite: 3, 42, 
43, 47]. When a painter creates a masterpiece, or an engineer designs a novel mechanism, it is 
Natura naturans expressing itself through the human mind. The aesthetic product becomes a 
symbol of the infinite, bridging the gap between conscious intention and unconscious natural 
drive [cite: 3, 15, 43]. 

This dissolution of the natural/artificial boundary allowed the Romantics to critique the 
dehumanizing effects of the Industrial Revolution not by rejecting technology wholesale, but by 
condemning “mechanical” technology—which treated both nature and humans as dead, 
quantifiable resources. They sought instead an “organic” technology that would harmonize with 
the broader metabolic flows of the world-organism [cite: 40, 47, 48]. 

Pathological Techne: The “Cancer” within the World-Organism 
A critical, logical question arises from this paradigm: if all technology and human activity is 
ultimately nature expressing itself, how does Romantic organicism account for destructive 
technology that poisons or obliterates the broader ecosystem? 

The answer lies in the Romantic appropriation of medical frameworks to explain systemic 
imbalance. Destructive technology is theorized through the lens of pathology. Just as a 
biological body can develop a disease or a cancer—which Novalis controversially termed “a 
wonderful product of life” [cite: 49]—the world-organism can produce technological forms that 
become hyper-stimulated or deeply pathological. Modern thinkers, drawing on this tradition, 
have conceptualized such destructiveness as the emergence of the “monstrous machine” [cite: 
50]. Because disease and monstrosity are not alien to life but inherent possibilities within any 
complex, open biological system, mechanistic and exploitative techne acts as a pathological 
outgrowth. It is a localized cancer that aggressively over-consumes resources, threatening the 
fragile homeostasis of the macrocosmic body [cite: 51, 52]. Thus, destructive techne is not 
“unnatural,” but it is fatally unharmonious and pathologically divergent from the healthy, 
integrated metabolism of the wider universe. 

The Legacy of Romantic Organicism 
The ambitious, totalizing vision of German Idealism and Romanticism experienced a decline in 
the mid-nineteenth century as empirical, positivist sciences (systems of scientific inquiry relying 
strictly on empirical, observable evidence and mathematical proof) established institutional 
dominance. However, the organicist counter-narrative never truly vanished. It survived as a vital 
subterranean current, fundamentally shaping the contours of twentieth- and twenty-first-century 
thought across ecology, phenomenology, and the philosophy of technology. 

Legacy for Post-Kantian Thought and Phenomenology 



In post-Kantian philosophy, the attempt to un-condition nature and view it as a locus of meaning 
profoundly influenced existential phenomenology. Maurice Merleau-Ponty, in his lectures on 
nature, explicitly drew upon Schelling to formulate his “ontology of the flesh” [cite: 14, 53, 54]. 
Merleau-Ponty praised Schelling for recognizing that philosophy is not about standing outside 
nature to formulate abstract concepts, but is rather an enactment of “a life within Nature” [cite: 
53]. For Merleau-Ponty, Schelling’s Naturphilosophie accurately captured the “pre-reflexive 
Being” of the world—the blind, pulsating productivity that precedes human language and 
conceptual thought [cite: 53]. 

Similarly, Hans Jonas’s philosophical biology owes a largely unacknowledged but substantial 
debt to Schelling and Röschlaub [cite: 20]. Jonas’s concept of “needful freedom”—the idea that 
a living organism must constantly and precariously re-establish its existence through an active 
metabolism with its environment—is a direct descendant of the Romantic theory of excitability 
and the open system [cite: 20]. While Jonas viewed the organism as an “ontological surprise” in 
an otherwise dead universe, Schelling’s broader application of organizational dynamics allowed 
for a continuum between the inorganic and the organic [cite: 20]. Both, however, utilized the 
organicist framework to launch devastating critiques against the reductionist mechanism of 
modern science. 

Legacy for Ecology and Environmentalism 
The concept of the Weltorganismus and the interconnectedness of all life forms serves as the 
unacknowledged bedrock of modern ecological thought. The environmental movement relies 
heavily on the premise that the Earth is a complex, integrated system where the alteration of 
one variable causes cascading effects throughout the whole [cite: 18, 19]. 

The most direct scientific analogue to the world-organism is the Gaia hypothesis, formulated by 
James Lovelock and Lynn Margulis. While Lovelock explicitly avoids personifying Gaia as a 
sentient, teleological goddess, the hypothesis posits that the Earth’s biosphere, atmosphere, 
oceans, and soil constitute a single, self-regulating feedback system that actively maintains the 
conditions for life [cite: 54, 55]. This is a remarkably precise modern echo of Röschlaub’s 
excitability applied at a planetary scale. 

However, the legacy of organicism in ecology is not without its critics. Some caution that 
organicist thinking can lead to a dangerous political and theological totalization. For instance, 
the theologian Abraham Kuyper utilized the distinction between the church as an “institute” 
(mechanism) and the church as an “organism” (a living, totalizing community) to prioritize an 
essentialist, metaphysical abstraction over the lived realities of individuals [cite: 56]. The risk of 
organicism, as evidenced by its historical misuse in nationalist ideologies, is that it can 
subordinate the individual to the “health” of the abstract whole [cite: 47, 56]. A rigorous modern 
ecology must balance the Romantic insight of deep interdependence with the preservation of 
individual autonomy. 

Legacy for the Philosophy of Technology: Cybernetics and 
Cosmotechnics 

Perhaps the most urgent contemporary application of Romantic organicism lies in the 



philosophy of technology, where it serves both as a historical warning and a conceptual 
resource. In the mid-twentieth century, the rise of cybernetics (the science of communications 
and automatic control systems in both machines and living things) and systems theory marked a 
strange return to organicist principles. 

As contemporary philosopher Yuk Hui notes, modern computing, artificial intelligence, and 
cybernetics operate on principles of feedback, self-regulation, and recursivity—traits that the 
Romantics originally attributed exclusively to living organisms [cite: 29, 54, 57, 58]. Hui terms 
this modern paradigm “mechano-organicism” [cite: 54, 57]. Machines are no longer linear, 
thermodynamic engines (clocks and steam engines); they have become “organic” in their 
behavior, capable of recursive learning and environmental adaptation [cite: 54, 57, 58]. 

For Martin Heidegger, this development represented the terrifying culmination of Western 
metaphysics. When asked in 1966 what would replace philosophy, Heidegger grimly replied, 
“cybernetics” [cite: 54]. Heidegger viewed this mechano-organicism as the ultimate triumph of 
technology over nature, a totalizing “enframing” (Gestell) that reduces the entire 
cosmos—including human beings—to computable, standing reserves of information [cite: 54, 
57]. From this perspective, the digital revolution is a dark, perverted realization of the Romantic 
world-organism, governed by Silicon Valley’s totalitarian loop of algorithmic recursion [cite: 47, 
54]. 

Yuk Hui draws upon the intellectual history of Romantic organicism to navigate a path beyond 
Heidegger’s pessimism. Through his concept of “cosmotechnics,” Hui argues that we must 
reconstruct the relationship between the moral order, the cosmic order, and technological 
activities by moving beyond a universalizing, mechanistic framework [cite: 57, 59, 60, 61]. Just 
as the Romantics recognized that nature is plural, dynamic, and irreducible to pure data, Hui 
calls for a “multiple cosmotechnics” [cite: 57, 60]. 

Hui utilizes the Romantic intuition—found in Schelling and Novalis—that art and aesthetic 
experience offer a non-utilitarian, open-ended way to engage with the world [cite: 59, 61]. By 
reintroducing contingency and recognizing the incalculability of the dynamic cosmos, art 
challenges the repetitive, mechanical reproduction of AI and automation [cite: 58, 59]. The 
legacy of Romantic organicism thus provides a critical vocabulary to resist the hegemony of 
global platform capitalism [cite: 57]. It suggests that to survive the anthropocene (the current 
geological age, viewed as the period during which human activity has been the dominant 
influence on climate and the environment), humanity must abandon the Promethean desire to 
mechanically dominate nature, and instead recover a technological practice that acts as a 
localized, poetic self-expression of a deeply pervious and dynamic world. 

In conclusion, Romantic organicism was far more than a transient aesthetic rebellion against 
Enlightenment science. Through Schelling’s metaphysics of Natura naturans, the biological 
theories of excitability, and Novalis’s poetic dissolution of boundaries, the Romantics 
fundamentally remapped the cosmos. They replaced the dead machine of the Newtonians with 
a living, breathing world-organism, defined by open systems, fluidity, and internal 
purposiveness. By repositioning human consciousness and techne as the ultimate blossom of 
nature’s own unfolding, they erased the artificial boundary between the human and the cosmic. 



As modern society grapples with algorithmic totalization, ecological collapse, and the blurring 
line between the biological and the digital, the Romantic insistence on a dynamic, contingent, 
and irreducibly complex universe remains an essential and liberating philosophical inheritance. 
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Simon 



Analysis of The Sciences of the 
Artificial: Herbert Simon’s 
Architectonics of Complexity and 
Design 

The following report provides a definitive analysis of Herbert Simon’s theories on design, 
cognitive science, and complex systems. This content is intended for informational and 
educational purposes only and does not constitute professional engineering, psychological, or 
management advice. 

Executive Summary 
To grasp the magnitude of Herbert Simon’s interdisciplinary contributions, one must isolate the 
core theoretical pillars that anchor his philosophy. The following synthesis defines the eleven 
definitive elements of Simon’s framework as requested: 

●​ Design as a science: The radical paradigm shift recasting design from an intuitive, artistic 
craft into a rigorous, rule-based academic discipline focused on synthesizing environments 
to achieve how things ought to be. 

●​ Artifact vs. nature: The strict demarcation between naturally occurring phenomena 
governed by immutable physical laws (nature) and synthetic, goal-oriented human 
creations (artifacts). 

●​ Nearly decomposable systems: Complex structural architectures built from stable, 
semi-independent subsystems that interact strongly internally but weakly externally, 
ensuring systemic resilience against local failures. 

●​ Bounded rationality: The foundational economic and psychological theory positing that 
human decision-making is inescapably restricted by finite cognitive processing power, 
incomplete information, and temporal constraints. 

●​ Satisficing: A cognitive decision-making heuristic where agents sequentially search for 
and accept a “good enough” solution that meets a predefined threshold of acceptability, 
rather than paralyzing themselves in a computationally impossible search for absolute 
perfection. 

●​ Inner and outer environment: The conceptualization of any artifact as a thin boundary or 
interface, where an internal structure (the inner environment) adapts to external task 
parameters (the outer environment) to fulfill its intended goal. 

●​ Complexity and hierarchy: The evolutionary principle that stable, highly complex 
systems inevitably self-organize into multi-level, nested hierarchical structures. 

●​ Legacy for AI: Simon’s foundational role in symbolic Artificial Intelligence, pioneering 
heuristic search algorithms and the “Physical Symbol System” hypothesis. 

●​ Legacy for Design theory: The genesis of the “design methods movement,” establishing 
formalized problem-solving methodologies and validating design as an empirical field. 

●​ Legacy for Cognitive science: The revolutionary modeling of human thought as 
“information processing,” introducing foundational concepts like heuristic problem spaces 



and cognitive “chunking.” 
●​ Legacy for Philosophy of technology: The epistemological framing of the synthetic 

world, validating the study of engineered environments, though sparking debates 
regarding the social and colonial implications of dividing the natural from the artificial. 

●​ Bounded rationality suggests that human decision-making relies on “satisficing” rather 
than optimal utility maximization, given intrinsic cognitive and environmental constraints. 

●​ The apparent complexity of human behavior often emerges from simple cognitive rules 
interacting with highly complex task environments, rather than from profound internal 
complexity. 

●​ Stable complex systems tend to form hierarchical, nearly decomposable architectures, a 
structural evolution that minimizes the risk of systemic collapse during interruptions. 

●​ The “artificial” is defined by the thin interface where an inner structural environment adapts 
to the demands of an outer task environment to fulfill specific goals. 

●​ Design fundamentally constitutes a science of the artificial, shifting focus from how the 
natural world is (descriptive) to how the human-made world ought to be (normative). 

Herbert A. Simon’s seminal 1969 work, The Sciences of the Artificial, radically redefined the 
epistemological boundaries between natural phenomena and human-engineered systems. 
Earning both the Turing Award in 1975 and the Nobel Memorial Prize in Economic Sciences in 
1978, Simon bridged the disparate disciplines of computer science, cognitive psychology, 
organizational economics, and design theory [cite: 1, 2, 3]. His central thesis posits that the 
modern world is predominantly synthetic, shaped by human goals and purposes, thereby 
demanding a rigorous scientific framework distinct from the traditional natural sciences [cite: 4, 
5]. While subsequent advancements in complex adaptive systems and chaos theory have 
occasionally challenged his strictly hierarchical models of complexity [cite: 6], Simon’s 
foundational theories remain highly influential. This report provides an exhaustive synthesis of 
Simon’s conceptual apparatus, exploring how his theories of bounded rationality, environmental 
interfaces, and nearly decomposable systems continue to underpin contemporary artificial 
intelligence, design theory, and the philosophy of technology. 

The Ontology of the Artificial: Artifact vs. Nature 
At the core of Simon’s epistemological (relating to the theory of knowledge and how we know 
what we know) revolution is a sharp demarcation between the natural sciences and the 
sciences of the artificial. Traditional natural science is fundamentally concerned with analysis 
and description—seeking hidden patterns to explain how things are in the universe, subservient 
to immutable natural laws [cite: 7, 8, 9]. In contrast, Simon recognized that humanity 
increasingly inhabits a synthetic world of its own making. Therefore, the sciences of the artificial 
are concerned with synthesis and normative imperatives—addressing how things ought to be to 
attain specific goals [cite: 7, 8, 10]. 

To rigorously establish this new science, Simon had to isolate the precise characteristics that 
make a phenomenon “artificial.” He established a foundational taxonomy to differentiate the 
human-made from the naturally occurring, setting the boundaries for what could be studied 
under this new paradigm. 



Simon proposed four distinct criteria that characterize artificial phenomena: * Human 
Synthesis: Artificial things are synthesized, though not always with complete forethought or 
centralized planning, by human beings [cite: 11]. * Imitation over Reality: Artificial systems 
may mimic the appearance or function of natural things while lacking the underlying reality of 
the natural object in one or many respects [cite: 7, 11]. * Teleological Characterization: 
Artificial things are teleological (defined by their purposes, goals, or desired end states) by their 
functions, goals, and their capacity for adaptation to their environment [cite: 11, 12]. * 
Normative Discourse: When discussed—particularly during the design phase—artificial things 
are framed in terms of imperatives (how they should function) rather than merely descriptives 
(how they do function) [cite: 7, 9, 11]. 

To synthesize these distinctions, the following table delineates the procedural and philosophical 
boundaries between the two domains: 

Dimension The Natural Sciences 
(Nature) 

The Sciences of the Artificial 
(Artifacts) 

  

Ontology (What is 
studied) 

Naturally occurring 
phenomena, biological 
organisms, and physical 
matter governed by 
immutable laws. 

Human-made, synthesized 
systems, tools, markets, and 
engineered environments. 

Methodology (How it is 
studied) 

Descriptive analysis and 
reductionism; discovering 
hidden patterns and existing 
truths. 

Normative synthesis and 
heuristic problem-solving; 
devising ways to achieve 
specific goals. 

Core Goal Understanding and 
explaining how things are. 

Designing and engineering 
how things ought to be. 

Evaluation Metrics Truth, validity, and empirical 
accuracy. 

Utility, functionality, and 
successful adaptation to an 
environment. 

This conceptual framework legitimized the study of synthetic objects and systems—ranging from 
economic markets and business firms to computer programs and urban plans—as subjects of 
rigorous scientific inquiry [cite: 13]. By highlighting the “contingency” of artificial 
phenomena—meaning they are malleable and shaped by their environment rather than bound 
strictly by biological or physical necessity—Simon provided a pathway to study human 
intervention scientifically [cite: 14]. Unlike a natural science that excludes the normative, the 
science of the artificial embraces purposeful creation, arguing that the true subject matter of 



modern civilization is the pursuit of desired future states. 

The Artifact as an Interface: Inner and Outer 
Environments 

To overcome the immense difficulty of analyzing complex human-made systems, Simon 
introduced a powerful heuristic model: the artifact as an interface. He conceptualized any 
functional artifact as a meeting point—a thin boundary—between two distinct environments: the 
inner environment and the outer environment [cite: 7, 14]. 

The inner environment refers to the internal substance, hardware, and structural organization of 
the artifact itself [cite: 7, 14]. The outer environment, conversely, constitutes the external 
surroundings, task parameters, and context in which the artifact operates [cite: 7, 14]. For an 
artifact to be successful and serve its intended purpose, there must be a successful adaptation 
between these two environments; the inner mechanism must be organized to achieve goals 
within the constraints dictated by the outer environment [cite: 8, 14]. 

Consider the example of a chronometer—a highly precise clock. If its inner environment (the 
gears, springs, and escapement mechanisms) is appropriately designed to withstand the outer 
environment of a ship at sea (which involves constant buffeting, temperature changes, and 
humidity), it successfully functions as a marine chronometer [cite: 14]. However, if the inner 
mechanism is susceptible to these external forces, it fails at sea, though it might be salvaged by 
being placed in a new outer environment, such as a stable mantelpiece in a home [cite: 14]. 
Simon also noted that this inner-outer distinction, while essential for human-made artifacts, is 
highly convenient for analyzing natural systems. For instance, whether we are analyzing an 
engineered airplane or a biological bird, we can decouple their internal anatomy or power plants 
from the outer aerodynamic environment of the atmosphere [cite: 14]. 

The epistemological genius of this interface model lies in its predictive power through 
decoupling. If an artifact is well-adapted, an observer can predict its behavior almost entirely by 
understanding its goals and the parameters of its outer environment, with only minimal 
assumptions required about the inner environment [cite: 8, 14]. Simon referred to this as the 
“simplicity of the interface,” allowing scientists to abstract away complex internal hardware or 
neurobiology when studying behavior [cite: 11]. The inner constraints only reveal themselves 
when the adaptation is imperfect—when the design fails to cope with the outer environment, the 
internal limitations “show through” [cite: 15]. 

The Psychology of Thinking and the Parable of the 
Ant 

Simon extended his concept of the artificial interface to cognitive psychology, positing that the 
human mind itself is the “most interesting of all artificial systems” [cite: 5]. To demonstrate how 
behavior is shaped almost entirely by the outer environment rather than internal complexity, 
Simon introduced one of his most famous thought experiments: the parable of the ant on the 



beach [cite: 16, 17, 18]. 

 
Figure 1 

The parable sets a vivid scene that illustrates the core of Simon’s behavioral theories. We are 
asked to observe a solitary ant making its laborious way across a wind-swept, wave-molded 
beach. If one were to sketch the ant’s path on a piece of paper, the resulting geometric figure 
would be incredibly irregular, twisting, looping, and zigzagging as it detours around pebbles and 
climbs steep dunelets [cite: 17, 18]. 

An outside observer, marveling at the tortuous, highly intricate path, might mistakenly attribute 
this complexity to the ant itself. They might assume the insect possesses a highly sophisticated 
internal navigation system or a complex cognitive strategy [cite: 17, 18]. However, Simon points 
out the fundamental error in this attribution: the complexity is not in the ant; the complexity 
resides in the surface of the beach [cite: 18]. 

The ant itself is governed by a very simple set of behavioral rules and a simple goal (e.g., return 
to the colony, avoid obstacles). When these simple inner rules interact with a highly irregular, 



complex outer environment, the resulting behavior appears complex [cite: 16, 19]. Simon 
subsequently made a radical, sweeping hypothesis: “Human beings, viewed as behaving 
systems, are quite simple. The apparent complexity of our behavior over time is largely a 
reflection of the complexity of the environment in which we find ourselves” [cite: 17, 20]. 

This insight profoundly influenced cognitive science, suggesting that human problem-solving 
does not require an incomprehensibly complex neurological “hardware” to be understood. 
Instead, humans act as adaptive systems, molding themselves to the shape of the task 
environment [cite: 8, 15]. When humans face a problem, they use simple heuristics (rules of 
thumb) to navigate the vast “problem space.” This perspective eventually provided the 
philosophical groundwork for classical Artificial Intelligence; if human behavior is the result of 
simple rule-processing adapting to environmental data, then machines—despite having different 
physical hardware—could simulate human thinking by adopting the same 
information-processing strategies [cite: 3, 15, 21]. 

Bounded Rationality and the Mechanics of 
Satisficing 

If human cognitive hardware is relatively simple, it must also be subject to strict limitations. This 
realization led to Simon’s most celebrated contribution to economics and organizational theory: 
the concept of bounded rationality [cite: 1, 3, 20]. Prior to Simon, neoclassical economics was 
dominated by the model of homo economicus—an idealized, hyper-rational economic agent 
endowed with “Olympian” rationality [cite: 2, 20]. This traditional model assumed that humans 
possessed stable preferences, had access to perfect information, and possessed the infinite 
computational capacity required to evaluate every possible alternative to make a decision that 
maximized utility [cite: 19, 20, 22]. 

Simon dismantled this paradigm, arguing that traditional economic models failed to mirror actual 
human behavior because they ignored the real-world constraints of the inner environment [cite: 
20]. He introduced bounded rationality to describe how humans actually solve problems and 
make decisions in the wild. 

Bounded rationality posits that decision-makers operate under several inescapable constraints: 
* Cognitive and Computational Limits: The human brain has finite memory and processing 
power, making it impossible to calculate all potential outcomes of a complex problem [cite: 20, 
23]. * Information Asymmetry and Uncertainty: Decision-makers rarely, if ever, have access 
to complete information about the environment or the future consequences of their actions [cite: 
24]. * Temporal and Environmental Constraints: Decisions must often be made within strict 
time limits and under the pressures of dynamic, changing environments [cite: 23, 24]. 

Because optimal utility maximization is practically impossible under these constraints, Simon 
introduced the cognitive heuristic of satisficing—a portmanteau of “satisfy” and “suffice.” Rather 
than exhaustively searching for the single best possible solution, individuals and organizations 
search sequentially through available alternatives until they find a solution that meets a 
predefined threshold of acceptability; they choose a solution that is “good enough” [cite: 1, 3, 20, 



21]. 

Satisficing is not a failure of rationality, but rather a highly adaptive mechanism for surviving in a 
complex world. By establishing parameters and using heuristic search methods, individuals give 
themselves permission to solve ill-structured problems efficiently [cite: 23, 24]. In corporate 
environments, this theory revolutionized management science. It explained why firms do not 
operate with perfect efficiency but instead rely on standard operating procedures, organizational 
hierarchies, and delegated decision-making to manage cognitive overload [cite: 13, 21]. 

