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We form our division of natural history upon the three- fold state  
and condition of nature; which is, 1) either free, proceeding in her  
ordinary course, without molestation; or 2) obstructed by some  
stubborn and less common matters, and thence put out of her  
course, as in the production of monsters; or 3) bound and wrought 
upon by human means, for the production of things artificial.

Let all natural history, therefore, be divided into the history of  
generations, præter- generations, and arts; the first to consider na-
ture at liberty; the second, nature in her errors; and the third, nature 
in constraint.

Francis Bacon, The Advancement of Learning (1605)

Not much can be achieved by the naked hand or by the unaided 
intellect. Tasks are carried through by tools and helps, and the intel-
lect needs them as much as the hand does. And just as the hand’s 
tools either give motion or guide it, so— in a comparable way— the 
mind’s tools either point the intellect in the direction it should go or 
offer warnings.

Francis Bacon, The New Organon (1620)
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The historical evolution and development of artificial intelligence (AI) has 
long been tied to the consolidation of cognitive science and the neurosci-
ences. There has been, from the start of the digital age, a complex and mu-
tually constitutive mirroring of the brain, the mind, and the computer.1 If to 
be a thinking person in the contemporary moment is to be a “brain,”2 it is 
also true that the brain is, in the dominant paradigms of current neurosci-
entific practice, essentially a computer, a processor of information. Or, just 
as easily, the computer itself can become a brain, as the development of 
neuromorphic chip designs and the emergence of “cognitive computing” 
aligns with the deep learning era of AI, where neural networks interpret 
and predict the world on the basis of vast quantities of data.3 These disci-
plines and technologies align as well with a dominant strand of evolution-
ary theory that explains the emergence of human intelligence as the pro-
duction of various neural functions and apparatuses.4

In a way, this is a strange moment, when two powerful philosophies of 
the human coexist despite their radical divergence. For in the world of so-
cial science theory, science and technology studies, and the critical human-
ities, the dominant framework of analysis has emphasized the historicity 
and cultural plurality of the “human,” and has, over the past few decades, 
moved more and more to a consensus that humans are just one part of dis-
tributed, historically structured networks and systems that subject individ-
uals to various forms of control and development. We are, that is, functions 
in systems (political, economic, social, moral, environmental, etc.) that 
seem so familiar and almost natural but can be relentlessly critiqued and 
historicized.

1
Autonomy and Automaticity
On the Contemporary Question of Intelligence
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On the other hand, we have a conceptual and disciplinary line that has 
increasingly understood human beings as essentially driven by uncon-
scious and automatic neural processes that can be modeled in terms of in-
formation processing of various kinds, and the brain is the most complex 
network mediating these various processes. The result, to borrow the title 
from a cognitive science paper, is a new condition, namely, “the unbearable 
automaticity of being.”5 For the cognitive scientist, the human will is de-
monstrably an illusion, appearing milliseconds after the brain has already 
decided in controlled experimental conditions.6 Consciousness, while still 
a philosophical problem, is understood as just another evolutionary func-
tion, linked now to attention mechanisms that can prompt responses from 
the unconscious space of operations. Whether we are thinking “fast” or 
“slow,” to use Daniel Kahneman’s terms, the system of human cognition as a 
whole is encompassed by the brain as the automatic— and autonomous— 
technology of thinking.7 What else could thought be in the contempo-
rary scientific moment? As one psychologist observed a while ago, “Any 
scientific theory of the mind has to treat it as an automaton.”8 If the mind 
“works” at all, it has to work on known principles, which means, essentially, 
the principles of a materially embodied process of neural processing. Ste-
ven Pinker, whom humanists love to hate (often for good reason), has put it 
bluntly: “Beliefs are a kind of information, thinking a kind of computation, 
and emotions, motives, and desires are a kind of feedback mechanism.”9 
However crude the formulation, the overarching principle at work here is 
important. Cognitive science and neuroscience, along with myriad AI and 
robotic models related to these disciplines, cannot introduce what might be 
called a spiritual or transcendental element into their conceptualizations. 
Even consciousness, however troubling it may be, can be effectively dis-
placed, marked as something that will eventually be understood as a result 
of physiological organization but that in the meantime can be studied like 
any other aspect of the mind. As the philosopher Andy Clark claims, a key 
contemporary philosophical issue is automaticity: “The zombie challenge 
is based on an amazing wealth of findings in recent cognitive science that 
demonstrate the surprising ways in which our everyday behavior is con-
trolled by automatic processes that unfold in the complete absence of con-
sciousness.”10

Much as we may not want to admit it, Yuval Harari, of Sapiens fame, is prob-
ably right about the current moment, in at least one crucial way. As he says, 
“we” (cognitive scientists, that is) have now “hacked” humans, have found 

段静璐
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out why they behave the way they do, and have replicated (and in the pro-
cess vastly improved) these cognitive behaviors in various artificial tech-
nologies.

In the last few decades research in areas such as neuroscience and be-
havioural economics allowed scientists to hack humans, and in particular to 
gain a much better understanding of how humans make decisions. It turned 
out that our choices of everything from food to mates result not from some 
mysterious free will, but rather from billions of neurons calculating proba-
bilities within a split second. Vaunted “human intuition” is in reality “pat-
tern recognition.”11

While we (rightly) rail against the substitution of human decision making, 
in judicial, financial, or other contexts, by algorithms, according to the new 
sciences of decision,12 there is nothing more going on in the human brain, 
and to be fair, it isn’t like humans were not exemplifying bias before the 
age of AI. As we know, the development of algorithmic sentencing, for ex-
ample, was motivated by the desire to avoid the subjectivity and variability 
of human judgments.

In any case, we have to recognize that Harari is channeling the main-
stream of science and technology on the question of the human: since we 
are, so to speak, “no more than biochemical algorithms, there is no reason 
why computers cannot decipher these algorithms— and do so far better 
than any Homo sapiens.”13 Hence the appearance of recent books with such 
horrifying titles as Algorithms to Live By: The Computer Science of Human De-
cisions, which helpfully introduces readers to concepts from computing 
that can improve their day- to- day lives,14 and Noise: A Flaw in Human Judg-
ment, which advises us humans to imitate the process of clear, algorithmic 
objectivity.15 But my main point is that Harari reveals the contemporary cri-
sis very clearly: it is a crisis of decision. “Computer algorithms,” unlike hu-
man neural ones, “have not been shaped by natural selection, and they have 
neither emotions nor gut instincts. Hence in moments of crisis they could 
follow ethical guidelines much better than humans— provided we find 
a way to code ethics in precise numbers and statistics.”16 Computers will 
make better and more consistent decisions because they are not decisions 
in crisis but applications of the rule to the situation, objectively considered.

The backlash against this vision of AI, however well intentioned, has of-
ten been driven by just the kind of platitudes about the “human” that hu-
manists and social science scholars have been dismantling for decades (if 
not centuries). New centers for moral or ethical or human- compatible AI 
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and robotics assert a natural “human” meaning or capacity that the tech-
nology must serve— usually couched in the new language of “inclusion,” 
“equity,” and “fairness,” as if those concepts have not emerged in histori-
cally specific ways or have not been contested in deadly conflicts (in civil 
wars, for example). As the home page for Stanford’s Center for Human- 
Centered Computing proclaims, “Artificial Intelligence has the potential to 
help us realize our shared dream of a better future for all of humanity.”17 As 
we might respond: so did communism and Western neoliberal democratic 
capitalism.

But what do the critical scholars have to offer? At the moment, it seems 
that there is a loose collaboration that is hardly viable for the long term. 
One can critique technical systems and their political and ideological cur-
rents pretty effectively, and in the past years much brilliant work on media 
and technology has defamiliarized the image of “tech” and its easy “solu-
tionism” with research on the labor, material infrastructures, environmen-
tal effects, and political undercurrents of our digital age.

And yet: What can we say in any substantial or positive sense about what 
can oppose the “new human” of our automatic age? What will ground a 
new organization or animate a new decision on the future? “Inclusion,” for 
example, is not a political term— or maybe more accurately, it is only a po-
litical, that is, polemical, term. The challenge, obviously, is that the consen-
sus among critical thinkers of the academy is that there is no “one true” hu-
man, or one way of organizing a society, a polity, or a global configuration. 
However, lurking in much contemporary critique is a kind of latent trust in 
an “automatic” harmony that will emerge once critique has ended— a ver-
sion of Saint- Just’s legitimation of terror in the French Revolution.

We are facing then a crisis of decision that must paradoxically be de-
cided, but the ground of decision has been dismantled; every decision is just 
an expression of the system that produces it, whether that is a brain system, 
a computer network, or a Foucauldian disciplinary matrix. Is it even pos-
sible to imagine an actor- network system “deciding” anything? When we 
have undercut the privilege of the human, where is the point of beginning 
for a new command of technology, one that isn’t just a vacuous affirmation 
of “multiplicity” or diversity against the Singularity? Or a defense of hu-
man “values” against technical determination?

I want to suggest that the current crisis demands a rethinking of the hu-
man in this context, the evolution of two philosophies that seek to dissolve 
the priority of decision itself. This cannot be a regressive move, to recuper-
ate human freedom or institutions that cultivate that freedom. We must, I 
think, pay attention to the singular nature of automaticity as it now appears 



6  CHAPTER 1

in the present era, across the two philosophies. The goal of this project has 
been to rethink automaticity, to recuperate what we can call autonomy from 
within the historical and philosophical and scientific establishment of the 
automatic age.18 What I offer here is not a history of automaticity, or a his-
tory of AI, or a history of anything. There is no history of AI, although there 
are many histories that could be constructed to explain or track the current 
configuration of technologies that come under that umbrella. But this is 
also not a “history of the present,” or a genealogy, that tries to defamiliar-
ize the present moment to produce a critical examination of its supposed 
necessity through an analysis of its contingent development. There has 
been much good work in this area, but at the same time, the conceptual 
or methodological principle is hardly surprising. We (critical humanists) 
always know in advance that the historical unraveling will reveal, say, the 
importance of money, or political and institutional support, or exclusions 
in establishing what is always contingent.

Critique and Crisis in the Automatic Age

The historian Reinhart Koselleck published his postwar classic, Critique 
and Crisis: Enlightenment and the Pathogenesis of Modern Society, in 1959, as 
the Cold War emerged as a new epoch in world history.19 Koselleck tied this 
new era to the foundation of a new technical apparatus. “History has over-
flowed the banks of tradition and inundated all boundaries,” he claimed. 
“The technology of communications on the infinite surface of the globe 
has made all powers omnipresent, subjecting all to each and each to all.”20 
With the appearance in our own day of the digital revolution, which is only 
accelerating in its expanse and reach into the operations and lives of the 
globe, this statement seems all too relevant— although we are not so sure, 
as one might have been in 1959, what these omnipresent “powers” really 
are today, although we do know that technologies from automated drones 
to algorithmic sentencing are surely vehicles of political and social control. 
Koselleck’s goal in Critique and Crisis was to examine how the world had 
come to the point where two political blocs not just opposed one another, 
but actively excluded the legitimacy of the other, preparing the way for a 
potentially annihilistic war. The roots of the crisis were to be found in the 
kind of historical concepts inherited from the Enlightenment: “They are 
the philosophies of history that correspond to the crisis and in whose name 
we seek to anticipate the decision, to influence it, to steer it, or, catastroph-
ically, to prevent it.”21

As Koselleck would explain, here and then in more detail in his concep-

段静璐
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tual history of the term, “crisis” was already a question of decision. The cri-
sis was the moment when history could not predict the outcome, and there 
was no automatic resolution. Crisis meant decision, for to recognize a crisis 
is to know that a decision must be made.22 This is why preventing the de-
cision in a critical time may well be catastrophic. Other forces will define 
the future or maybe even destroy it, at least for human beings. Koselleck’s 
Critique and Crisis was indebted to the work of the German legal scholar Carl 
Schmitt, whose theorization of sovereignty as decision in a time of crisis 
was a warning to liberal democracies in the Weimar era, as well as a kind 
of perverse “reason of state” principle for the Third Reich, during which 
Schmitt continued to work and publish. After the war, however, Koselleck’s 
invocation of the Schmittian decision in the context of new global techni-
cal infrastructures animating military machines of apocalyptic scale was 
hardly unproblematic.

Only a few years earlier, Schmitt himself had reflected on the new era, 
supplementing his 1950 book, Nomos of the Earth, with an analysis of tech-
nology. In a set of dialogues on power and the state, published in 1954, 
Schmitt gave an astonishing rebuttal, in a way, to the idea that the crisis of 
the moment (the threat of unlimited warfare) demanded a decision. The de-
cision, he proposed, had been taken over, assimilated to the technical sys-
tem that now uses the human being as instrument rather than the other 
way around. As Schmitt wrote, “The human arm that holds the atom bomb, 
the human brain that innervates the muscles of the human arm is, in the 
decisive moment less an appendage of the individual isolated human than 
a prosthesis, a part of the technical and social apparatus that produces the 
atom bomb and deploys it.”23 As Schmitt argued in this period, the question 
was no longer the decision on the crisis but a crisis of decision. The new chal-
lenge of technology was its unprecedented independence: “The one who 
manages to restrain the unencumbered technology, to bind it and to lead 
it into a concrete order has given more of an answer than the one who, by 
means of modern technology, seeks to land on the moon or on Mars.”24

Today, technology, in particular, digital technology and the power of ar-
tificial intelligence, is raising the same kind of questions. No longer is it  
assumed (if it ever really was) that the process of technology would be “ben-
eficial” to humanity, and the backlash has begun, with figures as prominent 
as Elon Musk, Bill Gates, and Stephen Hawking warning the world of the im-
pending dangers of AI, for example. But how to meet the challenge? Musk,  
fulfilling Schmitt’s prophecy, has suggested that starting afresh on Mars 
might be a good idea. The libertarian Peter Thiel for some time champi-
oned the idea of independent city- states flourishing offshore in a techno- 
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anarchic paradise. (Thiel, by the way, actually knew Schmitt’s work, through 
his interest in Leo Strauss, and famously invested in Facebook because he 
recognized at work in social media anthropological principles explicated 
by his teacher René Girard at Stanford.)25 But what would it mean to take 
back technology, to make the decision for humanity and against the accel-
eration of automation and automatic governmentality, to borrow Michel  
Foucault’s term?26

What I want to do here is prepare the way for facing this crisis of decision. 
The aim is not to resurrect old concepts of liberty to counter the scientific 
understanding of automaticity. Rather, we must confront the intimate (and 
tangled) historical and philosophical connection between autonomy and 
automaticity from within the very heart of a tradition that is understood to 
be the very source of the pathology that is instrumental reason. This is not, 
therefore, a history of a technology and research program (“artificial intel-
ligence”), nor is it an intellectual history of the concept of mind and body 
in Western thought, though it intersects with these themes. In an import-
ant sense, this is not a history at all. What I am tracing is an entanglement 
in modern thought, one that begins in a specific historical moment (the 
emergence of a certain scientific worldview and method in the seventeenth 
century) and the opening up of the possibility of a total mechanistic under-
standing of nature, including organic nature and our own living bodies. At 
the same time, this modern scientific perspective allowed for, perhaps even 
required, the persistence of a divine order, and this proved to be the space for 
thinking anew what we can call the exception that is the human— part of 
nature, yet forever outside of the natural. At the heart of this entanglement 
was the machinic body and the nervous system as control mechanism, for 
no longer was it enough to connect physiology with sensory experience. 
Cognition itself would be reorganized around the living brain, and here the 
exception of the human could be attacked or at least normalized in terms of 
scientific methods of explication. This much we know from the history of 
psychology, a discipline that emerged in a new form in this period.27 The 
other thread in this entanglement is technology. As we know from much 
work in the history of science on mechanistic models and metaphors in 
this period of the “clockwork universe,” there was an unstable interplay 
between artificial machines and the order and organization of nature, of 
the cosmos itself. More recent work on the history of automata reveals the 
new importance of artificial robotic beings for thinking the body and for 
setting the stage for a total replication of human action— including cogni-
tion and rationality itself. Again, the seventeenth- century concept of the 

段静璐
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human is never stabilized due to the intricate entangling of ideas about the 
brain and nervous system, the theory and practice of human technologies, 
and the philosophical reflections on the capacities of the human mind. 
Descartes is our beginning point, since his work so clearly elucidates the 
topology of this modern entanglement, the shifting boundaries that link 
artifice, nature, automaticity, and human autonomy.

What follows is not a history per se but instead an attempt to track the 
multiple, evolving lines of thought that begin in this early modern mo-
ment, lines of thought that move from body to mind to nature to tech-
nology, thereby weaving new entanglements as certain ideas and concepts 
solidify and come to the fore. I also try to show how new ideas and experi-
ences (e.g, industrialization, evolutionary theory) reconfigured the ways in 
which the automaticity of the body could be linked with technical systems, 
while at the same time the mind, as the inventive power of technology, could 
still create the space for autonomy and the possibility of an exception from 
nature itself.

To be clear, the trajectories I am tracing here are resolutely Euro- 
American and indeed, with rare exceptions, the domain of white male 
minds. Normally, critics of the contemporary computational, algorithmic 
regimes of surveillance and asymmetric legal justice can trace their or-
igins to a central line of thought deep in the Western tradition, one that 
centers “reason” in the sovereign subject and aligns that reason with an 
essential technical organization of the world. If this tradition begins with 
figures such as Descartes, there is no doubt that the emergence of compu-
tational and cybernetic forms of rationality in the twentieth century accel-
erated this historical movement. My goal here is to delve into what Achille 
Mbembe, echoing Nick Land, calls the “Dark Enlightenment” of contempo-
rary computational regimes,28 to rediscover within this new heart of dark-
ness that is Western rationality lines of thought that conceptualized a dif-
ferent form of reason, and different forms of epistemology, not through a 
rejection of technology but rather with an intense reflection on the essen-
tial technical dimension of human thought itself. While the figures partic-
ipating in these lines of thought are no doubt among the most privileged 
in intellectual history, my argument is that this tradition harbors resources 
for an internal critique of what has been spawned by “modernity”— in all its  
worst guises.

We are witnessing today a moment when, to quote Mbembe, there is 
“the very distinct possibility that human beings will be transformed into 
animate things made up of coded digital data.” And in an extraordinary 
comment, Mbembe warns of a loss of self- determination on a massive scale, 
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going so far as to write, “This new fungibility, this solubility, institutional-
ized as a new norm of existence and expanded to the entire planet, is what I 
call the Becoming Black of the world.”29 For Mbembe, reason is no longer the 
(unequally shared) faculty that defined the human as such: “The computa-
tional reproduction of reason has made it such that reason is no longer, or 
is a bit more than, just the domain of human species. We now share it with 
various other agents. Reality itself is increasingly construed via statistics, 
metadata, modelling, mathematics.”30 My artificial history of reason is an 
attempt to recuperate models of human thought that preserve an excep-
tional space for human autonomy despite the very real infiltration of tech-
nical supplements into our own nervous systems. Cybernetics was not the 
end of thinking (pace Heidegger) but in fact the continuation of a complex 
history that fueled both the automatization of the social and political world 
and new concepts of human autonomy appropriate to this new condition. 
This history is of course one that marginalized certain groups and individ-
uals and produced the kind of technologized world implicated in all the 
worst excesses of Euro- American hegemony. But as I try to demonstrate, 
there is at work here conceptions of the human that rely on notions such 
as plasticity, error, interruption, and so on, concepts that have been effec-
tive in the many critiques of Western thought, especially in the domain of 
 media and technology.

The first part of the book tracks the ways in which some of the major think-
ers of “mind” in the seventeenth and eighteenth centuries met with the 
challenge raised first by Descartes, namely, how the intellect relates to a 
complex organismic body armed with sophisticated sensory organs and an 
integrating brain and nervous system. With Hobbes and Spinoza, we will 
see how reason and cognition was, in part, the result of an artificial regi-
men of training, linked to a nervous body that was capable of formation and 
re- formation. For Spinoza, this insight offered a path to thinking anew the 
ways in which human thought were connected to materiality, at the site of 
the body but also at the very site of God. A crucial element here will be the 
figure of artifice. I then take up Leibniz, whose infamous doctrine of pre-
established harmony will be reframed as automatic harmony. Again, I tease 
out different lines of thought to see how Leibniz deploys order and orga-
nization across different fields— the body, the mind, and the natural cos-
mos writ large— with an eye to how the creative capacity of the mind can 
help us understand how the human can maintain its exceptional character.

This sets up the analysis of Hume and Kant, in which that status is re-
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lentlessly dismantled in favor of an analysis of the human mind that em-
phasizes internal processes and laws of regulation. If Hume set out to 
dismantle early modern pretensions through a refiguring of the “animal 
spirits” and the emergence of reason in the midst of passionate activity, 
Kant thoroughly systematized the plurality of cognitive operations while 
speculating on the peculiarity of organismic causality. My goal in these 
chapters is to isolate the challenge of autonomy and creative intelligence 
as it appears in accounts of the mind that rigorously articulate the automa-
ticity of cognition itself. Kant is a threshold to the modern neuroscientific 
worldview, one that resolutely embodies cognition and perception in the 
structures of automatic neural machinery.

The second part of the book ranges more widely, through new psychol-
ogies, thermodynamics, evolutionary thinking, and so on, to see how in 
the period of industrialization in Europe thinkers and scientists reframed 
the body as both within and outside the artificial regulations and organiza-
tions produced and demanded by new circuits of manufacturing and eco-
nomic ordering. The lines of thought move through the new brain sciences 
to emerging experimental psychology and refigured philosophy, where we 
can see technology itself emerge as the marker of the human exception— in 
evolutionary time but also in terms of individual human development. The 
goal of this part of the book is to show that in the midst of automatic ma-
chinery, intellectual figures from a wide variety of domains understood the 
mind to be a space of possibility for interrupting automaticity, using newly 
available concepts and language that were to be found in disciplines such as 
thermodynamics, evolutionary theory, or neuroscience.

The third part explores, in what can only be a preliminary way, the rich 
territory of interwar thought, to see how radically new concepts of the in-
tegrative nervous system, alongside new philosophical approaches to mind 
and body spurred by the physiology and psychology of both humans and 
animals, drew on— while simultaneously influencing— a new and intense 
interest in the rise of automatic technologies, technologies controlled not 
by human operators but by complex new informational systems. This sets 
up part 4, where the very idea of “artificial intelligence” emerges with the 
development of the digital computer during World War II. Having followed 
the often- errant paths of several lines of thought, we will see in the early dis-
ciplines of cybernetics and AI a continuity with earlier concepts and prob-
lems, now filtered through the most radically automatic technology ever 
invented, namely, the digital computer. In this moment when brain, mind, 
and computer were first becoming fused in certain disciplinary frame- 
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 works, a host of other possibilities were in play, and the argument here em-
phasizes how the radical automaticity of the computer did not inevitably 
lead to the kind of reductive cognitivism dominant in contemporary sci-
ences of the mind and body but in fact provoked significant and sophisti-
cated rethinking of the nature of technology itself, and its relationship to 
the human mind. The final part of the book tracks this last line of thought— 
 a series of concepts and frameworks that cross disciplines but are linked 
by the key philosophical issue of what I call technogenesis, to use the term 
employed by Bernard Stiegler. An analysis of an example of contemporary 
neurocognitive science, the theory of predictive processing, I argue, offers 
a critique from within cognitive science itself, as contemporary researchers 
and theorists struggle with the entanglement of ideas that must be under-
stood across this longer historical time axis.