To observe how the mechanics of satisficing manifest in a tangible, real-world context, one need 
only look to the discovery of “need-solution pairs” in innovation, where problem formulation often 
occurs after a solution is found [cite: 25, 26]. Consider the invention of the rolling suitcase by 
Bernard Sadow in 1970 [cite: 25]. Sadow did not begin with a well-structured problem statement 
regarding the optimization of luggage transport metrics. Instead, while lugging two heavy 
suitcases through an airport, he serendipitously observed a customs worker effortlessly moving 
a heavy machine on a wheeled skid [cite: 25, 26]. Sadow recognized a satisfactory solution and 
immediately applied it to his bags. He employed a satisficing heuristic—accepting a solution that 
was “good enough” to alleviate his immediate burden—rather than engaging in an exhaustive, 
algorithmic search of all possible luggage geometries [cite: 25, 26]. 

Similarly, in computer science, engineers frequently deploy “satisficing search” algorithms, such 
as specific configurations of A* (A-star) search or PageRank heuristics, wherein the system is 
programmed to stop searching once a solution crosses a predefined threshold of adequacy, 
rather than exhausting massive computational power to identify the mathematically absolute 
optimal path [cite: 25, 27, 28]. 

The Architecture of Complexity: Hierarchy and 
Near Decomposability 

Simon’s exploration of the outer environment naturally led him to investigate the structure of 
complex systems themselves. Whether analyzing biological organisms, social organizations, or 
software architectures, Simon sought to understand why certain complex systems survive and 
evolve while others collapse. He formulated the theory of nearly decomposable systems, 
illustrating his theory with another famous parable: the watchmakers Tempus and Hora [cite: 29, 
30, 31]. 

Both Tempus and Hora were highly skilled watchmakers whose beautiful watches were in high 
demand. However, their workshops were constantly interrupted by customers, ringing phones, 
and playing children. Over time, Tempus went bankrupt, while Hora grew immensely wealthy 
[cite: 30]. The difference lay entirely in their architectural approach to assembly. 

Tempus utilized a holistic design approach. He assembled watches containing 1,000 parts in a 
single, continuous process. If he was interrupted, the entire uncompleted assembly would fall 
apart, forcing him to start from scratch [cite: 30]. Hora, on the other hand, designed his watches 
using a modular, hierarchical architecture. He put together subassemblies of ten parts each, 
which were stable once completed. Ten of these subassemblies were then combined into a 



larger subsystem, and so forth. When Hora was interrupted, he only lost the work on the specific 
small subassembly he was currently handling; the rest of the watch remained intact [cite: 29, 
30]. 

The parable of Tempus and Hora illustrates the evolutionary necessity of hierarchy. Complex 
systems will evolve much more rapidly from simple systems if there are stable intermediate 
forms (subassemblies) [cite: 15]. Simon argued that the structures that arise in the natural and 
artificial world tend to be hierarchical because hierarchical structures are inherently resilient to 
environmental shocks [cite: 32]. 

These hierarchies are described by Simon as “nearly decomposable systems” [cite: 31, 32, 33]. 
In a nearly decomposable system, the interactions among the parts within a specific subsystem 
are strong and rapid, while the interactions between different subsystems are weak and slow 
[cite: 15, 29]. Because the subsystems are somewhat isolated from one another, local failures 
do not immediately trigger global, systemic collapse [cite: 29]. This concept became a 
foundational heuristic for understanding complex systems, heavily influencing the development 
of modularity in software engineering, biology, and corporate management [cite: 29, 34]. 

However, Simon’s purely hierarchical view of complexity has faced critique and expansion in 
subsequent decades. While Simon updated the 1996 edition of The Sciences of the Artificial to 
mention chaos theory and genetic algorithms, some contemporary complexity theorists argue 
that his framework remains incomplete [cite: 6]. Modern complex adaptive systems theory 
places heavy emphasis on non-linearity, path-dependency, and turbulent, emergent 
behaviors—such as the unpredictable flow of traffic or chaotic weather systems—which 
demonstrate that social and natural processes are not always neatly confined to “nearly 
decomposable, hierarchic structures” [cite: 6, 35]. Nonetheless, Simon’s architecture remains 
the baseline from which modern modular network theory evolved. 

Design as a Science: The Universal Vocation 
At the very heart of The Sciences of the Artificial is Simon’s ambitious effort to recast design 
from an intuitive, craft-based art into a rigorous academic discipline. He famously declared: 
“Everyone designs who devises courses of action aimed at changing existing situations into 
preferred ones” [cite: 4, 36]. 

Under this sweeping definition, design is not the exclusive purview of architects, graphic artists, 
or industrial engineers. Instead, it is the fundamental human activity of problem-solving. The 
intellectual activity used by an engineer designing an airplane is fundamentally no different from 
that of a physician prescribing remedies for a sick patient, an executive devising a new 
corporate sales strategy, or a policymaker drafting social welfare legislation [cite: 4, 8]. Design is 
the core competence of all professional training, serving as the principal mark that distinguishes 
the professions from the natural sciences [cite: 8, 37]. 

Simon lamented that, in their quest for academic respectability, universities had systematically 
purged the “science of design” from their curricula, replacing it with pure, descriptive natural 
science [cite: 8, 15]. He argued that engineering and business schools had become too focused 



on teaching students how things are, rather than teaching them how to synthesize artifacts to 
achieve how things ought to be [cite: 8]. 

To build a true science of design, Simon proposed formalizing the design process into an 
information-processing model based on means-end analysis [cite: 20, 23, 38]. In this 
framework, the designer navigates problem-solving through a highly structured, operational 
logic. The means-end analysis fundamentally consists of four distinct operational steps: 1. 
Evaluate Current State: Determine the exact parameters of the existing situation. 2. Define 
Target State: Establish the specific, preferred goal the design must achieve. 3. Identify 
Differences: Calculate the specific variances and obstacles standing between the current state 
and the target state. 4. Apply Operators: Heuristically deploy tools, resources, or 
sub-processes to actively reduce those differences [cite: 38]. 

Consider the everyday analogy of driving to the grocery store. You begin by evaluating your 
current state (you are at home with an empty refrigerator). You define the target state (you are 
at the store purchasing food). You identify the difference (the three miles separating your home 
from the store). Finally, you apply operators to reduce this difference (you turn the key in your 
car, press the accelerator, and follow the route). If an operator fails—for example, if a road is 
closed—the system recursively identifies a new sub-difference and applies a new operator, such 
as choosing a detour. Design thus becomes a quantifiable process of allocating resources for 
search, evaluating constraints, and selecting alternatives based on satisficing criteria [cite: 23, 
38]. 

The Critique of “Wicked Problems” 
While highly influential, Simon’s highly structured formulation of design science has faced 
profound criticism, particularly regarding its ability to handle immense social complexity. The 
most formidable challenge to Simon’s framework arrived in 1973—shortly after The Sciences of 
the Artificial was published—when urban planners Horst Rittel and Melvin Webber introduced 
the concept of “Wicked Problems” [cite: 39, 40, 41, 42]. 

Simon believed that most real-world problems begin as “ill-structured problems” but can be 
bounded, broken down, and converted into well-structured, manageable puzzles through 
means-end analysis and algorithmic logic [cite: 39, 43]. Rittel and Webber strongly disagreed, 
arguing that social planning and policy issues (e.g., poverty, urban decay, climate change) are 
fundamentally “wicked,” meaning they lack any single cause, have no clear stopping rules, and 
possess highly vague, emergent goals [cite: 40, 42, 43]. 

In a wicked problem environment, the “preferred state” that Simon speaks of is intensely 
contested; different stakeholders hold radically different worldviews, meaning a “solution” for 
one group is often viewed as a disaster by another [cite: 42, 43]. Rittel and Webber argued that 
Simon’s engineering-based, satisficing logic is built for “tame problems” (such as building a 
bridge or programming a computer), where goals are clear and outcomes are measurable [cite: 
42, 43]. Pragmatist scholars, such as Richard Buchanan, have similarly critiqued Simon’s 
approach for being overly positivist (relying strictly on empirical, observable scientific evidence) 
and empiricist (based strictly on sensory observation), failing to capture the radical, 
meaning-making exploration of human experience inherent in design [cite: 42, 44, 45]. Despite 



these critiques, Simon’s work irrevocably legitimized design as a foundational cognitive 
discipline. 

The Enduring Legacy of Herbert Simon 
Herbert Simon’s The Sciences of the Artificial is not merely a historical text; it is an 
epistemological blueprint that prefigured the digital revolution and the modern information age. 
By insisting on the rigorous study of decision-making systems [cite: 46], his theories bridged 
disparate domains, leaving an indelible legacy across four major fields. 

Artificial Intelligence 
Simon is widely regarded as one of the founding fathers of Artificial Intelligence [cite: 20]. By 
demonstrating that problem-solving is fundamentally a process of heuristic search and pattern 
recognition constrained by bounded rationality, Simon stripped human cognition of its mystical 
aura [cite: 3, 20]. Alongside his long-time collaborator Allen Newell, Simon developed the 
concept of the “Physical Symbol System,” arguing that any system—whether carbon-based 
human neural tissue or silicon-based computer hardware—capable of manipulating symbols 
possesses the necessary and sufficient means for intelligent action [cite: 13, 21, 38]. In the 
1950s, Simon and Newell engineered the Logic Theorist and the General Problem Solver, two 
of the first AI programs that successfully mimicked human problem-solving [cite: 3, 21, 47]. They 
also created the Information Processing Language (IPL), which laid the scaffolding for early 
cognitive simulations [cite: 38]. Today, the foundational logic of Reinforcement Learning 
algorithms and Large Language Models—systems that heuristically “guess and adjust” weights 
within complex data environments—can be traced directly back to the logic of Simon’s ant 
navigating the beach [cite: 18, 21, 38]. 

Cognitive Science 
During the Cognitive Revolution of the mid-1950s, Simon—alongside luminaries like George 
Miller and Noam Chomsky—fundamentally transformed psychology by introducing the 
“information processing” model of the human mind [cite: 33, 38, 47]. Simon’s empirical studies, 
primarily involving verbal protocol analysis, mapped how individuals navigate problem spaces 
[cite: 38]. One of his most profound legacies in cognitive psychology is the refinement of 
“chunking theory” [cite: 3, 33]. Through his exhaustive studies on expertise, specifically among 
chess grandmasters, Simon proposed that elite problem-solvers do not possess inherently 
faster brains, but rather have acquired vast, structured “chunks” of knowledge (often up to 
50,000 distinct patterns) through years of practice [cite: 3, 33, 38]. This allowed experts to 
rapidly recognize situations and deploy heuristics, laying the groundwork for modern theories of 
skill acquisition and the EPAM (Elementary Perceiver and Memorizer) models [cite: 3, 38]. 

Design Theory 
Simon’s call for a rigorous “science of design” triggered a tectonic shift in how engineering, 
architecture, and human-computer interaction (HCI) are taught and practiced [cite: 12, 48]. He 
provided the intellectual foundation for the “design methods movement,” which emerged in the 
1960s and sought to make design compatible with systems analysis, quantitative methods, and 



operations research [cite: 12, 48, 49]. His vision fostered the emergence of modern Design 
Science, resulting in dedicated academic methodologies that treat the creation of 
artifacts—products, software interfaces, and services—as an empirical, structured process of 
iterative problem-solving rather than mere aesthetic inspiration [cite: 37, 48, 49]. 

Philosophy of Technology 
By definitively arguing that the idealized homo economicus is an impossibility, Simon’s concepts 
of bounded rationality and satisficing became the bedrock upon which later Nobel laureates like 
Daniel Kahneman and Amos Tversky built behavioral economics [cite: 20, 22, 36]. More broadly, 
Simon established a critical discourse in the philosophy of technology. Philosophers like Henryk 
Skolimowski and Carl Mitcham utilized Simon’s distinction between descriptive science (what is) 
and normative engineering (what is to be) to shape the analytic philosophy of technology and 
modern Science and Technology Studies (STS) [cite: 9, 10]. However, his stark division 
between the natural and the artificial has sparked debate. Decolonial scholars, such as the 
Brazilian philosopher Álvaro Vieira Pinto, have challenged Simon’s framework, arguing that 
strictly opposing a “natural” world against an “artificial” one ultimately serves colonialist and 
imperialist paradigms that seek to control human environments under the guise of objective 
management [cite: 50]. 

In establishing the sciences of the artificial, Herbert Simon proved that human artifice is not a 
deviation from nature, but a profound evolutionary leap. By understanding the limits of our 
rationality, the constraints of our inner environments, and the architecture of complex systems, 
humanity gains the precise tools required to intentionally design a more preferred future. 
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An Evolving Polarity 



 

The Artificial and the Natural: An Evolving 
Polarity — Summary 
Edited by Bernadette Bensaude-Vincent and William R. Newman, this 2007 MIT Press volume 
in the Dibner Institute Studies in the History of Science and Technology series gathers thirteen 
specialists — historians of science, philosophy, art, and technology — to interrogate one of the 
longest-running antitheses in Western thought: the polarity between physis and technē, nature 
and art. The book's premise is that contemporary anxieties about transgenic organisms, 
simulated emotion in robots, synthetic flavors, and bioengineered species are not departures 
from a previously stable conceptual ground but the latest iteration of a debate whose terms 
have been continuously reformulated since the Hippocratics. Rather than offer a grand 
narrative, the editors assemble what they call "disciplinary and chronological core samples," 
each grounded in specific scientific and technological practices, philosophical commitments, 
and cultural conditions. The collective argument that emerges is that nature and art are not 
stable categories awaiting their final reconciliation or rupture; they are mutually constructed, 
defining and redefining each other in a centuries-long pas de deux. 

The editors' framing 

The introduction opens with the contemporary cases that destabilize commonsense usage — 
transgenic strawberries with fish genes, Eduardo Kac's bioluminescent rabbit carrying jellyfish 
DNA, Frankencorn hybridizing with wild Mexican maize, Deep Blue and projected uploads of 
human consciousness — and quickly demonstrates that no consistent rule survives them. If a 
transgenic rabbit is artificial, so is every cultivated tomato; if it is natural, then synthetic ascorbic 
acid and polyester are too. The editors note that "native forest" untouched by humans exists 
only in the imagination, that Rousseau already understood the state of nature as an 
indispensable fiction, and that Roald Hoffmann showed chemists' rationalist arguments against 
chemophobia fail because the natural functions as a cultural value, social norm, and moral 
authority rather than a descriptive category. Hence the dichotomy cannot be dissolved by 
stipulation; it must be historicized. 

A central claim of the introduction is that the verbs governing the relation matter as much as the 
nouns. Does art imitate nature? Represent it? Complete it, perfect it, counterfeit it, violate it? 
Each verb implies a different ontology of the artifact and a different politics of the human. 
Aristotle's bed-and-tree example in Physics II suggests a clean limit (a planted bed sprouts 
trees, not beds), but his own Physics II.8 distinguishes arts that imitate nature from arts that 
complete what nature could not finish — a distinction alchemists would later seize on to claim 
transmuted gold was natural, not artificial. Aristotle's Meteorology IV further blurs the line by 



treating cooking as analogous to subterranean concoction, opening the path for medieval 
scholastics to argue that manufactured glass is a "stone" because it is produced by the same 
heat that fuses rock in volcanoes. The editors emphasize that the boundary moves both ways 
— sometimes art's challenge to nature intensifies (Cartesian mechanism, twentieth-century 
synthesis), sometimes it weakens (medieval alchemists who once claimed superiority over 
nature were redescribed as fraudulent "sophisters" by their own successors). 

The editors are careful to restore "art" to its premodern range, encompassing both the fine arts 
and what we now call technology. The "two cultures" division is itself a recent and parochial 
settlement; the technai mimētikai of poetry, painting, and sculpture historically belonged in the 
same conceptual neighborhood as medicine, mechanics, alchemy, and metallurgy. Recovering 
this range is what allows the volume to treat Hippocratic torture-imagery, Arcimboldo's 
composed heads, Vaucanson's defecating duck, and Wöhler's urea synthesis as moments in a 
single long argument. 

Heinrich von Staden — Physis and Technē in Greek 
Medicine 

The opening chapter establishes the Hippocratic landscape as already heterogeneous. Physis 
in fifth-century Greek medical writing referred not to one thing but to many: the nature of the 
cosmos, the natures of individual bodies, the natures of organs, of humors, of poisons, of 
remedies. Against this multiplicity stood the technē — the medical art — armed with the 
dynameis (powers) of drugs, regimens, and the body itself. Two Hippocratic figurations of their 
relation are familiar: technē as servant of physis, and technē as imitator of nature. 

Von Staden's most striking contribution is to recover a third, agonistic register that anticipates 
Bacon by two millennia. The Hippocratic treatise On the Technē describes a medical art that has 
discovered "forms of duress" (anankai) by which an unwilling, secretive nature can be 
"overpowered by force" and made to yield its hidden signs. The vocabulary is forensic and 
torture-derived: nature, like a slave or accused traitor, must be compelled to "inform against" 
itself, to "denounce" what it conceals. Forced perspiration, induced excretion, and harsh 
regimens are described not as gentle prods but as instruments of compulsion that wring 
foreign-language signs from a recalcitrant witness. Heraclitus's "nature loves to hide" is not 
metaphor here but operational premise. 

The same logic — that technē must violate the closures of physis — drove the brief Hellenistic 
experiments of Herophilus and Erasistratus, who systematically dissected human cadavers and 
vivisected condemned criminals. Their critics, the medical empiricists, mounted both moral 
objections (cruelty, savagery, criminal violence against the very persons the art was sworn to 
aid) and a remarkable epistemological argument: vivisection alters what it observes. Light, 
trauma, and the act of opening change the color, texture, and behavior of internal parts; the truly 
vital parts cannot be exposed without producing instant death, after which what is observed is 



no longer the living body. The observer destroys the observed. Von Staden ends by noting that 
Erasistratus, exceptionally for a Greek physician, borrowed the double-action pump newly 
designed by the engineer Ctesibius and used it to model the heart — a fusion of mechanics and 
physiology that anticipates Harvey and Descartes. 

Francis Wolff — Mimesis in Aristotle's Poetics 

Wolff argues that early modern theorists of the fine arts misapplied Plato's and Aristotle's 
general accounts of technē to painting and poetry without registering that Aristotle himself 
segregated the technai mimētikai in the Poetics. He proposes that Aristotle's familiar four 
causes (material, efficient, formal, final) operate implicitly in mimetic art too: the medium 
(shapes, colors, words, rhythm) is the material cause; the artist's mental image of what is 
represented is the formal cause; the agency of representation (narrator, actor) is the efficient 
cause; and pleasure — both the pleasure of mimicking and the pleasure of recognizing mimicry 
— is the final cause. The chapter sharpens the categorial vocabulary the rest of the volume will 
deploy. 

Mark Schiefsky — Art and Nature in Ancient Mechanics 

Schiefsky takes on the long-standing claim, associated with Fritz Krafft, that ancient 
mechanicians saw their discipline as para physin — operating against nature, hence 
epistemologically suspect. Reading the pseudo-Aristotelian Mechanical Problems alongside 
Physics II.8 199a15–17, Schiefsky offers a controversial new construal: mechanics is not an art 
that violates nature but one that completes it, in the same family as Aristotle's "middle sciences" 
— harmonics, astronomy, optics — that sit between mathematics and physics. The implication is 
that the so-called "noninterventionist fallacy" attributed to Aristotelianism is largely an artifact of 
selective reading, and that the path from ancient mechanics to Galileo and Descartes is less of 
a rupture than the standard story implies. 

William Newman — Alchemy, Demons, and the Malleus 
Maleficarum 

Newman's chapter follows alchemy as a technological benchmark through scholastic theology. 
Because alchemists claimed to transmute one metal into another — to change a substance's 
species, not merely its accidents — their discipline became the test case for the limits of ars in 
general. If humans could transmute species through art, demons (more powerful than humans 
but bounded, like them, by ars rather than by miraculous creation ex nihilo) could also do so, 
and witchcraft becomes ontologically possible. If alchemy cannot transmute species, demonic 
transformation collapses too. From Albertus Magnus through the early modern period, this proxy 
debate ran through encyclopedias, natural philosophy textbooks, and theological commentaries. 



Newman's striking finding is that the Malleus Maleficarum of 1487 — the most influential 
witch-hunting manual ever printed, with at least twenty-eight Latin editions between 1487 and 
1669 — opens not with witches but with alchemy. Kramer and Sprenger borrow from Aquinas's 
commentary on the Sentences: demons work by art; art cannot give a true form; therefore 
demons cannot induce real qualities. The argument is then inverted to legitimate the 
prosecution of witches. Alchemy, the most metaphysically ambitious of the medieval arts, 
becomes the keystone in an inquisitorial apparatus that would consume two centuries of 
European life. 

Dennis Des Chene — Jesuit Aristotelianism and 
Descartes 

Des Chene maps how sixteenth- and seventeenth-century Jesuit commentators (notably the 
Coimbrans) systematically downgraded human art: secondary because it merely imitates 
nature; superficial because it works only on local motion and outward figure; subordinate 
because its products lack innate activity. Three arts seemed to challenge this devaluation — 
automata, magic, and alchemy. Automata and magic were dispatched as mere fraud or surface 
manipulation. Alchemy alone was conceded as a possible site where art could equal or exceed 
nature. Descartes' move was more radical: by reducing matter to extension and stripping nature 
of substantial powers, he flattened the difference between art and nature from the other 
direction — nature became as poor as the Jesuits had claimed art was. The Cartesian endpoint, 
exemplified in the Dioptrique's proposal of a water-tube prosthesis implanted in the eye, is a 
cyborg physiology that dissolves the boundary entirely. Des Chene notes the deep echo of 
Erasistratus. 

Thomas DaCosta Kaufmann — Arcimboldo and the 
Origins of Still Life 

Kaufmann argues that Giuseppe Arcimboldo, conventionally read as the high point of mannerist 
artifice, also stands at the origin of the early modern still life. Arcimboldo made meticulous 
nature studies of individual animals and plants before assembling them into his composed 
heads, and excelled at reversible paintings — a head right-side up, a fruit basket inverted. His 
contemporary Gregorio Comanini described him as engaged in a contest with personified 
Nature: where Nature could only assemble humans from human parts, Arcimboldo could 
compose humans from plants and fruits. The very surface manipulation that Jesuit theology 
dismissed as superficial becomes, in this artistic register, the means of outdoing nature. 