This project of providing an “artificial history” of human intelligence is of 
course a massive one. I offer here only a failed version of this more grandi-
ose vision. The lines of thought I trace and the concepts I sift out are frag-
mentary, selective, and very limited, hampered by the constraint of time, 
the contingencies of research, my specific abilities and languages, my own 
idiosyncratic interests and psychic challenges. There are, of course, many 
other lines of thought that point in a dizzying plurality of different direc-
tions, and while I do think it is fair to say that the core concepts and issues 
inherent in my “artificial history” do emerge historically from within a par-
ticular (and let it be said, peculiar) European constellation, the network of 
intersection, opposition, and juxtaposition would only get richer as the 
threads from different contexts and zones of thinking are confronted in an 
extended time and space.

Still, with respect to our current crisis of decision, I hope at least to make 
the case that there is a critique of the automatic era that is possible from 
within the domain of technology and from within the domain of the auto-
matic in particular. Autonomy can be rethought as the foundation of one’s 
own norms: the artificial history of intelligence reveals a kaleidoscopic va-
riety of examples of how the decision on norms is always dependent on a 
certain openness to automaticity, to the automatic regulation of human life 
on many different planes. What grounds critique in this space is the special 
character of human beings— poised between the automaticity of the organic 
and physical world and the automaticity of its own technical being. The hu-
man is not outside natural or artificial life. But thinking, I argue— by trac-
ing intersecting and divergent lines of thought in neurology, philosophy, 
biology, technology, and psychology, from Descartes to deep learning— is 

段静璐
彻底自动化当然并不直接导向还原论认知主义。
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not possible except in that gap between the two. There is no natural intel-
ligence. All intelligence is artificial. And so, we might say, there is no ar-
tificial intelligence, at least as we usually think of it, because machines are 
not  living and are (unlike us) only artificial. Hence this is not a history. It is 
a conceptual trajectory that aims to release from contemporary ideas his-
torical traces of the question of intelligence as it emerges as the very mark 
of the artificial.





PART ONE

The Automatic Life 
of Reason in Early 
Modern Thought
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2
Integration and Interruption
The Cartesian Thinking Machine

I thought too, how the same man, with the same mind, if brought up from 
infancy among the French or Germans, develops otherwise than he would if  
he had always lived among the Chinese or cannibals.

Descartes, Discours sur le méthode1

It is no surprise that a prominent cognitive scientist like Antonio Damasio 
would locate René Descartes’s fundamental “error” in the philosopher’s in-
sistence on the “abyssal separation between mind and body.”2 For the pro-
gram of cognitive science is arguably the total reduction of the mind to its 
neurobiological foundation, and this foundation, as Bernard Stiegler for 
one has pointed out, is essentially machinic in origin, given the intertwined 
histories of computing technology and artificial intelligence research, 
which gave rise to cognitive science itself as a discipline.3

Of course, we could just as easily celebrate Descartes as the first cogni-
tive scientist.4 As most scholars now recognize, Descartes was intensely in-
terested in the physiological foundations of cognition and emotion, elabo-
rating a complex theory of the nervous system and brain5 while developing 
a sophisticated medical philosophy.6 Descartes was the first intellectual to 
explore systematically the ramifications of the new mechanical philosophy 
for thinking about embodied human experience. As he wrote in a letter of 
1632, “I am now dissecting the heads of various animals, in order to explain 
what imagination, memory, etc. consist in.”7 And yet Descartes is still chas-
tised by so many (in so many disciplines) for holding onto some immaterial, 
spiritual “substance” as the ground of the “Cartesian subject.”

I would like to zero in on the intersection of these two domains— pure 
intellect and the body as responsive automaton— to ask the deeper ques-
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tion of how to think historically and conceptually about the more funda-
mental relationship linking humanity with its technology, which is what 
I will be tracking across early modern thought and beyond. The history of 
“artificial intelligence” cannot be the genealogy of a technology, since the 
first early modern concepts of machine cognition were inextricably en-
twined with concepts of intelligence that veered uneasily between the ar-
tificial and the natural.

Descartes, I argue, was interested in mapping systematically the com-
plexities of somatic machinery, not so much to “reduce” aspects of thinking 
to the actions of that body, but instead to reveal the ways our minds were 
constantly being shaped and organized by these automatic material pro-
cesses even as they resisted total determination— as the interventions of 
what he called “pure intellect” attest.

We must begin, then, with a Descartes seldom encountered in philos-
ophy or critical theory, the proto- cybernetic theorist of automata. Descartes 
in fact recognized the crucial importance of a form of information within 
the physiological mechanism that operated as a competing logic within the 
organization of the body. The threshold notion of information is what will 
connect the rigorous materialism of Descartes with his equally persistent 
spiritualism— the body and mind, in his system, although these terms fail 
to do justice to the way Descartes understood cognition and its organismic 
function.8

If we look closely at what I call here Cartesian robotics, we can glimpse 
a novel concept of the human emerging in the seventeenth century. For 
Descartes, the human body was a robotic, even cybernetic information ma-
chine that steered itself, yet it was also one that was capable of interrupting 
itself. This will be the key contribution. Indeed, Descartes’s depiction of an 
intellect capable of interfering with the sensory machinery of the body can 
only be understood if we realize just how intimately bound the soul was to 
the organs and structures of a living body. With this supplemental capacity, 
the complex technical and informatic machinery of the human body be-
came radically open in a new way and thereby became capable of the most 
radical transformations and unprecedented reorganizations. The Cartesian 
robot was, in essence, a plastic being.

Living Machines

In adopting the mechanical philosophy as a foundational starting point 
of his scientific investigations, Descartes banished any notion resembling 
the Aristotelian idea of “soul” to explain natural phenomena, and that in-
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cluded living beings, the natural forms that most resisted mechanical ex-
planations.9 His most notorious claim was perhaps his denial of any soul 
in the animal. Descartes was committed to a physiological theory that de-
pended on purely mechanical explanation; there was, in the end, no way 
that he could explain what he knew to be the free and open nature of the 
mind. This is usually read as the beginning point of Descartes’s problematic 
“dualism.” More important to note here is that the dualistic approach was 
predicated on a prior, revolutionary redescription of both animal and human 
bodies as mechanically organized entities, yes, but automatic mechanisms 
that were also self- governing. This project of Cartesian robotics reveals (in 
a negative fashion) the key role that the soul will play in his effort to un-
derstand the exceptional nature of human identity as something distinct 
from, while still embodied in, the explicitly technological understanding 
of animal- human automata.

We can begin with Descartes’s infamous claim that the animal was sim-
ply a machine— no experience, no feeling, no emotion. Descartes, like his 
early modern contemporaries, were very familiar with automata, and in-
deed, robotic machines had been a part of academic and even religious 
culture for some time.10 In his Discours sur la méthode of 1637, Descartes 
imagined that if someone built a robotic monkey we would not be able to 
recognize a real creature when confronted with this mechanical version 
at the same time. And this was for a simple reason: the real creature was 
itself a robot according to Descartes, an “automaton,” or self- moving ma-
chine. Defending this conjecture in a letter the following year, he presented 
a more elaborate take on this robotic imitation game.

Suppose that a man had been brought up all his life in some place where 
he had never seen any animals except men; and suppose that he was very 
devoted to the study of mechanics, and had made, or helped to make, vari-
ous automatons shaped like a man, a horse, a dog, a bird, and so on, which 
walked and ate, and breathed, and so far as possible imitated all the other 
actions of the animals they resembled, including the signs we use to express 
our passions, like crying when struck and running away when subjected to 
a loud noise.11

Descartes claims that if this mechanical genius was transported to our own 
world, he would instantly recognize our animals for what they really are: 
intricate automata that were just incomparably more accomplished than 
any of those he had previously made himself. He would be struck, that is, 
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by the structural resemblance between the real dogs and horses and his 
own mechanical constructions. As Descartes explained in his physiologi-
cal works, as well as numerous letters in the 1630s, since all animal behav-
iors could be perfectly explained in purely mechanical terms, there was 
absolutely no need to introduce the hypothesis of an animal soul: “Since 
art copies nature, and people can make certain automatons [varia fabricare 
automata] which move without thought, it seems reasonable that nature 
should even produce their own automatons, which are more splendid than 
artificial ones— namely all the animals.” It was much more astonishing, 
Descartes claimed— and this is what we need to focus on— that the human 
body, which was in essence one of these “natural” works of art, turns out to 
have a soul.12

But what about these human automata? Would our imaginary roboti-
cist be fooled into thinking our fellow citizens were merely machines when 
he arrived in our midst? “Suppose that sometimes he found it impossible 
to tell the difference between the real men and those which had only the 
shape of men.” Perhaps initially fooled by his own walking, laughing, cry-
ing human robots he would have eventually

learnt by experience that there are only two ways of telling them apart[,] . . . 
first, that such automatons never answer in word or sign, except by chance, 
to questions put to them; and secondly, that though their movements are 
often more regular and certain than those of the wisest men, yet in many 
things which they would have to do to imitate us, they fail more disastrously 
than the greatest fools.13

In this critique of “expert systems” avant la lettre, Descartes implies that 
the automaton would inevitably confront a situation for which it was not 
programmed, so to speak, to handle. But, as he had already noted in the 
Discours, genuine humans arrange their words differently in response to 
inquiries, and crucially they can think their way out of challenging circum-
stances despite the lack of precedents. “It is unimaginable,” he writes, “for 
a machine to have enough different organs to make it act in all the contin-
gencies of life in the way in which our reason makes us act.” Humans reveal 
themselves by their essential flexibility, their adaptability and their creative 
capacity: “Reason is a universal instrument which can be used in all kinds 
of situations.”14
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The Nervous System as Information Machine

. . . the substance of the brain being soft and pliant . . .
Descartes, Traité de l’homme15

It is important to keep in mind that Descartes was never really interested in 
the traditional philosophical division between mind and body that we now 
associate with his name but rather a more ephemeral transition point be-
tween what might be called forms of “corporeal cognition” produced by the 
nervous system and brain of the body and the kind of pure intellection that 
could be performed only by the soul.16

To understand the importance of this liminal space, we must read Des-
cartes’s foray into conjectural human robotics, the Traité de l’homme, written 
around 1630 but never published in his lifetime. Descartes’s conceit here is 
that he will, like his imaginary counterpart, construct— virtually— a human 
automaton, a machine made up only of physical matter (the conjectural 
method deployed for Descartes’s theory of the formation of the universe). 
After building the automaton, he will then show that this robotic creature 
would be able to imitate its real human counterpart in almost every way, 
demonstrating that the bodies we possess must be essentially machines— 
albeit of divine origin. (Descartes’s implicit argument will be that any ac-
tion not explained by this virtual robotic simulation must be ascribed to the 
soul and not to our bodies.)

Descartes was not only dissecting animals regularly himself, but he was 
also clearly well versed in the medical and anatomical tradition.17 He was 
of course not the first to offer a theorization of the nervous system (in fact, 
he borrows heavily here from Galen’s standard, if by then outdated, work, 
not to mention the more recent anatomical investigations of Andreas Vesa-
lius and especially Caspar Bauhin),18 nor was he the first to speculate about 
how certain mental operations could be localized in specific parts of the 
brain.19 However, Descartes took the terminology and concepts of earlier 
medical and psychological theories and reoccupied them, replacing their 
sometimes ephemeral notions of order and organization with precise, and 
purely mechanistic, explications.

One of the main aims of the Traité as an exercise in virtual robot con-
struction was to discover the mechanisms of “self- movement” in the human 
body, the control systems, in other words, that make possible the continuing 
integration of the bodily organs and maintain the process of life. The key 
locus of explanation is the nervous system. (Figure 1.1.) Descartes will de-
tail how “animal spirits,” defined as the most rarified form of particulate 
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matter, what Descartes calls a distillation, or “fine wind” (the term itself can 
be traced to Galen),20 flowing through exceedingly small and narrow pas-
sages in the nervous system and brain, could explain a diversity of rather 
complex animal and human actions. In adopting the mechanistic stance 
here, Descartes does away completely with the Aristotelian concepts of the 
sensitive or vegetative soul— as that which gives form and unity or life itself 
to matter— thereby opening up both a new way to think about the organiza-
tion of living bodies and, perhaps more importantly, paving the way for a 

Figure 1.1. From René Descartes, De Homine (1662). Source: Wellcome 
Collection. CC BY 4.0 / https:// creativecommons .org /licenses /by /4 .0 /legalcode.
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radically new approach to the function of what used to be called the ratio-
nal soul.21 For Descartes, the rational intellect had to be linked to— but also 
radically distinct from— the wholly material organization and process tak-
ing place within the automaton.22 The rational soul could not “direct” (like 
some sovereign figure) the activity of the automatic corporeal systems.

In a famous passage, Descartes likens the mechanism of the body to the 
intricate engineering animating the moving statues in the artificial grot-
toes at the famous royal gardens at Saint- Germain, which operated auto-
matically by means of complicated waterworks.

And truly one can well compare the nerves of the machine that I am describ-
ing to the tubes of the mechanisms of these fountains, its muscles and ten-
dons to divers other engines and springs which serve to move these mecha-
nisms, its animal spirits to the water which drives them, of which the heart 
is the source and brain’s cavities the water main. Moreover, breathing and 
other such actions which are ordinary and natural to it, and which depend 
on the flow of the spirits, are like the movements of a clock or mill which the 
ordinary flow of water can render continuous.23

Significantly, these automata could even react to the presence of visitors 
via external sensory devices. For example, a visitor unwittingly steps on a 
particular special stone in order to better glimpse Diana at her bath, she re-
treats, and suddenly Neptune appears, wielding his trident.

For Descartes, these automata were essentially cybernetic systems, func-
tioning not according to the rigid, serial logic of the clock but rather follow-
ing from a flow of information within the system understood now as a total-
ity. The automaticity of the reactive mechanism required an information 
processing system. That is, the “outside” world was converted by the sys-
tem into an internal coding of sorts, which could then set in motion various 
kinds of bodily activity. The act of sensing can be best understood here as a 
perturbation of the system, a provocation that sparks a reorganization and 
then action in response to this flow of internal information.

Descartes clearly goes much further than his mechanical and hydrau-
lic analogies would suggest. The body can, he imagined, perform a kind of 
thinking that greatly exceeded the relatively straightforward (if complex) 
mechanistic activity of these early modern waterworks. Because the sense 
organs are made of exceptionally pliant material, they are physically “im-
printed” with the movements generated by the objects of external world— 
like wax imprinted with a seal. The animal spirits (unlike the flow of water 
in the earlier analogy, which was mostly a physical force) can in fact encode 
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real information as they respond to, then transmit, the configurations or 
textures of the physical environment. While this is somewhat murky in 
Descartes’s texts, external objects have what I would call a certain structural 
topology relating their parts, and different organs “sense” different orga-
nized topologies by virtue of the possibility that this network of relation-
ships can be imprinted on the open, elastic surface of the sense organs.24 
The pattern of organization and not the physical collision per se is what is 
transmitted from the “screen” of the organ to the animal spirits flowing in 
the nerves that are attached to those organs.

These configurations— information patterns— therefore embody any 
number of “sensible” qualities: figure, position, size, distance, but also col-
ors, odors, titillation, and other passions.25 “There is a code of the senses, 
antecedent to that of the sensations of the soul united to the body,” as Jean- 
Pierre Séris concisely puts it.26 Somewhat cryptically, Descartes even de-
picted this coding of the nervous system in the Traité as a series of lines 
forming endlessly complex geometric figures. The important point is that 
the code does not need to “represent,” if by that we mean resemble, the ex-
ternal object in order to transmit these qualities, which are after all de-
pendent only on topological configurations of matter themselves.27 Each 
sensory organ transmits (or better, transduces) a particular modality or 
topology, which is then integrated with other partial configurations in the 
common sense. Only later will these material codes be “experienced” by the 
soul as actual sensations. (And in animals, of course, there will never be 
such an “experience,” only the machinic transduction into nerve patterns 
in the ongoing organization and reorganization of the brain.)

As Descartes describes, the coded information flowing from the various 
organs of sense is eventually inscribed on the “common sense,” that ven-
erable cognitive function that was now located with anatomical precision 
(and thereby newly materialized) in the infamous pineal gland, deep within 
the structure of the brain.28 There, Descartes suggests, the information can 
be “read” (or better, “felt”) by the intellectual soul as a single unified expe-
rience of the world. Because sensory information is transmitted as a wave 
through the animal spirits instantaneously through the nerves, Descartes 
shows how the state of the sensory organs would be immediately doubled 
within the pineal gland, which is the center of all the nerve channels lead-
ing into the brain.29 (Figure 1.2.) Even at this first level of neural organiza-
tion the information system has its own internal economy. The brain ma-
nipulates and reorders this information to effect certain physical activities. 
Reflex action— the body moving away from the fire, the hands positioned 
to protect against a sudden fall— is just the result of a movement of infor-
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mation through the nerves to the brain and the pineal gland and back down 
to the muscles, where the action finally occurs— “without any mental voli-
tion, just as it would be produced in a machine.”30

The Memory System

Cognition can first be understood by Descartes as largely a physical ma-
nipulation of this virtual reality, organized and reorganized by the imagi-
nation— strictly redefined as a purely corporeal faculty. Memory introduces 
a new complexity. Indeed, memory truly distinguishes this information 
machine— a cybernetic body with a nervous system— from merely reac-
tive automata such as the royal waterworks. With memory (first described 
by Descartes in the Traité de l’homme as actual patterns formed by physical 
“holes” in the brain, then in later works as structural “folds” in the brain)31 
the body becomes capable of ever more complex actions, because it is in 
effect responding not just to present stimuli but also to patterns of past ex-
periences, at the very same time.32 In an almost Pavlovian mode, Descartes 
(around the time he was writing the Traité) writes to Mersenne, “If you 
whipped a dog five or six times to the sound of a violin, it would begin to 
howl and run away as it heard that music again.”33

This all leads to a rather startling admission by Descartes: if the autom-
aton is outfitted with a memory system, he says in the Traité de l’homme, 

Figure 1.2. From René Descartes, Traité de l’homme (1664). Source: Wellcome 
Collection. CC BY 4.0 / https:// creativecommons .org /licenses /by /4 .0 /legalcode.
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“without there being any soul in this machine, it can be naturally disposed 
to imitate all the movements that real men (or many other, similar ma-
chines) will make when the soul is present.”34 For Descartes the delayed 
effects of the memory structure, the persistence and circulation of infor-
mation even after the original physical movements have dissipated, make 
possible a “natural” simulation of the interventional capacity of the soul.35 
Memory disrupts the flow of information in the system, allowing the ro-
botic machine to act (at least in the view of an observer) in a seemingly flex-
ible and adaptive manner.

What exactly is it, then, that distinguishes the work of the soul from the 
complex cognitive functioning of the temporalized nervous system? Or to 
put it another way, what possible advantage does the soul offer the body? 
One thing seems clear: the soul (from the robot’s perspective, that is) must 
enable a new form of response to the environment, reactions that exceed 
the capacity of a corporeal cognitive system— what Descartes calls memory 
and imagination.

Nonautomatic Cognition

The rational soul must operate both inside and outside the automatic sys-
tem: it will have “its principal seat in the brain, and reside there like the 
fountain- keeper who must be stationed at the tanks to which the fountains’ 
pipes return if he wants to produce, or prevent, or change their movements 
in some way.”36 This raises the question of how that corporeal space of in-
formation can be radically disrupted (i.e., interrupted) from within its very 
own economy and logic.

This question haunts one of Descartes’s earliest works on thinking, the 
unfinished Rules for the Direction of the Intellect (ca. 1628), where he rejects 
traditional rhetorical and logical methods of discovery, methods that were 
essentially discursive and often formally syllogistic, and moves toward a 
new cognitive model of understanding that privileged the immediacy of 
what he called, somewhat mysteriously, intuition.37 For Descartes, intuition 
was self- grounded; that is, it produced knowledge that was not derived 
from any other source. “By ‘intuition,’” he writes, “I do not mean the fluctu-
ating testimony of the senses or the deceptive judgment of the imagination 
as it botches things together.”38 Intuition was that immediate grasp of con-
nection between ideas. The common sense might synthesize or associate 
those separate experiences, but it will never remark the rational, indubit-
able relationship between these experiences.

The model of thinking in this early text locates intelligence in the grasp-
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ing and reconfiguration of relations and proportions as they suddenly ap-
pear within the field of experience generated by the physiological systems 
of sensation, imagination, and memory. Descartes can say that the soul rep-
resents a spark of “the divine” within the corporeal system, because there 
is a structural analogy between divine creativity and the unprecedented 
intuition that disrupts the regular economy of the embodied information 
system. The divine soul marks an exception to that causality.

Intellectual Judgment and the Moment of Insight

From the perspective of Cartesian robotics, the Meditations is a demonstra-
tion of just how difficult it is to isolate pure thinking within a complex cog-
nitive realm dominated by automatic and corporeal forms of mental orga-
nization and reorganization. “My habitual opinions keep coming back, and, 
despite my wishes, they capture my belief, which is as it were bound over 
to them as a result of long occupation and the law of custom.”39 We should 
note here that Descartes is referring to the power of the animal spirits. Phi-
losophy is literally a counterbalancing force that keeps at bay the corporeal 
cognitive flow.

In famous passages from the Second Meditation, Descartes locates pure 
intellection in the act of judgment, and we now gain insight into the spe-
cific domain of l’esprit— the ability to see something that is not at all pres-
ent in our senses. We might see, touch, even hear the innumerable changes 
in, for example, a piece of malleable wax; we can even imagine (in the cor-
poreal sense of that word) changes that have not taken place yet— endless 
new shapes, for example. However, only the intellect can “see” wax itself. 
But here “wax” marks that invisible form of identity that persists through-
out these perceptual changes.40 The pliant wax— like the pliant brain or 
the mind itself— can take on many different forms, but only the intellect 
can perceive the underlying identity that is itself never accessible to sen-
sory perception, for this form of organization (substantial unity in and of 
itself) can literally make no impression on the nervous system. The intellec-
tual judgment is no doubt parasitic on the corporeal cognition generated by 
sensation and its processing in the common sense,41 but it is not, Descartes 
demonstrates here, identical with it. The mind, like the wax, is a founda-
tional unity that escapes direct perception but can be located between, so 
to speak, its variety of modes. “Therefore this insight [comprehensio] is not 
achieved by the faculty of the imagination.” The perception of the identity 
is an “inspection of the mind alone [solius mentis inspectio].”42
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But what does the intellect “see”? The judgment is more than an arti-
ficial synthesis of corporeal experiences. Descartes gives us another, brief 
(but revealing) example of this intellectual ability to judge beyond percep-
tion, one that nicely ties together the Meditations and the robotic writings. 
He writes:

But then if I look out my window and see men crossing the square, as I just 
happen to have done, I normally say I see the men themselves, just as I say I 
see the wax. Yet do I see any more than hats and coats which could conceal 
automata? I judge that they are men. And so something which I thought I 
was seeing with my eyes is in fact grasped solely by the faculty of judgment 
which is in my mind.43

And yet, why should we judge them to be men? This judgment may well be 
in error (think Blade Runner), for in order to recognize (or better, cognize) a 
genuine human, we would need to perceive the signs of “pure intellect” it-
self, this strange capacity to see what is not really there.

The difference between the robot and the human is not attributable to 
any substantial content of the soul’s being, something new that is “added” 
to the robotic organization. Rather, the soul intervenes— it is the cut into the 
system that opens up a new form of action. The intervention is an interrup-
tion in the radical sense of the word. The soul does not construct higher 
unity so much as it interferes with the automatic integrations of sensory 
information by making and remaking the order of relations that emerge in 
the common sense of the brain.

Unitary Systems

Descartes’s last published work, the Passions de l’âme (1649), returned to the 
peculiar relationship between the active soul and the automatic robotic 
body. The key trope was unity. Descartes is concerned with both the self- 
enclosed automatic unity of the body and a much stranger unity that twists 
intellect and body together in the unstable figure of the human. The pas-
sions will be studied closely, since they constitute an essential connection 
between the sensing body and the purely intellectual functions of the soul. 
Descartes confronts a liminal space of connection in which some kind of 
unity brings together, while keeping absolutely separate, body and mind. 
(To condemn Cartesian “dualism,” one must, of course, ignore this key 
question of the required ontological plane that can allow their unification.)
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First, Descartes’s theory of the organism constitutes an independent ex-
istential logic. The body’s internal economy, its organization and motion, is 
not at all dependent on the soul for its unity: “Death never occurs through 
the absence of the soul, but only because one of the principal parts of the 
body decays.”44 Life and death mark the distinction between functioning 
and damaged physiological systems— the success and failure of unity.45 
After a brief overview of his theory of the gross anatomy and physiology 
of the body, Descartes turns to the nervous system, explaining it in some 
detail, repeating ideas developed earlier in the Traité de l’homme and other 
texts— but with a new inflection. He emphasizes here, first, the absolute in-
tegrity of the animal or human body mechanism. Every movement that is 
not willed “occurs in the same way as the movement of a watch is produced 
merely by the strength of its spring and the configuration of its wheels.”46 
In other words, the soul is here absolutely excluded from the logic of the 
body’s own operations. But the soul does inhabit this space in a special 
way: “The various perceptions or modes of knowledge present in us may be 
called its passions . . . for it is often not our soul which makes them such as 
they are, and the soul always receives them from the things that are repre-
sented by them.”47

The most critical point, as we know, is that the soul can initiate “actions 
that terminate in our body”; that is, the soul can will particular actions. 
This special relationship is obviously important, but we cannot help but re-
mark on its profound, almost perverse, strangeness. Elsewhere, Descartes 
claimed that if an “angelic intelligence” were to inhabit the body, to posi-
tion itself, as it were, inside the pineal gland, “it would not sense the world 
as we do.” Instead, the angel would simply observe “the motions which 
are caused by external objects” as they pass through the animal spirits; it 
would perceive, that is, only the raw “coding” of the information flowing 
through the nervous system. This angel spliced into a human automaton, 
therefore, “would differ from a real man.”48 Our human souls are so deeply 
intertwined with our bodies that we actually feel the sensory information 
as subjective experience. As he says repeatedly in the Passions, these re-
lations (i.e., between soul and nervous system) are themselves “ordained  
by nature.”

The Passions is from one angle a protracted attempt to understand the 
function of this intimately bound soul, to understand it, that is, from the 
perspective of the corporeal economy. The passions emerge here as a sup-
plement to corporeal memory, which was already staged as a supplement 
to sensory information and therefore capable of disrupting the linear se-
quence of sensation, action and reaction. The passions, though, unlike 
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memory, operate more as a warning system for the body.49 Pain, joy, sad-
ness, courage, and so on, all are ways the body presents challenges or op-
portunities to itself, based on its needs.

The soul is provoked by these signals, according to Descartes, in mo-
ments of crisis and can constitute a new space of decision for the living body. 
When passion “impels us to actions which require an immediate decision 
[résolution], the will must devote itself mainly to considering and follow-
ing reasons which are opposed to those presented by the passions, even if 
they appear less strong.” The soul can interrupt the automaticity of the fear 
response, as well as a strong desire for honor, both of which arise in one 
single situation. The soul can turn against these responses, intellectually, by 
attending to their opposites. Descartes’s example is an “unexpected attack 
of the enemy” when there is “no time for deliberation.”50 However, there is 
still time for decision, or we can say, the judgment that is decision takes no 
time. The conceptual difficulty is locating the plane of connection between 
soul and brain here.

First, we can say the body is a “unity which is in a sense indivisible be-
cause of the arrangement of its organs, these being so related to one another 
that the removal of any one of them renders the whole body defective.”51 
Second, the soul has its own form of indivisibility, its own foundational 
unity— the cogito.

Descartes suggests that the point of contact between soul and body is ne-
gotiated precisely at the intersection of these two unities. The soul is joined 
to the whole body, or, more precisely, to the body’s being where it appears 
as wholeness. The concrete physiological space where that unity is best ex-
pressed is the brain’s own center of organization, namely, the pineal gland. 
That gland, as we saw, was automatically inscribed by the informational 
systems of the body simultaneous to their occurrence. Not surprisingly, 
then, the soul “exercises its functions” in relation to the body “more par-
ticularly” in the pineal than anywhere else. I rely here on Nima Bassiri’s in-
novative reading of this fundamental point. “The pineal gland,” he claims, 
“is organizationally reduplicating the body’s sensory affections.”52 The con-
nection between mind and body as parallel unities is indeed less mysteri-
ous now than the connection between the body’s organizational wholeness 
(whatever status that has metaphysically) and its various complex parts. In 
any case, we can now understand that for Descartes the soul is in a sense 
able to influence the pineal gland via its intimate connection to the body as 
a whole, a body that itself can influence specific parts, though the medium 
is still not explained here by Descartes.

As some scholars are now asserting, the Passions introduces a tentative 
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but powerfully novel conception of the human as a “single system” consist-
ing of physiological organization and the functions of intellectual interven-
tion.53 I would supplement these persuasive interpretations. Descartes is 
setting the stage for the idea that the soul (whatever its own aspirations) 
is the entity that takes responsibility for acting on behalf of the body’s own 
integral unity in the absence of any such existential reaction in the robotic 
system. In moments of real crisis, the virtual integration of the body’s diver-
sity in the brain does not constitute the most effective weapon.

As Descartes wrote in the Meditations, the soul is not at all like the pilot 
of the ship, who controls the vessel as if it were an organ— that is, a mere ex-
ternal instrument of its own desire, an organon. As in cybernetics, the disci-
pline that took its name from the Greek word for “steering,” kyber, Descartes 
here insists on seeing the organism as a functional whole, an integration of 
intellectual and bodily systems, of informational and material operations. 
That is, the body, even a human body, is a complex unity that steers itself as 
a reactive and adaptive automaton.

In the Passions, Descartes redescribes the soul’s function in relation to 
the existential, vital demands of the body. The passion of “anxiety,” for ex-
ample, is raised in the soul when something “very strange and terrifying” 
is perceived. While one can imagine an animal fleeing automatically from 
this danger, the point that Descartes emphasizes is that the soul can make 
a decision, one that is not at all predetermined by the nature of the bodily 
response. The soul is co- opted by the body to serve its own existential drive: 
“The principal effect of all the human passions is that they move and dis-
pose the soul to want the things for which they prepare the body.”54 The 
passions are excited in us by objects in the world “because of the various 
ways in which they may harm or benefit us.”55 The soul is affected by the 
passions, in that it now desires what the body already “desires” and thus may 
persist in a course of action despite the changing physiological conditions 
of the body or the environment, or, perhaps, the presence of conflicting im-
pulsions.

Wonder: Epistemology of the Automaton

The key moment in the text is when Descartes points out a certain special 
kind of passion that is not like any of the others— an exception to the very 
logic of desire and fear that shape the movements in the brain and pro-
duces the basic passions he has enumerated. The singular passion of “won-
der” (admiration) is unusual precisely because it has no relation at all to the 
immediate well- being of the body. This passion affects only the brain. Yet a 
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pliant, plastic Cartesian brain can hardly have its own object of desire, or 
fear. This is, I argue, why wonder is something quite unusual— the “sudden 
surprise of the soul which brings it to consider with attention the objects 
that seem to it unusual and extraordinary.”56 Wonder is really a radical dis-
ruption of the body’s operations, not an expression of vitality. With wonder, 
the body is alerting the soul to the presence of something fundamentally 
unknown. Now, it is exactly this state of wonder (admiration) that is impos-
sible in the robotic animal, for it can react to something only if it can be un-
derstood in relation to its immediate or automatically anticipated needs.57 
The shock of the new within an animal- machine cannot produce any spe-
cific form of behavior.

So how does the machinic body go beyond itself, its own automaticity, 
to “alert” the soul to something unknown? Wonder is, Descartes tells us, an 
“impression of the brain, which represents the object as something unusual 
and worthy of special consideration.”58 The challenge is to explain how a 
material system can express its own absence of information. As Descartes 
will suggest, the novelty of the impression is marked by the fact that cer-
tain parts of the pliant brain that have not normally been affected in the 
past have been suddenly forced into new configurations. At this moment, 
the animal spirits flow to this site of novelty and to the sense organs, so that 
they remain fixed on the new object; therefore the soul will be forced, in a 
sense, to acknowledge it.

Whatever the physiological explanation, the functional point is abso-
lutely clear. Wonder is the way that a body interrupts itself in the face of 
a novel and unprecedented situation, in order to alert the soul to initiate 
a response that is no longer aiming to duplicate or amplify an anticipated 
machinic response but rather act in a way wholly foreign to the body— but 
still in the service of organismic life.

All other passions identify what is “good” or “evil,” of benefit or not to 
the bodily machine. Yet wonder is a state of surprise, the purest form of 
interruption— good and evil are no longer in play. So wonder, unlike the 
other passions, is agnostic with respect to life because its object is defined 
as unknown, as absence of knowledge of fear or desire. Therefore wonder 
will always provoke a genuine decision while simultaneously preparing the 
ground for new knowledge. Or at least, if the soul rises to the challenge and 
is not absorbed completely by novelty, to the point of immobility, the patho-
logical state Descartes calls “astonishment.”59

To sum up: The soul intervenes on behalf of the life of the organism, by 
forcing the automaton to act against its own automaticity. However slight 



32  CHAPTER 2

the impact of the soul might be in the face of the passions, this is the zone 
where the soul realigns the organization altogether, beyond the logic of its 
own automaticity. The human is, therefore, no simple addition to the liv-
ing mechanized body, a reasoning being trapped in a material existence, an 
awkward marriage in both philosophical and practical terms. The human 
as a Cartesian robot is a hybrid, defined by its material organization, yet 
open to both cultural and technical formation— and often inspired to use 
that very capacity of openness to remake itself freely in moments of true 
decision. (This is why this hybrid entity must always be, for Descartes, an 
ethical being, but that is another question.)

A genuinely autonomous robotic system must therefore itself be some-
what “autonomous” of its own subsystems if it is going to display the flexi-
bility and adaptability of the human being.60 The human automaton is not 
just capable of reorganizing itself; it is also endowed with a capacity for rad-
ical self- interruption.

Cartesian robotics demands that we interrogate early modern thought 
and its theorization of cognition as an immersion in the complex intersec-
tion of rapidly evolving conceptualizations of minds, vital organic bodies, 
material technologies, and cosmic speculation. In the wake of Descartes, 
the cognitive capacities that resisted simplistic models of l’homme- machine 
will also spur parallel investigations of the body and technology. The crucial 
line was between artificial and natural, and this line was drawn in surprising 
and complex ways. The concept of automaticity was inseparable from ideas 
concerning openness, plasticity, creativity, and indetermination— whether 
in physical science, emerging forms of biological thought, theories of tech-
nology, or the philosophy of mind. And underlying these complex strands 
of thought was Descartes’s open question, the ontological plane that would 
function as a common space for the appearance of both automatic machines 
and spiritual intellects.
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3
Spiritual Automata
From Hobbes to Spinoza

Man alone is a concrete Spirit.
Jean- Baptiste van Helmont

Organisms and Machines: Hobbesian Rationality

For those seeking early modern roots of artificial intelligence, Hobbes is of-
ten cited for both his mechanistic “reduction” of cognition to the physics 
and physiology of matter in motion and his infamous remark that “by rea-
soning, I understand computation [per ratiocinationem autem intelligo com-
putationem].”1 What usually goes unremarked is the original distinction of 
the natural and the artificial in Hobbes’s conceptualization of the human. 
The natural world of living creatures implies the existence of forms of orga-
nization and systemic integration that work automatically to produce com-
plex and varied action. What distinguishes the human is its capacity for 
artificial forms of behavior. Indeed, for Hobbes intelligence is not naturally 
computation; rather, intelligence is dependent on the acquisition and de-
ployment of a new technology of organization that allows for rigorous pro-
cessing of information. Hobbes looks to machines such as the abacus, or 
“paper machines” like accounting ledgers,2 to emphasize that it is precisely 
the artificial system that allows thinking to do more than it ever could in its 
natural state.

Reason is “attained by industry.” Philosophy is therefore the disciplin-
ing of the forms of natural thinking inherent in human beings; it is a form 
of what Hobbes will describe as cognitive agriculture. As Hobbes put it in 
De Corpore, “All men can reason to some degree, and concerning some 
things: but where there is need of a long series of Reasons, there most men 
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wander out of the way, and fall into Error for want of Method, as it were 
for want of sowing and planting, that is, of improving their Reason.”3 This 
reason— with its artificially linear furrows and precise, regular distribution 
of “seeds”— is, we find in Leviathan, a method of manipulating names, espe-
cially universal names, the most precious seeds of knowledge. Remember 
that for Hobbes the name itself is an artificial unity: a multitude of experi-
ences is made one through the prosthetic of a material sign.4

Unity is a critical issue for Hobbes and not just because of his political 
argument for singular sovereign power. Hobbes’s model of the human is 
organismic and not so much mechanistic, as we are so often led to believe.5 
As Hobbes explained in his late text Decameron Physiologicum (1678), “It is 
very hard to believe, that to produce male and female, and all that belongs 
thereto, as also the several and curious organs of sense and memory, could 
be the work of anything that had not understanding”6— in other words, the 
organic body resists comprehension because its order and reproduction of 
order cannot be deduced from the mere existence of given matter put in mo-
tion. Bodies have an organismic order with their own logic of operation, and 
they are therefore the result of an invention, a “product” of intelligence. 
This is perhaps why Hobbes struggles to explain how our naturally orga-
nized bodies could ever extricate themselves from the automaticity of natu-
ral cognition. How can intelligence produce itself from nothing? What is 
the theory of generation?

Hobbes emphasized that a natural body (“animal”) is a collection of me-
chanical parts— the heart a spring, the nerves so many strings, the joints so 
many wheels— these parts are organic, and what is at stake here is not the 
materiality of the body but instead, as Hobbes writes in the introduction to 
Leviathan, how one gives “motion to the whole body, such as was intended 
by the artificer.”7 To imitate nature with automata, he implies, some insight 
into how natural bodies are animated is needed— which is also another way 
of saying we need to understand how natural bodies produce and maintain 
their unity.

The figure who coined the term “mechanical philosophy” in fact agreed 
with Hobbes on this score, underlining the importance of the question of 
organismic order in this period. Robert Boyle would admit that it was im-
possible to imagine, at the origin of the universe, that the “Great Mass of 
matter” having been “barely put into motion, and then left to itself” could 
ever produce the order of nature, in particular organic nature— “such curi-
ous Fabricks as the Bodies of men and perfect animals, and such yet more 
admirably Contriv’d parcels of matter, as the seeds of living Creatures.” 
Boyle thought it necessary to add another principle, “an Architectonick 
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Principle” that would through “skilfull guidance of the motions of the small 
parts of matter” transform the confused Chaos into an orderly world.8

Without exactly denying this implication, Hobbes leverages the very 
ambivalence of the distinction between the automatic machine and the 
natural body in order to highlight the artificial character of political sov-
ereignty, the real subject of Leviathan. The commonwealth is described as 
an “artificial man,” created to protect and defend individuals. But unlike 
the automatic machine, the automaton that is the commonwealth has to 
imitate the organism by having that “life and motion” animating a “whole 
body.” The trick, which is at the center of Hobbes’s argument but easy to 
forget, is that this particular automaton will have, as he puts it, an “artificial 
soul”— the sovereign figure who will produce and maintain the unity of the 
commonwealth.

The obvious but often ignored truth that lies behind this claim is that an 
organic body has such a soul naturally, though this soul— we can really call 
this organization— has nothing to do with the Aristotelian version, accord-
ing to Hobbes. In any case, successful imitation of the function of a natural 
soul entails a clear understanding of the organic version that comes before 
it. To be clear, nowhere does Hobbes argue that animal (or human) bodies 
are mere machines— though to be sure he often seems to be saying exactly 
that when he wants to highlight the materiality of human experience and 
action; in fact, he recognized that the organization of bodies requires a new 
form of explanation.

This distinction between the natural body and the artificial machine 
is in fact essential to Hobbes’s body- politic analogy, given the importance 
in his work of the sovereign figure as the substitute for the automatic or-
dering principles that inhere in organisms but are absent in machines. In 
chapter 42 of Leviathan, for example, Hobbes critiques the argument that 
in both the “natural body” and the automaton- commonwealth, individual 
members “depend one of another.” For Hobbes, it is important to recognize 
that any coherence in the state is dependent on the sovereign, the political 
“soul,” such that in the absence of sovereignty (in a civil war, say) the lack of 
“common dependence” means the dissolution of coherence— and Hobbes 
pointedly notes that this is just like when the parts of a dying natural body 
“dissolve into earth for want of a soul to hold them together.”9

Human beings are not naturally in agreement at all, hence any agree-
ment is “by covenant only, which is artificial,” and it is precisely this artifi-
cial construction that cannot sustain itself, be “constant and lasting,” with-
out intervention and coercion directing the parts making it up (120). On the 
other hand, the unitary “system” of systems (155) that is the commonwealth 
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can learn to become “organic” to the point where it is even capable, Hobbes 
says, of artificial procreation— that is, the formation of colonial “clones,” so 
to speak, that, like a child who has matured and become independent, can 
be emancipated from its parent metropolis (175– 76).

The analogy between living unitary organisms and artificial common-
wealths depends on an understanding of how biological tissues and organs—  
the subsystems— are integrated into an overall system that provides the 
unity and direction necessary for maintaining life. In De Corpore Hobbes 
draws on the mechanistic physics of his time, stating that “all Resistance 
is Endeavour opposite to another Endeavour, that is to say, Reaction.”10 To 
understand an organism, Hobbes realized, means to understand how orga-
nized arrangements of matter could produce specific kinds of “reactions” 
to events in the world. The living body is not made of particles but instead 
organs, and it is the “whole organ” that reacts to motions outside of it. The 
reaction of the organ is therefore conditioned wholly by its organization, 
“by reason of its own internal natural motion,” as Hobbes puts it.11

The sense organ, in particular, conducts its reaction via the nerves to the 
brain, where the endeavor of the organ appears as “Phantasme or Idea.”12 
But given the “endeavor” (like Descartes’s “coded figures”) is now sepa-
rated from the organ, the endeavor “appears” to the mind as something 
external— outside the body, that is. Hobbes, like Descartes, understands 
that the motions of objects hitting the organs of the body produce inward 
reactions that are organized and directed due to the internal configuration 
of the organs themselves.

Furthermore, as Hobbes points out, if sense is nothing more than reac-
tion, then the body must have some way of retaining within itself that re-
action as motion. Again, this will depend on the precise configuration of 
the organs involved. He can imagine inanimate reaction producing what 
he calls a “Phantasme,” but it would cease to exist as soon as the object was 
removed. As he writes, in Leviathan, “For unless those bodies had organs, 
as living creatures have, fit for the retaining of such motion as is made in 
them, their sense would be such as that they should never remember the 
same.”13

Hobbes therefore constructs his physiologically based psychology on  
“organics” and not mechanics. He lays out, in Leviathan, a distinction be-
tween what we would call the “autonomic” operations of the body’s internal 
regulatory functions and the “voluntary” motions that direct movements 
in an environment. The vital motions begin “in generation” and continue 
throughout life— circulation of blood, breathing, nutrition, and so on. What  
exceeds the automaticity of the motion of organs and reaction is the retain-
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ing of sense in the organs of cognition. The important question: How ex-
actly does the unnatural organization and reorganization of thought— the 
very technologies of language and reason— appear within a natural body?

The “Umwelt” of the Bloodworm: Spinoza on Reason

Each Umwelt [subjective environment] forms a closed unit in itself, which is 
governed, in all its parts, by the meaning it has for the subject. According 
to its meaning for the animal, the stage on which it plays its life- roles 
[Lebensbühne] embraces a wider or narrower space. This space is built up 
by the animal’s sense organs, upon whose powers of resolution will depend 
the size and number of its localities.

Jakob von Uexküll, Theory of Meaning (1940)14

Despite radical philosophical differences, Descartes, Hobbes, and other 
early modern figures were, we can say, positioning the mind as something 
simultaneously both inside and outside of the organismic body— a claim 
that opened up corporeal psychologies but also the possibility of a connec-
tion between cognition and the intelligent order of nature itself. This would 
of course lead to the some of the most troubling philosophical puzzles of 
this period. Spinoza’s thought, I propose, marks a new approach altogether. 
He will reject Hobbes’s attempt to ground the rational mind in the sensing 
body while refusing to displace the mind into some higher plane of exis-
tence. In a radical turn, Spinoza will confront for the first time the philo-
sophical question of how to understand how our corporeal experience of 
the world and the ordered world that we experience are both parts of a sys-
tem that exceeds and incorporates, so to speak, these two different domains 
simultaneously.

However, if Nature (“God”) is one, how is it possible to claim that the hu-
man mind— as a fragment, however privileged, of that unity— could have 
true knowledge of this universal unity, given that it comprehends at one 
and the same time our cognitive experiences and what is emphatically not 
experience, namely, the external “what” of extended existence that the 
mind perceives in fragments?

To answer this question, we will begin not with God but instead a par-
asite— a microscopic being, namely a bloodworm,15 that Spinoza, a lens 
maker by trade, speculates about in a letter to Oldenburg from 1665. Imagine 
a little being that lives in our veins, Spinoza proposes, a worm that is capa-
ble of distinguishing by sight the different particles of blood (lymph, chyle, 
etc.) that surround it. This “little worm,” Spinoza explains, could “observe 
by reason how each particle, when it encounters another, either bounces 
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back, or communicates a part of its motion” and therefore could navigate 
its way through the bloodstream.16 However, what escapes the worm’s expe-
rience is the the systematic quality of the blood understood as a unity with 
a “universal nature.” These individual particles “adapt themselves to one 
another, in relation to their size and shape, that they completely agree with 
one another and they all constitute one fluid together.”17 What Spinoza is 
saying it that the worm recognizes the particles as “wholes” that interact 
with other similar entities according to regular laws but does not see that 
the blood is itself a whole, actively governing the behavior of its constitu-
ent parts. The point of this exercise is to remind us that we humans are in 
exactly the same position as the bloodworm. All bodies in nature, Spinoza 
explains, are like these particles of blood, determined in a specific and cer-
tain manner by other entities, their motions governed by a higher system 
of unity that comprehends them, and these systems— all systems— are ulti-
mately regulated by the total unity that is the entire system of the universe.