Anthony Grafton — Renaissance Histories of Art and 
Nature 



Grafton tracks the optimistic genre of Renaissance discussions of human invention — the 
Kunst- und Wunderkammer literature, princely cabinets of "artificial and miraculous things" 
assembled by figures like Samuel Quiccheberg in 1565, the inventories of human artifice that 
fed into Bacon and Campanella. He shows that this rhetoric is not uniformly progressive: jurists 
like Pancirolli emphasized arts lost since antiquity, balanced against modern compensations 
(the compass, gunpowder). Alberti claimed art could compose a perfect female from selected 
parts that nature could not assemble; this rhetoric of art-surpassing-nature flowed, via the 
unlikely conduit of Agrippa's De occulta philosophia, into the "mathematical magic" tradition of 
Gaspar Schott and others. 

Horst Bredekamp — Leibniz's Theater of Nature and Art 

Bredekamp examines Leibniz the mathematician and philosopher in his unfamiliar role as 
enthusiast of Kunstkammern and image-based mnemotechnics in the line of Campanella, 
Andreae, and Comenius. For a quarter century Leibniz pursued an Atlas universalis, a pictorial 
compendium of knowledge meant to teach the arts and sciences through visual organization. 
Bredekamp suggests this bipolar Leibniz — devoted simultaneously to mathematical abstraction 
and to the visual atlas — anticipates a contemporary culture caught between the algorithm and 
the image. 

Alan Gabbey — Spinoza on the Natural and the Artificial 

Spinoza is exceptional for refusing the artificialization of nature characteristic of 
seventeenth-century mechanism, yet refusing equally to treat art as ontologically distinct. In 
Spinoza's metaphysics every object — natural or human-made — is the product of necessity, 
and the artist's intentions arise from natural causes rather than free will. Gabbey shows Spinoza 
nonetheless used a dual register: as a lens-grinder, he treated lenses as products of art; as a 
political theorist, he insisted states and governments are artificial constructions. The chapter 
offers a clean illustration of the volume's central methodological claim: the abstract metaphysical 
argument against the dichotomy never fully dissolves the dichotomy in practice, because human 
action requires it. 

Jessica Riskin — Eighteenth-Century Wetware 

Riskin's chapter, one of the volume's most influential, refuses the claim that artificial life 
expresses a "timeless" human impulse. Instead she identifies the second half of the eighteenth 
century as a sui generis moment defined by a specific philosophical configuration: a materialist, 
mechanist understanding in which Descartes' separation of mind and body is repudiated and the 
functions traditionally assigned to soul are relocated into the substance of living bodies. The 
reciprocal of mechanizing life is the animation of machinery. La Mettrie's L'Homme-machine is 



as much about vivifying matter as about mechanizing the human; the materialist invokes 
"sensibility" as a vital property inherent in organic substance. 

The automata of Vaucanson and the Jaquet-Droz family are not parlour tricks but experimental 
simulations. Where Maillard's 1733 swan merely represented a swan with paddle-wheels and 
gears, Vaucanson's defecating duck and the Jaquet-Droz writers and musicians simulated soft 
tissue, digestion, breath, embodied performance. They were, Riskin argues, the wetware of their 
century — testbeds for a mechanism that no longer confined itself to size, shape, and motion 
but tried to capture the texture of life. She closes by noting the close kinship between 
mid-eighteenth-century artificial life and late-twentieth-century artificial life research, both of 
which respond to a particular moment in matter theory rather than to a perennial fascination. 

John Hedley Brooke — Organic Chemistry in the 
Nineteenth Century 

Brooke revisits Friedrich Wöhler's 1828 in vitro synthesis of urea, traditionally narrated as the 
moment vitalism died and chemistry conquered the organic. He shows the textbook account is 
wrong on both counts. Wöhler started from organic horn and did not reproduce nature's 
process; the synthesis neither proved nor required the death of vital force. What it did trigger 
was a Faustian rhetoric among chemists about overtaking nature, which prompted critics to 
make finer distinctions — between products and processes, between kinds of synthesis. Far 
from securing the triumph of materialism, organic synthesis fractured the discipline of chemistry 
itself, splitting its theoretical framework into organic and inorganic and destabilizing the unity of 
the field even as it expanded its powers. 

Bernadette Bensaude-Vincent — From Plastics to 
Biomimetics 

Bensaude-Vincent's closing substantive chapter surveys three twentieth- and 
twenty-first-century strategies of synthesis and shows how each produces a different conception 
of nature. Synthetic polymers and the plastics culture of mid-century treated nature as a rigid, 
finite repository of resources to be transcended by the plasticity and profusion of human 
invention. Combinatorial chemistry — the late-twentieth-century pharmaceutical strategy of 
generating vast random molecular libraries and screening them — reframes nature as itself a 
blind, vast combinatorial library; mimicking nature means mimicking natural selection's stupidity, 
and art loses one of its defining attributes, intentionality. Biomimetics, the current vogue, 
reverses the polarity again: nature appears as an unrivaled engineer whose materials (muscle, 
blood, spider silk, nacre) embody design solutions human engineering cannot match. Across 
these three regimes, neither nature nor art holds steady; they are mutually constructed, the 
meaning of each shifting with the material strategy in play. 



Roald Hoffmann's Coda 

The Nobel chemist's concluding comments give the volume its final image: art and nature as 
two inseparable partners in a centuries-long dance, their movements continuously remapping 
the cultures that have inherited the technē/physis distinction. 

What the volume accomplishes 

Read across its chapters, the book makes several cumulative arguments worth registering. 
First, the artificial-natural distinction is real, persistent, and culturally indispensable — but it is 
also unstable, and the verbs governing it (imitate, complete, violate, perfect, counterfeit, 
surpass) carry more weight than the nouns. Second, specific material practices — Hippocratic 
forced diagnosis, alchemical transmutation, Vaucanson's mechanical digestion, Wöhler's urea, 
biomimetic spider silk — are not mere instances of a fixed concept but the very sites where the 
concept is reforged. Third, the dichotomy moves in both directions: sometimes art's claim 
against nature intensifies (mechanism, synthesis), sometimes it weakens (medieval alchemy's 
later self-derogation as "sophistry"). Fourth, the polarity does its political work even when 
philosophically dissolved — Spinoza's metaphysics rejects the distinction, but his lens-grinding 
and political theory require it. The recurring lesson is that the boundary's instability is not its 
weakness but its function: it is precisely because nature and art mutually construct each other 
that the polarity can carry such different cultural weight at different moments, from a Hippocratic 
court of judicial torture to the Coimbran textbook to Arcimboldo's reversible heads to the 
bioluminescent rabbit. 

 
 

Newman's argument extended: alchemy as the 
technological keystone 

It is worth lingering on Newman's chapter, because it does more than recover an obscure 
scholastic genealogy — it identifies the mechanism by which a single craft can become the 
load-bearing case for a broad metaphysics. The medieval Latin world inherited alchemy from 
the Islamic translators in the twelfth century already burdened with a rhetoric of equaling or 
surpassing nature. What scholastic theology added was a logical scaffold: because alchemy 
claimed to transmute species (not merely accidents), and because demons were defined as 
agents bounded by ars rather than by miraculous creation ex nihilo, the question "can alchemy 
really do what it says" became identical to the question "can demons really do what folk belief 
credits them with." Resolve the first, and the second follows by deduction. 



This is why Albertus Magnus's De mineralibus and Aquinas's commentary on the Sentences 
turn into the keystone references not only for natural philosophy but for inquisitorial theory two 
centuries later. Newman shows that the Malleus Maleficarum opens, before it gets to its grim 
apparatus of testimony and torture, with a tacitly Thomistic syllogism: demons work by art; art 
cannot give a true form; therefore demons cannot induce real qualities. Kramer and Sprenger 
then invert the argument's force. Where their predecessors used alchemy's failures to contain 
demonic power, the inquisitors use the residual capacities they grant to art (manipulation of 
accidents, action through proximate natural causes, the joining of active to passive principles) to 
license the prosecution of witches. The same conceptual machine, run with different premises, 
generates either a sober scholastic restraint or a two-century mass killing. 

Newman's larger contribution to the volume is methodological: he shows that the 
artificial-natural distinction is not philosophy floating free of practice but a load-bearing structure 
whose failures and successes propagate through institutions. When alchemy's claims 
contracted in the late medieval period — when alchemists themselves began to denounce 
surface coloration as "sophistical" and the bar for genuine transmutation rose — the entire 
downstream apparatus of demonological argument lost a piece of its scaffolding. The history of 
the polarity is therefore inseparable from the history of specific technical claims, and the 
periodization of metaphysics tracks the periodization of craft. 

Riskin's wetware: the bidirectional logic of simulation 

Riskin's chapter rewards a second pass because its argument is more theoretically pointed than 
the editors' summary suggests. Her central claim is not merely that eighteenth-century automata 
were experimental rather than theatrical, but that simulation as a practice operates in both 
directions simultaneously. To build a machine that breathes, digests, and defecates is to commit 
to a particular model of life as mechanism; but it is equally to commit to a particular model of 
mechanism as something flexible, sensitive, and active. The simulation does not merely transfer 
knowledge from one domain to the other — it transforms what counts as the source and the 
target. 

This bidirectionality is what distinguishes the eighteenth-century moment from both the 
seventeenth century before it and the nineteenth century after. Maillard's 1733 swan, with its 
paddle-wheels and gear-driven head, represents a swan; Vaucanson's duck simulates one. The 
seventeenth-century mechanism that produced Maillard's swan was Cartesian — its terms were 
size, shape, motion, number, solidity — and these terms were too sparse to capture digestion, 
sensation, or breath. The eighteenth-century materialists, building from La Mettrie's 
L'Homme-machine through Diderot and Quesnay, enlarged what counted as mechanism 
precisely so it could accommodate sensibility. Quesnay objected to the 
body-as-hydraulic-machine analogy not because he rejected mechanism but because he held 
an older, more rigid notion of machinery and demanded a richer one to do the analogical work. 



By the time he had finished revising mechanism, machinery itself had been transformed: it was 
now active, flexible, sensitive, organic. 

Riskin then closes the loop with the second simulation moment — late twentieth-century artificial 
life and AI research, from cellular automata through Brooks's situated robotics. Her claim is that 
both periods share a structural feature: an unsettled understanding of what machines are. In 
stable industrial periods, the terms life and mechanism become fixed and the simulation gambit 
loses its appeal because nothing is in motion to be discovered. The Industrial Revolution and 
the Information Revolution are both periods when the meaning of "machine" is up for grabs, and 
that fluidity is what licenses the simulation strategy. Modern roboticists building machines that 
see, hear, and feel are doing what Vaucanson did, and for the same reason: their understanding 
of machinery is no better established than their understanding of life, and only by trying to 
construct an animal-machine can they make progress on either. 

The implication for the volume's theme is sharp. The artificial-natural polarity is not most active 
in periods when the terms are stable — when each side knows what it is and the boundary is 
patrolled — but in periods when both terms are under construction. The polarity is a productive 
engine of conceptual change rather than a settled metaphysical fact, and it generates the most 
material work precisely when it is most contested. 

Bensaude-Vincent's three regimes of synthesis 

The closing substantive chapter, which the editors place as the volume's coda before 
Hoffmann's reflection, deserves more weight than the introduction's overview gives it. 
Bensaude-Vincent argues that twentieth- and twenty-first-century chemistry has not had a single 
relation to nature but at least three, each generating a distinct ontology of the artifact and a 
distinct image of the natural. 

The plastics era (Bakelite, polyethylene, polystyrene, nylon) treated nature as a finite, rigid 
stockpile to be exceeded by the plasticity and profusion of human invention. The cultural 
correlate was a confident productivism: plastics were better than wood, leather, ivory, silk — 
lighter, cheaper, more uniform, more abundant. The ideology was Promethean and the relation 
to nature was supersessionist. Plastic was not an imitation of any natural material; it was a new 
ontological class whose justification was its superiority on the dimensions that mattered to 
industrial society. 

The combinatorial era (from the 1990s) replaces this Promethean stance with a Borgesian one. 
Combinatorial chemistry generates molecular libraries by reacting starting materials in all 
possible combinations, then screens the products against protein targets. The chemist no longer 
designs molecules toward a specified end; she generates a vast space of structures and lets 
selection pick the winner. Bensaude-Vincent's striking observation is that this reframes nature 
as itself a combinatorial library, and reframes the chemist as one who mimics natural selection's 
blindness. Art loses its traditional attribute of intentionality; the combinatorial chemist is the 



monkey at the typewriter, hoping a verse of the Iliad emerges. Pierre Laszlo's denunciation of 
combinatorial chemistry as "moronic travesty" and a "perversion" registers the conceptual 
scandal: by adopting evolution's stupidity as a method, chemistry has surrendered the very thing 
that distinguished art from nature in the Aristotelian scheme. 

The third regime, biomimetics, inverts the polarity yet again. Where plastics treated nature as 
inferior and combinatorics treated it as a blind library, biomimetics rediscovers nature as an 
unrivaled engineer. The journals fill with images of nacre, abalone, spider silk, lotus surfaces, 
butterfly iridescence, gecko adhesion. Stephen Mann's frame is explicit: nature has worked out 
solutions; the task is to elucidate, test, and apply them. Steven Boxer's quip ("We've decided 
that since we can't beat them, we should join them") captures the reversal. Bensaude-Vincent 
makes two sharp critical points here. First, biomimetics is not a humble return to nature but its 
technicization: the living cell becomes a factory of nanomachines, the spider an R&D operation 
that has been running for four billion years, evolution a long-running optimization problem. The 
proximity between art and nature in biomimetics is achieved not by naturalizing engineering but 
by treating biology as engineering already. Second, the assumption that nature is teleological — 
that it optimizes functions for survival under cost constraints — recapitulates the Panglossian 
fallacy that Gould and Lewontin denounced in evolutionary biology. Treating natural selection as 
a smart engineer rather than a blind, locally adaptive, history-bound process imports a design 
intuition that does not survive examination. Biomimetic rhetoric, in its enthusiasm to enlist nature 
as a teacher, smuggles in an intelligent-design framework. 

Across the three regimes, neither the chemist's relation to nature nor the meaning of nature 
itself stays still. Each material strategy produces its own ontology, and the boundary between art 
and nature is redrawn each time. The chapter is the volume's strongest demonstration of its 
thesis: art and nature are mutually constructed, and the construction is performed by specific 
technical practices, not by metaphysical fiat. 

Hoffmann's coda: the dance and the brake 

Hoffmann's concluding comments adopt a register the rest of the volume mostly avoids — a 
first-person, quasi-poetic reflection from a working scientist who has spent a career in the 
relevant practice. The dream-image of dancers moving across a temple ground at Delphi that 
periodically becomes the launchpad at Cape Canaveral is sentimental, but his argument under it 
is not. He grants the volume's central thesis: from a chemist's vantage, there is no deep 
distinction between the natural and the artificial, and his colleagues welcome this conclusion 
because it dissolves the cultural premium on the "natural" that they regard as marketing rather 
than substance. He notes that half the nitrogen and sulfur atoms in our bodies have passed 
through a Haber-Bosch ammonia plant or a sulfuric acid factory before reaching the wheat that 
became the bagel of breakfast. The traffic between the human-modified and the original has 
become so dense that the categories are not so much false as inoperative. 



But Hoffmann then reintroduces the distinction in a different register, and this is the chapter's 
most interesting move. The very magnitude of human transformative capability creates an 
ecological situation in which we need to distinguish what was there before from what we have 
done, not for metaphysical reasons but for practical ones. To preserve the world we must mark 
our interventions, even though those interventions cannot be cleanly separated from a "pristine 
landscape" that no longer exists (and never quite did — the Amazon basin has been settled for 
thousands of years). What was a metaphysical polarity becomes a political and ethical one. The 
dichotomy returns at a different level of analysis: not as a claim about substances but as a claim 
about responsibility. 

Hoffmann's closing prescription is modest and consequential. He asks that every act of creation 
or transformation be paired with an act of ethical judgment about its value to humans, other 
species, and the planet. He calls this a "human brake on our runaway, most human creativity," 
and notes — in the volume's most concise theoretical formulation — that the brake is itself an 
intervention, "natural in its own way." The phrasing collapses the polarity even as it deploys it: 
ethical judgment is an act of culture, but it is also part of the human nature that makes culture, 
and the act of restraining what we make is no less natural than the act of making it. 

What the volume does and does not do 

Read across all fourteen chapters, the volume executes a particular kind of intellectual 
operation. It refuses both the deflationary move ("there is no real distinction; it is just a cultural 
construct") and the conservative move ("the distinction is metaphysically real and must be 
defended"). It treats the polarity as historically real, materially consequential, and continuously 
rebuilt — a productive structure rather than a settled fact or a mere fiction. The accumulated 
effect is to immunize the reader against two contemporary tendencies: the technologist's casual 
dismissal of art-nature talk as nostalgic noise, and the moralist's invocation of the natural as a 
stable ethical foundation. Both treat the polarity as something that can be either abolished or 
grounded; the volume shows it can be neither, because it is the work the polarity does — the 
institutional, technical, theological, aesthetic, and ethical work — that gives it its purchase, and 
that work has been continuous and continuously transformed. 

What the volume does not do is also worth noting. It is essentially a Western and Christian-Latin 
story, with a single brief gesture toward Islamic alchemical transmission. There is little 
engagement with East Asian traditions in which the technē/physis distinction does not map 
cleanly onto, for instance, the Chinese pairing of tian (heaven/nature) and ren 
(human/cultivated), or the Daoist treatment of wu wei (non-action) as a stance whose relation to 
artifice is not adversarial. The book also stops, deliberately, before the most pressing 
contemporary cases — large-scale machine learning, planetary-scale computation, gene drives, 
atmospheric engineering — though Riskin's coda gestures toward AI and Bensaude-Vincent's 
biomimetics chapter touches on bio-nanotechnology. A reader wanting to extend the volume's 
analysis to synthetic biology, foundation models, or geoengineering must do that work 
themselves, but the conceptual tools the volume provides — attention to verbs, attention to 



specific practices, attention to bidirectional simulation, attention to the polarity's redistributive 
function across institutions — transfer cleanly. 

The volume is also light on the political economy of the distinction. Patents, as the introduction 
notes in passing, depend on a workable invention/discovery and art/nature line; entire industrial 
regimes are organized around the legal stipulation that bioengineered organisms are inventions 
while their wild relatives are not. The book's chapters touch this terrain (Brooke on 
nineteenth-century synthesis, Bensaude-Vincent on patentable rational design) but never make 
it central. A companion volume could be written tracking the polarity through intellectual 
property, environmental regulation, and the institutional siting of "natural" and "artificial" 
categories in twentieth-century law and finance. 

The cumulative thesis 

What the reader carries away from The Artificial and the Natural is not a doctrine but a 
disposition. The polarity between physis and technē has structured Western thought for 
twenty-five centuries; it has migrated through medicine, mechanics, alchemy, theology, painting, 
automata, chemistry, materials science, and bioengineering; it has been argued for, against, and 
around by Hippocratics, Aristotelians, Jesuits, Cartesians, Spinoza, Leibniz, La Mettrie, Wöhler, 
and the contemporary biomimeticist; and it has not stayed still. The terms shift, the verbs 
governing them shift, the institutions that operationalize them shift, and the practices that make 
them concrete shift. The polarity persists not because it names something fixed but because it 
does work — productive, sometimes terrible work, as in the Malleus; sometimes generative 
work, as in eighteenth-century wetware and twentieth-century biomimetics — and because 
human action requires it even when human metaphysics dissolves it. Bensaude-Vincent and 
Newman's volume offers, finally, a defense of historicism over metaphysics in the analysis of 
one of philosophy's oldest binaries: the distinction between the made and the given is best 
understood not as a problem to be solved but as a continuous activity to be tracked, in its 
specificity, across centuries and disciplines, with the recognition that the next chapter is being 
written now, in the laboratories where transgenic mammals carry spider-silk genes and 
language models simulate the conversation that you and I are presently having about them. 

 
 

I'll skip the research tool here — you uploaded the source text and want me to expand my 
reading of it, not search the web. Let me pull deeper into the chapters I treated most 
briefly.Below is an expanded chapter-by-chapter treatment, doubled in depth, drawing on 
material I had only sampled before. I'll skip the editors' framing this round — that was already 
substantial — and go directly to the chapters, leaning more on primary content and the specific 
texture of each contributor's argument. 



Heinrich von Staden — Physis and Technē in Greek 
Medicine 

The chapter's most consequential move is to recover, against a long scholarly habit of 
harmonization, the agonal register in early Greek medical thought. The familiar reading 
positions Hippocratic medicine as treating technē either as the imitator of physis (an art that 
follows nature) or as its servant (the physician serves the art, and the art serves nature). Von 
Staden grants that both formulae appear, but argues they coexist with a third figuration in which 
art enters into open struggle with nature. The crucial text is the Hippocratic On the Technē, 
where the author introduces a vocabulary not of cooperation but of forcible constraint. When 
physis withholds its semiotic clues — when internal disease offers no surface signs, when the 
kidney or liver cannot be seen — the medical art has "discovered forms of duress (anankai)" by 
which a recalcitrant nature is "overpowered by force (biastheisa)" and made to surrender 
informer-signs. The plural anankai is grammatically pointed: in the singular it usually means 
"necessity," but in the plural it carries the technical sense of instruments of torture. Theodor 
Gomperz's translation, which Von Staden endorses, was Folterzwang — "coercion by torture." 

Four features of this passage do real conceptual work. First, the language is unambiguously 
violent: harsh foods compel internal phlegm to spill visible pus; steep roads and forced runs 
make the breath "denounce" what it ought to conceal; induced perspiration extracts judgment 
from invisible processes. Second, the means of compulsion are described as a discovery of the 
technē itself — they did not exist before art invented them, and the author counts the existence 
of these instruments as proof that there is in fact a medical technē. Third, the imagery is forensic 
and judicial. Nature is figured as an unwilling witness, and the practitioner as a prosecutor 
extracting testimony under torture, in the same way that classical Athenian legal practice 
extracted slave testimony. Geoffrey Lloyd's work on Greek scientific testing as legal 
cross-examination is a partial precursor, but Von Staden insists that here the legal vocabulary is 
not analogical scaffolding for evidence-evaluation; it is direct figuration of the violent relation 
between art and nature, with art as prosecutor and nature as misbehaving slave. Fourth, a 
semiotic dimension is fundamental: nature's ordinary signs belong to one register, but the signs 
forced from it under duress belong to a different, more difficult system that requires "foreign 
translations" (hermēneuomenōn allotriōn hermēneiōn). The polysemy of allotrios — "another's," 
"foreign," "stranger," "enemy" — suggests that what art extracts is in part hostile testimony from 
a hostile witness. 