Spinoza is here seizing on a lacuna in early modern thought. If all 
bodies— especially organic ones— are subject to the formal order that struc-
tures them, where can we draw the boundaries between unified systems 
and those that are what Hobbes called “subordinate systems,” or organs? 
When we (or the bloodworm) perceive some body as a “whole,” we under-
stand that all the parts “cohere,” in that they adapt themselves to each other 
and interfere with each other as little as possible. The threshold between 
part and whole is marked by the idea in our mind of agreement and dis-
agreement only— that is, we grasp a whole by distinguishing it from other 
ideas that do not agree at all with it. However, that particular whole may 
well adapt itself to another whole and be understood as a “part” of some 
larger system. Spinoza’s conclusion is that the human mind, or the blood-
worm’s, could never grasp the coherence of nature as a whole, since we only 
ever have access to very particular perspectives and cannot track how every 
demarcated unitary order related to every other in the entire cosmic order. 
The bloodworm would have to leave its Umwelt in order to understand how 
the blood as a system regulates the parts. Similarly, the human mind would 
have to get outside of its own specific experience— and ultimately outside 
of nature itself— in order to grasp cosmic order. Given that the human body 
and the human mind are themselves undeniably parts of nature, that es-
cape is absolutely impossible. The part can never transcend itself to grasp 
the totality of a system of which it is part.18 At best, we can experience dis-
ruptions of our reasoning that are based on the properties that we have ac-
cess to— an action whose cause is the larger system that encompasses the 
parts we perceive and reason through.
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Still, we must understand that the mind and the body are not the same 
kind of thing. The body is a part of Nature, a part or expression of the mate-
rial and physical attribute of the universe, which is to say, it is a specific 
formation in the total organization of all substance. At the same time, the 
mind is a part of the intellectual Nature that represents the “whole” of Na-
ture as extended and formed substance. The individual mind represents 
in ideas its own particular and limited natural environment, the one that 
the finite individual body reveals to that mind through the senses. This is 
a deflationary account. Even as Spinoza admits, with Descartes and Cud-
worth (and Hobbes at the edges of his argument), that the mind is capable 
of grasping relations and formal order in sensible experience, he follows 
the consequences of that argument to its radical endpoint, which is that 
the finite mind will never truly understand Nature at all. What we take to 
be “natural laws” are only tentative insights into the local relations that we 
observe as regulating certain bodies— in other words, completely contin-
gent. The limitation of this form of inquiry (which Spinoza calls “reason-
ing”) is that any observation of regularity (i.e., perceived relations of cause 
and effect) relies on the preliminary identification of the body itself, and 
yet whether or not a body in fact “coheres” with other bodies will always 
escape our observation, or at least, we have to recognize that it is impos-
sible to observe all the ways in which bodies react to one another across all 
of time and space. Reason in this context is, for Spinoza, therefore just a 
local logical prediction tool and not an easy path to knowledge— because 
knowledge, in this early modern context, must be founded on certainty, and 
reason can draw only on our limited experience.19 In other words, no mat-
ter how adequate the universal notions we gain by reason, the tracking of 
causation is still fundamentally limited, despite our adequate knowledge 
of, say, how bodies act and react to each other.

Spinoza’s Organismic Rationality

I do not presume that I have discovered the best Philosophy; but I know that 
I understand the true one. Moreover, if you ask how I know this, I will reply: in 
the same way you know that the three Angles of a Triangle are equal to two 
right angles. No one will deny that this is enough, not if his brain is healthy 
and he is not dreaming of unclean spirits, who inspire in us false ideas which 
are like the true. For the true is the indicator both of itself and of the false.

Spinoza, letter to Albert Burgh (1675 or 1676)20

The path to knowledge must therefore bypass, rather than transcend in 
some way, the contingency of experience that limits reason’s grasp. As 
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 Spinoza put it in a letter to Simon de Vries, experience can only reveal to us 
things that are not necessary, such as modes, which cannot therefore be de-
rived from the essential definition of a thing. That definition of an essence 
cannot be grasped through experience since the existence of an essence is 
exactly the same as the essence. (The mode, in other words, is not what it 
“is” completely, given that its definition relies on its status as a modification 
of something more essential.) However, we clearly do understand what an 
essence is— therefore, for Spinoza, the mind must be able to grasp the “es-
sence” of a thing in an intellectual way, going beyond the identification of 
disciplined universal concepts, the work of reason.21

To track Spinoza’s argument we need to pay attention to both the way 
he frames the body, as an exemplar of this object of mental experience, and 
then the way he positions our purely intellectual capacity in that context. 
This is not a question of the “mind- body” relation, because the real end of 
philosophy for Spinoza is an understanding of exactly what must compre-
hend them both. The relation between ideas and materiality will reveal his 
ontology that positions them as modifications of one essential reality.

We can begin with Spinoza’s postulates concerning the human body as 
spelled out in the Ethics. This body is made up of many individual parts, 
each “extremely complex,” and all of them distinct— some are hard, some 
soft, and some fluid. This body is, of course, affected by external bodies, 
but it also “stands in need for its preservation” of these external bodies, 
as a source of replenishment of matter, because the human body is con-
stantly regenerating itself from within— a process that we can call, loosely, 
metabolism.22 Finally, Spinoza makes two points. First, the “fluid” parts of 
the body, when impinged by foreign bodies, can actually alter the surface of 
the “soft” parts that fluids flow through, so that these plastic spaces are left 
with an “impression” of the external body— a kind of inscription in a new 
medium. Second, the human body can intervene, to move external bodies 
and “arrange them in a variety of ways” (2, Postulates 1– 6, p. 128).23

Now to unpack the implications of these postulates. One key argument 
is that any compound body that can lose particular bodies and replace them 
with those of the same nature must still preserve its “nature” as a unitary 
body: there is no change in its “actuality” (forma). The body is defined by its 
union and not the substantial materiality that is brought together in that 
union, since that substance can be continually changed. As Hans Jonas first 
noted in a 1965 essay, Spinoza’s concept of the organism locates identity in 
the spatial and dynamic pattern of this composite body, such that the whole 
is compatible with a change in its parts, which is essential to the life of any 
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being. For Jonas, there is no machinic analogue to this kind of organized 
body, which is continually constituting itself through regeneration of its 
parts.24 The body is a local zone of auto- regulation.

But as Spinoza insists, the operations of the body can be understood in 
terms of the strict causal relations that govern all of its material activity. In 
the Ethics, Spinoza mocks those that celebrate any discovery of “harmony” 
in the natural world— whether religious enthusiasts or more sober philos-
ophers carefully observing the heavenly bodies. His response to this reac-
tion could have come from Hobbes: “Each one has judged things according 
to the disposition of his brain.” And Spinoza proceeds to quote an apho-
rism: “There are as many differences of brains as of palates” (1, Appendix, 
p. 114). What will seem ordered and harmonious to one brain will seem dis-
ordered and unpleasant to another. More to the point, Spinoza notes how 
so many people are “struck by a foolish wonder” when seeing the intricate 
structure of the human body; ignorant of how its organs function and in-
terrelate, they leap to the conclusion that some kind of “supernatural art” 
has arranged the parts so they act harmoniously, through extramechanical 
means (1, Appendix, p. 113). The body is a machine, an automaton, capable 
of highly complex behavior, as the example of the somnambulist reveals 
(3p2s). But it is also a body that is capable of maintaining itself through a 
transformation of external bodies to replace any loss or damage to the inter-
nal bodies making up the tissues and organs of the physiological system. 
However, the real question does not concern the metaphysical status of the 
perceived “order” of the system. For Spinoza, the challenge is to explain the 
existence of the mind. What purpose does it serve in the autopoietic (self- 
organizing) economy of living bodies?

Given the undeniable reality of mental experience, Spinoza argues that 
the basic function of thought is to give representation of the body in the 
sphere of ideas. Of course, if that representation was merely passive, it 
would have absolutely no function. Which is not to say that the mind can 
be assumed to have some special “power” over the body. Just the opposite. 
Spinoza is concerned to locate the function of mental representation pre-
cisely on the seemingly abyssal threshold connecting but also dividing the 
body and the mind. Or to put it another way, the question is not to ask how 
the mind and the body are “connected” but rather to probe how the human 
being— which is at one and the same time both a material body governed 
by causal laws and a series of mental representations— operates as a single 
system. The mental experience is the direct analogue of the physiological, 
in that both material and mental activity constitute the modes of one being.

With this in mind, we can see how Spinoza will explain the valuable role 
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of a mind for this being— by focusing on the crucial role of what we might 
call passionate affect.

Affective Interference

The advantage of having mental representations of the body’s own causally 
determined responses to its internal and external environments hinges on 
the separation of the representation, which allows for the emergence of a 
psychic realm where ideas interact independent of their origin. This is not 
unlike Hobbes’s argument in Leviathan. However, unlike Hobbes, Spinoza 
does not keep separate the passions of the body and the logic of sensory in-
formation. Like Descartes in his Passions of the Soul, Spinoza will argue that 
the intersection of psychic and organismic realms will have a specific effect 
on the body’s capacity for survival and success. Take Spinoza’s definition 
of “joy” and “sadness,” for example. Joy is somewhat cryptically defined as 
the idea of something that increases the body’s power of acting or increases 
the mind’s power of thinking; sadness refers to the exact opposite (3p11s). 
The mind can have an idea of an external body only indirectly, so to speak, 
that is, through the impression made on our body’s affection by that foreign 
entity— which for Spinoza means through the mind’s representation of the 
body’s own causally determined material transformation.

The next part of the argument is admittedly not easy to grasp: Spinoza 
is claiming that when the mind imagines (i.e., causes the representation to 
appear again in the mind) that external body as “present,” our physiological 
systems will again be affected in the same way, as if that body was actually 
present again (3p12). The mental experience is not merely a repetition of 
the original experience. The being that is subject to both material and men-
tal “expression” (to use Deleuze’s term) mediates the two domains.25 Mental 
representations do not “act” on the body. However, the body reacts, as a ma-
terial expression of the unitary being, to its (i.e., the system’s) transforma-
tion expressed in the mental representation. The logic of interaction is pre-
cisely not one of causality: the causal logics are distinct within the separate 
domains of the material dimension and the intellectual sphere.

The implication Spinoza draws out is this: the mind will strive to imag-
ine those things that increase the capacity of the body to act, since that con-
dition will also allow the mind a greater power to think. And vice versa: the 
mind will strive to imagine situations that do not involve those bodies that 
decrease the body’s ability to act, since the mind would lose its capacity at 
the same time. But what does this mean exactly? One way to approach Spi-
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noza’s theory here is to focus on the organismic unity of the body alongside 
the unity that connects the material with the psychic. Only the mind can 
learn from the body’s history of affection and feed back that knowledge in 
order to alter the automatic trajectory of the body, and it does this not by in-
tervening or suspending mechanical causality but instead by clarifying its 
ideational representation of the physical states in the body.

The mind learns through the use of the sensible imagination (where 
ideas can be organized and reorganized) and through memory, defined in 
the Treatise on the Emendation of the Intellect as the “sensation of impres-
sions on the brain” along with a sense of “duration.” Spinoza is arguing that 
the function of the mind is to track, through its own system of ideas, the 
causal order of the material environment, to penetrate, that is, the “laws” 
that govern the interaction of the body and foreign entities, as well as the 
laws governing interaction between external bodies.26

How does the mind accomplish this? For Spinoza, the method of reason 
is the tool that the mind uses to comprehend the cause- and- effect relations 
that hold sway in the material domain. Reason is not at all a mere function 
of the brain, some kind of cognitive machinery. The value of the mind is its 
liberation from the logic of the body’s own sensibility, the trace of the logic 
of extension that haunts the world of ideas. The task of the understanding 
is first to articulate the distinction between the fictitious array of represen-
tations that emerge from the accidents of origin in the sensory and nervous 
systems. The understanding must identify what Spinoza calls “true ideas,” 
those that clearly show “how and why something is or has been made; and 
that its subjective effects in the soul correspond to the actual reality of its 
object.” With true ideas in view, the mind will naturally “perceive” (ratio-
nally, that is) the causal relations that determine the behavior of the exter-
nal world and the ways in which the body will respond to certain kinds of 
interactions with the world.

But if the soul will naturally (by virtue of its nature) reason and compre-
hend, for it to be successful it needs to be furnished with the proper kinds 
of ideas— true ideas, not those generated by the material logic of the brain, 
appearing in the mind as “imagination.” And here Spinoza admits that a 
certain kind of tool— what he calls “method”— is important for the proper 
functioning of the mind. Method is the construction of a standard, the 
“laying down certain rules and aids,” so that the mind can be saved “use-
less mental exertion.” Method is an artificial training of the rational mind, 
through the adoption of rules that will generate the occasions for proper 
reasoning and comprehension. Human beings are not rational; they be-
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come rational.27 For Spinoza, the analogy is literally the origin and develop-
ment of technology— the intellect uses “intellectual tools” to bootstrap its 
progress in the search for knowledge.28

Method will literally make the mind into a machine: once so trained, the 
soul acts “according to fixed laws, like a spiritual automaton [automa spir-
ituale].”29 The mind is not naturally an automaton (“like a . . .”); neither is 
the mind analogous to a material automaton, if that means an ordering of 
parts that interact according to rigorous physical laws of cause and effect. 
The spiritual automaton is one that is radically self- constructed, and it op-
erates therefore according to an independent psychic logic, namely that of 
reason.30

The struggle that results from the creation of the spiritual automaton 
hinges on the coexistence, now, of two logics within the realm of ideas: first, 
the corporeal and contingent experiences of the senses and the imagina-
tion that arrive together in a somewhat ad hoc manner and therefore do not 
clearly reveal necessary relations of things in reality; and alongside that, 
second, the logic of reason, the development of a system of understanding 
that discerns the necessary laws of nature from the limited and often con-
fused conjunctions of ideas that represent our corporeal affections. This 
struggle is perpetual. The persistence of “inadequate ideas” challenges 
the spiritual automaton to locate and resolve any new incoherence within 
thought. The artificial life of reason— an orderly and internally consistent 
life based on adequate, that is, clear, ideas— is much like the life of the mate-
rial automaton that is the organism; however, the spiritual automaton is 
never fully in sync with its counterpart precisely because there is not, and 
there cannot be, any causal relationship between them. Moreover, there is 
no one- to- one parallel of ideas to extensive body: for Spinoza, the mind is 
constituted by a limited, fragmented number of ideas of bodily modifica-
tion. The value of reason for the body is a heightened awareness of the nec-
essary order of nature and hence a capacity to act on the basis of prediction, 
or better, anticipation (which is, according to Spinoza, resolutely more than 
the mere deployment of memory; Hobbes also argued this in his discussion 
of foresight).

The engineering of the spiritual automaton is a process of associating 
the logic of reason (deduction and the tracking of cause and effect) with the 
memory system of the brain, so that when nervous associations are made 
through the causality of the sensibility, the impressions provoked are now 
organized in a new way in the brain. Again, the mind does not act on the 
body or the brain, but in thinking rationally, the mind affects the being that 
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is at one and the same time mental and physical. This is how the material 
systems express, in their own way, the affections of the mind. (And we can 
note here that this conceptualization of the relation between reason and the 
body’s physiological systems can help explain Spinoza’s effort to implement 
a kind of psychosocial engineering in the Tractatus. One will behave ratio-
nally, Spinoza explained, even if one does not possess a properly function-
ing “spiritual automaton,” as long as one’s brain is affected by the right kind 
of ideas [e.g., stories, morals, aphorisms] that introduce surreptitiously  
the operation of the logic of reason into the very matter of the brain.)31

Beyond Reason: Intuition and Unity

We can now return to the issue Spinoza raised in his early letter to Olden-
burg concerning the conjectural bloodworm. Given the theory of the spiri-
tual automaton, Spinoza’s machine of reason that extricates an understand-
ing of cause and effect from the chaos that is sensibility, how can we even 
know that we are truly understanding the nature of things when we cannot 
clearly identify the genuine boundaries of organized systems? Recall that 
the bloodworm has a rudimentary rationality that allowed it to map the fea-
tures of its material environment, to know, that is, how things behave in a 
regular manner so it may predict the movements relative to its survival— 
this is not mere induction. Human reason is profoundly more sophisticated 
and with the proper technology of method can not only understand causal 
relations and predict the future but also understand why things behave the 
way they do— at least as material entities. However, what reason cannot do 
is chart what I would call the topology of parts and wholes; the identifica-
tion of what we call “bodies” is deficient because it is dependent on a vastly 
limited perspective. If all parts obey the mechanical laws of nature, and can 
thus be tracked and mapped by reason without any error, the identification 
of a genuine essence is another thing altogether. The mere existence of in-
terrelated bodies does not prove any divine “harmony” after all. Spinoza is 
denying, then, that reason could ever be the path that will lead the mind 
outside of its own contingency toward an understanding of unity in nature, 
let alone the unity of nature itself.

Spinoza says in the Ethics: “The order and connection of ideas is the 
same as the order and connection of things” (2p7). If we seek the essence 
of something in ideas only, we will get at best the “idea” of the universal, in 
the sense Hobbes gave the term. For Spinoza, these universal notions (man, 
horse, dog) arise from the multitude of images that are formed in the hu-
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man body, which blur together to erase the slight differences of singular 
images; however, this is mainly because the imagination has a limited ca-
pacity and cannot keep in mind “a determinate amount of singulars.” The 
universal is just a forgetting of difference, the consolidation of a set of com-
mon affections of the body. As Hobbes emphasized in his own argument, 
these universal notions are by definition derived from the affection of sin-
gular experiences of particular bodies. As Spinoza writes, universals “are 
not formed by all in the same way but vary one to another” (2p40s1). For 
Spinoza, this is why “it is not surprising that so many controversies have 
arisen among the philosophers, who have wished to explain natural things 
by mere images of things” (2p40s1).

What Spinoza does in his philosophy is turn completely away from the 
effort to discover the essence of things through abstraction (finding the 
“common” properties) and by interrogating with reason the particular ex-
periences of things— the effort to wrest the universal from the singular.32 
That process, however systematic and governed by a flawlessly automatic 
spiritual machinery of reason, will always be contaminated by the contin-
gency of the particular and its essential lack— the lack of any presence or 
trace of the comprehensive unity of an essence, or further, a trace of the es-
sential unity of nature itself. Spinoza’s alternative is, in fact, to return to the 
singular but now in order to follow a wholly different path.

Spinoza will introduce a radically novel capacity of the understanding, 
one that is not simply an extension of reason (the “adequate ideas of the 
properties of things”). This new capacity he calls intuition:33 “And this kind 
of knowing proceeds from an adequate idea of the formal essence of cer-
tain attributes of God to the adequate knowledge of the [formal] essence 
of things” (2p40s2). The adequate idea of such a formal essence cannot, of 
course, be derived from the ideas that represent the sensible immediacy of 
the body. However, it seemed to be the case that any insight into the formal 
essences of things would require a comprehensive knowledge of the uni-
verse to even begin cognizing in the first place. How can we reconcile this 
with Spinoza’s claim to intuitive knowledge?

If we recall Spinoza’s disdain for those who pretend to see in nature the 
“harmony” of parts that come together in, say, living bodies or cosmic sys-
tems, it is clear that Spinoza is not arguing that we can perceive directly the 
necessity of any organization that exceeds the mechanical laws of cause and 
effect. As he noted, the living body is just a machine that can be understood 
as a matrix of causes and effects. However, as Spinoza went on to claim in 
the Ethics, there is something about the living body that we can  perceive 
and that is not at all in conflict with our understanding of the causal ma- 
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chinery that is physiology. This insight is into the very union of the  
system itself.

Spinoza denies we need to know the genuine organization of the body in 
all its physiological complexity in order to comprehend the essential unity 
that is the body. The mere fact that parts of the living body can be replaced 
by other parts without a change in the functioning of the organism demon-
strates the very existence of a nature (something that “is what it is” despite 
its substantial or modal transformation— think of Cartesian wax) even if 
the essential “topological” order of that nature is still unavailable to human 
intellectual perception. The only spiritual lever needed here is the adequate 
idea— intuitively recognized— that there exists some such essence, which 
is to say, there is some form of bounded unity that maintains the body’s in-
tegrity despite the metabolic construction and destruction that takes place 
throughout a life history.

The insight into the existence of a bounded unity, a singular unity, that 
is, opens up the mind then to an even more radical intuition: the unity of 
the body (which exists certainly even if the precise specification of its in-
dividual organization escapes us) is immaterial and constitutes an indi-
vidualization of an attribute of the divine— the comprehensive unity that 
encompasses all substance and all modification or representation of sub-
stance. There is no “reason” a living body can replace its materiality. But the 
fact that it does so discloses the existence of some essential nature that re-
mains continuous in this transformation. It is also the case that the human 
mind, which operates according to a logic entirely distinct from the causality 
of the body, cannot avoid being conscious of the necessary unity that medi-
ates the body as physiological system, and the mind as an artificial machine 
of reason. The insight is not produced by reason but is prepared by the aware-
ness of the constant tension between the corporeal logic of causality and 
the psychic logic of reason.

In both cases, then, the mind has an intuitive knowledge of a unity that 
exceeds corporeal materiality (the autopoietic system) and a unity that 
is the necessary ground for the interaction of psychic and bodily activity. 
Both forms of activity are defined by Spinoza as resolutely particular and 
therefore essentially limited in their contingency. There is not (as we en-
countered in earlier thinkers) any hint of a mystical or occult “connection” 
between the mind and some higher power or reality. This is to all to say that 
for Spinoza the intuition of the “attribute of God” that is nothing other than 
unity itself is predicated on the direct confrontation with a resolutely sin-
gular and therefore particular form of unity— one’s own experience as an 
experience unified with one body must be only ever just that experience 
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and not any other, and that experience is only ever dependent on the actual 
affections of that body. As an individuation of the being that is the unity of 
mind and body as system, the mind has access, intuitively, to the unity that 
must precede the individualization of unity that is the human being— the fi-
nal unity that defines the absolute integration of everything. What Spinoza 
calls God.



49

4
Spiritual Automata Revisited
Leibniz and Automatic Harmony

Since the efficient containeth all ends in it self, as it were the instructions of 
things to be done by it self, therefore the finall external cause of the Schooles, 
which onely hath place in artificial things, is altogether vain in Nature.

Jean- Baptiste van Helmont

The early modern debates concerning the nature of the autopoietic body re-
capitulated the issues raised by Spinoza concerning the relations between 
parts and wholes and the boundaries of the living being. The question of 
the living being as system could at this moment hardly be bracketed from 
the broader question of the relationship between systems and the com-
prehensive structure of nature as a totality. To even frame the problem of 
human reason and other intellectual faculties required deep immersion 
into both the physiology of the body and especially the nervous system and 
the brain and the relationship of the body and mind to its own organismic 
unity. The question was never whether or not the human mind was expli-
cable in terms of the body conceived as an automaton. The question was 
whether or not the organization of the automaton could explain the intelli-
gence and rationality exhibited by the mind (and, perhaps, the “wisdom of 
the body” in its own terms).

In 1699, Gottfried Wilhelm Leibniz received from Joseph Hoffmann a 
dissertation titled “Mechanical Nature of Medical Diseases.” Leibniz was 
impressed, not least because Hoffmann affirmed many of his own ideas 
concerning organic living bodies. Hoffmann’s main argument was that 
the body, understood as an organization of systems (blood, sense, humors, 
muscles), is explicable purely in terms of “physical corporeal causes,” with-
out introducing any spontaneous activity, even when considering the 
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organic “states of exception”— that is, disease and injury. The key to the 
argument was the idea that the machine had been constructed with such 
intelligence “it possesses sufficient forces for preserving the machine and 
defending it against putrefaction and the destruction of its combinations of 
mixtures, but also for repelling and avoiding all internal lesion that would 
tend to ruin the machine.”1

The body did not need independent intelligent control because it was 
designed to function automatically; its “reason” was entirely internal to the 
body’s organization. The body was able to sense interference, provoking a 
“violent and extraordinary [extraordinarium] flow of spirits . . . for correct-
ing or eliminating the pathogenic matters” (104).2 For Hoffmann, and by 
extension Leibniz, it was crucial to recognize that the mechanical “nature” 
of the body acts not only in the internal administration of the parts but also 
through the “whole mechanism or organism” [totum mechanismum organis-
mum] (102)— but without any “soul” acting as a representation or incarna-
tion of that unity.

And so, a few years later, Leibniz read with great interest Stahl’s “Disqui-
sition on Various Mechanisms and Organisms” (1706) and the Theoria me-
dia vera (1708), in which the “Disquisition” was reprinted. For Stahl, the liv-
ing being was not simply a coordination of various mechanisms, but rather 
a “functional integration” with specific ends of its own.3 The artificial ma-
chine, for Stahl, perfectly exemplifies this functional integration, with the 
caveat that the artificial machine’s “agency” is external to the machine, 
whereas the body’s is internal to its organization (106). Stahl’s “organism” 
exceeded what was meant by “mechanism” because he believed that it 
was not possible to explain the guided activity of the whole being without 
some kind of conduit for that unity to act (105). This is why Stahl insisted 
on the concept of soul, something that could operate through the “organ-
icus nexus” to preserve, defend, and restore the material body’s functions 
(107). Stahl’s views were in line with other thinkers (most notably Locke, 
who was of course trained as a physician), those who postulated a “mate-
rial spirit” of some kind, one that acted wholly within the body to form and 
maintain its order— unlike Cartesian or Neoplatonic immaterial souls that 
carried out higher intellectual functions that mirrored or channeled di-
vine rationality. What exactly was an automatic natural body? Where could 
one locate the force of unity and integration in moments of disruption and 
pathological breakdown?
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Organismic Unity and Cosmic Order

When Leibniz decided to write a critique of Stahl’s views on the physiolog-
ical organization of the body, the metaphysical stakes were rather high. As 
Locke had argued, in the Essay concerning Human Understanding, the iden-
tity of any living thing was to be found in the “organization” that allowed 
“fleeting” materiality to be unified in a single functioning body.4 The status 
of organization was the site of key controversies concerning mechanism 
and vitalism (or organicism). Leibniz’s position was in the end highly idio-
syncratic: he refused to accept that there was any fundamental difference 
between the usually opposed concepts of “organism” and “mechanism.”5 
Even more cryptically, Leibniz affirmed both the existence of the soul and 
the independent “machine” of the body, arguing along the lines of Spinoza 
that “when the soul desires some outcome, its machine is spontaneously 
inclined and prepared by its inherent motions toward accomplishing it.”6

Essentially, Leibniz was claiming that the two spheres, spiritual and me-
chanical, were entirely independent of one another, yet also perfectly coor-
dinated. Adopting Spinoza’s language directly, Leibniz wrote, “The opera-
tion of spiritual automata [automates spirituels], that is to say, souls, is not at 
all mechanical; but it contains in the highest degree all that is beautiful in 
mechanism.”7 How to make sense of the interaction of these two domains? 
Given the terminology, Leibniz’s attempt to bring together intellectual spir-
its and physiological mechanisms through the infamous doctrine of “prees-
tablished harmony”— what I will call here automatic harmony— might seem 
like an evasion of the problem that early modern thinkers struggled with 
rather than a satisfying solution. And so to understand Leibniz we have to 
see how he was redefining and reconfiguring the foundational concepts of 
seventeenth- century thought.

The first thing to note is that Leibniz was an early adherent to the me-
chanical philosophy and never wavered in his view that in the world of 
bodies, everything can be explained in terms of the size, shape, and motion 
of matter. What is not so obvious is that Leibniz early in his career recog-
nized that any theorization of mechanism had to confront the fact that the 
fundamental elements of this philosophy were necessarily defined by their 
form, which is to say the atomic element possessed a kind of “soul.”8 Leib-
niz’s argument is not too far from Locke’s: the laws of physics, for example, 
do not explain themselves and cannot be deduced from the hypothetical 
starting point of simple matter. There must be something that determines 
the interaction of material bodies. As Leibniz explains, it was necessary to 
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reject Aristotelian forms in favor of a minimalist conception of the cosmos. 
However, if the universe is a collection of aggregated matter, the essential 
atomic starting point could not be a mere mathematical point, an abstrac-
tion. A material thing can, according to the mechanical philosophy, always 
be divided. But it could not therefore be indivisible, a “true unity,” if it was 
only matter— something Leibniz recognized early in his career.9 “Hence it 
was necessary to restore, and, as it were, rehabilitate the substantial forms 
that are in such disrepute today,” explained Leibniz in 1695.10

The philosophical argument is that the essential nature of the atomic 
element is force, which means that there exists at this fundamental start-
ing point of all natural things something akin to sensation and appetite, 
“so that we must conceive of them on the model of the notion we have of 
souls.”11 It is easy to misunderstand this claim. What Leibniz is saying is 
that there must be something internal to the organization of the atom that 
would specify its “direction” (which would then be the origin of the basic 
laws of reaction) and at the same time something internal to its organiza-
tion that would allow it to receive from outside the configurations of force 
inherent in another atomic body. Sensation and appetite are not anthropo-
morphisms at all but structural necessities if we want to have a pure mech-
anistic philosophy. Otherwise, we would need to introduce external forces 
and organization that would coerce the dead material elements to behave 
in certain ways. This would mark a return to the arbitrary (and for Leibniz, 
incoherent) Aristotelian genre of matter and form— what we now call hylo-
morphism— or recent updates, such as the Cambridge Platonists’ concept 
of plastic nature.12

So when Leibniz goes on to assert that the analogy between the atom and 
the human soul only goes so far, because some souls have not been “thrust 
into matter,” he can justify the distinction. For the most part, he explains, 
God “disposes of other substances like an engineer handles his machines.” 
But with rational souls— minds— God “governs like a prince governs his 
subjects, and even like a father cares for his children”; this is because minds 
are “like little gods,” “made in the image of God, and having in them some 
ray of the light of divinity.”13 These are not mere assertions. In other words, 
Leibniz will try to demonstrate the necessary distinction between what he 
calls “spiritual automata” and corporeal machines,14 in order to explain how 
minds are “above the upheavals in matter” and resolutely synchronized 
with living bodies, that is, living machines. The crucial link is the concept 
of soul, or form, a problematic but essential dimension in all previous early 
modern theories of the rational mind and the organized body.
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Divine Machines, Human Minds

Leibniz lays the groundwork of his new approach with a thorough clar-
ification of the repeated error of “confusing natural things with artificial 
things.” The mistake is that in comparing technical objects with living, 
natural bodies, philosophers have inevitably come to the conclusion that 
the difference between the two is simply one of scale. Of course, as we have 
seen, sophisticated thinkers have noted that the distinction between au-
tomata and organisms lay in the “externality” of organization in the for-
mer. But Leibniz’s argument here is more radical. How can we actually un-
derstand the nature of this “integration” of organization and materiality in 
the organism- machine? Even if it is “naturally” present in the living body, 
conceptually speaking, the form of organization is still exterior to its mate-
riality. This is why Leibniz proposes a new way to distinguish natural and 
artificial— and not by the presence of organs and organization. The “im-
mense distance” between masterpieces of the mind and the mechanisms of 
divine wisdom lies in the fact that the machines of nature have a truly “in-
finite number of organs, and are so well supplied and so resistant to all ac-
cidents that it is not possible to destroy them.”15 For Leibniz, the key is that 
natural machines are still machines (i.e., organized entities) in their “least 
parts” and maintain their unitary form despite the “different enfolding it 
undergoes” as it is extended, compressed, or concentrated.16 The artificial 
machine simulates only one aspect, namely, the comprehensive unity of 
organization. Because the organs and parts are finite, they cannot maintain 
themselves and therefore cannot help preserve the enclosing organization 
of the body operating as a whole.

Addressing the mind in this context, Leibniz argues that the soul (like 
“any other real unity”) is entirely self- enclosed as a structure: it has a “per-
fect spontaneity relative to itself.” This is what he means by “spiritual au-
tomaton” (which is not at all what Spinoza meant by this phrase, as we have 
seen). Yet at the same time, despite its internal autonomy, the mind also has 
a “perfect conformity to external things.” Leibniz explains that our inter-
nal sensations (the experience of the mind, that is, not the material activ-
ity of the brain and sensory system) are “merely phenomena which follow 
upon external beings”; they are, he infamously states, just “well- ordered 
dreams.”17

The question is why do these sensations arise in the soul? There can be 
no causal relation between the ordered body and the soul, since they con-
stitute two radically different modalities. Therefore, the logic of sensory 
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appearance must be purely spiritual and derived from the nature of the 
spiritual automaton itself. The crucial link between the events of external 
beings and the experiences of the internal mind is the concept of represen-
tation: the soul as “form” has a representational nature, capable then of 
representing external bodies “as they relate to its organs.”18 This is not an ad 
hoc solution, for Leibniz has already demonstrated that the world of mate-
rial beings is already, at the very foundational level of reality, organized by 
form. The form of a material entity (even at the atomic level) is what allows 
it to “represent” what is external to it through a kind of transduction, and 
then it is the internal logic of the form that produces— like a machine— a 
new effect in response.

So if every substance (as formal organization of materiality) represents 
the “whole universe” from its particular perspective (since anything it 
“senses” is a result of the total configuration of the machinery of the cos-
mic system), then the soul can be understood as an immaterial representa-
tional organ. That simply means that its experiential order represents the 
universe in the same way, and furthermore, that the transformation of its 
experiential content is a function of the fundamental organization as spiri-
tual automaton, that is, according to the laws of form alone.

The perfect automatic synchronicity of the body and the soul (despite 
the complete lack of any causal relation or other form of connectivity 
between the two realms) is the challenging question that Leibniz sets him-
self, and is often a stumbling block for readers.19 Leibniz’s own examples 
(the infamous dual clocks that keep time together) are not always helpful, 
since he implies that there are, literally, two fully independent machines 
(body and mind) that just so happen to have been “organized” constitution-
ally that they mirror one another with precise exactness: perceptions occur 
in the soul simultaneously even though it has its own unique laws, “as if in 
a world apart.”

The critical issue, however, is the relationship between the formal order 
of the body as one kind of representational sensing and the formal essence 
of the mind as an altogether different mode of representation. To under-
stand Leibniz on preestablished harmony we must tease out the specificity 
of the mind- soul relation (and note this does not at all entail any notion of 
causal connection). The crux of the argument, I propose, will lie within a 
claim Leibniz has already made, namely, that every substance represents 
the whole universe from its own particular perspective.

What Leibniz suggests is that the relation of mind and body is not a rela-
tion between two substances so much as it is the perfect superpositioning 
of two different perspectives (two “forms” of organizational unity) at exactly 
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the same point. As a unitary body, the living organism “senses” the external 
bodies of substance by re- presenting them as transformations of its sub-
stantial being— we could say, as the deformation of the topological orga-
nization that relates organs (and organs of organs) in the natural machine. 
The “point” of the body’s perspective is not a physical point, since there is 
no such thing, for Leibniz, as a purely “physical” space— we are always in 
the realm of force and relation and hence organization. The point of per-
spective is the location of the unity that is the body’s organizational form, 
which is an aggregation of subordinate forms and organs.20 The next step 
of the argument, then, is to show that the formal unity of the soul must oc-
cupy that exact same point, so that they coincide precisely— something that 
is impossible for two material substances, given the solidity and impene-
trability of matter itself. However, there is no obstacle to a purely spiritual 
form occupying precisely the same perspectival position, if we remember 
not to think of this position as existing in some neutral Newtonian or Eu-
clidean “space”; it is located rather in something like a complex topological 
domain, an infinite system of relations.

For Leibniz, the order of the organism is self- enclosed (which is why it is 
a unitary body), as is the mind— which is to say it is therefore absolutely im-
possible that they could ever “disturb” each others’ internal laws. Any “com-
munication” between soul and body must really be a parallel synchronicity, 
guaranteed by their common perspective. The body will act by itself given 
its representation of the external reality that affects it; the soul is affected 
by the same representation of the same external reality and responds with 
its own reaction. This means we see the machine act as if the soul “willed” 
it, because each responds in its own way to the representations common to 
both— “the spirits and blood then having exactly the motion that they need 
to respond to the passions and perceptions of the soul.” The soul is “in” the 
body, it is an “immediate presence,”21 Leibniz explains, just as the organis-
mic unity emerges from a multitude of other unities. The internal bodies 
(tissues, organs, and their components) are all unities of organization, but 
they are organized in a layering of superpositioning that identifies them as 
one body (again, the superpositions are not strictly speaking “spatial” ones). 
The soul is just one more level of superposition— a unity like the unity of 
the form of the body, a unity that effectively repeats the very perspective of 
the body. The real challenge for Leibniz (as it was for Descartes) is to explain 
what value the soul adds to the body if it never truly (actively) participates 
in its functioning.

The first point to make is that Leibniz positions the soul “in” the body so 
that we can see how it functions as a representation of the body itself.22 The 
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soul is not the entelechy of the body. But what happens in the body as an 
organized system is always “expressed” in the soul, just like any other entity 
in the universe, although to be clear, the laws of the spiritual automaton’s 
own organization are what govern that expression.

What makes this all much more legible is Leibniz’s discussion of the 
body. Every organ of the body (up and down the infinite levels of the divine 
machine) acts according to its own independent laws, derived from the for-
mal essence of its being. To have a coordination or organization of organs 
does not ever entail the violation of these laws. Everything going on in the 
“private” entelechies of individual bodies must agree (lit., “conspire”) with 
the formal order of the body’s own entelechy, but they are not necessarily 
derived from it. The illuminating example is the perspectival projection of 
a two- dimensional architectural plan. The two forms express each other, 
but each has its own organizational logic. The soul therefore expresses the 
body whose perspective it occupies, more like a strange palimpsest written 
over the body that changes in response to the transformations (representa-
tions) of the body as it responds to the impact of external bodies on it.

The function of the soul might still seem superfluous in this context. 
What purpose would the soul serve for the body? And what function does 
the body serve for the soul? We can start with Leibniz’s rethinking of cau-
sality in this context. Remember that any body responds to another only 
in the sense that the external is sensed (represented) by a deformation of 
the topology, and then the body acts according to its natural transformation 
of this original deformation. So the action is not “caused” by the external 
entity; rather the body “expresses” in its own logic the relationship of the 
external to itself. Now imagine the body as it forms a singular perspective 
on reality— think of being in one part of a building or in a large city.23 If the 
soul is draped, so to speak, over this body so that it is in the exact same to-
pological “space” defined as a particular relation in the networked order of 
the whole universe, then it must also represent that same exact perspective. 
The difference between the soul and the body is that the organization of 
the soul cannot be affected by material substances. So what is the soul rep-
resenting?

As is well known, Leibniz will eventually adopt the term “monad” to re-
fer to any organizational unity insofar as it is a pure unity that cannot at all 
be divided into parts. He allows for the interaction of monads but also what 
we can describe as the superpositioning of monads. The mark of unity of 
any substance, for Leibniz, is not a totalizing imposition of a complex orga-
nization on some material substrate but instead the way that a number of 
monads can come under the “domination” of one monad. The natural ma-
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chine is a unity of monads, and that unity is itself a monad. The Aristotelian 
idea of a single form for any unified body gives way here to a more complex 
notion: a unified body is an organization of organized bodies, which helps 
explain the extraordinary capacity of the body for self- repair, reproduction, 
growth, and so on. Organic bodies are “machines of divine invention, and 
“divine machines have this noblest feature beyond what is had by those 
machines that we are able to invent, that they can preserve themselves and 
produce some copy of themselves, by which the operation for which they 
are defined is further obtained.”24 The highest monad defines a new function 
that does not violate the subordinate functions of the other monads— but 
does take advantage of them. A living body is such a unity, not a mere as-
semblage of independent entities— the difference between a living fish and 
a pond of fish, as Leibniz will explain. One is what we will call autopoietic, 
the other a merely contingent, or apparent, unity.

Each monadological unity of animate life is therefore “purposefully de-
signed for a definite kind of function,” Leibniz writes, and the function of 
the divine machine of the human is clearly stated by Leibniz: it is to dis-
play reason. However, the reason of the body is resolutely unconscious— 
like a keyboard player performing unconsciously by habit.25 Leibniz’s ex-
planation of this unconscious reasoning is subtle. He notes, in an evocative 
example, that a human being with limited skills, a manual worker for ex-
ample, can easily make use of a semiautomatic calculating machine. (Leib-
niz had of course designed one such machine himself, as had Pascal.)26 No 
actual knowledge of the reasoning process (or the machine) is necessary 
to generate the result. Similarly, Leibniz argues, the “plastic nature” of the 
divine machine as embodied layers of organization is also an expression of 
rationality— even if it is completely unconscious. As he explained in the 
letter to Masham, the organization of the individual bodies and organs that 
make up the organic being constitutes a rationalization of matter itself: the 
monadological entity is now the vehicle of a means- end relation as it senses 
and reacts to what it is not. The difficult question concerns the relationship 
between the unconscious body as a rational system of individually ratio-
nal subsystems and the self- conscious soul that co- occupies the singular 
perspective of the dominant monad that gives some direction to the whole 
integrated assemblage.

The fact that the soul appears to be “the primary source of action” and 
the body a merely passive instrument does not at all mean that the soul 
is somehow affecting the body and causing it to deviate from its own in-
nate principles, Leibniz emphasizes. The soul must be operating in agree-
ment with these intrinsic principles. What the soul does is perceive changes 
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in the body but without the body “disturbing” the laws of the soul, or vice 
versa. However, the soul in perceiving the changes of the body is perceiv-
ing (or better, representing, consciously or not) the very rationality of these 
changes at the same time. Therefore, the soul never responds to the body 
but rather to the representation of the rationality of the body’s own operations— 
which is to say, the perception of a change cannot be separated (logically 
speaking) from an understanding of both the monadological continuity 
(i.e., structure of unity) and the laws of its transformation or “deformation” 
(a process analogous, it seems to me, to a functional transformation in the 
mathematical sense of the term).

The memory that is maintained in the soul is therefore not a storehouse 
of “perceptions” akin to a collection of single experiences. The memory of 
the soul is a collectivity of insights into the body’s functionality. So when 
the soul responds to a specific perception of change in some moment, it is 
perceiving a change and at the same time draws into its conscious field new 
perceptions from its own prior (albeit sometimes “confused”) perceptions, 
intensifying the insight into the logic of the body as a monadological sys-
tem of monads. As Leibniz described it, in a reconceptualization of Locke’s 
“dark closet” of the understanding, we have to imagine a “screen” in the 
closet, a kind of sensitive membrane, one that continually receives the im-
pressions of the senses that are represented by its movement. However, this 
screen is not merely a passive transducer, according to Leibniz. We need 
to think of it as under constant tension, imbued with a “kind of elasticity” 
that makes it dynamic and interactive. Therefore, when the screen vibrates 
in response to one new impression from without (the “images and traces 
in the brain”) it produces new tones and forms because the screen has been 
continually “folded” (organized) in response to past impressions.27 Each 
new impression (and for Leibniz, we should remember, the soul represents 
all states of the body, even if it is not conscious of them, or only dimly 
aware) is mediated by this complex topology of prior experiences. More-
over, the mind can itself think new ideas, which means that the elasticity of 
the screen will allow for internally produced vibrations.

Here we get closer to seeing how the human soul can function as a spiri-
tual automaton without seeming to be a useless representational mirroring 
of the body. The soul mirrors the logic of the body, whatever the specific im-
pression might be, and however conscious or unconscious that impression 
might be. Whatever the logic of any one impression (which is always an im-
pression of a transformation), what is registered is the specific rationality 
of a response. The soul’s collection of representations, even if they do not 
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display perfect organization, are all internally consistent in the sense that 
all of the responses of the body— from the atomic to the molecular to the 
level of tissue and organ— conspire in agreement with one another under 
the domination of the primary monad. The clearest and strongest impres-
sions are those of the senses, for those are the organic systems designed to 
react to the external world in a peculiarly focused manner. So the soul per-
ceives most clearly through the senses— and gains even more insights via 
the representation of the common sense in the brain, where features of sen-
sation are mapped together, overlain one with another, revealing common-
alities of structure and differentiations.28 The common sense becomes, for 
Leibniz, a space that generates the first concepts— in their material form— 
which are then represented in the soul.29 The soul acts, so to speak, as the 
amplification of the harmonies revealed first in the body’s own sensible op-
erations. The first kind of reasoning— inductive reasoning— is a logic based 
on these conceptual repetitions and can be expressed both in the body as 
a learning machine and in the soul as an induction machine. The extent 
of the soul’s reasoning is opened up by the experience of the body but also 
limited by its contingency.

Still, as Leibniz will emphasize, the soul as a thinking entity might re-
quire external senses, but sensory information is not in fact its essence. The 
soul is capable of active reasoning, even if reason always has its medium 
sensory impressions.30 What is this “inborn light,” and how does it escape 
the body while still being subject to the doctrine of automatic harmony? As 
we know from Descartes and Spinoza, inductive reasoning on the senses 
can never lead to insight into a universal truth. To understand absolute ne-
cessity, one must go beyond particular examples. This will be the distinc-
tion between human and animal reason. Leibniz’s position is tricky here. 
He wants to avoid the implication that the “light” of the soul is somehow 
absolutely distinct from the origin of experience in the sensible response 
of the living body, because it is then impossible to understand how the two 
domains interact or maintain any relation. This was Descartes’s trap.

Leibniz insists, then, on the fact that the rationality of the body and its 
sensory apparatus in particular are already constituted by the integration 
of the immaterial and matter, the monadological mode of being. The rep-
resentational status of the body’s immaterial form is in fact the key to the 
soul’s own representational activity; it perceives how the body is organized, 
even if those impressions are only glimpses. We can see, then, that the field 
of representation in the soul, for Leibniz, is also a revelation of the laws 
governing external bodies as well, since their presence in the body’s own 
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system of representation (“sense”) remains traced in the corporeal trans-
formations of sensation— although of course again these laws might only 
be glimpsed.31

Here Leibniz can identify the special nature of the human soul: our 
capacity for knowledge of order and not just participation in order. “This 
makes us resemble God in a small way,” because with the conscious knowl-
edge of order the human is capable of imitating that order. We can, he says, 
organize “things within our grasp in imitation of the order God gives the 
universe.” The incorporeal automaton is one whose natural end is to create, 
to produce the artificial in the very midst of the natural— that is, to reorgan-
ize the natural in imitation of creation. The artificial machine is, in a real 
sense, a kind of artificial monad, a materialization of the activity of the 
mind, the spiritual automaton.32

This radical exteriorization of the human spirit into nature, the inven-
tion of the artificial machine, introduces interesting and also challenging 
complexities into Leibniz’s thought, most notably how to understand pre-
established harmony in the context of a new zone of materiality— artificial 
embodiment— that establishes a problematic new relationship between the 
human living body and its spiritual palimpsest.