Von Staden then traces this coercive register into the actual practice of dissection and 
vivisection in the early Hellenistic period. Herophilus of Chalcedon and Erasistratus of Ceos, in 
third-century BCE Alexandria, broke entrenched Greek taboos by systematically dissecting 
human cadavers and vivisecting condemned criminals received from kings. The first-century 
Roman encyclopedist Celsus preserves the controversy. The advocates argued that internal 
pain, internal disease, and the spatial relations of organs cannot be known except by cutting 
open, and that the cruelty exercised against guilty men is justified by the lives saved among the 



innocent. The empiricist critics responded with three converging objections. The moral and 
professional argument is that the medical artist, sworn to protect, here turns butcher; the 
practitioner of a life-giving art is forced into killing. The epistemological argument is more subtle 
and more interesting: vivisection alters what it observes. Light, fear, pain, and the trauma of 
incision change the color, softness, and behavior of internal parts; the moment the knife reaches 
the chest and cuts the diaphragm, the patient instantly dies, and what is then exposed is no 
longer the living body but the dead one. The observer's intervention destroys the object of 
observation. The empiricists argued that even fortuitous observations made on wounded 
soldiers, gladiators, or crime victims by an attentive physician are epistemically superior to 
systematic vivisection, because they preserve what they show. Von Staden closes by noting that 
Erasistratus, exceptionally, married physiology to mechanics: he borrowed the design of the 
double-action pump from his contemporary the engineer Ctesibius, and used it to model the 
human heart. The fusion of mechanical artifact and living physiology that we will encounter, two 
thousand years later, in Descartes' Dioptrique has an Alexandrian precedent. The chapter 
establishes the volume's deepest historical premise: that the polarity physis/technē was already, 
at its origin, both cooperative and violent, both mimetic and prosecutorial, and that medicine's 
status as the founding test case for the artificial-natural distinction has carried this dual register 
forward continuously. 

Francis Wolff — The Three Pleasures of Mimesis in 
Aristotle's Poetics 

Wolff's contribution recovers a distinction that early modern aesthetic theory blurred and that 
has remained blurred in popular Aristotelianism ever since. The slogan "art imitates nature," 
cited from antiquity through the seventeenth century as the essence of the fine arts, is in 
Aristotle neither a prescription nor an aesthetic doctrine. It is a descriptive claim about the 
modus operandi of all technē whatsoever, fine or mechanical: art proceeds the way nature 
proceeds, organizing matter under form and subordinating efficient causes to final causes. To 
say a sculpture imitates nature is therefore not, in this sense, a claim about its representational 
content; it is a claim about how it was made. 

Aristotle nonetheless invents a separate category for the activities we now call fine art, and 
Wolff's reconstruction of this category is the chapter's central technical achievement. The 
technai mimētikai — mimetic arts — are a hybrid concept formed by crossing two 
heterogeneous notions. Technē is methodical know-how, the virtue of poiein (making) as 
opposed to prattein (doing) and theorein (contemplating); its "end" lies outside the activity, in the 
work produced. Mimēsis is a natural human activity, in two senses: it is spontaneous, prior to 
any technique, and universal, found in all humans even before training. The intersection of 
methodical making with imitative activity yields a new region of experience: literature (an 
Aristotelian invention without an established Greek name), painting, sculpture, music, and 
dance — what we today call the fine arts. But Aristotle's category is sharply different from ours 
in that it picks out acts rather than works: it names modes of making, not products. This is why 



drama, whose result is not a self-subsistent product but an action enacted in time by agents, is 
for Aristotle the paradigmatic technē mimētikē, where for the moderns painting (with its 
self-contained product) tends to occupy that place. 

Wolff then introduces what he calls the "double four-causes theory." Aristotle's Physics II 
analyzes any product of technē under four causes: matter, form, efficient cause, final cause. 
Wolff argues that the Poetics implicitly develops a parallel system of four causes for mimēsis 
itself — the medium of representation as material cause (shapes and colors for painting, 
language for literature, rhythm and melody for music), the represented action or object as formal 
cause, the agency of representation (narrator, actor, performer) as efficient cause, and pleasure 
as the final cause. The mimetic art is therefore mimetic twice over: as art it imitates the way 
nature makes (its modus operandi), and as mimesis it imitates what nature has made (its 
products). This double imitation generates Wolff's central typology of three distinct pleasures 
available in encountering a work of mimetic art. 

The first is sensory pleasure — the pleasure of color in painting, of melody and rhythm in poetry. 
Aristotle calls these hēdusmata, "seasonings" or "embellishments." They are deeply felt but 
neither artistic nor mimetic: they are atechnon, outside the proper domain of art, because they 
belong to what Aristotle reserves for stagecraft and music rather than for poetry's mimetic 
function. Wolff sets this pleasure aside as belonging to the natural exercise of the senses. The 
second is the pleasure of representation — the pleasure of recognition, of being able to deduce 
"this is that" when looking at a represented figure or action. Looking at a painting and 
recognizing "these colored patterns are Coriscus fishing" is at once a perceptual achievement 
and a cognitive one: we learn through the representation, and the pleasure follows from 
learning. The deeper case is tragic representation, where what we recognize is not merely a 
person but a noble action, the way humans express affections under particular conditions, the 
structure of the human heart. The third pleasure is aesthetic — the pleasure of contemplating 
the well-made form of the work itself, irrespective of what it represents. This is the same 
pleasure one takes in any well-crafted artificial object, and indeed in any natural object regarded 
purely for its own sake. Nature and art, Wolff concludes in a striking final note, "afford their 
contemplators the same pleasure" when contemplated for their own sake. The chapter's 
contribution to the volume is that it shows the technē/physis polarity, even at its most aesthetic, 
is structured by a dual relation: the artist's relation to the work (technical) and the work's relation 
to the world (mimetic), and these relations point in opposite directions — the technical detaches 
the product from nature, the mimetic ties it back to nature — with the result that "mimetic art" is 
a productive contradiction rather than a settled category. 

Mark Schiefsky — Art and Nature in Ancient Mechanics 

Schiefsky's chapter is a sustained polemic against a particular historiographical position — Fritz 
Krafft's claim that Greek mechanicians regarded their discipline as the "tricking of nature" 
(Überlistung der Natur), and that consequently mechanics was epistemologically barred from 
yielding knowledge of nature. The Krafft view rests on a reading of the pseudo-Aristotelian 



Mechanical Problems, which famously opens by characterizing the products of art as occurring 
para physin — beyond, or against, nature. The text quotes the poet Antiphon: "By means of art 
we gain mastery (kratoumen) over things in which we are conquered by nature." Mechanics, by 
setting small inclinations to move great weights, makes the lesser master the greater, in 
violation of nature's ordinary tendency. For Krafft, this language entails that mechanical effects 
are supernatural breaks in the order of cause and effect, that mechanics amounts to magic, and 
that whatever knowledge mechanics yields cannot be knowledge of physis. 

Schiefsky offers a careful semantic disambiguation of para physin and a substantive reading of 
the chapter that opens the Mechanical Problems. Para physin can mean "supernatural," 
"contrary to nature," "going beyond what nature does on its own," or simply "not according to 
nature's ordinary tendency." Schiefsky argues that the Mechanical Problems uses it in the third, 
weakest sense: mechanics produces effects that nature would not bring about on its own and 
that, in this sense, lie beyond nature. But going beyond nature is not the same as acting against 
it or in violation of its laws. The pseudo-Aristotelian author explicitly states that mechanical 
problems are "not entirely identical with physical problems nor entirely separate from them, but 
they have a share in both mathematical and physical speculations: for the 'how' in them is made 
clear through mathematics, while the 'about what' is made clear through physics." This places 
mechanics in the family of Aristotelian "middle" or "subordinate" sciences alongside harmonics, 
astronomy, and optics — disciplines that combine mathematical demonstration with physical 
content and that Aristotle treated as legitimate sources of knowledge of nature. 

Schiefsky's most controversial move is a fresh reading of Physics II.8 199a15–17, where 
Aristotle distinguishes between arts that imitate nature and arts that complete what nature could 
not bring to completion on its own. The standard reading takes mechanics as belonging to the 
"imitative" branch (or as belonging neither, on Krafft's account). Schiefsky proposes that 
mechanics is best understood as one of the arts that complete nature — that bring about, by 
intervention, results nature could in principle have achieved but could not realize unaided. This 
reading aligns mechanics with medicine (Aristotle's other paradigmatic case of the completing 
art) and undermines the entire Krafft thesis. The chapter then deploys Aristotle's own writings to 
deepen this point. The Meteorology IV uses the term pepsis (concoction) to cover both natural 
processes (ripening, digestion) and artificial ones (boiling, roasting), with explicit statements that 
the cause is the same in both cases and that art imitates nature in the relevant sense. 
Generation of Animals makes natural processes (embryonic formation) closely analogous to 
artificial ones (the action of the carpenter shaping wood), with the difference between them lying 
not in the kind of process but in the location of the principle of motion (internal for nature, 
external for art). When Schiefsky returns to the On the Technē passage that Von Staden 
discussed, he reads it differently: nature is forced to give up signs, but the secrets it yields are 
themselves natural — Heraclitus's "nature loves to hide" is not an ontological claim about 
nature's deviation from itself under compulsion but a pragmatic claim about its tendency to 
remain semiotically reticent. The chapter's significance for the volume is methodological: it 
shows that the noninterventionist fallacy — the supposed Aristotelian prohibition on knowing 
nature through artifice — is a historiographical artifact rather than a feature of the Greek texts, 



and it opens a route through ancient mechanics to Galileo and Descartes that does not require 
treating early modernity as a clean rupture. 

William Newman — Alchemy, Demons, and the Malleus 
Maleficarum 

Newman's chapter does more than recover an obscure scholastic argument; it identifies the 
structural mechanism by which a single craft becomes the load-bearing case for an entire 
metaphysics. Alchemy entered the medieval Latin world from Arabic translations in the twelfth 
century already burdened with a rhetoric of equaling or surpassing nature. By the thirteenth 
century, scholastics like Albertus Magnus had absorbed alchemy into their encyclopedias and 
made it a discipline subject to philosophical scrutiny. What Newman recovers is the precise way 
alchemy then became the benchmark against which the powers of all other arts could be 
measured. Because alchemists claimed to transmute species — not merely to alter accidents 
but to convert one substantial form into another, lead into gold, mercury into silver — they were 
claiming, in scholastic terms, an art that approached the divine. The doctrine that art could 
change substantial form, if accepted, had immediate ramifications for theology. 

The keystone derivation runs as follows. Demons, by scholastic definition, are agents who work 
through art rather than through miraculous creation ex nihilo; they cannot create being but can 
manipulate existing actives and passives. Their operations are therefore bounded by what art in 
general can do. If art can transmute species, demons can; if art cannot, demons cannot. 
Alchemy thus becomes a proxy for the entire question of demonic capacity. Behind that question 
lies the further question of witchcraft: if demons can transmute species, then witches who serve 
them can effect species changes — turning humans into animals, healing or sickening at a 
distance, transforming matter in ways that defy ordinary causation. From the mid-thirteenth 
century onward, this proxy debate runs through theological treatises, natural philosophy 
textbooks, and inquisitorial literature, with alchemy's status as a technological benchmark 
surviving long after its original theological context faded. Newman shows that even in the 
seventeenth century, scholastic manuals from the era of Descartes and Newton still answer the 
question "Whether art effects certain works of nature?" by reference to the auriferous art. 

The chapter's most striking discovery is that the Malleus Maleficarum of 1487 — the most 
influential witch-hunting manual ever printed, which went through at least twenty-eight Latin 
editions between 1487 and 1669 and provided the conceptual apparatus for two centuries of 
witch trials — opens not with witches but with alchemy. In the obligatory opening series of 
responsiones quod non (objections to the heretical denial of witches' powers), Kramer and 
Sprenger borrow tacitly from Aquinas's commentary on the Sentences of Peter Lombard: 
"Demons do not work except by art. But art cannot give a true form. Whence it is said in the 
chapter on minerals that the authors of alchemy should know that species cannot be 
transmuted. Therefore demons, also working by means of art, cannot induce real qualities of 
health or sickness." The argument is presented as an objection to be overcome, and Kramer 



and Sprenger then proceed to overcome it — but the very fact that they place alchemy at the 
conceptual entrance to the witch hunt shows the depth of the dependence. The most influential 
institution of pre-modern Christian violence opens with a technical premise about whether one 
art can transmute substantial forms. When Kramer and Sprenger inverted the argument's force 
— granting demons the residual capacities scholastics conceded to art (manipulation of 
accidents, action through proximate natural causes, joining actives to passives) and using that 
residue to license the prosecution of witches — they did not abandon the alchemical scaffolding; 
they reorganized it. 

Newman's larger methodological contribution is that he shows the artificial-natural distinction is 
not philosophy floating free of practice but a load-bearing structure whose specific technical 
claims propagate through institutions. The history of metaphysics in this case tracks the history 
of craft. When alchemy's claims contracted in the late medieval period — when alchemists 
themselves began to denounce surface coloration as "sophistical" and the bar for genuine 
transmutation rose, partly through their own polemic — the entire downstream apparatus of 
demonological argument lost a piece of its scaffolding. The chapter is a model for how the 
volume's central thesis — that the polarity is mutually constructed by specific practices — might 
be applied beyond chemistry and into the social and institutional uses to which the polarity was 
put. 

Dennis Des Chene — Forms of Art in Jesuit 
Aristotelianism 

Des Chene's chapter maps a specific institutional formation: the late-scholastic Jesuit 
commentaries and cursūs of the sixteenth and seventeenth centuries, with the Coimbrans (the 
Jesuit faculty at Coimbra) as the principal case. His central claim is that Jesuit Aristotelianism 
systematically downgrades human art relative to nature on three converging registers, and that 
this downgrade in turn made it nearly impossible to argue from artifacts to the structure of 
nature in the way Bacon and Descartes wanted to do. The three registers are secondariness, 
superficiality, and subordination. 

Art is secondary because nature itself is already an art — a divine art, executed by nature as 
the agent of God's exemplary ideas. The Coimbra commentary is explicit: "as nature emulates 
divine art, so human art emulates nature, insofar as that can be done; for which reason divine 
art is said to be the exemplar of nature, and nature both the exemplum of a divine archetype 
and the exemplar of human art." Imitation is universal and recursive. The lifeless earth imitates 
animals in mountains and rivers; sublunary cycles imitate the heavens; the heavens imitate 
intelligent substances; intelligent substances imitate God. Human art enters this chain at the 
bottom, imitating nature's own imitation. The arts of depiction imitate visible natural objects 
directly; the arts of carpentry and tailoring imitate effects that would have preexisted if humans 



had been provided with claws or fur. In each case, art is doubly derivative: from natural forms, 
and through them from divine exemplars. 

Art is superficial because it cannot reach the substantial forms of things; it can only manipulate 
their figure — outward shape and surface qualities. The Jesuits' theological reasoning here is 
striking: God arranged it so that the species of nature should be distinguished for human senses 
by figure rather than by substantial form, because human understanding works through the 
senses. But this very arrangement means that art, working on figure, cannot affect substance. 
The painter manipulates color and shape; the sculptor manipulates contour; the carpenter joins 
parts. None of these alters the wood's wood-nature. Art is therefore subordinate — its products 
lack the innate activity of natural substances. A statue does not grow; a chair does not 
propagate. The active powers of nature are God's; the passive shaping of figure is humanity's. 

Three arts in the Jesuit imagination threatened this tidy hierarchy: automata, magic, and 
alchemy. Des Chene shows that the Jesuits dispatched the first two with relative ease. 
Automata, however ingenious, manipulate only outward figure and local motion; they have no 
substantial activity of their own. Magic, where not fraudulent, operates through demonic agency 
— itself bound by art and therefore equally limited. Alchemy alone, drawing on the same 
Aristotelian-Avicennan tradition Newman traces, was conceded as a possible site where art 
might genuinely affect substantial form. The Coimbrans hedge here, but the concession is real: 
alchemy is the one human art that might, in principle, perfect or transmute species in the way 
nature does. 

Descartes' move, as Des Chene reads it in the chapter's coda, is more radical than the Jesuit 
concession: he flattens the polarity from the other direction. Where the Jesuits diminished art 
relative to a richly endowed nature, Descartes strips nature down to extension and motion, 
eliminating substantial forms and the active powers that distinguished natural beings from 
artifacts. Once matter is just extension, there is no in-principle difference between what God's 
machine and what the human artisan can produce; the difference becomes one of finite versus 
indefinitely large numbers of parts. Descartes argues that if we had angelic intellects we could 
manufacture anything in nature, including a living human body, and that if we had grown up 
surrounded by animal-like machines we would have no reason to regard the animals of this 
world as anything other than machines too. The boundary between art and nature is displaced, 
not erased: art is now what we have actually made in accordance with our desires, and nature is 
what we have not — or what we have only potentially made. The Dioptrique exemplifies this 
displacement with a proposal for a tube of water affixed to the cornea, with its front surface 
shaped to match the corneal curvature, that would extend the eye and converge incoming light 
at greater distance from the retina, producing larger images. Vision would proceed, Descartes 
writes, "in the same manner as if Nature had made the eye longer than it is" — and the natural 
pupil would become not just useless but actively deleterious, blocking rays that the new 
arrangement could put to use. The cyborg is a Cartesian invention, and Des Chene closes by 
noting the deep echo with Erasistratus's pump-modeled heart from Von Staden's chapter. 



Where mechanism and physiology fuse, the polarity dissolves and the human body becomes 
available to be improved by addition. 

Thomas DaCosta Kaufmann — Arcimboldo and the 
Origins of Still Life 

Kaufmann's chapter recovers Giuseppe Arcimboldo (1526–1593) from his conventional 
placement at the apex of mannerist artifice and argues for his unrecognized role at the origin of 
the early modern still life. The chapter's framing comes from Gregorio Comanini's 
late-sixteenth-century treatise Il Figino, which contains poems on Arcimboldo's Flora and 
Vertumnus (the latter a disguised portrait of Emperor Rudolf II), as well as discussions of his 
composed heads and even of a color harpsichord he designed. Comanini lived in the same 
Milan house as Arcimboldo when the artist returned there in 1587, and the documentary 
connections between Arcimboldo and the Lombard literary circle of Comanini, Lomazzo, and 
others are unusually rich. 

The conventional reading places Arcimboldo within mannerism, treating his composed heads — 
faces made of fruits, vegetables, books, fish, animals, kitchen implements — as the height of 
artificial wit, "the portrait of eccentricity," in Maiorino's phrase. Kaufmann does not dispute this 
characterization but argues that it has occluded a different aspect of Arcimboldo's practice: his 
sustained engagement with nature studies. Before Arcimboldo composed his heads, he made 
careful drawings of individual animals, plants, and fish, often in collaboration with the Habsburg 
court's natural history program at Vienna and Prague. Many of these studies survive, and they 
display the same precision found in the work of Joris Hoefnagel, Daniel Fröschl, and other court 
nature illustrators. Arcimboldo's composed heads are not fantasies built from imagination but 
composites built from these meticulous studies — the artist had to know each fruit, fish, and bird 
precisely before he could compose them into faces. 

The chapter's central technical discovery — the recovery of which is one of Kaufmann's 
contributions to art history more broadly — is Arcimboldo's reversible paintings. These are 
works that, viewed right-side up, appear as composed heads, but when inverted 180 degrees, 
reveal still lifes. One such painting shows a head when upright and a bowl with vegetables when 
inverted; another, recently rediscovered and discussed in detail in the chapter, shows a head 
when upright and a basket of fruits when inverted. The provenance and material analysis (linden 
wood, Swedish provenance after the 1648 sack of Prague, features matching Vertumnus) firmly 
attribute it to Arcimboldo. A 1573 documentary reference describes another reversible head: a 
face of Doctor Zasius made of documents and dried flowers, which appeared as a flower vase 
when shown one way and a "ridiculous face" when reversed. The viewing instruction in the 
description — vaso shown in its essere, then voltato — suggests the still-life view was the 
primary one. 



Kaufmann's argument is that these reversible works place Arcimboldo not just at the height of 
mannerist artifice but at the origin of an emerging genre. The still life as an independent 
easel-painting genre was being invented in late-sixteenth-century Lombardy, by Ambrogio 
Figino, Fede Galizia, Vincenzo Campi, and culminating in Caravaggio's basket of fruit at the 
Ambrosiana. Arcimboldo's connections to this circle are documented: he knew Figino, was 
involved in acquiring Figino's and Galizia's works for Rudolf II's collection, and his reversible 
heads probably antedate the canonical early Lombard still lifes. The chapter's framing in terms 
of art and nature is then sharpened. Comanini and contemporary viewers explicitly described 
Arcimboldo as engaged in a paragone — a contest — with personified Nature. Where Nature 
could only assemble human bodies from human parts, Arcimboldo composed humans from 
plants, fish, and fruits; he had not merely matched Nature but surpassed her, doing what she 
could not. The very surface manipulation that Jesuit theology dismissed as superficial — the 
working in figure rather than in substantial form — becomes here the means of outdoing nature, 
producing very different compositions from the same pictorial elements. The reversible head is 
the technical climax of this surpassing: a single material arrangement that is, depending on 
viewing angle, two different things — neither of which Nature unaided could compose. 

Anthony Grafton — Renaissance Histories of Art and 
Nature 

Grafton's chapter situates Bacon's New Atlantis and Campanella's Civitas Solis within a richer 
tradition of Renaissance writing about human invention and its relation to nature than the 
standard "rise of modern science" narrative allows. His three principal sources are the Kunst- 
und Wunderkammer literature (especially Samuel Quiccheberg's 1565 plan for a "theater" of 
artificial and miraculous things), the histories of invention written by jurists like Guido Pancirolli 
and his commentator Heinrich Salmuth, and the writings on the visual arts and engineering by 
Leon Battista Alberti, with a final coda on the Renaissance magic tradition that ran from Heinrich 
Cornelius Agrippa through Gaspar Schott. Across all these sources, Grafton recovers a 
consistent fascination with the topos of art progressing beyond nature, but also documents the 
periodic insistence — especially among the jurists — that some arts have been lost since 
antiquity and that progress is therefore not unilinear. 

Quiccheberg's 1565 Theatrum amplissimum surveyed European princely collections and 
proposed a comprehensive scheme for displaying artificial and miraculous things together: 
pictures of rare animals and fish, skeletons, seeds, fruits, metals, precious stones, every kind of 
human craft from clothing to scalpels to weapons, plus maps, city views, paintings, and prints. 
The operative claim is that nature and art belong on a single shelf, mutually illustrative, mutually 
surpassing. Campanella's Solarians take the polemic further. They cover the rings of walls in the 
City of the Sun with painted images of every species and every art, and they require their 
highest official, the Sun himself, to have mastered all the mechanical arts and their histories. 
The Solarians are explicit about their reversal of European value: "we consider craftsmen 
ignoble and assign nobility to those who are ignorant of every craft and live in idleness," they 



say of the Europeans, with disgust. Their society admits no idle members, no beggars, no 
nobility — and a working knowledge of how arts have transformed nature is its civic foundation. 
Bacon's Salomon's House is the Anglo cousin of Campanella's vision: parks, orchards, "houses 
of deceits of the senses," and crucially "two very long and fair galleries," one containing patterns 
and samples of "all manner of the more rare and excellent Inventions," the other containing 
brass, marble, jasper, quartz, and cedar statues of inventors past and present. The galleries of 
invention are part of the institution's imaginative and material economy: they identify older 
inventors "by more certain tradition" than European Christendom managed, and they reward 
new inventors with statues and "liberal and honourable" prizes. The art-nature relation here is 
thoroughly historicized — invention has a history, that history can be archived, that archive can 
be a state institution, and the institution is the nucleus of utopia. 