We can begin to unravel this thread by looking at Leibniz’s thought ear-
lier in his career, when he attempted to invent a new comprehensive sym-
bolic logic. There he emphasized, as many others in the period, the impor-
tance of artificial techniques in the development and progress of human 
knowledge. However, what distinguished his approach from Descartes, 
Hobbes, Locke, or Spinoza— all of whom advocated a certain form of me-
thodical training of the mind to prepare the way for true knowledge— is 
Leibniz’s focus on technical instruments. Spinoza’s spiritual automaton 
must, Leibniz suggests, be formed through a machinic intermediary (and 
not just on an analogy with technology, as with Hobbes’s idea of “registra-
tion,” for example.)

When Leibniz wrote to Oldenburg in 1675, a time when he was devel-
oping his “universal characteristic” based on an ideographic and diagram-
matic theory of meaning drawn from both philosophical sources and theo-
rizations of the Chinese language, he believed that the errancy of the mind 
could only be regulated by a method that was quite literally mechanical. 
Belief in concepts should be withheld “until they have been tested by that 
criterion I seem to recognize, and which renders truth stable, visible, and ir-
resistible, so to speak, on a mechanical basis.” As is well known, Leibniz had 
in mind here a kind of algebra of thinking, but note the specific practice of 
algebra was an image of a universal technique that was a kind of technology: 
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algebra will show that “we cannot err even if we wish and that truth can be 
grasped as if pictured on paper with the aid of a machine.”33 The goal was 
the “perfecting of the human mind,” and the result would be a future where 
we could know God and mind as easily as numbers and invent machines 
as easily as creating geometry problems. This “mechanism” would lead to 
the revealing of nature’s secrets. As he put it in another text, on the method 
of universality, the “characteristic” akin to the algebraic fusing of function 
and variable is what “gives words to languages, letters to words, numbers 
to arithmetic, notes to music. It teaches us how to fix our reasoning, and to 
require it to leave, as it were, visible traces on the paper of a notebook for 
inspection at leisure.” The method “enables us to reason with less effort” 
by relieving the mind.34 This method is, Leibniz says, a tool: once symbols 
of concepts are established, “the human race will have a new instrument 
which will increase the power of the mind much more that optical lenses 
strengthen the eyes and which will be as superior to microscopes or tele-
scopes as reason is superior to sight.” With this form of artificial intelligence 
humanity would have a “lodestar” to “navigate the sea of experiments.”35

Enforcing Automatic Harmony: Regimes of the Mind

Leibniz’s dialogue on the connection of words and things is illuminating 
on this score. Positioning himself between the more radical nominalism 
of a Hobbes and the more mystical Neoplatonic theories, Leibniz shows 
that while a system of substitute characters is always arbitrary, nonethe-
less, the relations of the networks connecting the characters are not. And 
more radically, Leibniz proposes that without any signs, rational thinking 
itself would not be possible. Basic arithmetic requires numerical signs, for 
example, and geometry requires diagrammatic figures. Characters them-
selves can be vehicles of ratiocination. Truth resides not in the arbitrary 
element of the sign but in its permanent element— what connects it to the 
relational order that gives all of the signs their specific position.36

Perception functions in a similar way for Leibniz, in that the mate-
rial specificity of a body’s transformation is also a manifestation of a 
monadological principle (“shapes and motions”)37 that is not at all ex-
hausted in the moment but in fact relates the monad to every other dimen-
sion of nature as a system. The complexity of an animal, with its “height-
ened perceptions” (§25), allows the central monad to have more avenues 
of response to its environment. It mirrors the universe in a more detailed 
and intensified manner, which is to say, more directly because it receives 
(“senses”) more external bodies and also then has access to the relations 
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between impressions and transformations taking place in all the individual 
“incorporeal automata” (§25).

Genuine reasoning, for Leibniz, is an escape from the complex interre-
lated sequences of perceptions flowing from the body’s dynamic organs and 
an escape from our intellectual automaton with its own sequences of stored 
memories. As Leibniz says, the sequences of memory are an imitation of 
reason, in that any striking perception will evoke a memory of that per-
ception as well as any other perception that was attached to it. This in turn 
evokes the original sensations and allows for a kind of anticipation or “rea-
soned” action. For example, a dog will be shown a stick, remember the pain 
it caused them, and then flee before it can be beaten again (§26). Leaving 
aside the problem of explaining how the soul and the body are coordinated 
in this example, the important point is that reason is what gives us access 
to “eternal and necessary truths” and not just the empirical inductions that 
stem from accumulation of experiences in memory. The rational soul dis-
engages from the relations of contingent occurrences in order to perceive 
the operations of the automata themselves— the sources of all action— and 
then the necessary relations that organize the monads in their mutual co-
ordination.

The mind’s capacity for reason is not a supplemental feature but derived 
from the nature of the monad itself. If the concrete materiality is the “arbi-
trary” element of a body and the entelechy its “permanent” aspect, we can 
also trace another feature of the monad that reveals the nature of the sys-
tem of universality itself. The monad is defined by its fundamental unity of 
organization, however simple and limited that unity might be. “God alone 
is the primitive unity or the first simple substance,” Leibniz writes, which is 
to say that distinction within the universe of nature is the result of the crea-
tion of monads within that first substance. The key idea here for Leibniz is 
that monads are generated by what he calls “continual fulgurations of the 
divinity” (§47). The monad is not simply a fragment of the divine totality. 
Yes, a monad is a limited form of organization with a limited form of “recep-
tivity.” And yet every monad also contains a perfect representation of God— 
namely, in the presence of unity itself.

The rational soul of the human body, draped over the central monad that 
organizes all of its subordinate organs, is capable of representing all the 
“sensations” and appetitions of the body, but at the same time it can rep-
resent consciously, in a way precluded from the monad that is the body’s 
defining modes of order, the unity of the monad.38 The soul perceives the 
order of the body in its activity, yet can also within that order intuitively 
comprehend the defining unity that is the law of the living organism. As we 
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saw with Spinoza, every genuine unity of organization is an individualiza-
tion of the total unity that is the comprehensive integration of all nature. 
The unity of the monad has no material substantial form and therefore can-
not be accessed through the sensible representations.

The soul is therefore a conscious articulation of the unity of the laws of 
the organic body and “rules” that body (if that is the right word) as a “rec-
tor.”39 “Rector” is a term from Roman law that refers to an appointed rep-
resentative of the state in a local region— what we can call the governor. 
The rector, significantly, did not possess “imperium” and therefore could 
not change or suspend the law. The rector only makes visible the law that is 
already in operation; it articulates its presence and thereby gives clarity to 
the law that already defines the order of the locality.

What Leibniz describes here is a process wherein the automatic opera-
tions of the monadological organization of the body are first represented 
in the soul and thereby made “visible” to the human being, and then the 
order relating the operations is also represented and made visible, before 
finally the unity of the order of the body is also expressed in the soul as a 
representation. We can see how this is a process in which the body writes 
itself onto the soul; it is a kind of exteriorization of the body’s automatic 
system into a representational diagram. The value of this representation is 
its clarity; the soul knows more clearly what the ends of the organic body 
are and is able to see more clearly what would possibly attain those ends 
most efficiently. Nothing the soul does is in contradiction to the system it 
represents in its own characters. What we call volition, Leibniz says, is an 
action that is clearly visible in the operations of the soul; however, there is 
nothing actually interfering with the body’s functions. Similarly, there are 
times when the body seems to act on its own, yet here it is just that the soul 
has not clearly represented that particular event. The value of the visibil-
ity of the soul’s logic of operations is not that it reveals genuine volition; 
rather, the soul expresses the complex logic of the body, an automatic sys-
tem that is often absolutely opaque to observation. The writing of the soul 
is produced by all operations, remember: all perceptions of the monads are 
represented. The conscious, and then consciously systematized, represen-
tations are condensations of these originary representations. The soul’s 
cognition is a symbolization of the living being, a window into its divine 
structure.

What escapes the logic of the body is the soul’s own capacity to read the 
order of nature through its own representations— and to produce for itself 
what are essentially artificial monads, these imperfect human imitations 
of the unitary systems that are organized forms of materiality: machines.
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Souls, in general, are living mirrors or images of the universe of creatures, 
but that minds are also images of the divinity itself, or of the author of 
nature, capable of knowing the system of the universe, and imitating some-
thing of it through their schematic patterns [échantillons architectoniques] 
representing it, each mind being like a little divinity in its own realm. (§83)

At this point, we look ahead to the importance of technicity for thinking 
the human as both in and out of nature. The structure of monological order 
will have to be rethought under the sign of the organismic body— how a 
natural human will bring itself out of nature, artificially, precisely through 
the use of artifice, the tool as mind, the mind as tool.
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5
Hume’s Enlightened Nervous System

Habits of Spiritual Automata

The early modern idea of “spiritual automata” figured the mind in terms 
of a productive automaticity that nonetheless preserved the intellect’s ca-
pacity to see beyond the body, and even beyond reason itself. The spiritual 
automaton was predicated on the recognition— even idealization— that 
human cognition was an artificial automatization of the mind. The figure 
of the automaton in early modern thought, so often understood to be a 
model for the mechanistic reduction of life and the life of the mind, is per-
haps more importantly a way of understanding the artificial construction of 
the mind.

As Pascal wrote in the Pensées, “We must not misunderstand ourselves: 
we are as much automaton as mind [esprit]. And therefore the way we are 
persuaded is not simply by demonstration. How few things can be demon-
strated! Proofs only convince the mind; custom provides the strongest and 
most firmly held proofs: it inclines the automaton, which drags the mind 
unconsciously with it.”1 The automaton here is not at all the body- machine 
of Descartes; it is the automatism of culture impressed on malleable ner-
vous systems. The automaton of habit could be transformed into an auto-
matic reasoning machine, although of course the risk of wayward habits was 
extraordinarily high. Pascal puts it this way:

We must acquire an easier belief, one of habit, which without violence, art, 
or argument makes us believe something and inclines our faculties to this 
belief so that our soul falls naturally into it. When we believe only through 
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the strength of our convictions and the automaton is inclined to believe 
the opposite, that is not enough. We must therefore make both sides of us 
believe: the mind by reasons which only have to be seen one in a lifetime, 
and the automaton by custom, and by not allowing it to be disposed to the 
 contrary.2

The important point to be made here is that Pascal is fully aware that the 
automaton that is unconscious thought is not a natural machine but in-
stead very much an artifact. It is only because this automaton is an artificial 
construct that it is possible to reconstruct it through new formations.

For Nicolas Malebranche, this forming of the mind is a matter of form-
ing the very structure of the brain. Thinking in particular is dependent on 
the capacities of the brain, as we see so starkly when, in old age, people lose 
their mental acuity and even their reason, all because of the drying and 
hardening of the material of the brain. Where the child’s fibers “are soft, 
flexible, delicate,” in older people they are “inflexible, gross, and intermix’d 
with superfluous humors.”3 There is always a potential for material inter-
ference on the part of the brain, as it deteriorates, as the “solidity” of the 
fibers also solidifies error and resists “the attempts and force of reason.” 
Malebranche argues that these facts show the urgency of properly forming 
the youthful mind, so that its habits are well established in the brain. For 
habit is nothing more than memory consolidated in the traces “imprinted 
on the brain.”4 And like a new machine that runs best after some practice, 
the brain consolidates its impressions the more there is repetition, as the 
animal spirits work the fibers in such a way so as to make them respond 
promptly in the same fashion in the future. We cannot overemphasize the 
physicality of this process as described by Malebranche— like a sculpture 
molded by instruments, or the engraving of a printing plate, the depth of 
the impression is a direct result of the force of impression. The variation of 
impression— we might say, inscription— in individual brains constitutes the 
very diversity of minds we see in human society.

Much in line with the speculations of Malebranche and others, Locke 
admits that we are often subject to “strong combinations of ideas” that are 
“not allied by nature.” Hence the wide diversity of human beings, with their 
“different inclinations, education, interests.” The power of habit reigns in 
all spheres: “Custom settles habits of thinking in the understanding, as well 
as of determining in the will, and of motions in the body.” Surprisingly per-
haps, Locke believes that it is likely habit can be reduced to the “trains of 
motion in the animal spirits, which once set a- going, continue in the same 
steps they have been used to.” Repetition wears the path smooth so that 
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“motion in it becomes easy, and as it were natural.” The musician only has 
to start a melody and the rest of it flows automatically “without care or at-
tention.” The point is not that these thoughts are reducible to the opera-
tions of the brain, even if they are the “natural cause.” What is crucial is that 
the natural automaticity of the animal spirits can help us understand how, 
in the psychic sphere, ideas seem to be produced and connected so “natu-
rally” once they are made habitual.5

The mind must be able to direct its own train of thought, which means re-
jecting ideas that are not relevant to inquiry. However, unlike the body, with 
its automatic processes of self- repair, the unity of the psyche, for Locke, is 
not self- organizing. The foreign thought is not so easily excised from ratio-
nal discourse of the mind: “This may be, if not the chief, yet one of the great 
differences that carry some men in their reasoning so far beyond others, 
where they seem to be naturally of equal parts.”6 Hence Locke’s proposal 
that we inure children to “attention” rather than distract them with admo-
nitions when they stray from the rational course— this will, he says, “intro-
duce a contrary habit.”7 And so even if reason is a natural faculty, attention 
is not. Wandering of the mind, forgetfulness and unsteadiness, these are all 
natural forms of errancy at work in the youthful mind. But is there such a 
thing as a “habit” of attention? What kind of automaticity would be at work 
in such a habit? If the mind does not already naturally have the ability to 
control its own psychic organization, how can it be transformed into a ma-
chine of indifference? Because to “wander” in thought is to be forced away 
from the weak— because difficult— lure that is the work of reason.

If early modern thought had consistently positioned human auton-
omy as something parallel to creation itself, in the most cosmic sense of 
that term, with the advent of the Enlightenment the challenge was to un-
derstand how the human mind could be at once a product of nature and 
nature’s own exception. This would prepare the way for theories of intelli-
gence and freedom that could not be fully captured by any strict distinction 
between the technical and the natural, or a collapsing of these categories. 
The human only emerges on the threshold of that distinction, that is, as an 
expression of what could possibly comprehend this duality.

In the eighteenth century, the idea of an independent realm of spiritual 
thought was dismissed. The mind had to be understood as a product of 
some kind of biophysical self- organization.8 The movement from the natu-
ral condition of the self- regulating body to the artificial nature of the ratio-
nal mind demanded a new form of philosophical inquiry, which points us to 
David Hume’s revolutionary and, we can say, ruthless dismantling of early 
modern epistemology.
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The Errant Automaticity of Reason in Hume’s “Treatise”

Some small touches given to Caligula’s brain in his infancy, might have 
converted him into a Trajan.

Hume, Dialogues on Natural Religion

Hume’s critical philosophy takes aim at one of the central conceits of the 
line of early modern thought I have been tracing here— that the compari-
son of organized machine technologies with natural systems of order will 
reveal something important about the relationship between human cog-
nition and the inner secrets of the universe. His avatar for this position is 
Cleanthes, who, in the Dialogues, compares the universe to houses, ships, 
furniture, and machines. But as Hume’s Philo points out— and here we can 
locate one of the key markers of a new naturalism characteristic of what 
will be called Enlightenment— “thought, design, intelligence, such as we dis-
cover it in men and other animals, is no more than one of the springs and 
principles of the universe, as well as heat or cold, attraction or repulsion, 
and a hundred others, which fall under daily observation.”9

Hume’s philosophy is much more than a critique of the analogy be-
tween mind and nature. Hume will in fact leverage his interrogation of 
“natural” intelligence into a dismantling of all claims concerning the na-
ture of things. Even if we admit that aspects of nature affect others, why, 
he asks, do we privilege one principle, especially one “so minute, so weak, 
so bounded a principle, as the reason and design of animals is found to be 
on this planet? What peculiar privilege has this little agitation of the brain 
which we call thought, that we must thus make it the model of the whole 
universe?”10 Hume’s critique draws on a novel way of conceptualizing hu-
man thought: the essential ground of intellectual cognition, the laws of 
Leibniz’s incorporeal automaton, can constitute the foundation of a human 
nature but only if we acknowledge their fundamentally artificial character. 
Hume’s skepticism, on this reading, is a meditation on the weakness and 
fragility of an artificial form of intelligence as it confronts the overwhelm-
ing natural forces of the mind. But even these forces have already been dis-
rupted and have reorganized themselves, by the no less artificial invasion of 
alien thoughts. Here Hume will point to a new way of conceptualizing the 
relationship of mind and brain— and underline the importance of material 
forms of intelligent thought.

As Gilles Deleuze argued in his penetrating analysis of the Treatise, 
Hume’s account of the mind begins without a beginning, with a radical 
questioning, that is, of the status of the spiritual automaton governed by a 
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cognitive logic independent of physiological organization. As Deleuze puts 
it, for Hume the mind is not nature; it has “no nature” because at its origin 
it is just “identical with the ideas in the mind.” An aggregate collection of 
ideas is not a system.11 To identify a “mind” in the midst of the givenness of 
experience, we have to first separate the mind from its experiences, and this 
requires the mind to be constituted as a new organization of the givenness 
of experience. But it is crucial to remind ourselves that the constitution of 
the mind as organization is predicated on the initial separation of experi-
ence from the mind. This is what Hume means by the almost insensible 
“reflection” that accompanies all experience.12 So the mind is neither given 
(as a faculty of organization) nor constituted from experience— it is at once 
inside and outside of itself from the very beginning. Hume’s name for this 
liminal space is “the imagination.” There is no logic of the imagination; 
rather it is the name for the possibility of freeing the idea from its given-
ness. It is the space where ideas enter a new zone of possible connection.

We can easily misread Hume as if he were continuing the tradition of 
analyzing the functions of the mind (whether corporeal or intellectual) and 
through his analysis reveals for the first time their deep epistemological 
failing. However, taking our cue from Deleuze, the skeptical epistemol-
ogy is much better understood if we acknowledge that the starting point 
of Hume’s philosophy of mind is the absence of any mental function alto-
gether. The mind begins as an empty space of liberation where new things 
happen. These events are what constitute the mind as a new system, a new 
logic of organization. Reason, intelligence, memory, all of these “faculties” 
are reconceptualized by Hume as not necessary within the foundational 
economy of experience. These functions are all derived, then, from new be-
havior on the part of ideas, behavior made possible only by their separation 
from the very origin of these ideas.

One way to think about the origin of the mind, then, is to emphasize 
with Hume that the mind is not some kind of faculty; it does not impose 
structures on given ideas. The ideas that come from the “impression” of 
the senses are transformed by no longer being given; they appear, now, only 
as the possibility of an association.13 The challenge of reading Hume is 
this: How do we give a critical account of the mind when we begin with 
the recognition that the mind is not the origin of association, only its space 
of activity, so to speak? If cognition cannot be modeled according to the 
“principles” of order governing its operations, then what is the function 
of human thought? How can we critically evaluate reason and unreason, 
productive and unproductive thinking, without norms? The advantage of 
Hume’s radical starting point is that we no longer must explain at one and 
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the same time the nature of the mind and the possibility of its violation. The 
difficulty, however, will now be establishing any critical perspective what-
soever. My suggestion is that the slippery boundaries between nature and 
artifice in Hume’s thought can point to a new way of addressing these ques-
tions. As Deleuze suggested, the space of imagination becomes a system 
when the subject appears as the vehicle of a new synthesis of the mind. Yet 
this synthesis is never given; it is not, we might say, automatic.

The opening of the mind for Hume is the constitution of the imagination as 
a pure possibility of new relations between reflected ideas. It would seem 
that Hume believes that there must be an intrinsic logic to the mind, “some 
universal principles, which render it, in some measure, uniform with it-
self in all times and places.” Without such principles, ideas would be “en-
tirely loose and unconnected,” and they would be joined only by chance. 
How else to explain the regularity of “complex ideas” (not to mention the 
correspondence of these ideas across different languages) if there wasn’t 
some kind of “associating quality, by which one idea naturally introduces 
another” (1.1.4.1)? At the same time, we know that the pivot of Hume’s 
critique of induction will be his claim that the imagination can undo any 
connection between ideas. The resolution is found in Hume’s careful dis-
tinction between the association of ideas and the mental perception of as-
sociation. The mind therefore does not discover resemblance between two 
ideas, say, through comparison or some other method; “resemblance will 
at first strike the eye, or rather the mind,” and the same goes for any other 
relation— there is no “enquiry or reasoning” involved (1.3.1.2). So what is 
the activity of the mind as such?

Crucial for Hume is not so much the immediate affirmation of a rela-
tion between ideas but instead the suggestion that the mind is where as-
sociations are transformed by repeated experiences into what Hume calls 
“habit.” That is to say, what the mind introduces to the economy of sensory 
association is the consolidation and artificial intensification of always singu-
lar experiences, which makes possible an experience that will not have yet 
taken place: the experience of an “anticipation.”14 Once experiences of asso-
ciations are layered in this way within the mind, with the new experience of 
a single idea “our imagination passes from the first to the second, by a natu-
ral transition, which preceded reflection, and which cannot be prevented 
by it” (1.3.8.2). This is the first articulation of “human nature” for Hume— 
not the association of ideas (which we will see is a logic external to the mind 
in an important way) but the integration of associations and the production 
of automatic anticipations of a future that does not in fact exist.
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This logic of anticipation (what Deleuze called a kind of “fiction”) is 
stronger than the “reality” of even our own bodies and nervous systems. 
Hume notes, for example, that someone who has lost an arm or leg to 
amputation “endeavours for a long time afterwards to serve himself with 
them” (1.3.9.18). Both the initial association of ideas in experience and the 
production of a “habit” that naturally produces artificial anticipations are 
“independent of, and antecedent to the operations of the understanding” 
(1.3.14.28). For Hume, it is the cognitive construction of habit that underlies 
our particular reality, a system that does not simply store ideas and their 
associations in memory, but actually constructs out of past associations 
and present impressions a comprehension of what is, a comprehension 
grounded on a field of interconnected expectations of how this reality will 
behave. The fact that expectation is the basis of our cognized reality means 
that the system of stored associations can be artificially supplemented by 
“habits” that have not in fact been personally experienced by the subject— 
what Hume sometimes calls “custom,” although the terms are often used 
interchangeably.

The important point is that anticipation is equally natural in habit and 
custom, whatever their origin. For Hume, the “easy transition” is the result 
of a “curious and almost artificial preparation” (1.3.9.16). So the artifice of 
education (the repeated installation of prepared ideas in the young mind) 
is thoroughly consistent with the logic of habit precisely because there is 
no difference for the mind. The artificial idea of education can even over-
whelm the ideas that are “naturally” produced by sense, memory, or reason 
when they are “strongly imprinted” on the mind (1.3.9.19).

Of course, Hume’s philosophical reputation rests to a large degree on the 
way he dismantles the presumption that the anticipations of repetition 
that emerge from mental operations are in no way implied by the original 
experiences themselves, and any belief in some underlying “identity” that 
would guarantee the anticipation is absolutely unfounded. But what is the 
function of reason in this system? If belief and even judgment itself are an 
effect of some “secret operation” that is completely unthought, how can the 
mind’s habitual tendencies (if that is the right word) be internally critiqued?

It is very clear that for Hume reason is not an independent critical fac-
ulty of some kind that could intervene and interrupt the natural logic that 
is habit and custom. Hume describes reason as another form of automa-
tism: “Reason is nothing but a wonderful and unintelligible instinct in our 
souls, which carries us along a certain train of ideas, and endows them with 
particular qualities, according to their particular situations and relations” 
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(1.3.16.9). This instinct, to be clear, is not physiologically grounded. Like 
habit, reason is a function of the system of ideas, associations, and experi-
ences. Indeed, reason is folded into habit: “Nature may certainly produce 
whatever can arise from habit: nay, habit is nothing but one of the prin-
ciples of nature, and derives all its force from that origin” (1.3.16.9). That 
force is felt by the mind but remains absolutely impenetrable. The system of 
association and the logic of anticipation that produces new ideas appropri-
ate to whatever is the state of things— this system is quite literally for Hume 
formed by a “magical faculty in the soul” (1.1.7.15). This magical power is at 
the heart of reasoning. The specific kind of expectations that are inferences 
will automatically recall counterexamples from the past if the new ideas are 
contrary to experience as organized in the mind. The overlooked possibil-
ities “immediately crowd in upon us, and make us perceive the falsehood 
of this proposition.” The failure of automaticity marks the “imperfection” 
of the faculties, “often the source of false reasoning and sophistry.” Still, 
Hume notes that the failure is usually in cases where ideas are unusually 
abstruse and compounded. “On other occasions custom is more entire, and 
it is seldom we run into such errors” (1.1.7.8). Reason is the automatic de-
tection, then, of a “mismatch” between the expectation implied by some 
proposition and the system of expectations forged from natural and artifi-
cial memories of association.

Hume is of course intensely interested in the ways in which habitual 
thinking consolidates untenable beliefs. In particular, he admits that the 
admixture of opinions and notions introduced by learning, which takes 
“deep root” from infancy, is impossible to eradicate “by all the powers of 
reason and experience” (1.3.9.17). To be clear, Hume is arguing that we 
could not explain the power of automatic belief and expectation if ideas 
were associated only by “a reasoning and comparison of ideas” (1.3.9.17). 
But the consequence of this view is that reason will not be able to interrupt 
that automaticity of belief.

In this context, Hume’s somewhat marginal remark in a section discuss-
ing animal reason is quite significant. One way to allow the mind to con-
strain its own operations is to circumvent automaticity through the use of 
a technological prosthesis. In order to see how we can maintain a complex 
line of thinking (i.e., “reasoning”) to produce an inference without relying 
on the steadiness of mind, we can look to the example of the merchant: “In 
accounts of any length or importance, merchants seldom trust to the infal-
lible certainty of numbers for their security; but by the artificial structure 
of the accounts, produce a probability beyond what is derived from the skill 
and experience of the accountant” (1.4.1.3). This externalization of cogni-
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tive relations into the artificial structure is a disembodiment that short- 
circuits the weakness of rational thought in the face of intensive, affective 
experience.

For Hume, this must be understood in relation to the physiology of the 
nervous system. The problem with reason is that it tracks the implications 
of ideas that have not always been experientially associated; rather the 
links are made through “general terms” and propositions. In this kind of 
thinking, “the action of the mind becomes forced and unnatural, and the 
ideas faint and obscure” (1.4.1.10). Here the train of thought is always sub-
ject to competition from the “more natural conception of ideas,” and atten-
tion can falter. This is because “the posture of the mind is uneasy; and the 
spirits being diverted from their natural course, are not governed in their 
movements by the same laws, at least not to the same degree, as when they 
flow in their usual channel” (1.4.1.10). The materialization of habit as sec-
ond “nature” cannot be countered by the artificial and weak thought that 
is rational inference— unless that weak thought can be materialized else-
where, safe from the interference of powerful neuronal flows. To “strain” 
the imagination is to disturb that flow, and the stronger the agitation of the 
brain, the more difficult it will be to resist that flow. As Hume explained 
earlier in the Treatise, “It would have been easy to have made an imaginary 
dissection of the brain, and have shewn, why, upon our conception of any 
idea, the animal spirits run into all the contiguous traces, and rouze up the 
other ideas that are related to it” (1.2.5.20). This process is physiologically 
imprecise because the spirits seldom maintain their direction and “natu-
rally” deviate from their track, falling into nearby traces and thereby rous-
ing the wrong (or at least alternatively associated) ideas.

Philosophy is the name for the activity that is not quite purely artificial 
but that does operate in the absence of “nature,” whether of the habitual 
sort or not. It is thinking with the minimum of passion, the effort to escape 
the natural— if sometimes deviant— course of nervous communication, 
to think in the absence of the animal spirits, we can say, in other words, to 
think through the relationship between ideas and not through the always 
material, because physiological, association of ideas. However, as we might 
expect, thought cannot so easily disembody itself. “When the soul applies 
itself to the performance of any action, or the conception of any object, to 
which it is not accustomed, there is a certain unpliableness in the faculties, 
and a difficulty of the spirit’s moving in their new direction” (2.3.5.2). And 
in the process of thinking passions may well be awakened. Novelty itself 
(as Descartes also argued) can enliven the spirits with the passion of won-
der. As Hume explains, this passion agitates the spirits. Hume’s point is that 
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philosophy as attention to the course of ideas is always threatened by the 
economy of the brain and the automatisms of habit.

There is a great difference betwixt such opinions as we form after a calm and 
profound reflection, and such as we embrace by a kind of instinct or natu-
ral impulse, on account of their suitableness and conformity to the mind. If 
these opinions become contrary, it is not difficult to foresee which of them 
will have the advantage. As long as our attention is bent upon the subject, 
the philosophical and studied principle may prevail; but the moment we re-
lax our thoughts, nature will display herself, and draw us back to our former 
opinion. (1.4.2.51)

Nature and reason are therefore figured as opposed and unreconcilable en-
emies; the mind must feign a kind of “dual existence” in order to satisfy the 
demands of these two automatic systems.

Interestingly enough, it is the very weakness of radical reason that is its 
saving grace for Hume. The relentless and destructive skeptical conclusions 
he follows to the bitter end would make the life of a sociable human being 
intolerable. So, as Hume admits, it is nature, that is, the neurological force 
of habit, that “cures me of this philosophical melancholy and delirium,” 
relaxing— literally— the philosophically focused mind, or alternatively at-
tracting it with “lively impressions” (1.4.7.9). As Hume wrote elsewhere:

To what purpose should I pretend to regulate, refine, or invigorate any of 
those springs or principles, which nature has implanted in me? Is this the 
road by which I must reach happiness? But happiness implies ease, content-
ment, repose, and pleasure; not watchfulness, care, and fatigue. The health 
of my body consists in the facility, with which all its operations are per-
formed. The stomach digests the aliments: The heart circulates the blood: 
The brain separates and refines the spirits: And all this without my concern-
ing myself in the matter.15

Still, if the “mild” sentiments of philosophical thought cannot “interrupt 
the course of our natural propensities,” the trace of philosophical doubt re-
mains, that “cold and general speculation”(1.4.7.13) lingers, perhaps, even 
in the “heated” brain.
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Reason and Plasticity: Enlightened Habits

Hume’s thought makes visible a threshold that marks the transition away 
from an early modern preoccupation with the relationship between the or-
der of nature (and especially the organization of nature’s bodies) and the 
order of cognition— not, as we usually think, to establish the connection 
between the mind and the body but in fact to isolate the privileged state of 
the intellectual sphere in comprehending the order of the natural world. 
The predominance of machinic metaphors and analogies in this period 
does not at all reveal an inclination to what is assumed to be a mechani-
cal metaphysical position. The key concept of organization was interrogated 
with respect to both artificial machines and what Leibniz called “divine ma-
chines.” The mind, then, was in turn conceptualized as both an indepen-
dent form of organization and a capacity to identify and reproduce— or even 
create— forms of order. What Hume’s method reveals is the possibility that 
the organization of the mind is inherently contingent, dependent first on 
the array of impressions given to it by the sensible machinery of the body 
but also dependent on the secret forces that make and consolidate the asso-
ciations between ideas that produce the anticipations that order our experi-
ence of the world. Moreover, the mind is susceptible to “alien” associations 
in the form of imported customs— that is, education. Ultimately, for Hume, 
the two logics (of mind, of body) are steered by the dynamics of the nervous 
system— the formation of habit and custom through the literal writing of the 
brain. The possibility of a pure logic of thought (itself a form of automatism) 
depends on the contingency of the state of the brain and the passions that 
excite it. (Figure 5.1.) Only in the absence of lively impressions and heated 
passions will the brain be willing to succumb to the pursuit of reason— the 
tracing of a cognitive logic of ideas, often against customary association, 
often forging a path through the brain that has never been followed. Fleet-
ingly, Hume will suggest that the technologies of disembodiment— writing, 
in particular— might liberate reason or at least offer it a space of refuge.

In the wake of this turn we can see that if reason and intelligence in the 
Enlightenment will be played out on the terrain of the nervous system, it is 
not in the way we might suspect. The question will not be the how the mind 
is connected with the brain, and whether or not this implies a reduction 
of the mind to the body. With Hume, we can now ask: How does the con-
tingency of an organized mental system relate to the organizational capaci-
ties of the sentient body? Against early modern philosophy, Enlightenment 
thought recognized that the challenge of actually explaining the develop-
ment and reproduction of organic bodies precluded any easy method for 



Figure 5.1. From Denis Diderot and Jean le Rond D’Alembert, L’Encyclopédie 
(1751– 66). Source: Wellcome Collection. CC BY 4.0 / https:// creativecommons 
.org /licenses /by /4 .0 /legalcode.
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linking these living systems with the systems of thought generated within 
minds. For these systems were not strictly speaking analogs of one another: 
they had independent logics of development. How could the contingency 
of belief, reason, passion, anticipation, memory, categorization, language 
be mapped on to the complex physiological systems that maintained their 
unity and reproduced it without any obvious vehicle of organization?

The sterile opposition of mechanism and vitalism fails to grasp the cru-
cial significance of contingency in Enlightenment concepts of mind. Yes, 
there were many schools of thought competing to understand the nature of 
the organized body and the nature of the human mind. However, what links 
these efforts is a radically new naturalism that takes as central the origin of 
organization, or, to put it another way, the possibility of self- organization.16 If 
in the seventeenth century the technological object could serve as a model 
of order as active organization, in the eighteenth century the automaton 
demonstrated a crucial absence: how the living being could construct it-
self. Or at least: how the living system could produce and reproduce its 
own organization, without the assumption of some immaterial presence of 
purely formal order, the Leibnizian “monad.”

In the Enlightenment, then, the contingency of the mind’s formal de-
velopment could be linked with the constitutive openness of the dynamic 
body rather than the body’s abstracted (and theologically framed) formal 
unity. Enlightenment psychology, unlike its predecessors, offered models 
that would account for the recognized regulation of our mental life and the 
singular human capacity for creative insight and invention. Habit was the 
liminal zone that laced together organismic order and distinctly human 
minds, via the neurophysiology of automaticity.17 As Charles Bonnet put it, 
cultural education marks a “second birth,” since the brain is literally rewrit-
ten.18 Denis Diderot argued that the life of the mind was a constant writing 
and reading of the brain by itself.19 But the original natural order of the ner-
vous system never disappears entirely. As David Hartley would explain, the 
human is defined by twin automaticities: the automatic physiological orga-
nization of the body and what he called the “secondarily automatic” func-
tioning of cultural habit, the deformation and re- formation of the brain 
from the outside.20 It will fall to Kant to systematize these two automatici-
ties, the a priori logic of the mind and the empirical formations— and often 
errant deformations— of concrete experience.
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6
The Machinery of Cognition  
in the First Critique

“The role of a human being is perhaps the most artificial [künstlichste], 
the most arduous, but also the most exquisite in all of this planetary sys-
tem.”1 Kant offered this dense but illuminating reflection in notes written 
in the 1780s, on the topic of metaphysics. The relationship between these 
terms is not entirely obvious. Given the legacy of Enlightenment thinking 
on the nature of the human mind, or at least the organization of the mind, 
Kant might well be echoing Rousseau or Herder, suggesting that it is the 
special difficulty of human existence, its radical lack, that is, that necessi-
tates the turn to artifice, to the nonbiological prosthetics of technology and 
language— thereby becoming the most magnificent of all creatures. Per-
haps. It is also possible that Kant is defining the human here as the most 
artificial of all creatures, and hence it is human life that is the most chal-
lenging.

From the perspective of Kant’s critical philosophy, at least, the essence of 
the artifice peculiar to human beings is worth exploring carefully, since the 
term is entangled with the crucial problem of judgment, linked as it is to 
novelty, spontaneity, and the independence of the organization of the mind 
from any external causality. Still, the slightly incongruous reference to the 
“planetary system” is puzzling and does not seem to point to any particu-
lar issue raised in the description and analysis of the architectonic system 
of cognition. The astronomical frame does recall the more cosmic specu-
lations of the early modern thinkers navigating the thresholds separating 
and connecting the order of nature, the capacities of the mind, and the di-
vine unity but now in a new, Enlightened context.

Decades earlier, Kant (in his first, anonymously published work on uni-
versal natural history, which appeared in 1755) had in fact already addressed 
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the grand question of the position of the human in nature, combining lead-
ing edge neurophysiological theory, natural history of the organic body, and 
new psychological accounts of cognition in order to revisit the fundamen-
tally theological tradition of metaphysical thought. For Kant, in this early 
work, the distinction of the human would be found, as Rousseau argued in 
the near- contemporaneous Essay on the Origin of Inequality, in some kind of 
lack— or at least deficiency. The limitation of human thought and action, 
Kant said, was due to “the coarseness of the matter into which his spiritual 
part is sunk, in the rigidity of the fibers and the sluggishness and immo-
bility of the fluids that ought to be obedient to its stirrings.” The cognitive 
psychic system was trapped, so to speak, in the nervous system, and over-
powered by the sheer intensity of organismic demands on its attention.

The nerves and fluids of his brain supply him with only coarse and unclear 
concepts, and because he is unable to balance the stimulation of sensory 
sensations in the interior of his faculty of thinking with sufficiently pow-
erful ideas, he is carried away by his passions, dulled and disturbed by the 
tumult of the elements that maintain his machinery.2

This might serve as a relatively faithful précis of Hume’s Treatise. What dis-
tinguishes Kant in this work, however, is the belief (or maybe faith) that the 
mind is somehow capable of increasing its strength. The logic of cognition is 
not expediency but reason, and Kant understood reason to be in a constant 
struggle with the body’s own existential orientation. Kant laments, “The ef-
forts of reason to rise against this and to expel this confusion by the light of 
the power of judgment are like the flashes of sunshine when thick clouds 
constantly interrupt and darken its brightness.”3

Why this struggle in a creature of nature? As Kant explains, the mind 
has a function in the economy of the organism: the “invisible spirit” is 
what conceptualizes the external world, and repeats and combines these 
concepts with its specific form of internal action.4 The problem is that the 
coarseness of the fibers makes this internal reflective activity especially 
difficult; the soul is, he says, in a state of “constant exhaustion” because 
the body resists the reorganization of its sensorial flow. So the mind suc-
cumbs, and “soon falls back into the passive state by a natural tendency of 
the bodily machine since the sensory stimulations determine and govern 
all its actions.” But this is for Kant not natural, in that the spirit of rational 
cognition should be governing the “lower” functions of the physical body. 
Our “excellent abilities” are being wasted, and with age, the situation is 
even more dire, as weak circulation and increasingly inflexible fibers and 
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ossified spirits make thought even more sluggish and prone to error. It is 
this unnatural, or at least highly problematic, condition that stages Kant’s 
analysis of the human mind.5

However, it is important to note that for Kant the question is not to what 
extent the mind can liberate itself from its materiality, to aim, that is, for 
a certain kind of disembodiment. What is at stake is the coordination or 
harmony between two related but also radically independent systems that 
together constitute a living, sentient being— namely, the psychic and the 
physiological.

In contrast to Locke’s speculations on the cognitive capacities of angels, 
Kant’s conjectures concern the relative rationality of extraterrestrials in 
the solar system.6 Given that the other planets are most likely inhabited, 
Kant argues, the structure of the sensory and nervous systems of these alien 
creatures would vary according to their distance from the sun: the fibers of 
a resident on Jupiter or Saturn, say, would have to be extraordinarily fine in 
order to be able to respond to the slightest impression from the weak heat 
and light, whereas those on Venus would be even coarser than our own. Our 
middle position on Earth puts us in the middle rank of intelligence, where 
the power of the mind struggles against the coarseness and inelasticity of 
our sensory and nervous organs. This is what makes the life of the human 
so arduous. Unlike virtually all other living creatures, who live, reproduce, 
and die in a more or less seamless existence, the human being struggles be-
cause its nature is not so fixed. As Kant puts it, the human can both debase 
itself and strive beyond itself, seeking “gratifications” for which “he is not 
organized and which conflict with the arrangements that nature has made 
for him.” This is to say that the human is the being capable of disturbing 
nature, leaving his “post” in creation. Kant’s argument here is that the hu-
man must rediscover its place in nature, its original sphere— because “out-
side the sphere of a human being he is nothing, and the hole that he has 
made spreads its own damage to the neighboring members.”7

I recognize the danger of overreading these passages in light of Kant’s fu- 
ture philosophical development. Still, it does seem appropriate to frame his 
critical project with these questions, for one thing Kant is trying to accom-
plish in the three Critiques and related writings is a systematic survey of 
the exact capacities of the human mind, so that we can understand the ten-
dency to stray from the very strict limits of reason and cognition and only 
then formulate a certain intellectual regime that will guard against stray-
ing and guide us in the pursuit of knowledge. Unlike all previous thinkers, 
however, Kant will refuse to separate the logic of corporeal cognition from 
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the intellectual faculties or capacities, and he will resolutely avoid the met-
aphors of liberation they entail. Kant will emphasize, then, the unitary in-
tegration of all forms of cognition, drawing on the early modern philosoph-
ical and medical concept of organismic unity that we can trace back to at 
least the seventeenth century.

The key issue motivating my reading of Kant here is reconciling Kant’s 
relentless systematicity (i.e., the essential automaticity of the cognitive 
functions and their interrelationships) with the profoundly important role 
that disruption (in the form of error, interruption, and pathology) plays in 
the very constitution of the psychic space and the topological organization 
of the organic body. This reading suggests that there is something cognitive 
that Kant will locate outside of all understanding, a presence in thought of 
what is necessarily radically outside of all thought. To explain this, I focus 
attention on the status of the human as artificial. Kant will directly (and 
often not so directly) explore the ways in which human artifice, and espe-
cially human technical artifice, can interrupt the automatic integrity of the 
human mind. In so doing, he will open up new possibilities for the reinte-
gration of the materiality of the body and the organization of the mind.

Automaticities in Conflict

We can start with a look at Kant’s various lecture series on logic. Here the 
cognitive faculties are staged, as psychic phenomena, independent of any 
determining causality; however, that did not mean they were not natural 
and hence not subject to their own natural laws. This claim was important 
for Kant because it allowed him to evade some philosophical traps. For now, 
I want to focus on the implications of Kant’s invocation of law in his lec-
ture notes on logic: “We can only become aware of error through our un-
derstanding, and thus we can err only when the understanding acts con-
trary to its own laws. This, however, is impossible. No force of nature can 
act contrary to its own laws if it acts alone.” Error, then, is a deviation re-
sulting from the interference of other natural laws— just as the motion of a 
body subject to gravity can be deflected by the force of air resistance, Kant 
remarks. The mind is, therefore, a kind of spiritual automaton in Leibniz’s 
sense of the term. “The understanding by itself does not err because it can-
not conflict with its own laws.” “Pure reason does not err.” And so on.8

But what is the function of this automatic system? If, as Kant says, we 
can conceive the continuity between the form of an external object and the 
way that object is represented in the nervous system and brain, and perhaps 
even a continuity between those brain representations and the psychic rep-
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resentations that constitute the mind’s sensible experience, it is not possi-
ble to assert any continuity between the active functions of the mind (com-
bining ideas, assigning predicates, isolating properties) and the very nature 
of the world itself. To argue (as Spinoza and Leibniz seem to) that there is 
a relationship between the two spheres established by God is to abandon 
philosophy, according to Kant. Hume offered the radically skeptical alter-
native: human cognition is just a kind of grand fiction. For Kant, as is well 
known, the third alternative is a systematic grasping of the nature of cogni-
tion in and of itself. The laws of cognition are what determine freely acting 
humans. But not as if humans were mere machines with no alternatives. 
What Kant says in the lectures is that different laws can interfere with one 
another; to be free is to be determined by the independent and autonomous 
system of the understanding and reason. These are the laws of cognition 
and not a displaced, externalized origin of action. We must recognize that 
we are not machines driven by the nature of our embodied experience— the 
logic, that is, of embodiment. To be free is to follow rational laws.

The function of cognition is to see and process relations that are not in 
the “appearances of nature” that constitute the sensory field of experience. 
That is the point of the understanding for Kant: to draw from cognition’s 
own logic of organization an orientation in nature, a knowledge that is not 
itself given by nature.9 It is also the source of the struggle that fractures the 
integrity of the human. A natural automaton would be driven by the logic 
of instinct, the laws of automatic behavior that flow from the organization 
of the living body. As Kant says, the understanding “makes everything un-
ruly when it fills in for the lack of instinct”— when it tries to substitute it-
self, in other words, for that other nature, to imitate the laws of the organis-
mic and therefore material automaticity governed by physical laws rather 
than operating properly as the purely incorporeal (or “spiritual”) automa-
ton that it is. The freedom of the understanding is precisely the fact that it 
“enjoys an exception” from dependency on any sensible ordering.10

This challenge can serve to prepare the transition to Kant’s critical phi-
losophy. Kant will, beginning with the First Critique, at once determine the 
“external” limits and internal boundaries of the forms of human cognition 
and the nature and power of its systematic integration. Ultimately, the devi-
ations, disruption, and pathologies of the mind will point to an even more 
radical interruption of the laws of cognition, namely, the spirit of technicity. 
A rethinking of the place of unity in Kant’s work will be necessary to make 
sense of the emergence and development of techne.
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The Automaticity of Pure Reason

For a first rough orientation the structure of the Critique of Pure Reason 
should be thought of in terms of various materials falling into a machine 
where they are then processed; and that what then emerges as the result of 
this processing is my knowledge.

Theodor Adorno, Kant’s “Critique of Pure Reason” (1959)11

The Critique of Pure Reason cannot be reduced to the architectonic typol-
ogy that it articulates with such precision and systematicity. By that I mean 
Kant begins with the fact of mental experience and proceeds to identify 
and demonstrate the necessarily independent logic and economy of each 
faculty. That independent logic is what Kant refers to as the “pure” instan-
tiation of that faculty, even if that particular subsystem cannot at all be 
entirely separated from the others in reality. The mind must, then, be ap-
proached as a system with rules that bring together these individual capac-
ities: “By an architectonic I understand the art of systems. Since systematic 
unity is that which first makes ordinary cognition into science, i.e., makes 
a system out of a mere aggregate of it, architectonic is the doctrine of that 
which is scientific in our cognition in general, and therefore necessarily be-
longs to the doctrine of method” (A832/B860).12 The beginning point of the 
system must not be thought of, then, as a foundation for subsequent modes 
of organization and reorganization. For as Kant shows, the nature of ap-
pearance for an experiencing being implies the necessity of a law of appear-
ance, and it is only by pinpointing the different forms of appearance that 
we can see the interaction of different faculties and their role in cognition 
more generally. If we assumed that the “raw material” of cognition was the 
givenness of sensory information, which is “worked upon” by the faculties, 
we would be unable to locate the origin of thought because it would always 
be conditioned by what was not thought itself.