Grafton emphasizes that this technological optimism is not the only Renaissance line. The jurist 
Guido Pancirolli wrote a sustained two-volume treatise on the memorable things of antiquity — 
arts the ancients possessed that the moderns have lost, balanced against modern inventions 
(Greek fire, the compass, gunpowder) that compensate for what was lost. Salmuth's 
commentary extends and updates the catalog. The art-history register here is cyclical and 
ambivalent rather than progressive, and it acknowledges the possibility that what Renaissance 
Europeans most prize might be only partial recompense for what they have forgotten. The third 
major node Grafton develops is Leon Battista Alberti, who appears in the volume in two 
registers. As a writer on the visual arts, Alberti claimed, in the famous passage on the painting 
of female beauty, that the artist could exceed the creative powers of nature by composing a 
perfect figure from selected parts that Nature could not herself assemble. As a writer on 
engineering, Alberti developed a similar rhetoric around feats like Brunelleschi's Florentine 
dome — a structure whose engineering surpassed what nature offered as model. This rhetoric 
of art-surpassing-nature, Grafton shows, then flows by an unexpected route into the revived 
discipline of Renaissance learned magic. Agrippa's De occulta philosophia and its heirs, 
including the Jesuit Gaspar Schott, claim that "mathematical magic" — the combination of 
geometry, mechanics, and natural philosophy — can surpass and even overpower nature 
through marvelous machines. The boundary between Bacon's experimental program and 
Schott's mathematical magic, Grafton suggests, is much thinner than later periodizations admit. 
The Wunderkammer, the histories of invention, the engineering rhetoric, and the magical 
tradition together constitute a single early modern formation in which art's progress past nature 
was the central topos, and in which the concrete materiality of artifacts — held in cabinets, 
named in inventories, reified in statues — was inseparable from the philosophical claim. 

Horst Bredekamp — Leibniz's Theater of Nature and Art 

Bredekamp's contribution recovers Leibniz the museologist — a figure largely invisible in the 
mathematical and philosophical reception. Leibniz spent his life visiting Kunst- und 
Wunderkammern: as a youth in Leipzig, as a student in Jena (where Erhard Weigel's collection 
counted as one of the city's seven wonders), and through Strasbourg, Paris, London, 



Braunschweig, Kassel, Frankfurt, Nuremberg, the Italian collections of Magliabecchi in Florence, 
Cospi in Bologna (which had absorbed Aldrovandi's), Imperato in Naples, Kircher in Rome, the 
giant globe at Gottorp, and finally Franke's cabinet of natural wonders at Halle in his last year of 
life. The chapter establishes that Leibniz was not merely an enthusiast but a theorist of 
collecting, who drew specific institutional consequences from his museum experience. 

In 1680 Leibniz proposed that natural objects from the Harz mountains be collected 
systematically, on the grounds that nature had been "the artist shaping this central German 
mountain range," and that the Harz was "simply a wonderful stage on which nature struggles 
with art to gain the upper hand." This is a mannerist paragone updated for Enlightenment 
institution-building: the natural landscape becomes an outdoor extension of the Kunstkammer, 
and the productive struggle between nature and art becomes the idée fixe organizing his 
proposals for academies, libraries, and research institutions. From 1671 onward, in the first plan 
for a Society of Scholars modeled on the academies of London and Paris, Leibniz proposed a 
Theatrum naturae et artis — a complex of museums of art, curiosities, and anatomy — to 
accompany the library. The same idea recurs in his petitions to Frederick I for the Berlin 
Academy, in his proposals to the Saxon elector and the Vienna academy, and in 
correspondence stretching from 1697 to 1716. The Theatrum is consistently bipolar: it must 
contain both natural and artificial objects, displayed together, and its institutional function is to 
embody the productive conflict between them. 

The second institution Leibniz proposed, less well known, is the Atlas Universalis — a pictorial 
encyclopedia organized around systematically collected images. The Atlas would render 
knowledge in visual form, on the explicit Leibnizian premise that the human mind grasps 
through the senses and that pictures imprint themselves more forcefully than words. In 1679 
Leibniz wrote that the Atlas Universalis would "submit to the human brain easily and with 
pleasure a great magnitude of tabulae, figures, and well-executed and illuminated drawings and 
outlines, so that everything can be captured by the eye and designed on paper, thus to be 
pre-shaped to the spirit and imprinted more forcefully on the mind as if at one gaze all the more 
rapidly and pleasantly and almost playfully and without the use of words." The Atlas drew on the 
great art-technological utopias around 1600 — the painted concentric walls of Campanella's 
Citta del Sole, the painted "Exhibition House of Nature" in Andreae's Christianopolis — and on 
the Hobbesian theory of vision as atomistic bombardment, whereby light-filled appearances 
directly impress themselves on the mind. 

Bredekamp's most pointed observation is the philosophical incongruity. Leibniz's monadology 
insists that monads have no windows — that they cannot be the objects of impressions from 
outside. But the Theatrum naturae et artis and the Atlas Universalis are designed precisely to 
imprint knowledge on the mind through haptic and visual stimulation. The whole museological 
program presupposes a theory of cognition incompatible with the windowless monads of the 
Monadology. Bredekamp suggests, persuasively, that the museological writings are not a 
peripheral curiosity in the Leibnizian corpus but a different and parallel theory of knowledge that 
Leibniz could not fully reconcile with his metaphysics — and that recovering them changes the 



frame of his philosophy. The chapter's contribution to the volume is the recognition that the 
polarity between nature and art does institutional work — it organizes academies, libraries, 
museums, and pictorial atlases — and that Leibniz the museologist anticipates a contemporary 
culture caught between abstract algorithm and concrete image. The bipolar Leibniz, in love with 
both calculus and Atlas, prefigures our own oscillation between mathematics and visualization. 

Alan Gabbey — Spinoza on the Natural and the Artificial 

Gabbey's Spinoza is the volume's most metaphysically pointed case, because Spinoza's 
monism abolishes the distinction between art and nature in principle while requiring it in 
practice. The metaphysical position is unambiguous. Deus sive Natura — God or Nature — is 
infinite Substance with an infinity of attributes, of which we know two: Thought and Extension. 
Everything that is, is a mode of one or the other. The traditional opposition between art and 
nature presupposed that artifacts proceed from human free will, and that human will is (or might 
be) a free cause distinct from natural necessity. Spinoza systematically demolishes this 
presupposition. Will is a mode of Thought, just as motion is a mode of Extension; "will cannot be 
called a free cause, but only a necessary one," because no volition can exist or determine an 
effect "unless determined by another cause, and this cause determined in turn by another, and 
so on to infinity." This holds for finite minds and for infinite intellect alike. Spinoza's God has no 
liberum arbitrium; neither does Spinozan Nature; neither do human beings, each of whom is a 
part of Nature or, equivalently, a part of God. The Ethics I, Prop. 29 is decisive: "by the nature of 
things there is nothing contingent, but all things have been determined from the necessity of the 
divine nature to exist and produce effects in a certain way." Prop. 33 follows: "Things could not 
have been produced by God in any way or in any order other than those in which they were 
produced." Artifacts are no more contingent than natural objects; both are necessary effects of 
causal chains. The traditional art-nature distinction, dependent as it was on the contingency of 
artifacts under free human will, simply collapses. 

Yet Spinoza himself worked, daily, as a lens grinder. His tools and products were artifacts. He 
wrote substantial political philosophy in which states and kingdoms are artificial constructions — 
products of civic agreement, not of natural necessity in the everyday sense. As Gabbey puts it 
dryly: "lenses and lathes do not grow on trees, nor do states and kingdoms come about through 
laissez aller among humans in a state of nature." The same Spinoza who proves in the Ethics 
that artifacts are necessary effects also writes about lenses and political institutions in the 
everyday language of an ordinary citizen — language that presupposes artifice and contingency. 

Gabbey's careful textual work — relying on Boscherini's Lexicon Spinozanum — shows that 
Spinoza maintains a dual register. In metaphysical contexts, the distinction between nature and 
art is dissolved; everything is the necessary unfolding of substance under its attributes. In 
practical, political, and craft contexts, the distinction is operational; lenses are made, 
governments are constituted, free agreements among citizens generate institutions that did not 
exist before. Gabbey's reading is that Spinoza never reconciles the two registers because they 
answer different questions. The metaphysical question — what is the structure of being? — 



does not require the art-nature distinction. The practical questions — how do I grind a lens? 
what makes a stable polity? — do require it, because human action is impossible without 
distinguishing what we have done from what we have not. 

The chapter's contribution to the volume is precisely this finding. The art-nature polarity is not, 
primarily, a metaphysical claim that can be argued for or against. It is a condition of human 
action, a structure embedded in the grammar of practice, that survives even the most 
sophisticated metaphysical demolition. Spinoza is the volume's best evidence for the editors' 
thesis that the distinction is culturally indispensable even when philosophically dissolved — and 
the cleanest case of the productive contradiction between metaphysical monism and practical 
dualism that, on Gabbey's reading, runs through human thought wherever it engages both 
ontology and craft. 

Jessica Riskin — Eighteenth-Century Wetware 

Riskin's chapter, the most influential single contribution to the volume in the years since 
publication, refuses the claim that artificial life expresses a "timeless" or "perennial" human 
impulse — an impulse Gaby Wood and others have traced from Hellenistic automata through 
Vaucanson and the Jaquet-Droz family to MIT's robotics laboratory, treating the entire arc as a 
single Freudian "Uncanny." Riskin argues instead that the project of artificial life transforms 
foundationally from each generation to the next, and that the second half of the eighteenth 
century constitutes a sui generis moment whose specific philosophical configuration has nothing 
to do with timeless impulses and everything to do with a particular material-mechanist 
framework. 

The framework was constructed by repudiating Descartes' dualism. Materialists like La Mettrie 
insisted that the functions traditionally ascribed to mind and soul reside in the stuff of which 
living creatures are made. Mechanists insisted that the interaction among bodily parts — animal 
machinery — was directly responsible for all vital and mental processes. The reciprocal of 
mechanizing life is the animation of mechanism. La Mettrie's L'Homme-machine does as much 
to vivify machinery as to mechanize the human; the body machines of the materialists sense, 
feel, become eroticized. La Mettrie writes: "If what thinks in my brain is not a part of that vital 
organ, and consequently of the whole body, why does my blood heat up when I am lying 
tranquilly in bed thinking? . . . Why does the fever of my mind pass into my veins?" By the 
second half of the eighteenth century, the term sensibility enters materialist physiology as a vital 
property inherent in organic substance, and mechanism enlarges its primitive vocabulary 
beyond Descartes' size, shape, motion, number, and solidity to include responsiveness, 
plasticity, and felt quality. 

The automata of this period — Riskin's "wetware" — are testbeds of this enlarged mechanism. 
Maillard's 1733 swan, presented to the Paris Academy with paddle-wheels and a head swept by 
gears, represents a swan: it is a static notation of swan-motion. Vaucanson's Flute-player of 
1738 is something different: he requires three sets of bellows for breath at three different 



pressures, lips that flex in four directions, a supple tongue, and fingers covered in soft leather — 
physiological specifications, not representational ones. He plays the flute by blowing into it, not 
by carrying a music box on his shoulders. The Jaquet-Droz family's writers, draughtsmen, and 
musicians from the 1770s extend the same logic to writing, drawing, and playing. The most 
notorious case, Vaucanson's 1738 defecating Duck, claimed to digest swallowed grain in a 
"Chymical Elaboratory" in its stomach and excrete the altered residue. Riskin observes — fairly 
— that the digestion was fraudulent (the grain was caught in a reservoir at the throat; the rear 
was pre-loaded), but argues that the choice of subject tells us what was at stake. Why a 
defecating duck? Because defecation epitomizes "messy, organic, animal nature," the antithesis 
of the artistic and the polished. Riskin pairs the duck with Swift's "The Lady's Dressing Room," 
whose protagonist Strephon has his epiphany — "O Celia, Celia, Celia shits" — when he 
discovers his beloved's chamber pot. The defecating duck is the materialist mechanist's 
chamber pot: the most natural of products, brought inside the artifact. 

Speech machines extend the logic. Where John Wilkins in 1648 had imagined a synthetic 
speech device — a statue producing language from inarticulate sounds catalogued by analogy 
("the trembling of water like the letter L, the quenching of hot things to the letter Z") — 
eighteenth-century designers assumed that artificial speech required a simulated speaking 
organ: glottis, vocal tract, tongue, lips, all built in pliable materials. Through much of the century, 
skeptics like Dodart, Fontenelle, the abbé Desfontaines, and Court de Gébelin insisted that the 
human larynx and vocal apparatus were "inimitable by art" because nature had used materials 
and mechanisms outside human reach. The question whether speech could be simulated was, 
in this configuration, a question whether mechanism itself could be enlarged enough to capture 
organic softness. 

Riskin closes with the historical reflection that the second half of the eighteenth century and the 
second half of the twentieth century are both periods of simulation, and for the same structural 
reason. In both, the meaning of machine is unsettled; in both, simulating life is the way to make 
progress on understanding both life and machinery. The Industrial Revolution stabilized 
mechanism around the rigid factory and the determinate engine, fixing the terms life and 
mechanism for a century and rendering the simulation gambit uninteresting. The Information 
Revolution destabilized mechanism again, introducing a kind of machinery — the computer — 
whose nature was no better established than that of life, and the simulation strategy returned. 
Modern roboticists building machines that see, hear, and feel are doing what Vaucanson did, for 
the same reason: their understanding of machinery and of life are mutually unsettled, and they 
must build animal-machines in order to make progress on either. The implication for the 
volume's theme is sharp: the artificial-natural polarity is most generative not when its terms are 
stable and patrolled but when both terms are under construction and the simulation operates 
bidirectionally. 

John Hedley Brooke — Overtaking Nature? 
Nineteenth-Century Organic Chemistry 



Brooke's chapter takes apart the textbook narrative of Friedrich Wöhler's 1828 in vitro synthesis 
of urea — long retold as the moment vitalism died and chemistry conquered the organic — and 
shows that it is wrong on every register. The first complication is factual: Wöhler's synthesis 
began from cyanates ultimately obtained from hooves, horns, and desiccated blood. It was 
therefore not a synthesis from inorganic elements; it was a transformation of one organic 
substance into another. McKie pointed this out in 1944, but the textbook narrative survived. 
Wöhler himself was uncertain. In his letter to Berzelius reporting the result, he volunteered the 
very objection that "a Naturphilosophe might say": namely, that cyanate production "ultimately 
requires an organic substance" and that the organic part had not in fact disappeared. Wöhler's 
hedge concedes that the synthesis was incomplete in the sense that mattered for the question 
of vital force. 

The second complication is philosophical. Even granting that urea had been produced artificially, 
the process did not match nature's. Ralph Cudworth had stipulated that for art to genuinely 
match nature it would have to simulate the silent, immanent operations of the plastick principle 
— the vital agent working from within, "vitally and magically," without "a great deal of tumult and 
hurlyburly, noise and clatter." Wöhler's high temperatures and concentrated acids were the very 
opposite. As late as 1844, Jean-Baptiste Dumas could insist that plants formed neutral 
nonnitrogenous matter directly from carbon, water, and the four elements — a process the 
chemist could not match — so the comparison with what the chemist could do "with those 
elements alone" remained, in his judgment, "unflattering to the chemist." Liebig himself, despite 
using urea synthesis as ammunition against vitalists, retained the term "vital force" and 
concluded only that the vital force "shares" many properties with chemical forces. Wöhler did not 
destroy vitalism; he made vitalism more careful. 

The third complication is disciplinary. Brooke's most surprising finding is that the success of 
organic synthesis, by producing carbon-based compounds increasingly remote from anything 
found in nature (Berthelot's "synthesis of compounds not even known to nature," by the 1860s), 
began to erase the disciplinary distinction between organic and inorganic chemistry. Organic 
chemistry had been founded, in the early decades of the nineteenth century, on the proposition 
that there were two essentially different kinds of matter — animate and inanimate, organic and 
mineral — corresponding to two essentially different chemistries. The increasing reach of 
synthesis dissolved this premise. By 1850, organic chemistry was redefining itself as the 
chemistry of carbon compounds, regardless of provenance. The discipline retained its name but 
lost its founding ontological warrant. Brooke's paradox, then: in the very process of expanding 
its scope by matching and exceeding nature, organic chemistry lost its identity through 
assimilation to what had been the rival, inorganic chemistry. The chapter shows that the cultural 
meaning of the synthesis-against-nature trope is more complex than triumphalism allows, and 
that the most consequential effect of nineteenth-century synthetic ambition was not the killing of 
vital force but the destabilization of chemistry itself as a unified science. Avicenna's old objection 
— that one cannot transmute species without first knowing the species-determining 
characteristics — returns in modern dress: the synthetic chemist, having transmuted 
increasingly far from natural products, finds that the very category of natural product has lost its 



conceptual boundary, and the discipline that prided itself on matching nature cannot be 
confident what nature is any longer. 

Bernadette Bensaude-Vincent — From Plastics to 
Biomimetics 

Bensaude-Vincent's closing substantive chapter is the most contemporary, and the volume's 
most explicit demonstration that the polarity is rebuilt repeatedly, regime by regime, by specific 
technological strategies. She analyzes three regimes of synthesis — synthetic polymers, 
computational and combinatorial chemistry, and biomimetics — and shows that each generates 
its own ontology of nature and its own definition of art. 

The plastics era runs from Leo Baekeland's 1907 patent for Bakelite through the postwar 
plastics boom. The journalist John Kimberly Mumford's 1924 Story of Bakelite situated the new 
material within a cosmogony: from the dawn of the world, nature had stored up the wastes of 
dead creatures from which chemists would later derive wonderstuffs. Bakelite's "thousand uses" 
became its "protean adaptability" — a positive attribute, not a defect. The marketing of synthetic 
polymers in interwar America made two arguments. First, democratization: chemistry was a 
cornucopia of cheap products within everyone's reach, "one plastic a day keeps depression 
away." Second, resource conservation: chemical substitutes spared natural stocks of wood, 
iron, copper, rubber, petroleum, releasing them for other uses. The DuPont nylon campaign of 
the 1930s broke decisively with the substitute-for-silk image: the term "nylon" was chosen 
specifically to avoid all connotation of imitation. Promoters then pushed further, claiming the 
superiority of synthetics on two grounds: uniform composition (synthetics offer reproducible 
properties; natural products are always variable and impure) and infinite plasticity (synthetics 
can be molded into any form, where natural materials carry rigid form-function constraints). 
Plasticity, once a defect, became midcentury's positive attribute. By the 1950s, with 
thermoplastic polymers replacing thermosetting ones, plastics signified disposability and 
transformation; Roland Barthes wrote of plastics as "a wonderful molecule indefinitely 
changing," and Baudrillard located in plastics the paradox of consumer society — fragility 
replacing rarity as the dimension of absence. The aesthetic of vinyl, Formica, and pneumatic 
architecture treated artificiality as a positive value. In the plastics regime, nature is a finite 
stockpile; art is a productive supersession; the polarity is asymmetric and triumphalist. 

The computational and combinatorial era, beginning in the 1970s with Cyrus Levinthal's 
molecular graphics at MIT and accelerating through the 1990s with combinatorial libraries, 
inverts the structure. Computational chemistry models molecular structure on the computer to 
predict properties before synthesis: "Now you can find out how well a new compound works 
before it does," in one advertising slogan. Combinatorial chemistry generates vast molecular 
libraries by reacting starting materials in all possible combinations, then screens the products 
against protein targets using "evolutionary algorithms." K. Eric Drexler's nanotechnology rhetoric 
of the 1980s — atoms as "universal assemblers" assembled by engineers into "engines of 



creation" — represents the computational extreme of this regime: artifacts produced from 
nothing by computation. But combinatorial chemistry represents its opposite extreme: artifacts 
produced without intentional design, through random combination and selection. Pierre Laszlo's 
denunciation registered the conceptual scandal — combinatorial chemistry as "moronic 
travesty" of scientific research, a "perversion" whose only goal is "the proliferation of chemicals." 
Bensaude-Vincent's diagnostic move is to recognize that combinatorial chemistry mimics natural 
selection's blindness. The chemist becomes the monkey at the typewriter, hoping a verse of the 
Iliad emerges; the working hypothesis is that the right molecule is somewhere in a library of 
billions, retrievable through algorithmic selection rather than rational design. Art loses its 
traditional attribute of intentionality. The Bergsonian view of life as spontaneous, aimless, and 
undirected becomes the model for a synthetic methodology. The boundary between art and 
nature blurs not because art has improved but because art has abandoned its design pretension 
and adopted nature's stupidity. Bensaude-Vincent notes the irony: the boundary is then restored 
by patent law, which classifies rationally designed molecules as inventions (hence patentable) 
regardless of how unintentional their generation actually was. Legal categories outlive 
ontological ones. 

The biomimetics regime of the past two decades inverts the polarity yet again, and produces 
what Bensaude-Vincent treats as the volume's most contemporary case. The journals fill with 
images of nacre, abalone shell, spider silk, gecko adhesion, lotus surfaces, butterfly 
iridescence, sea-urchin shells, cuttlefish camouflage, hedgehog spines, single-cell 
coccolithophore mineralization. The framing is no longer plastic-era Promethean nor 
combinatorial-era blind; it is humbled engineering. Stephen Mann writes: "We can be 
encouraged by the knowledge that a set of solutions have been worked out in the biological 
domain. The challenge then is to elucidate these biological strategies, test them in vitro, and to 
apply them with suitable modification, to relevant fields of academic and technological inquiry." 
Steven Boxer's compact formulation: "We've decided that since we can't beat them, we should 
join them." Spider silk genes are inserted into goat mammary glands; ceramic-metal composites 
are restructured to imitate the layered architecture of abalone nacre; antireflection surfaces for 
industrial cathodes copy the hexagonal structure of moth eyes. Julian Vincent argues that we 
should treat life as "one technology among others" and that biomimesis is best understood as 
technology transfer — TRIZ extended to include the four billion years of natural R&D. 

Bensaude-Vincent's two critical observations are sharp. First, biomimetics is not a humble return 
to nature but its technicization. The proximity between art and nature in biomimetics is not 
achieved by naturalizing engineering; it is achieved by treating biology as engineering already. 
The living cell becomes a factory of nanomachines, evolution becomes a long-running 
optimization problem, the spider becomes a four-billion-year R&D operation. The category 
"natural" survives only by being redescribed as a special case of the technical. Second, the 
assumption that nature is teleological — that it optimizes functions for survival under cost 
constraints, with money and energy directly equatable, as Vincent puts it — recapitulates the 
Panglossian fallacy that Gould and Lewontin denounced in evolutionary biology. Treating natural 
selection as a smart engineer rather than a blind, locally adaptive, history-bound process 



imports a design intuition that does not survive scrutiny. Biomimetic rhetoric, in its enthusiasm to 
enlist nature as a teacher, smuggles in an intelligent-design framework. The chapter's broader 
contribution is the demonstration that across plastics, computational/combinatorial, and 
biomimetic regimes, neither the meaning of nature nor the meaning of art remains stable. Each 
material strategy produces its own polarity, and the polarity does its work — economic, legal, 
epistemic, aesthetic — under each strategy in different ways. The dance, in Hoffmann's image, 
never repeats the same step. 

Roald Hoffmann — Concluding Comments 

Hoffmann's coda speaks from the working chemist's vantage. He grants the volume's central 
thesis without difficulty: from inside chemistry, the deep distinction between natural and artificial 
does not survive examination. Half the nitrogen and sulfur atoms in human bodies have passed 
through a Haber-Bosch ammonia plant or a sulfuric acid factory before reaching the wheat that 
became the bagel of breakfast. His chemical colleagues welcome the dissolution because it 
dissolves the cultural premium on the "natural" that they regard as marketing rather than 
substance. He notes the contemporary chemical practices — natural enzymes used to make 
unnatural molecules, novel amino acids inserted via engineered genetic code, hexose-based 
DNA, accelerated laboratory evolution — that are themselves driven, conscious subversions of 
the categories. Cleverness in this molecular dance is choreographed not only in mimicking 
nature but in improving on it, and Hoffmann hears in this the ancient alchemist's ambition 
replayed. 

Hoffmann's important move is to reintroduce the distinction at a different register. The very 
magnitude of human transformative capability creates an ecological situation in which we must 
distinguish what was there before from what we have done — not for metaphysical reasons but 
for practical ones. The Amazon basin has been settled for thousands of years; the pristine 
landscape is a fiction; but the absence of a metaphysical baseline does not exempt us from the 
ethical question of what to preserve. The art-nature polarity returns as a political and ethical 
polarity rather than an ontological one: not a claim about substances, but a claim about 
responsibility for what we change. Hoffmann's closing prescription is precise. Every act of 
creation or transformation should be paired with an act of ethical judgment about its value to 
humans, other species, and the planet. He calls this a "human brake on our runaway, most 
human creativity," and immediately notes — in the volume's most concise theoretical formulation 
— that the brake is itself an intervention, "natural in its own way." The phrasing collapses the 
polarity even as it invokes it: ethical judgment is an act of culture, but it is also part of the human 
nature that makes culture, and the act of restraining what we make is no less natural than the 
act of making it. The dance continues — at Delphi, at Cape Canaveral, in the laboratory where 
transgenic mammals carry spider-silk genes — and what changes from generation to 
generation is not the existence of the polarity but the specific work it does, the institutions it 
organizes, the practices it makes possible, and the responsibilities it imposes. 
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Gilbert Simondon and the Philosophy 
of Technical Individuation: From 
Ontogenesis to Artificial Intelligence 

Disclaimer: The following analysis delves into systems engineering, artificial intelligence 
architecture, and infrastructural modeling. This content is provided for informational and 
philosophical exploration only and does not constitute professional engineering, algorithmic 
compliance, or safety-critical technical advice. 

The French philosopher Gilbert Simondon (1924–1989) occupies a unique and increasingly 
pivotal position in the history of twentieth-century thought [cite: 1, 2, 3]. Long marginalized 
during his lifetime and primarily known only to a specialized cohort of cyberneticists and 
philosophers of technology, his work has experienced a profound renaissance over the past two 
decades. Simondon was an encyclopedic thinker who sought to weave together physics, 
biology, ethology, psychology, and philosophy into a cohesive framework [cite: 2, 4, 5]. At the 
heart of his intellectual project are two monumental 1958 doctoral theses: L’Individuation à la 
lumière des notions de forme et d’information (Individuation in Light of Notions of Form and 
Information) and Du mode d’existence des objets techniques (On the Mode of Existence of 
Technical Objects) [cite: 2, 6, 7, 8]. Together, these texts articulate a radical process ontology 
that dismantling traditional metaphysical categories in favor of dynamic relationality. 

Simondon’s thought addresses the fundamental disconnect between human culture and 
technical reality. He observed that society vacillates between primitive xenophobia toward 
machines and a misguided, utopian belief in absolute technological automation [cite: 8]. To 
bridge this gap, he developed a robust vocabulary—encompassing terms such as transduction, 
metastability, concretization, and the transindividual—to articulate how beings and technical 
objects come into existence and evolve. Today, as contemporary society grapples with the 
pervasive influence of planetary-scale computation, platform infrastructures, and the opaque 
operations of algorithmic artificial intelligence, Simondon’s philosophy provides an indispensable 
critical apparatus. By framing technology not as a mere instrument of human will, nor as an 
autonomous alien force, but as an ongoing relational process of individuation, his work offers a 
profound diagnostic tool for the digital age. 

Executive Summary 
To encapsulate the vast scope of Simondon’s philosophical project, the following foundational 
points address the core mechanics of his ontology and its contemporary implications: 

●​ Ontological Shift & Hylomorphism Critique: Research suggests that Gilbert 
Simondon’s philosophy radically displaces traditional substantialist and hylomorphic 
metaphysics (which falsely separate active form from passive matter), proposing instead 
an ontology of ontogenesis, wherein the focus shifts from the static individual to the 
ongoing process of individuation. 



●​ Abstract to Concrete Trajectory: It appears likely that technical objects evolve through a 
process of “concretization,” moving from abstract, loosely assembled components to 
highly integrated, overdetermined systems that resonate with their environments. 

●​ Transduction and Metastability: Simondon’s framework relies heavily on thermodynamic 
concepts, positing that individuation occurs within “metastable” systems charged with 
potential energy, propagating through an operation known as “transduction.” 

●​ The Milieu Associé: Evidence indicates that advanced technical objects are not isolated 
entities but co-evolve with an “associated milieu” that is simultaneously technical and 
geographical, forming a symbiotic loop of self-conditioning. 

●​ Cultural Integration & Human-Machine Ensemble: Simondon argues forcefully against 
the pervasive “robot myth” and technophobia, asserting that human alienation stems from 
a lack of technical culture and the failure to recognize the human reality embedded within 
machines. 

●​ Philosophical Legacy & Reception: The work of Simondon has fundamentally shaped 
contemporary continental philosophy, most notably through Gilles Deleuze’s theories of 
difference and modulation, and Bernard Stiegler’s pharmacological critique of 
mnemotechnics [cite: 3]. 

●​ Contemporary Relevance (AI & Platforms): In the era of digital platforms and deep 
learning, Simondonian concepts offer a vital framework for analyzing artificial intelligence 
not as an anthropomorphic oracle, but as a transductive, recursive process operating 
within vast data milieus. 

The Ontology of Individuation: Beyond 
Substantialism and Hylomorphism 

At the foundation of Simondon’s entire intellectual edifice is a sweeping critique of Western 
philosophy’s traditional approaches to existence. Historically, philosophy has relied on two 
dominant paradigms to explain how beings come into existence: substantialism (the belief in an 
inherent, indivisible essence or core) and hylomorphism (the doctrine that beings are formed by 
the imposition of a form upon passive matter) [cite: 9]. Simondon rejects both. He argues that 
these traditional frameworks commit a fundamental epistemological error by beginning their 
inquiry with the already constituted individual, attempting to deduce the process of creation from 
the final product [cite: 10]. In doing so, they treat the individual as an absolute starting point and 
reduce the rich, dynamic process of becoming to a mere transitional phase. 

The Critique of Hylomorphism 
The hylomorphic schema, famously established by Aristotle, suggests that an individual entity 
emerges when an active, conceptual form (morphe) is imposed upon passive, inert matter (hyle) 
[cite: 10]. This model has proven immensely powerful and persistent, echoing through Kantian 
epistemology, biological genetics, and cultural anthropology [cite: 11]. 

However, Simondon asserts that hylomorphism is fundamentally an abstraction born of a social 
division of labor. It represents the viewpoint of a master commanding slave labor, or an observer 
standing entirely outside the workshop, taking into consideration only the raw materials that go 
in and the finished product that comes out [cite: 11, 12]. To illustrate this, Simondon frequently 



turns to the technical operation of brickmaking or clay molding [cite: 10, 11]. 

In the traditional hylomorphic view, the form of the brick is projected by the artisan’s mind and 
forced onto the undifferentiated mass of clay. Simondon’s technical and materialist analysis 
reveals a vastly more complex reality. The clay is never purely passive; it possesses “implicit 
forms” and specific potentialities—such as its colloidal structure, its capacity for deformation, 
and its moisture content—which grant it a moldable structure [cite: 11, 13]. Furthermore, the 
mold itself is not purely abstract form; it is highly material, possessing its own physical 
constraints and textures [cite: 11]. 

Therefore, the creation of the brick is not the imposition of a transcendent form onto dead 
matter, but rather an operation of continuous communication and energetic exchange between 
the material mold and the implicit forms of the clay [cite: 11]. Simondon refers to this as an 
“allagmatic” scheme—from the Greek allagma, meaning change or exchange [cite: 14]. The true 
center of the technical operation is the active, relational encounter where potential energy is 
actualized. 

The Pre-Individual and Ontogenesis 
By dismantling hylomorphism, Simondon opens the door to a new ontology, which he prefers to 
call ontogenesis—the science of becoming [cite: 6, 10]. To understand the individual, one must 
not look at the boundaries of the constituted object, but rather at the process of individuation 
that brought it forth. 

Crucially, Simondon introduces the concept of the pre-individual. Original being is never 
singular, stable, or unified. Identity and unity only apply to one specific phase of being, posterior 
to the operation of individuation [cite: 15]. The pre-individual state is a rich, dynamic field fraught 
with tensions, disparities, and incompatible potentials [cite: 15, 16, 17]. Individuation is the 
process by which this pre-individual tension resolves itself, though it never does so completely. 
Every individual retains a “residue” or reserve of pre-individual reality, which allows for future 
phases of individuation, growth, and transformation [cite: 17]. Thus, ontology is based not on 
static identity, but on the differential relations that force a being to move from one phase to 
another [cite: 6]. 

Transduction and Metastability: The Mechanics of 
Becoming 

To articulate exactly how a pre-individual field resolves into an individual, Simondon adopts and 
radically expands two concepts derived from thermodynamics and physics: metastability and 
transduction [cite: 18, 19]. In doing so, he establishes a framework that operates across multiple 
domains, from the physical and biological to the psychical and collective [cite: 4]. 

Metastability and Potential Energy 
Simondon recognized that classical philosophy lacked the conceptual tools to think about 
systems that are neither perfectly stable nor completely unstable. He thus imported the concept 



of metastability from thermodynamics [cite: 18, 19]. A system in stable equilibrium has 
exhausted its potential energy; it has reached the lowest level of potential and the highest level 
of entropy, rendering it dead and incapable of further transformation [cite: 19, 20]. An unstable 
system, conversely, is chaotic and cannot hold a form. 

A metastable system, however, is far from equilibrium. It is a system charged with a high 
magnitude of potential energy that harbors a certain internal incompatibility or tension [cite: 19, 
21]. Simondon frequently uses the physical paradigm of a supersaturated chemical solution to 
illustrate this [cite: 15, 20]. In a supersaturated solution, the liquid is highly volatile, brimming 
with dissolved particles that are unable to crystallize because they lack a structural anchor. The 
system is paused in a state of high energetic potential—it is metastable [cite: 15, 22]. 

When a structural “seed” (such as a speck of dust or a tiny crystal) is introduced into this 
metastable milieu, it provides a singularity. This triggers an immediate phase shift. The latent 
potential energy is actualized, and a crystal structure rapidly forms and propagates outward 
[cite: 15, 19]. For Simondon, this physical phase shift is the paradigm for all individuation. The 
coming-about of any entity equals the appearance of a metastable phase of being that 
constitutes a new order of magnitude, resolving the tension between previously incompatible 
scales (such as the microscopic and the macroscopic) [cite: 19]. 



 
Figure 1 

The Transductive Operation 
If metastability describes the state of the pre-individual field, transduction describes the 
operative mechanism of individuation itself [cite: 22]. Simondon defines transduction as a 
physical, biological, mental, or social operation by which an activity propagates from one 
element to the next, with each newly constituted region of the structure serving as the 
organizing principle for the next [cite: 15, 23]. 

Returning to the crystal analogy, the formation of the crystal does not happen all at once. The 



first layer of crystallization serves as the template and structuring base for the second layer, 
which serves as the template for the third, propagating outward through the metastable domain 
[cite: 23]. 

Transduction stands in direct opposition to logical deduction or Hegelian dialectics. Where the 
Hegelian dialectic relies on contradiction and negation to drive history forward, Simondonian 
transduction relies on disparity and resonance [cite: 22, 24]. It is a process of “internal 
resonance” where disparate realities are brought into communication, generating a new 
dimension or phase of being that resolves the initial tension [cite: 15, 25]. This transductive logic 
forms the epistemological foundation for Simondon’s approach to technology, as it allows him to 
trace how technical forms emerge and propagate across different historical and material milieus. 

Du mode d’existence des objets techniques: The 
Genesis of Technicity 

Having established a robust ontology of individuation, Simondon applied these concepts directly 
to the realm of human invention in his 1958 complementary thesis, Du mode d’existence des 
objets techniques (On the Mode of Existence of Technical Objects). At the time of its publication, 
the discourse surrounding technology was largely divided into two reductionist camps. On one 
side was an instrumentalist view that saw machines merely as utilitarian tools to be manipulated 
by humans. On the other was an apocalyptic, technophobic view that feared the increasing 
autonomy of machines as a threat to human essence—a sentiment exacerbated by the rise of 
cybernetics and early computing [cite: 26]. 

Simondon’s goal was to introduce an adequate knowledge of technical objects into culture, 
arguing that the opposition between human and machine is a false dichotomy born of ignorance 
and resentment [cite: 8, 27, 28]. To do this, he proposed studying the technical object not as a 
fixed, artificial entity, but as a being undergoing a specific genesis. 

The Abstract-to-Concrete Trajectory 
Simondon postulates that technical objects evolve through a definitive trajectory of 
concretization, moving from an abstract mode to a concrete mode [cite: 27, 29]. This evolution 
is not driven primarily by market forces, economic capitalism, or even social utility, but by an 
internal technical necessity to resolve operational incompatibilities [cite: 29]. The initial 
pre-individual stage constitutes the phase of design and invention prior to actualization [cite: 30]. 

1. The Abstract Technical Object In its primitive, “abstract” phase, a technical object is 
essentially a collection of isolated elements brought together to fulfill a specific human goal [cite: 
27, 29]. Each component is designed separately to perform a single, dedicated function. 
Because these parts are logically independent, their physical proximity within the machine often 
creates interference—such as unwanted friction, vibration, or excess heat. The abstract object 
lacks internal cohesion and requires constant human intervention to maintain its functioning, 
acting more as a fragile laboratory prototype than an integrated entity [cite: 8, 29]. 

2. The Concrete Technical Object Through successive phases of technical evolution, 



inventors work to eliminate the destructive interferences of the abstract machine. However, 
instead of simply adding more parts to isolate the functions (which would only increase 
complexity and the likelihood of failure), true technical progress involves integrating these 
functions. In the “concrete” technical object, elements become pluri-functional and 
“overdetermined” [cite: 27]. A single structural component begins to fulfill multiple roles 
simultaneously. 

Simondon argues that as a technical object becomes more concrete, it sheds its artificiality and 
approaches the mode of existence of a natural, living being [cite: 31, 32]. In a concrete machine, 
every part exists not only as an isolated organ but as a milieu and ground for other structures 
[cite: 27]. The system becomes entirely coherent with itself, driven by internal resonance and 
synergy [cite: 27, 29]. 

Comparative Analysis of Technical Modes 

Vector Abstract Technical Object Concrete Technical Object 

  

Functional Structure Isolated, single-function 
components logically 
independent of each other. 

Synergistic, pluri-functional, 
and “overdetermined” 
components. 

Relationship to 
Environment 

Antagonistic; the 
environment is an obstacle 
causing friction, heat, and 
interference. 

Associated Milieu; the 
environment is integrated 
into the positive functioning 
of the machine. 

Energy Use Inefficient; high dissipation 
of energy due to internal 
incompatibilities and lack of 
resonance. 

Self-conditioning and 
efficient; energy flows are 
harnessed to maintain 
system stability. 

Real-World Example Early combustion engine 
prototype requiring constant 
external cooling and repair. 

The Guimbal Turbine, 
utilizing the river for both 
mechanical power and 
structural cooling. 

Elements, Individuals, and Ensembles 
To map the scope of technical reality, Simondon categorizes technicity into three distinct levels: 
elements, individuals, and ensembles [cite: 8, 27]. 

●​ Elements: These are the basic, indivisible components of a technology, such as a diode, a 



gear, or a cathode ray tube [cite: 8, 33]. Elements are robust and carry the genetic code of 
technicity across eras; a spring or a screw invented in the 18th century can still function in 
a 21st-century machine. 

●​ Individuals: This level represents the complete technical machine, functioning as a 
self-regulating whole. The technical individual coordinates various elements to achieve a 
synchronized operation [cite: 8]. 

●​ Ensembles: These are the massive infrastructural networks—such as factories, 
laboratories, or telecommunication grids—that integrate multiple technical individuals and 
elements into a complex socio-technical system [cite: 8, 34]. 

Understanding technical evolution requires analyzing how concretization operates across these 
three scales, often moving in a schema of relaxation and discontinuous quantum leaps rather 
than smooth, linear progression [cite: 27]. 

The Milieu Associé and Technical Concretization 
A critical threshold in the concretization of a technical individual is its capacity to interface 
seamlessly with its environment. Simondon states that a true technical individual does not exist 
in a vacuum; it creates and requires a milieu associé (associated milieu) [cite: 29, 34, 35]. 

The concept of the associated milieu is Simondon’s answer to the cybernetic problem of 
feedback and autonomy. For an abstract machine, the external environment is an obstacle—a 
source of unpredictable weather, temperature fluctuations, and physical resistance [cite: 31]. A 
concrete machine, by contrast, integrates the environment into its very functioning, transforming 
external obstacles into positive principles of work [cite: 29, 31]. 

The Guimbal Turbine 
The quintessential example of the associated milieu in Simondon’s work is the Guimbal 
turbine, a hydroelectric generator designed to operate submerged in a river [cite: 33, 34, 35]. 

When the engineer Jean Guimbal designed this turbine, he faced a massive incompatibility: to 
generate significant power, the turbine needed to be small and rotate extremely rapidly, but this 
rapid rotation generated immense amounts of internal heat that would melt the generator. 
Furthermore, the electrical components had to be completely protected from the surrounding 
water. 

Guimbal solved this by filling the turbine’s casing with pressurized oil and submerging the entire 
apparatus in the river. This created a dual-action synergy: 1. The water spinning the turbine 
blades acted as the primary energy source. 2. The rapid rotation spun the oil inside, which 
carried the internal heat to the metal casing. 3. The fast-flowing river water rushing over the 
casing absorbed the heat and carried it away. 4. The high pressure of the internal oil prevented 
the river water from leaking into the electrical components. 

In this brilliant design, the river water is no longer an external threat to the electrical 
components; it is an indispensable functional element of the machine’s cooling and energy 



system. The turbine and the river form a single, unified “techno-geographical” milieu [cite: 35]. 
The machine becomes self-conditioning; the faster it runs, the more heat it generates, but the 
more water rushes past to cool it [cite: 31]. 

The associated milieu represents a transductive loop where the technical object modifies the 
natural environment, and the modified environment guarantees the functioning of the technical 
object [cite: 29]. This stands in stark contrast to the closed, solipsistic systems envisioned by 
some strands of cybernetics. Simondon viewed pure automatism—machines completely sealed 
off from human or environmental variables—as a very low degree of technical perfection [cite: 
29, 32]. True concretization demands an open, metastable relationship with the surrounding 
matrix of energy and space [cite: 29]. 

 
Figure 2 

The Human-Machine Ensemble and Technical 
Culture 



Simondon’s detailed ontological and mechanological analyses serve a deeply humanistic, 
ethical, and political purpose. He identifies a profound crisis in contemporary civilization: we live 
surrounded by technologies, yet our culture fundamentally misapprehends them [cite: 27, 36]. 
To Simondon, “culture has become a system of defense designed to safeguard man from 
technics” [cite: 8, 37]. 

The Critique of the “Robot Myth” 
Simondon argues that traditional humanistic culture treats the technical object with a “primitive 
xenophobia” [cite: 8, 32]. Society operates under the “robot myth”—the fantastical belief that 
machines are animated by hostile, quasi-human intentions, and that they harbor a permanent 
danger of insurrection against humanity [cite: 8, 32, 38]. Alternatively, culture reduces machines 
to mere tools of utility and economic exploitation, denying them any intrinsic significance or 
aesthetic value [cite: 39]. 

This cultural schizophrenia results in two distinct, deeply flawed modes of engaging with 
technology: 1. The Minor Mode: The human acts as a mere tool-bearer, utilizing the machine 
via implicit, unreflective habit—such as an assembly line worker operating a press [cite: 27]. 2. 
The Major Mode: The human approaches the machine as a master commanding a slave, 
focusing only on the final output without understanding the internal functioning. 

Neither mode constitutes a true technical culture. Simondon asserts that the most tragic form of 
alienation is not merely economic, as Karl Marx posited, but psychological and technical. The 
modern worker is alienated because they have been severed from the technical knowledge of 
the machine; they no longer regulate the tool, but are regulated by the industrial ensemble [cite: 
39]. 

Transindividuality and the Human as Conductor 
To resolve this alienation, society must abandon the master/slave dynamic. The machine is not 
a human substitute, nor is it a slave; rather, there is a “human reality” encoded within technical 
reality [cite: 8, 32]. A machine is the crystallized, materialized thought of its human inventor, 
carrying the epigenetic experience (experientially acquired traits or modifications passed down 
through successive designs) of generations of engineers [cite: 29, 40]. 

Simondon proposes that the human being should position themselves not as the physical power 
source of the machine, nor as its master, but as the “orchestral conductor” of technical 
ensembles [cite: 41]. Humans possess an intuitive capacity for understanding the margin of 
indeterminacy within machines—a capacity to anticipate, regulate, and repair that strict 
algorithmic automatism lacks [cite: 5]. 

When humans engage with technical objects through a true understanding of their internal 
synergies, they participate in a process of psychic and collective individuation [cite: 4, 16]. 
Simondon terms this the transindividual relation. The technical object acts as a transductive 
mediator, connecting the psychic interiority of the inventor with the collective reality of the users, 
binding society together through shared technical meaning [cite: 4, 42]. A true “technical culture” 
is one that recognizes the foreign or strange machine as an expression of human reality and 



integrates it into the social fabric, ending the artificial war between nature and technology [cite: 
32, 39]. 

Pedagogy and the “New Encyclopedism” 
Practically, achieving this transindividual technical culture requires a radical overhaul of 
systemic education and pedagogy. Simondon worried deeply about a societal lack of 
technological understanding, arguing that technical education must be considered as universally 
essential as literacy for meaningful participation in society [cite: 43]. 

He calls for a “new encyclopedism” designed to overcome the historical division of labor [cite: 
30, 37, 44]. He traces this evolution historically: * In the 16th century, encyclopedism sought to 
liberate man from intellectual stereotypes. * In the 18th century (the Enlightenment), it aimed to 
liberate humanity from hierarchical social rigidities. * In the 20th and 21st centuries, a new 
encyclopedism is required to liberate humanity from its enslavement and dependence on 
unknown, distant technological powers that direct existence implicitly [cite: 44]. 

Simondon’s pedagogical stylistics demand a reflexive technology that bridges the gap between 
child and adult education, and importantly, between theoretical knowledge and practical 
execution [cite: 44]. A modern digital encyclopedism, therefore, cannot merely be an internet 
repository presenting continuous “progress,” which Simondon notes actually masks the reality of 
invention [cite: 30]. Instead, it requires teaching the actual genesis and operational realities of 
technical objects, empowering individuals to understand the inner workings of algorithmic 
governance and big data structures so they may govern technology rather than be governed by 
it [cite: 7, 45]. 

Reception and Legacy: Deleuze, Stiegler, and the 
Philosophy of Technology 

Despite the profound originality of his work, Simondon remained a relatively obscure figure for 
decades following the publication of his theses [cite: 16, 38, 46]. His analogical methodology 
and heavy reliance on thermodynamics and cybernetics placed him outside the dominant 
structuralist, phenomenological, and Marxist currents of post-war France [cite: 15, 16, 46]. 
However, his concepts were preserved, adapted, and eventually popularized by a few highly 
influential thinkers, most notably Gilles Deleuze and Bernard Stiegler [cite: 3, 24, 47]. 

Gilles Deleuze: Transcendental Empiricism and Modulation 
Gilles Deleuze was one of Simondon’s earliest and most vital champions. In a glowing 1966 
review of Simondon’s primary thesis, Deleuze recognized that Simondon had invented a new 
conception of the transcendental—one grounded in genetics and real physical processes rather 
than Kantian abstraction [cite: 9, 20]. 

Deleuze integrated Simondonian concepts deeply into his own magnum opus, Difference and 
Repetition (1968), and his later collaborative works with Félix Guattari, such as A Thousand 
Plateaus (1980) [cite: 3, 6, 12, 20]. Deleuze borrowed the pre-individual field of metastability to 



explain how intensive differences drive the creation of reality, bypassing the need for a unified 
subject [cite: 9, 19]. Furthermore, Deleuze and Guattari utilized Simondon’s critique of 
hylomorphism to formulate their “artisanal” theory of production, wherein matter is viewed as 
active, possessing its own “machinic phylum” and implicit traits that the artisan must follow and 
actualize [cite: 11, 12]. 

Perhaps Simondon’s most explicit political influence on Deleuze appears in the latter’s famous 
1990 essay, “Postscript on the Societies of Control” [cite: 13]. Deleuze argues that society has 
transitioned from a Foucaultian disciplinary society—characterized by discrete enclosures and 
rigid “molding”—to a control society characterized by continuous, fluid networks [cite: 13]. 
Deleuze characterizes this new form of power as modulation. 

The term “modulation” is lifted directly from Simondon’s technical vocabulary [cite: 11, 48]. For 
Simondon, molding is the static imposition of form, whereas modulation is a continuous, 
dynamic variation—like a self-deforming mold that adapts in real-time [cite: 13]. In electronics, 
an amplifier modulates a weak informational signal using a powerful energy source [cite: 44, 
48]. Deleuze applies this transductive logic to digital capitalism, showing how modern power 
structures do not lock citizens in prisons, but continually modulate their desires, debt, and data 
streams in an open, metastable network [cite: 13, 48]. 

Bernard Stiegler: Epiphylogenesis and the Pharmacological 
Critique 

If Deleuze absorbed Simondon’s ontology, the philosopher Bernard Stiegler took up Simondon’s 
philosophy of technology as the bedrock of his own sweeping multi-volume project, Technics 
and Time [cite: 1, 40]. Stiegler was heavily influenced by Simondon’s concept of technical 
evolution, but he fundamentally reoriented it through the lenses of phenomenology (Husserl), 
deconstruction (Derrida), and paleoanthropology (Leroi-Gourhan) [cite: 1, 23, 40]. 

Stiegler focuses on the anthropological origin of the human. He posits the theory of 
epiphylogenesis—the idea that the evolution of the human species is no longer driven purely 
by biological genetics, but by the accumulation of technical objects [cite: 40]. Humans 
exteriorize their memories, skills, and knowledge into tools. For Stiegler, all technics are 
essentially mnemotechnics (technologies of memory) [cite: 4]. He coins the term tertiary 
retention to describe this externalized technical memory, distinguishing it from Husserl’s 
primary retention (immediate perception) and secondary retention (internal memory) [cite: 1, 4]. 

While deeply indebted to Simondon, Stiegler mounts a fierce critique of him, culminating in a 
highly publicized theoretical controversy [cite: 38, 49]. Stiegler argues that Simondon’s theory of 
technical individuation fails to recognize the inherently “pharmacological” nature of technology 
[cite: 50]. In ancient Greek, a pharmakon is simultaneously a poison and a cure. Stiegler 
contends that while technical exteriorization creates the human by preserving collective memory 
(the cure), it also constantly threatens to short-circuit human consciousness and cause a loss of 
knowledge, leading to the proletarianization of the mind (the poison) [cite: 23, 50, 51]. 

Furthermore, Stiegler specifically attacks Simondon’s concept of “information.” He claims that 
Simondon occasionally treats information as something independent of its material support, 



which leaves his philosophy ill-equipped to combat the purely calculative, disembodied data 
logic of contemporary computational capitalism [cite: 49]. Despite this critique, Stiegler relies 
heavily on Simondon’s notion of transindividuation to theorize how a collective can adopt a 
shared past and project a shared future in resistance to the entropic forces of digital 
consumerism [cite: 4, 23]. 

Contemporary Relevance: AI Systems and Platform 
Infrastructure 

While Simondon died in 1989, just as the World Wide Web was being invented, his conceptual 
apparatus is arguably more relevant today than during the height of the industrial age [cite: 2, 3, 
35]. The transition from thermodynamic machines (which process physical energy) to digital and 
algorithmic machines (which process information) requires a philosophical framework capable of 
grasping complexity, networks, and automated reasoning [cite: 52]. In an era where 
contemporary AI systems are increasingly framed as autonomous “agents,” Simondon allows 
technologists and scholars to reorient from mastery and control toward maintenance, care, and 
systemic understanding [cite: 53]. 

Yuk Hui and the Individuation of Digital Objects 
The philosopher and computer scientist Yuk Hui has been at the forefront of updating 
Simondon’s thought for the digital epoch [cite: 54, 55]. In his influential book On the Existence of 
Digital Objects, Hui argues that the data and metadata structures populating the internet—from 
database entries to social media profiles—must be understood as entities undergoing their own 
processes of individuation [cite: 1, 55]. 

Hui applies Simondon’s stages of technical concretization to the web. Early digital objects were 
abstract and isolated; modern web infrastructures, utilizing Application Programming Interfaces 
(APIs) (software intermediaries that allow two distinct computer programs to communicate and 
share data with each other) and semantic web protocols (standards that allow data to be shared 
and reused across application, enterprise, and community boundaries), create highly 
concretized, interoperable data objects [cite: 1, 55, 56]. These digital objects exist 
simultaneously on the human-facing screen and in the back-end computational logic [cite: 55]. 

Hui also integrates cybernetics into a Simondonian reading of artificial intelligence. He points 
out that the defining feature of AI and machine learning is recursivity [cite: 5, 57]. While early 
automated machines simply executed linear commands, recursive machine learning models 
feed their outputs back into themselves, learning from contingencies and indeterminate 
variables [cite: 5]. Simondon recognized that a degree of indeterminacy was the “saving grace” 
of cybernetic technology, as it allowed the machine to remain open to the environment rather 
than locking into a rigid, entropic loop [cite: 5]. Hui argues that to prevent a dystopian 
“singularity” orchestrated by monolithic Western tech paradigms, we must foster 
“technodiversity” and alternative cosmotechnics that allow AI to individuate in culturally specific 
ways [cite: 5, 57]. 



Deep Learning and the Pre-Individual Milieu 
Simondon’s philosophy offers a potent corrective to contemporary discourses surrounding 
artificial intelligence, which often treat AI models either as anthropomorphic, super-intelligent 
agents or as inscrutable “black boxes” [cite: 5, 53, 58]. By applying the ontology of individuation, 
humanities scholars and computer scientists can begin to de-mystify deep learning systems 
[cite: 58]. For example, studies in AI’s synthetic voice generation posit that such technologies 
inhabit a pre-individual zone—a field of potentials prior to any specific formed individual [cite: 
53]. Similarly, scholars warn that while human perception amplifies difference to construct 
meaning, current machine learning models inherently act to flatten and enclose difference, 
demonstrating a transductive friction between human and machine [cite: 53]. 

A Procedural Framework for Applying Simondonian AI Analysis To practically equip a 
contemporary AI auditor or systems engineer, Simondon’s philosophy can be structured into a 
step-by-step auditing procedural framework: 

1.​ Step 1: Mapping the Pre-Individual Dataset Tensions. Before the network is trained, 
auditors must evaluate the pre-individual milieu: the massive, unstructured datasets 
scraped from the internet alongside the latent potentials of the untrained network 
architecture. This state is rich with tension, statistical disparities, biases, and potential 
energy. The auditor defines these incompatibilities [cite: 59]. 

2.​ Step 2: Tracing the Transductive Loop of Backpropagation. During the training phase 
of the model, weights and biases are recursively adjusted through backpropagation (the 
algorithm used to calculate the gradient of the error function, updating the network’s 
internal weights). This is evaluated as an act of transduction. The auditor ensures that 
information is operating not merely as sterile data bits, but as a structural operation of 
resonance resolving statistical incompatibilities [cite: 17, 24, 58]. 

3.​ Step 3: Defining the Associated Milieu of API Deployment. The deployed, finalized 
deep learning model is the concretized technical individual. The auditor must assess its 
integration into the socio-technical environment. How does the model rely upon ongoing 
user data (the milieu) to condition its own stability? Because no individuation is complete, 
the auditor tracks how the model retains a margin of pre-individuality as it is fine-tuned or 
subjected to transfer learning (the practice of taking a model trained on one task and 
repurposing it for a second related task) [cite: 59]. 

This perspective highlights critical blind spots in current AI regulation and ethics [cite: 53, 59]. 
Regulatory frameworks like the EU AI Act frequently treat AI as a static, finished product [cite: 
59]. A Simondonian lens reveals that AI is a continuous, self-reinforcing process of becoming 
that constantly reshapes its socio-technical environment. 

Platform Infrastructure as the New Milieu Associé 
Finally, the concept of the milieu associé perfectly captures the logic of modern platform 
capitalism [cite: 1, 56]. Platforms like Google, Meta, or Amazon are not standalone technical 
individuals; they are massive, planetary-scale technical ensembles. 

Just as the Guimbal turbine utilized the river water to condition its own operation, digital 
platforms utilize the flow of human sociality, attention, and data as their associated milieu [cite: 



1, 34, 35]. The platform creates an environment that extracts data from users; this data trains 
algorithms, which in turn personalize and modulate the user’s feed, driving further engagement 
and producing more data [cite: 59, 60]. The platform and the human collective become an 
inextricably linked techno-geographical milieu [cite: 35, 56]. 

However, because this infrastructure is largely driven by extractive capitalist logic, it threatens to 
short-circuit genuine transindividual relations, reducing users to what Deleuze called 
“dividuals”—de-individualized data points in a control society [cite: 42]. The ultimate challenge 
posed by Simondon’s philosophy today is the urgent necessity of forging a new technical 
culture. If we are to avoid being subordinated to the algorithmic modulation of the platform era, 
we must cease treating digital infrastructures as magical, alien forces. Instead, we must actively 
participate in their concretization, opening up the black boxes of AI, and cultivating a 
democratic, transindividual relationship with the technical ensembles that shape the 
contemporary world [cite: 39, 42, 58]. 
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Niche Construction History 



While the empirical observation of organisms modifying their environments is ancient, the 
formalization of Niche Construction Theory (NCT) as a mechanism of evolutionary biology 
occurred relatively recently, primarily between 1983 and 2003. 

The conceptual development of the theory progressed through three primary stages: empirical 
precursors, theoretical formulation, and mathematical formalization. 

Empirical Precursors (Late 19th Century) 

The foundational observations underlying niche construction were recognized by Charles 
Darwin. In his final book, The Formation of Vegetable Mould through the Action of Worms 
(1881), Darwin documented how earthworms radically alter soil chemistry and structure, 
effectively constructing the environment to which they and subsequent generations adapt. 
However, without a theory of inheritance, this observation remained a natural history case study 
rather than a formalized evolutionary dynamic. 

Theoretical Formulation (1983) 

Niche construction as a deliberate critique of standard evolutionary theory was introduced by 
evolutionary biologist and geneticist Richard Lewontin in 1983, in his paper "The Organism as 
the Subject and Object of Evolution." 

Lewontin challenged the dominant adaptationist paradigm of the Modern Synthesis. The 
standard view treated the environment as an autonomous "lock" and the organism as a 
malleable "key" that evolved to fit it via natural selection. In standard population genetics, the 
environment sets the selection pressures, but the organism's evolution does not fundamentally 
alter those original environmental pressures. 

Lewontin proposed that organisms are not simply passive objects of selective forces but active 
subjects that physically modify their environments. He argued that the relationship is strictly 
reciprocal: organisms and their environments co-determine one another. By altering the 
environment, organisms modify the very selection pressures acting upon them and their 
descendants. 

Coining and Formalization (1988–2003) 

The formalization of Lewontin's concept into a robust scientific theory was driven primarily by 
evolutionary biologist F. John Odling-Smee, who coined the term "niche construction" in 1988. 

To move the concept from a theoretical critique to a workable evolutionary framework, 
Odling-Smee partnered with population geneticist Marcus Feldman and evolutionary biologist 
Kevin Laland. Throughout the 1990s, they developed mathematical models demonstrating that 



niche construction could theoretically override external sources of selection, maintain 
polymorphisms that would otherwise be lost, and drive evolutionary momentum. 

This effort culminated in their seminal 2003 book, Niche Construction: The Neglected Process in 
Evolution. This work established the formal architecture of NCT, introducing the concept of 
ecological inheritance—the idea that organisms inherit not only a genetic code but also a 
physically modified environment and its altered selection pressures. 

Modern Context: The Extended Evolutionary Synthesis 

Today, Niche Construction Theory is a central pillar of the proposed Extended Evolutionary 
Synthesis (EES). While orthodox neo-Darwinism views niche construction merely as a 
phenotypic consequence of prior natural selection, proponents of the EES argue that it must be 
recognized as a core evolutionary process in its own right—one that generates non-random, 
directed changes in the selective environment, thereby introducing a systemic bias into the 
evolutionary trajectory. 

 
 

Here are the citations and accessible links for the foundational texts of Niche Construction 
Theory (NCT): 

1. Charles Darwin (1881) 

●​ Title: The Formation of Vegetable Mould through the Action of Worms, with 
Observations on their Habits 

●​ Context: The foundational empirical case study demonstrating how organisms actively 
modify their environment, fundamentally altering the conditions for subsequent 
generations. 

●​ Link: Available in the public domain via Project Gutenberg 

2. Richard Lewontin (1983) 

●​ Title: "The Organism as the Subject and Object of Evolution" 
●​ Context: Published in Scientia (118: 65-82). This is the primary theoretical paper that 

challenged the unidirectional adaptationist paradigm of the Modern Synthesis, 
introducing the coupled differential equations defining the reciprocal co-determination of 
organism and environment. 

●​ Link: PDF archive provided by Wesleyan University 

3. F. John Odling-Smee (1988) 

●​ Title: "Niche-Constructing Phenotypes" 

http://www.gutenberg.org/ebooks/2355
https://sesultan.web.wesleyan.edu/pdfs/lewontin_organism_as_subject.pdf


●​ Context: Published as a chapter in The Role of Behavior in Evolution (edited by H.C. 
Plotkin, MIT Press, pp. 73-132). This is the text where Odling-Smee officially coined the 
term "niche construction" to formalize Lewontin's critique into a distinct biological 
concept. 

●​ Link: While the original 1988 book is not fully open-access online, archival information 
can be found via MIT Press. 

4. F. John Odling-Smee, Kevin N. Laland, and Marcus W. Feldman (2003) 

●​ Title: Niche Construction: The Neglected Process in Evolution 
●​ Context: Published by Princeton University Press (Monographs in Population Biology, 

Volume 37). This book provides the mathematical and population-genetic formalization 
of the theory, establishing "ecological inheritance" as a parallel evolutionary process 
alongside genetic inheritance. 

●​ Link: Princeton University Press Catalog | Google Books Preview 
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Rousseau 



The Paradox of Progress: 
Jean-Jacques Rousseau and the 
Nature/Artificial Problematic 
Executive Summary 

Jean-Jacques Rousseau fundamentally altered modern philosophy through his sweeping 
critique of civilization and artifice. Unlike his Enlightenment contemporaries who equated 
scientific advancement with moral progress, Rousseau argued that civil society and 
technological progress profoundly alienated humanity from its authentic essence. By utilizing the 
hypothetical “state of nature” as a philosophical thought experiment, he contrasted l’homme 
naturel—a peaceful, self-sufficient creature driven by benign self-preservation (amour de 
soi)—with civilized man, who is enslaved by amour propre, an artificial, socially mediated vanity. 
In his Second Discourse, Rousseau diagnosed the corruption of natural virtue, tracing systemic 
inequality and moral decay to the invention of private property and artificial dependencies. To 
address this tragic evolution, his Social Contract proposed a radical political remedy, attempting 
to legitimize societal chains by subsuming individual desires into a collective General Will—a 
concept fiercely debated as either resolving or deepening the nature/artificial tension. Beyond 
political theory, Rousseau’s organicism and emphasis on emotion positioned him as the Father 
of Romanticism, directly inspiring new paradigms in art and progressive education. Today, 
Rousseau’s nature/artificial problematic remains astonishingly relevant: modern digital 
ecosystems hyper-accelerate amour propre through specific social media metrics, while opaque 
Artificial Intelligence frameworks threaten to violate the foundational consent required by his 
social contract, raising urgent questions about human autonomy and authenticity. 

The philosophy of Jean-Jacques Rousseau represents a seismic rupture in the intellectual 
landscape of the eighteenth century. At a time when his contemporaries championed the 
relentless march of reason, Rousseau offered a devastating critique of civilization, positioning 
“nature” and “artifice” in an enduring, seemingly irreconcilable tension. He proposed that the 
very institutions and technologies celebrated as the pinnacle of human achievement were, in 
fact, the architects of our profound moral alienation. 

This report comprehensively analyzes Rousseau’s conceptualization of the natural versus the 
artificial. By tracing his philosophy from the hypothetical state of nature articulated in the Second 
Discourse to the radical political remedies of The Social Contract, this analysis explores how 
civilized man became estranged from his natural essence. Furthermore, it evaluates 
Rousseau’s legacy as a progenitor of Romanticism and examines the striking resonance of his 
nature/artificial problematic within modern debates concerning artificial intelligence, social 
media, and human authenticity. 

The Context of the Paradox: Rousseau and the 
Enlightenment Project 



To understand Rousseau’s critique of artificiality, one must first locate him within, and against, 
the Enlightenment project. The eighteenth-century Enlightenment promised a golden age of 
human progress, yet the specific visions of its spearheading thinkers drastically contrasted with 
Rousseau’s worldview [cite: 1, 2]. Voltaire, known for his sardonic wit and rationalism, mocked 
Rousseau’s romanticization of nature and fiercely defended civilization, infamously replying to 
Rousseau’s critique of his Lisbon earthquake poem by suggesting that natural disasters were 
indifferent and urban misery was not the fault of civilization [cite: 3, 4]. Denis Diderot, while 
initially a close friend and collaborator on the Encyclopédie, embraced a trajectory toward strict 
materialism and eventually broke ties with Rousseau over personal disputes and Rousseau’s 
condemnation of the theatre [cite: 3, 4, 5]. Immanuel Kant, conversely, was deeply moved by 
Rousseau, specifically crediting the Genevan philosopher with revealing the inherent dignity of 
the common man rather than the intellectual elite; yet Kant ultimately rejected Rousseau’s 
despair over civilization, embracing the spread of reason and cosmopolitanism as a necessary 
evolution toward universal moral duty [cite: 1, 6]. The prevailing orthodoxy among these figures 
was that intellectual, scientific, and technological advancements would inherently lead to moral 
improvement and social harmony, liberating humanity from the chains of ignorance and 
superstition [cite: 2]. 

Rousseau fundamentally rejected this premise. His public emergence as a 
counter-Enlightenment thinker began with his 1750 Discourse on the Sciences and Arts (the 
First Discourse), written in response to an essay prompt by the Academy of Dijon which asked 
whether the restoration of the sciences and arts had purified morals [cite: 7]. Rousseau’s 
answer was a resounding, scandalous negative. He argued that the much-lauded progress in 
the arts and sciences had actually caused the corruption of virtue and morality [cite: 1, 7]. 
Rather than liberating humanity, the Enlightenment fostered a modern form of serfdom by 
creating artificial desires, turning citizens into “happy slaves” who cherished the very cultural 
refinements that masked their subjugation [cite: 1]. 

However, it is a mischaracterization to view Rousseau as entirely anti-reason or purely 
regressive. He did not advocate for the wholesale destruction of the sciences; rather, his critique 
targeted mechanistic materialism (the philosophical paradigm viewing the universe and human 
behavior as a vast, predictable machine governed solely by physical laws and devoid of intrinsic 
spiritual purpose) and the commercial, cosmopolitan features of the Enlightenment [cite: 1, 8]. 
Rousseau observed that as commerce rendered people more “sociable,” it simultaneously 
destroyed their natural independence, binding them together in economic relationships based 
on calculated self-interest rather than genuine civic fellowship [cite: 1]. Thus, Rousseau’s 
relation to the Enlightenment is deeply paradoxical: he utilized the era’s tools of intense rational 
inquiry and philosophical deduction to mount a profound critique of reason’s ability to yield 
human happiness. 

The Philosophical Significance of the State of 
Nature 

The foundation of Rousseau’s nature/artificial problematic is his conception of the “state of 
nature” and the figure of natural man (l’homme naturel). Crucially, Rousseau’s state of nature is 
not intended to be a strictly historical or anthropological fact; it is a hypothetical, conjectural 



thought experiment [cite: 9, 10]. Much like physicists isolating variables in a vacuum to 
understand gravity, Rousseau mentally stripped away all supernatural gifts and artificial faculties 
acquired through millennia of socialization to observe humanity as it must have emerged “from 
the hands of nature” [cite: 10, 11, 12]. 

The Profile of L’Homme Naturel 
In this primordial state, natural man is solitary, timid, peaceful, and entirely independent [cite: 7, 
13]. He lives an uncomplicated life, quenching his thirst at the nearest stream and sleeping 
beneath the oak tree that provided his meal [cite: 11, 13]. He lacks language, complex reason, 
and the foresight to worry about the future [cite: 7]. Most importantly, natural man is 
fundamentally pre-moral. He possesses no inherent concepts of good and evil, virtue or vice, 
because such concepts require a social context to possess any meaning [cite: 7, 14, 15]. 

Feature Natural Man (L’homme 
Naturel) 

Civilized Man 

  

Core Drive Biological self-preservation 
(amour de soi). 

Social validation and vanity 
(amour propre). 

Relationship to Others Solitary, indifferent, fleeting 
interactions. 

Hyper-social, competitive, 
constantly comparing. 

Dependency Level Absolutely independent and 
self-sufficient. 

Deeply dependent on 
society, laws, and 
technology. 

Concept of Morality Pre-moral; lacks concepts of 
good/evil. 

Highly moralized; capable of 
profound virtue or acute 
malice. 

Physical State Robust, resilient, body acts 
as the only tool. 

Physically weakened, 
entirely reliant on external 
tools. 

Rousseau’s depiction served as a direct rebuke to his philosophical predecessors, particularly 
Thomas Hobbes and John Locke. Hobbes had famously argued that the state of nature was a 
brutal “war of all against all,” driven by man’s innate egoism and competitiveness, thereby 
justifying the absolute rule of a sovereign [cite: 13, 16]. Rousseau countered that Hobbes had 
committed a severe philosophical error: he had taken the greedy, prideful, and 
hyper-competitive characteristics of civilized man and retroactively projected them onto natural 
man [cite: 9, 17]. In reality, Rousseau argued, natural man lacked the complex cognitive 
faculties—such as calculation and vanity—required to engage in a state of perpetual war [cite: 



18]. 

Amour de Soi and Pitié 
Instead of aggressive egoism, Rousseau posited that natural man is driven by two pre-rational 
instincts: amour de soi and pitié [cite: 14, 19, 20]. * Amour de soi translates broadly to self-love 
or self-preservation. It is an absolute, primitive, and benign sentiment that directs all animals to 
look after their own survival [cite: 14, 21, 22]. It is content when basic, biological needs (food, 
sleep, reproduction) are met [cite: 18, 23]. * Pitié (pity or compassion) is a natural aversion to 
witnessing the suffering or death of any sentient being, particularly one’s fellow humans [cite: 
14, 20]. This instinct acts as a natural restraint on amour de soi, ensuring that an individual will 
not harm another unless their own absolute survival is at stake [cite: 11]. 

Because natural man’s needs are simple and his passions are limited, the state of nature is 
characterized by a peaceful, solitary equilibrium. There is no artificial inequality, no dependence, 
and no domination [cite: 12, 20]. 

The Psychology of Corruption: Amour Propre 
If natural man is peaceful and self-sufficient, how did humanity become so deeply corrupt, 
violent, and unequal? To explain this, Rousseau introduces the most critical psychological 
concept in his entire philosophy: amour propre. 

Psychological Metric Amour de Soi (Self-Love) Amour Propre (Pride/Vanity) 

  

Fundamental Orientation Inward; entirely 
self-referential. 

Outward; entirely socially 
mediated. 

Trigger Conditions Activated by biological 
needs (hunger, sleep). 

Activated by the presence 
and gaze of others. 

Psychological Outcomes Satisfaction, equilibrium, 
internal peace. 

Endless striving, envy, 
anxiety, desire for 
superiority. 

Moral Status Amoral/Benign; inherently 
harmless. 

Morally ambiguous; can 
inspire noble civic virtue or 
toxic oppression. 

The Genesis of Artificial Desire 



While amour de soi is absolute and inward-looking, amour propre is relative, artificial, and 
entirely dependent on the presence of others [cite: 22, 24, 25]. Amour propre can be translated 
as vanity, pride, or a socially generated need for recognition [cite: 14, 21]. It is the desire to be 
esteemed by others, to be recognized as superior, and to have others prefer us to themselves 
[cite: 23, 26]. 

Rousseau traces the dawn of amour propre to the earliest formations of human society—the 
“Golden Age” of tribal living. As humans began to congregate, they engaged in communal 
activities such as dancing and singing around a fire. In a pivotal psychological shift, “Each 
began to look at the others and to want to be looked at himself; and public esteem came to be 
prized” [cite: 24, 27]. This moment marks the birth of artificiality. Suddenly, human value was no 
longer inherent; it was mediated through the gaze of the community [cite: 27]. 

The Pathology of Appearance versus Reality 

 
Figure 1 



The rise of amour propre created a fatal bifurcation in the human soul: the split between being 
and appearing [cite: 24, 28]. Natural man only knows how to be; he has no concept of pretense 
because he has no audience [cite: 24, 28]. Civilized man, however, is consumed by the need to 
appear successful, wealthy, and powerful, regardless of his internal reality. As Rousseau notes, 
the civilized man “lives only in the opinions of others, and so to speak, derives the sentiment of 
his own existence solely from their judgment” [cite: 29]. 

This dependency is what Rousseau diagnoses as the true source of human misery and moral 
inequality. Because amour propre demands that others prefer us to themselves—an impossible 
mathematical reality since everyone desires the same preference—it is a passion that can never 
be fully satisfied [cite: 23, 26]. It generates envy, malice, deceit, and the relentless drive to 
dominate one’s peers [cite: 22, 23, 28]. 

However, it is crucial to recognize that Rousseau does not view amour propre as entirely evil. It 
is a morally ambiguous drive [cite: 26]. While inflamed amour propre leads to vanity and 
oppression, a well-managed amour propre is the foundational requirement for love, honor, civic 
duty, and the pursuit of virtue, because it guides us to seek the approval of our peers through 
noble actions [cite: 21, 22, 26]. The tragedy of civilization is not that amour propre exists, but 
that modern, wealth-obsessed societies inflame it into a toxic, competitive frenzy [cite: 24, 25]. 

The Second Discourse: The Artificiality of 
Inequality 

Rousseau’s Discourse on the Origin and Basis of Inequality Among Men (the Second 
Discourse), published in 1755, serves as his masterclass in denaturalizing societal structures 
[cite: 9, 17]. He begins by distinguishing between two types of inequality: 1. Natural (or 
Physical) Inequality: Differences established by nature, such as variations in age, bodily 
strength, health, and innate intelligence [cite: 9, 11, 30]. 2. Moral (or Political) Inequality: 
Differences in privileges that some enjoy at the expense of others, such as being richer, more 
honored, or more powerful [cite: 9, 11]. 

The Illusion of Progress 
Rousseau argues that physical inequality has almost no impact in the state of nature [cite: 30]. 
A strong man might steal a weaker man’s meal, but he cannot permanently subjugate him, 
because the weaker man can simply walk away into the forest [cite: 12, 22]. Domination 
requires a complex web of artificial dependencies. 

Civilization, according to Rousseau, is the history of creating these artificial dependencies. The 
ultimate catalyst for this downfall was the invention of private property. Rousseau famously 
asserted that the true founder of civil society was the first person who enclosed a piece of land, 
declared “this is mine,” and found people simple enough to believe him [cite: 2, 28]. This 
artificial convention instantly exacerbated initial inequalities. 

The Weakness of the Civilized 



Furthermore, Rousseau launches a stinging critique against the Enlightenment’s faith in 
technology. He argues that tools, machines, and societal comforts do not elevate human 
capacity; they atrophy it [cite: 12, 15]. 

Setup: The contrast between natural vitality and civilized dependence. Meat: In the state of 
nature, man’s body is his only tool, forcing him to develop immense strength, agility, and 
resilience [cite: 12]. Civilized man, reliant on axes, slings, plows, and eventually complex 
machinery, loses these physical capacities [cite: 12]. Rousseau illustrates this by suggesting a 
fight between a natural man and a civilized man: while the civilized man might win with a 
musket, if you strip them both naked and disarm them, the natural man will easily overpower the 
civilized man [cite: 12, 15]. Synthesis: This metaphor explodes the myth of progress. By 
prioritizing convenience, civilization creates profound, systemic vulnerabilities. Modern people 
are completely dependent on an artificial matrix of supply chains, laws, and technologies. They 
have traded robust self-sufficiency for a fragile, interdependent existence [cite: 12, 15]. 

The Social Contract: Resolving or Deepening the 
Tension? 

By 1762, Rousseau recognized that a return to the pristine state of nature was impossible; 
humanity’s psychology had been permanently altered by amour propre, and attempting to revert 
to the forest would be akin to releasing a domesticated animal into the wild to starve [cite: 7, 10]. 
Therefore, he faced a monumental philosophical challenge: how can human beings live in an 
artificial society without succumbing to the alienation and oppression that society naturally 
breeds? 

His answer was The Social Contract. The work famously opens with the diagnosis: “Man is born 
free, and he is everywhere in chains” [cite: 2, 13, 31]. His objective is to find a legitimate rule of 
administration that takes “men as they are and laws as they might be,” thereby making those 
chains legitimate [cite: 32, 33]. 

The General Will and the Body Politic 
To solve the problem of political obligation, Rousseau introduces the concept of the General 
Will (volonté générale) [cite: 31, 34]. This is distinct from the “will of all,” which is merely the sum 
of private, selfish interests (amour propre). The General Will is the collective, rational desire of 
the citizen body aiming solely at the common good [cite: 34, 35]. 

Through the social contract, individuals mutually agree to totally alienate their natural rights and 
powers to the community as a whole [cite: 32, 36]. In doing so, they create a new, artificial 
entity: the Body Politic (or Sovereign) [cite: 32, 36, 37]. Rousseau frequently employs an 
organic metaphor, comparing the Body Politic to a human body, where the legislative power acts 
as the heart, keeping the artificial person alive [cite: 37]. Because every citizen is an equal and 
indivisible part of this Body Politic, when the citizen obeys the General Will, he is, in fact, 
obeying only himself, thus remaining “as free as before” [cite: 31, 32, 34]. 



Does it Resolve or Deepen the Tension? 
Philosophers fiercely debate whether The Social Contract resolves the tension between nature 
and artifice, or tragically deepens it. 

The Argument for Resolution: Optimistic interpretations suggest that the social contract 
represents an evolutionary leap that resolves the tension by transforming crude instinct into 
noble morality. By submitting to the General Will, man loses his “natural liberty” (the unlimited 
right to grab whatever he desires) but gains “civil liberty” and “moral freedom” [cite: 32, 38]. 
Rousseau argues that this artificial constraint elevates humanity, substituting justice for instinct 
and giving man’s actions a moral quality they previously lacked [cite: 33]. In this view, the 
artificial state cures the diseases of artificial society. 

The Argument for Deepening: Conversely, critical readings suggest that the social contract 
deepens the tension, pushing artificiality to its absolute, totalitarian extreme. To make the 
General Will function, Rousseau demands the complete absorption of the individual into the 
collective [cite: 31]. He famously declares that anyone who refuses to obey the General Will 
must be “forced to be free” [cite: 13, 37]. This requires civic education designed to override 
natural inclinations, essentially programming citizens to identify their own desires entirely with 
the state [cite: 39]. Critics argue this is not a return to natural freedom, but the ultimate artificial 
psychological conditioning—a society so thoroughly engineered that individual autonomy is 
erased in favor of an idealized, homogenized civic virtue [cite: 31, 39]. 

Ultimately, The Social Contract illustrates the persistent, tragic tension between modern 
voluntarism and ancient virtue, suggesting that maintaining human freedom in a complex 
society requires intense, perhaps unnatural, psychological scaffolding [cite: 39]. 

The Legacy of Organicism: Rousseau and 
Romanticism 

While Rousseau’s political thought laid the intellectual groundwork for the French Revolution 
[cite: 40, 41], his aesthetic and psychological theories profoundly altered the trajectory of 
European culture, earning him the title of the “Father of Romanticism” [cite: 41, 42, 43]. 

The Enlightenment viewed the universe and society through a mechanistic lens—a clockwork 
universe perfectly ordered by reason [cite: 8, 44]. Rousseau utterly rejected this cold, calculating 
worldview, championing instead an organic philosophy that prized emotion, intuition, and 
subjective experience [cite: 43, 44, 45]. 

Romantic Primitivism and the Noble Savage 
Rousseau’s idealization of the state of nature evolved into “Romantic Primitivism” [cite: 42]. 
Although Rousseau himself rarely used the exact phrase “Noble Savage” (a term with older 
origins), his portrayal of l’homme naturel as inherently virtuous, peaceful, and uncorrupted by 
artificial civilization became the archetype for the Romantic era’s fascination with untamed 
nature and indigenous cultures [cite: 40, 42, 45]. Poets and artists flocked to the idea that 



society was a polluting force, and that spiritual purification could only be found by retreating to 
the wilderness, far from the mechanized filth of the Industrial Revolution [cite: 41, 42]. 

Organic Education: Emile 
Rousseau’s influence was cemented by his 1762 educational treatise, Emile, or On Education. 
In it, he argued against the rigid, artificial educational structures of his day, which treated 
children as miniature adults and forced them to memorize abstract dogma [cite: 7, 45, 46]. 
Instead, Rousseau proposed an organic method of learning through direct experience and 
interaction with nature [cite: 42, 47]. A child should be allowed to learn from their own mistakes, 
guided by their innate curiosity, wearing loose clothing that permits freedom of movement rather 
than restrictive, aristocratic garments [cite: 45, 46]. This organicism—the belief that human 
beings should grow and develop naturally, like plants, rather than being manufactured like 
machines—became a central tenet of Romantic literature [cite: 45]. 

Crucially, this abstract philosophy of organic education was directly grounded in reality by the 
Swiss educational reformer Johann Heinrich Pestalozzi. Inspired directly by Emile, Pestalozzi 
abandoned rote memorization and strict discipline, establishing experimental schools across 
Switzerland that applied a “holistic learning” method explicitly designed to develop the “head, 
heart, and hands” [cite: 48, 49, 50]. Pestalozzi’s concrete application of Rousseau’s 
theories—utilizing tactile objects, real-world observation, and a nurturing environment—laid the 
essential groundwork for modern child-centered pedagogies, including the globally adopted 
Montessori and Waldorf educational frameworks [cite: 48, 51]. 

Rousseau’s intense focus on introspection, personal confession, and the primacy of the 
emotional self directly inspired major Romantic figures [cite: 34, 41, 43]. For Immanuel Kant, 
Rousseau’s writings inspired a massive shift from intellectual elitism to a philosophical focus on 
the moral dignity and inherent worth of the common individual [cite: 6, 52]. William Godwin drew 
upon Rousseau’s conceptions of environmental conditioning and mental transparency to pen 
works emphasizing the necessity of social affections over solitary isolation [cite: 53, 54]. Mary 
Shelley utilized Rousseau’s theories on environmental corruption and sympathy in Frankenstein, 
explicitly critiquing his notorious real-world abandonment of his children by creating a tragic 
allegory about a creator who forsakes his own creation [cite: 55, 56]. Furthermore, John Keats 
incorporated Rousseau’s idealization of nature and escapism, employing mythological 
metaphors and vivid personification in works like Ode to a Nightingale to search for a pure 
spiritual world far from the mechanical miseries of modern society [cite: 57, 58]. He shifted the 
intellectual center of gravity from the objective, observable world into the turbulent, passionate 
interior of the human soul [cite: 43, 45]. 

The Biographical Paradox: Micro-Level Survival and 
Real-World Hypocrisy 

While The Social Contract offered a macro-level, radical political solution to the alienation of 
society, Rousseau also sought a micro-level framework for individual survival in an artificially 
corrupted world. In his final, unfinished work, Reveries of the Solitary Walker, Rousseau 
documented his personal withdrawal from the persecutions of Parisian intellectual society [cite: 



59, 60]. He proposed that individuals could recapture a semblance of natural harmony through 
solitary meditative walking and the systematic study of botany [cite: 61, 62]. By immersing 
himself in the objective, uncorrupted diversity of plant life, Rousseau found a therapeutic escape 
from amour propre, achieving a “sufficient, complete and perfect happiness” detached from the 
judgments of others [cite: 59, 61, 63]. 

However, Rousseau’s personal life profoundly contradicted his philosophical mandates. Despite 
writing Emile, the definitive treatise championing organic, affectionate, and highly attentive 
child-rearing, Rousseau notoriously abandoned all five of his own children, born to his partner 
Thérèse Levasseur, to a Paris foundling hospital immediately after their births [cite: 64, 65, 66]. 
In an era when foundling hospitals had abhorrently high mortality rates, this decision was widely 
condemned by his contemporaries, including a scathing anonymous pamphlet published by 
Voltaire [cite: 65, 67]. Rousseau justified this abandonment as a practical necessity to save the 
children from poverty and a poor upbringing, claiming the state-run orphanage was preferable to 
the corrupting influence of his own social circle [cite: 64, 66]. This glaring hypocrisy severely 
complicates his legacy, demonstrating the immense, perhaps insurmountable difficulty of 
embodying natural virtue within the complex, impoverished realities of eighteenth-century civil 
society. 

Contemporary Relevance: Technology, AI, and 
Authenticity 

Though written over two and a half centuries ago, Rousseau’s nature/artificial problematic 
remains astonishingly relevant. As humanity navigates the digital age, his warnings about 
artificial dependence and the corruption of the self offer a prophetic lens through which to view 
modern technology. 

The Amplification of Amour Propre via Social Media 
Nowhere is Rousseau’s philosophy more visibly enacted than in the realm of social media. 
Platforms like Instagram (which accelerates superficial comparison through curated visual filters 
and aesthetic performance), X, formerly Twitter (which weaponizes public esteem via retweet 
metrics, follower counts, and adversarial “ratioing”), and TikTok (which quantifies human value 
through algorithmic “For You Page” engagement and viral view counts) function as highly 
specific hyper-accelerators for amour propre [cite: 2, 27, 68, 69]. 

Setup: The digital recreation of the village festival. Meat: In the Second Discourse, Rousseau 
identified the origin of inequality as the moment villagers began performing to win the esteem of 
others [cite: 24, 27]. Today, this performance is constant and globalized. Social media platforms 
quantify public esteem through metrics—likes, followers, and retweets [cite: 68]. Users 
meticulously curate their digital avatars, prioritizing how they “appear” over how they truly “are” 
[cite: 24, 28]. As noted by contemporary scholars, individuals become caught in a “constant 
need to create clever reflections of ourselves for widespread consumption by people that we 
barely know” [cite: 68]. Synthesis: This engenders profound psychological alienation. The 
Lacanian critic (a psychoanalytic theorist following the teachings of Jacques Lacan, who maps 
human development onto stages of psychological dependency) might view this as being trapped 



in the “Imaginary order”—a stage of cognitive development akin to a child staring in a mirror, 
where an individual becomes obsessed with their own artificial reflection and the illusory image 
they project to the world, allowing rivalry, status-seeking, and insincerity to replace authentic 
human connection [cite: 68]. In attempting to satisfy our amour propre digitally, modern citizens 
suffer the exact moral degradation Rousseau predicted: intense anxiety, envy, and a loss of the 
authentic self [cite: 27, 28, 68]. 

Artificial Intelligence and the Crisis of the Social Contract 
The rapid integration of Artificial Intelligence (AI) into governance, welfare, and policing 
structures brings Rousseau’s political theory into sharp contemporary focus [cite: 70]. Classical 
social contract theorists, such as Locke, demand that legitimate authority be based on consent 
[cite: 70]. However, AI systems often operate on a scale and with an opacity that renders explicit 
citizen consent impossible [cite: 70]. 

For Rousseau, a system is only legitimate if the citizens are both the authors and the subjects of 
the law, a dynamic achieved through active participation in the General Will [cite: 70]. 
Algorithmic decision-making—frequently developed by private corporations and deployed as 
“black boxes”—violates this requirement for “recognitional legitimacy” [cite: 70]. When human 
beings are governed by opaque artificial systems, they are subjected to an external, alien will, 
plunging them back into the chains of illegitimate dependence that Rousseau sought to break 
[cite: 70]. 

The Reversal of the Nature/Technology Dynamic 
Finally, Rousseau’s thought perfectly frames the modern anxiety surrounding the artificial. In 
pre-modern times, nature was viewed as a chaotic, threatening force, and technology was the 
shield that protected humanity [cite: 71]. Rousseau inverted this dynamic: nature became the 
harmonious, ordered ideal, and human technology/civilization became the chaotic, perturbing 
danger [cite: 71]. 

As society pushes toward Artificial General Intelligence (AGI)—highly autonomous 
computational systems that outperform humans at most economically valuable and cognitive 
work—and biotechnology, aiming to create a synthesized, more controllable version of nature, 
the contemporary “appeal to nature” continues to draw heavily on Rousseau [cite: 71]. The 
fundamental question he posed remains unresolved: Is the artificial world we are building 
serving our fundamental human needs, or is it a sprawling apparatus that merely multiplies our 
dependencies and alienates us from our true selves? 

In conclusion, Jean-Jacques Rousseau’s exhaustive analysis of the nature/artificial divide 
refuses to offer easy comfort. He forces a confrontation with the reality that human progress is 
deeply paradoxical. By diagnosing the pathologies of amour propre, the fragility of artificial 
dependencies, and the immense difficulty of achieving genuine moral freedom in a complex 
society, Rousseau provides an indispensable philosophical framework for interrogating the 
authenticity of the modern human condition. 
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