The beginning of thought, then, is the first structuring of the experi-
ential wholeness of the field of thought as thought, whatever may be the 
connection between the body’s sensory organs and our experience of the 
world. For Kant, the first internal division of experience is the appearance 
of what he calls intuitions. Literally a form of “seeing,” the intuitions are 
what delineate in experience the givenness of structure, the structure first 
of objects and their properties. Without this primordial differentiation of 
the unity of thinking, there could be no possibility of any perception or 
identification of relations within thought.

Having established the necessity of the division and distinction that in-
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tuition introduces, Kant demonstrates that in order to maintain the inter-
nal unity that has now been fractured into individual fields of organization, 
the mind must reunite the intuitions. Or to put it another way, the internal 
differentiation cannot lead to a multiplicity of experiences (since that is 
impossible in one mind), but if the mind is one system of experience, then 
the unity must reappear in some form: that is the law of the imagination, 
which must, simultaneously with the appearance of difference, reunite 
the intuitions by forging a real unity out of this plurality— what Kant calls 
the manifold. At this stage, all that is required of the imagination is that it 
exist in order to synthesize back into unity what was initially divided. The 
objects of experience now appear to us as aspects of one genuine singular 
world, necessarily— that is, not as simply juxtaposed in an ad hoc and con-
tingent manner.

Now, if we can see how this double move of intuition and imagination 
resolves the continuity of the cognitive unity of experience, it also raises a 
new question, a new challenge, that was not present to the mind in its origi-
nal undifferentiated state— namely, what laws govern the manner in which 
this new unity of experience is produced and maintained. What marks the 
synthesis of the manifold plurality? In the synthesis of the manifold, the 
imagination must now relate, using principles of organization, what was 
not fundamentally capable of any relationality before the initial cuts of 
articulation. This is why Kant can demonstrate the absolute necessity of a 
new faculty, the faculty that can provide the law for the appearance of regu-
lar organization within the synthetic unity of experience.

This is the understanding: the faculty that produces the “forms of 
thought” (B288) of relational structure that could give a substantial form to 
what would only be a “pure” but empty synthesis. The categories are the ba-
sic, foundational forms of relational order that are intrinsic to that synthe-
sis, applied to the manifold so that we cognize it as organized in a seamless 
way. The categories (spatial position, number, succession, etc.) all depend 
on the prior articulation of the field of experience and the synthesis of that 
field: the need for relations stems from the fact of creating independent 
sites of organization that nonetheless demand to appear under an embrac-
ing unity that relates them. That unity is essentially “immaterial” and must 
be actively reengaged with the sensibility.

We can, however, trace all actions of the understanding back to judgments, 
so that the understanding in general can be represented as a faculty for 
judging. For according to what has been said above it is a faculty for think-
ing. Thinking is cognition through concepts. Concepts, however, as predi-
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cates of possible judgments, are related to some representation of a still un-
determined object. (A69/B94)

Kant’s point here is that the fact of articulation and the need for a new syn-
thesis does not imply any particular form of relational order. However, it is 
not possible for us to actually cognize an alternative order, since the order 
that appears to us appears as necessary, a priori, and hence absolutely uni-
versal.

Kant’s method protects him from any obligation to account for the rela-
tionship between the laws of cognition and the “reality” of any world that is 
not just external to the mind, but radically outside of experience itself. What-
ever the connection might be between our thought and the nervous sys-
tem, or our thought and the physical world, or even our thought and God, 
thought itself cannot conceive the relation of what is mental experience to 
something that is not experience. This is not to say that the mind is not part 
of nature. Rather, metaphysics in this new key will consist of the consider-
ation of “everything insofar as it is,” which is to say: insofar as it is thinkable 
in terms of the operation of this incorporeal automaton that is mind. Kant 
occupies an uneasy middle ground between Leibniz and Locke: the first 
philosopher “intellectualized” (intellectuirte) the appearances in order to 
link them with the order of things in themselves, the second “sensitivized” 
(sensificirt) them to bind them to an empirical reality (A271/B327). As Kant 
says, a cognition that could cognize what it is not is one that would have to 
belong to nonhuman beings, “beings we cannot even say are possible, let 
alone how they are constituted” (A 278/B 334).

That said, the initial portrait of the mind seems excessively limited, in 
that the automaticity of the interplay of sensible intuition, imagination, 
and the categories that understanding continually applies via judgment, 
this all leaves no room for what we might call active and productive cogni-
tion that is spontaneous and not, we might say, automatically necessary. We 
have seen that the division of the faculties can be read as an unfolding of an 
internal and consistent organization from within a foundational unity that 
is always preserved in this internal differentiation. The interruption of the 
purely automatic determinism of thought (the origin of individual cogni-
tion) is not, for Kant, an intervention from a lawless “outside” of thought 
but rather a consequence of the fundamental contingency of the content 
and even formal order of the intuitions— appearing as they do in the dy-
namic flow of experience that cannot, as sensible, ever be derived from the 
laws of thought, even as their appearance and possibilities of organization 
are utterly dependent on those laws. It is not hard to see in this develop-
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ment an exact analogy with contemporary theorizations of biological gene-
sis, in particular morphogenesis.

As Jennifer Mensch has brilliantly shown, Kant’s unfolding of the fac-
ulties in the First Critique parallels exactly the kind of speculative natural 
philosophy of organismic development, in that the structural form of orga-
nization is given in the initial undifferentiated unity (the egg, that is), but 
in the very process of development, the contingencies of interaction with 
what that entity is not (however that is understood) will greatly affect what 
can be called the individuation of the living being from its generic univer-
sality of organization (the species of unity).13

This perspective is important because for Kant, the contingency of sen-
sible properties in the synthetic form that is an intuition sparks the appear-
ance of a new form of cognition and a new faculty that will, of necessity, 
emerge to maintain the foundational unity of the mind— this will be, even-
tually, what he calls the faculty of reason. Once intuitions within a struc-
tured synthetic unity appear to the mind, it is possible to mark out relations 
between aspects of the manifold, relations that may be governed by a priori 
principles (e.g., the way colors or shapes appear to us) but are not in and of 
themselves absolutely necessary. In other words they could be “unthought,” 
or cognized in completely other ways. This identification of relations and 
order within the manifold is for Kant the formation of empirical concepts, 
which can only be made contingently on the basis of contingent appear-
ances, though the concepts take the form of— maybe “borrow” from would 
be a better phrase— the normative universality of the categories, as Hannah 
Ginsborg persuasively suggests.14

Kant’s theory of empirical concept formation is notoriously obscure and 
the topic of much scholarly debate (and speculation). But it seems to me 
that we can at least agree that their origin can be understood as epigene-
tic (that is, an internal contingent development) and not the result of an 
automatic function that is an a priori “preformation.” The formation of an 
artificial concept would have no positive function if it did not lead to some 
new possibility of thought, and this is where Kant must introduce again 
the faculty of judgment— because without judgment, the empirical con-
cept would never be capable of producing active thinking that is not deter-
mined by past cognitions. The general principle of the empirical concept 
(whether it is a formal recognition of the relational topology of intuitions 
or itself a kind of “meta- intuition” of structural homology across discrete 
intuitions) must be applied to new intuitions in order to generate some kind 
of novel insight. The function of judgment is just that: to ascertain whether 
or not an intuition can be subsumed under the empirical concept— a priori 
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concepts, the categories, are of course automatically applied. “Synthesis in 
general is . . . mere effect of the imagination, of a blind though indispens-
able function of the soul, without which we could have no cognition at all, 
but of which we are seldom conscious” (A78/B103).

It is the contingency of the empirical concept that demands an active, 
and singular, exercise of judgment, appearing now within the contingent 
flow of sensible intuitions, which is to say, not automatically. The intuition 
will be recognized, that is, in light of its having been judged, via the media-
tion of a concept, to be an instantiation of the general principle articulated 
in that concept. However, intuitions are susceptible to being cognized un-
der many different concepts. If the difficulty of explaining how, why, and 
when empirical judgments are made remains, it seems still that the dis-
tinction between pure a priori and empirical concepts lies in the perpetual 
automaticity of the first kind of judgments and the necessary contingency 
(i.e., always epigenetic origin) of the latter.

The crucial implication drawn in the First Critique is that the judgments 
mediated by the imagination are a structural necessity within the system 
of cognition (since concepts cannot apply themselves). Yet judgment is es-
sentially spontaneous and creative, otherwise it would never exceed pure 
automaticity. The problem of identifying the principle of judgment arises 
only with the recognition of the very contingency of its empirical activi-
ties. There, its appearance is not at all predictable or even necessary, at least 
from the perspective of the other faculties. According to the developmental 
model of the mind, it is clear that the need to introduce the new, very spe-
cific faculty of reason arises in just this moment. For the contingency of 
the interruption that is empirical judgment cannot help but interfere with 
the internal organization and unity of the mental sphere. Empirical con-
cepts, exercised through judgment, serve to reorganize the very appearance 
of things— though never violating, of course, the categories, or escaping 
the synthetic unities. Nonetheless, judgment is a novel and not necessary 
(again, an epigenetic) complication of the mind that always threatens cog-
nitive integrity from within. This is because empirical concepts are not nec-
essarily congruent with one another, as they might be triggered by different 
sensible experiences in different contexts, producing inconsistent expecta-
tions, anticipations, and therefore incoherent actions.

The emergence of reason, explicitly (and infamously) described by Kant as 
the “epigenesis of pure reason” (B167), is the emergence of a new faculty 
whose task is to track the logical forms of concepts in order to compare and 
make visible these threatening conceptual contradictions.15 At the same 
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time, reason can in the process identify conceptual relations across con-
cepts themselves, creating new incarnations of the complex wholeness 
of the mind. Reason is necessarily protected, so to speak, from sensibil-
ity because it does not arise within that sphere and could not do its work 
if its own activity was governed at all by the contingency of that experi-
ence. Reason sees only conceptual order. And this is what makes reason 
so powerful, once it appears as a contingent development that nonetheless 
becomes necessary because of the inevitable existence of the contingent 
yet functionally “general” empirical concept. For reason can see past the 
content of any one concept and understand the logical implications of its 
configuration— whether the concept is a priori or not.

If an empirical concept is formed, say, the concept of “sphericity,” from 
the layering and integration of common features in a multitude of in-
tuitions, the leap to the claim that there is such a “thing” in nature is an 
obvious error, an example of what Kant would call a transcendental illu-
sion. However, once the concept of a sphere is established, reason is ca-
pable of developing the implications of that particular organization of 
relationships— and discovering, for example, certain geometric truths as 
a result. Reason forms “ideas” that are much more abstract (but also less 
concrete) than empirical concepts, and these are useful precisely for or-
ganizing cognition at a structural level beyond the production, reproduc-
tion, and synthesis of sensible intuitions. The contingency of the empirical 
concept (its intrinsic artifice and its “accidental” sensory content) does not 
threaten the necessity of the logical form of the concept. Reason is involved in 
a continual and always incomplete mission to recognize, correct, and de-
velop the internal formal unity of the whole cognitive system.16 This does not 
mean that reason can somehow ever synthesize conceptual knowledge into 
a genuine unity. Reason, I suggest, is more a machine of reconciliation that 
aims to give presence to a unity that itself never appears as such. Reason 
serves as the representative of the concrete whole forged by the mutual ac-
tivity of the cognitive faculties, in its endless (because specific and sequen-
tial) clarification of the internal relations of cognized and a priori concepts.

The unity that pure reason brings to the mind is therefore the unity of 
the understanding, because it is there that the fracture of two “universal-
ities” (a priori and empirical) takes place. Kant’s explanation is complex, 
to say the least. But crucial to his account is the denial that reason some-
how provides a logical synthesis on the basis of some a priori principle of 
unity. Reason does not practice synthesis of this kind. Pure reason tracks 
the relations, the sequences, that condition the movement of judgments, 
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and, as Kant says, it relentlessly seeks the unconditioned that must initiate 
any logical series of connected judgments. These judgments (applications 
of concepts to sense) are aimed at identifying possible experiences. The un-
derstanding, says Kant, “has to do only with the objects of a possible expe-
rience, whose cognition and synthesis are always conditioned” (B365). “All 
principles of the pure understanding are nothing further than a priori prin-
ciples of the possibility of experience” (B294). The very condition of that 
“universality” is itself unconditioned, in the sense that the cognitive un-
derpinning of the judgment is taken for granted (i.e., “the subsumption of 
its condition under a general rule”) (A307). Reason is the necessary supple-
ment to the understanding because in tracking the conditions and expos-
ing the necessity of the unconditioned, reason is capable of identifying the 
field of possible cognitions.

To put this more concretely, the pure understanding is blind— must be 
blind— to the unconditioned ground of the conditions of its own cogni-
tions. For example, the structural artifice of the categories makes possible 
the continuity of experience that experience itself cannot generate: conti-
nuity cannot be experienced in and of itself but is the condition for a uni-
fied experience (A103).

Or take judgment. In the application of an a priori or contingent prin-
ciple, judgment conditions itself by obeying the intrinsic demand of the 
“universal rule” (as norm) so that it can generate a singular and necessary 
conclusion. Reason, in contrast to the judgments of the understanding, 
identifies these occluded unconditioned principles in order to critically 
organize the possible cognitions that could be produced from the interac-
tion of a priori and a posteriori concepts, all of which are conditioned by 
their inherent normativity. Reason does not judge these unconditioned 
principles on the basis of some specified condition (which would entail as-
suming yet another norm). Rather, it just recognizes their status as uncon-
ditioned, the contingency of their normativity, that is.17 Only then can rea-
son evaluate the internal consistency of the comprehensive system of the 
understanding— the knowledge that organizes all experiences on the pri-
mordial condition that concepts are normative. “If the understanding may 
be a faculty of unity of appearances by means of rules, then reason is the 
faculty of the unity of the rules of understanding under principles” (B359).

And I would stress that the epigenetic appearance of reason is predi-
cated on the emergence of empirical concepts that exceed the categories 
and the logic of intuition and therefore always threaten to introduce a dis-
turbing element into cognition: the presence of radical disorder (i.e., con-
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flicting norms that nonetheless share a logic of normativity) and hence 
the threat of a malfunctioning system. Which is another way of saying the 
death of the system qua system.

But what exactly is the principle of this system? That is probably the 
wrong question, because a principle must always be applied and this is ex-
actly not what reason does. Reason must perceive the unitary wholeness 
of the mind as a system while at the same time taking on the responsibility 
for maintaining its integrity from within.18 For Kant, reason is most defi-
nitely what must “govern” and thereby constitute a cognitive system if the 
mind is going to be understood as something that is not a “mere rhapsody 
[keine Rhapsodie].” A true system involves mutually supportive efforts that 
all strive together to advance the shared essential ends. The mind as sys-
tem, as Kant will carefully explain, lies not in some independent synthetic 
action but rather in the rational unity of differentiated forms of cognition. 
The necessary unity of the mental sphere that Kant demonstrates is in fact 
an empty origin and a formless limit. The transcendental unity of apper-
ception deduced from the continuity of thinking has by definition no ac-
tual presence in thought itself. “There must be a condition that precedes all 
experience and makes the latter itself possible” (A107). (This will become 
crucially important when we turn to the Third Critique.)

What gives cognizability to the system of its own systematicity is just 
the idea of wholeness— and ideas are, according to Kant, what pure reason 
alone produces— because the idea gives actual “content” (of a formal kind) 
to the integration of the differentiation of mind into absolutely separate 
spheres of activity. “This is the rational concept of the form of a whole, in-
sofar as through this the domain of the manifold as well as the position of 
the parts with respect to each other is determined a priori. The scientific 
rational concept thus contains the end and the form of the whole that is 
congruent with it” (A832/B860).

The transcendental apperception of unity cannot act cognitively since it 
is radically inaccessible to thought, absolutely noncognizable; and since it 
is incapable of intervening within thought as thought, the mind generates 
an idea of the whole that will allow its unity to appear to itself, in the form 
of what we might call a “concrete unity.” Reason produces and enforces the 
foundational articulation of the mind: the perfect structural coordination 
of the differentiated parts and their wholeness. Kant is very precise here: 
the parts, he states, are in fact related to the unity of the end only through 
the idea of the unity of the end, not the genuine unity of thought itself.

This is a crucial issue. As Kant wrote in the Critique of Practical Reason, if 
our actions were conditioned by our concrete determination in time, as if 
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we were a kind of thing, then “freedom could not be saved.”19 We would be 
mere automata.

Here one looks only to the necessity of the connection of events in a time 
series, as it develops in accordance with natural law, whether the subject in 
which this development takes place is called automaton materiale, when the 
machinery is driven by matter, or with Leibniz, spirituale, when it is driven 
by representations; and if the freedom of our will were nothing other than 
the latter (say, psychological and comparative, but not also transcendental, 
i.e., absolute), then it would at bottom be nothing better than the freedom 
of a turnspit, which, when once it is wound up, also accomplishes its move-
ments by itself.20

By this he means that in either case the conditions of the determination 
would be external to our own being— even if we were still very much self- 
aware, even if these determinations were divinely established. As Kant ex-
plains, a human being would be just a marionette, or, with an explicit ref-
erence to the famous eighteenth- century automata of Jacques Vaucanson, 
an “automaton, like Vaucanson’s.”21 And in a footnote to this passage, Kant 
would add: “Such an automaton could mistake his spontaneity for free-
dom, but which would be an illusion, for everything would be determined 
by his original makeup conveyed by God.”22

As I am suggesting, the epigenetic arrival of reason marks the transi-
tion of an automaton seamlessly synchronized with life, reproduction, and 
death, within the whole that is nature, into an autonomous system capable 
of cognizing its own “ends” and steering itself in the face of obstacles. The 
organization of the living animal is what determines its action via natural 
needs (instincts). What turns this automaton into an autonomous23 human 
is the grasping of its own organization through itself, through its own idea.

This is all to say that the unity that is the system of the mind— and this 
is of course the core subject of transcendental philosophy, the work of pure 
reason— can now act, Kant suggests, because the rational idea of whole-
ness “allows the absence of any part to be noticed in our knowledge of the 
rest, and there can be no contingent addition or undetermined magnitude 
of perfection that does not have its boundaries determined a priori” (A832/
B860). What does it mean to say that the epigenetic arrival of reason itself 
is determined a priori? If the wholeness of the mind, like the integrative 
unity of the “animal body,” as Kant notes in a famous passage, is an articu-
lated whole and can therefore grow only “internally,” and “without any al-
teration of proportion,” where exactly does reason fit?
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In light of a strong epigenetic reading of the First Critique, the answer 
might come down to this: reason is not an additional “part” of the mind, 
analogous to a new limb or organ. Reason is the coming to concrete aware-
ness of the fact of the wholeness that is the “organism” of mind developing 
according to its internal organizational potential.

Two issues are raised here. First, does the appearance of reason entail 
that the mind is governing itself, which is not the same thing as saying 
that the unity of the mind is automatically maintained and preserved by its 
“parts”? The whole (whether mind or organism) must be actively governed. 
Or more subtly, as Leibniz put it, reason appears as a necessary supplement 
to the order, a “rector” of the province and not its sovereign authority. Sec-
ond, Kant leaves aside the problem of conceptualizing the link between this 
idea of the rational whole and that which is represented in that idea. Does 
the mind ever make an appearance as a unity within the proliferation of dif-
ference that is the mind, in effect bypassing the representation?

Tracking the biological concepts present in the First Critique, we can 
turn to the status of the organism and its pathologies in Kant’s work— 
especially the Third Critique— to elucidate these possibilities. Both mind 
and body will turn out to be more radically open than they first seem, and 
it is here that technicity will intervene as a crucial moment in the constitu-
tion of the human being qua human.
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7
The Pathology of Spontaneity
The Critique of Judgment and Beyond

Autonomous Judgments

As explicated in the First Critique, judgment conditions itself through an 
adoption of the concept as principle; as Kant writes in the Third Critique, 
judgment “is not autonomous,” “it has no principles of its own.” At least, 
determinate judgment has no principles. However, in its reflective mode, 
Kant remarks, it has to do its work but without the presence of any law or 
principle.1 It is clear, then, that reflective judgment must subsume objects 
under a law that is in fact radically artificial, in the sense that it has no ob-
jectivity. We can say perhaps that it must produce a substitute for the law 
that is not in fact present.

This would seem to go against the very nature of cognition as Kant has 
laid it out. Judgment proceeds from the universal to the particular because 
the particular cannot reveal anything that would be binding on the under-
standing. Of course, the construction of the empirical concept resolves the 
problematic issue because with this concept the judgment has a principle 
that will determine particulars in their relation to that more general or uni-
versal concept. The challenge Kant presents here in the Third Critique is 
this: What does judgment do when it is confronted by a “particular” that 
has not yet been conceptualized and hence “automatically” cognized as 
such? This is why our understanding works from what Kant calls the “ana-
lytically universal” to the particular, since it is only in the concept that the 
particular can become subsumed.

Now, Kant holds that we can conceive of another, alien form of under-
standing that proceeds from the “synthetically universal”— which is to 
say, an understanding that would intuit, without any mediation, the exis-
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tence of a “whole” in the plurality of individuated and differentiated parts. 
The fact that we must “begin” with the parts means that any construction 
of a concept involves an essential contingency in the identification of a 
substantial unity. It is not enough, Kant argues, to simply identify unity 
through the appearance of purpose (as Spinoza did), because we cannot un-
derstand how the actual substance of that unity (we could say, its particular 
concreteness both as form and as matter) is related to its purpose. Reason 
simply cannot answer that question.

The only option, for Kant, is to rethink the problem. This initial sub-
stance of a body, say, must be understood to have an “intelligence” that en-
ables the specific “natural forms” to develop in the “unity of a purpose”— 
and by “enable,” Kant means that we understand the relation as causality.2 
The aesthetic judgment as reflective judgment is therefore never the appli-
cation of a concept to the work of art. And it is also not, as we might conjec-
ture, the process of forming a concept from the particular. The reflective 
aesthetic judgment is precisely singular. It forms a whole from a specific set 
of contingent relationships. Yet how could a singular judgment ever have 
any value as a judgment, or to put it more bluntly, what status would this 
judgment have from the perspective of the understanding and its orienta-
tion to objectivity?

For Kant, the work of art (natural or human) arrests the understanding 
(since it cannot provide concepts) and, at the same time, refuses to stabilize 
despite the efforts of the imagination to cognize it. The famous “free play” 
of the imagination that is involved is maybe more serious than it appears. 
I want to suggest that the very artifice of the work demands that it be ex-
perienced in two conflicting ways— hence the perpetual lack of stabiliza-
tion. The painting or sculpture, for example, or a natural wonder, is at one 
and the same time organized according to a certain concrete materiality 
of marks or characteristics (shape, color, depth, etc.) and organized in the 
sense that the same marks can symbolize or indicate what they are not. The 
judgment in this situation seizes the moment, freed from the obligation of 
borrowing any principle automatically, or even of creating a general prin-
ciple to then apply.

The aesthetic judgment interprets the order of the work as a unity of 
organization even while recognizing the radical subjectivity and contin-
gency of that particular order. This judgment is, in effect, an imitation of 
an intuition of a synthetic universal. The value, for Kant, of this strange 
and exceptional situation, is that it reveals so clearly what we might call 
the “pure” form of judgment that is usually hidden by the power of the 
concept— namely, the power of judgment to impose normativity, as Gins-
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burg argues. The aesthetic judgment does not “intuit” objective norms in 
the singular experience of a unity and its parts, but that is not a failure: the 
judgment demonstrates the radical capacity to establish norms as norma-
tive, whatever their origin (a priori, empirical, or even singular).3

On the Unitary Judgment of Organismic Order

So when Kant turns to discuss the teleological judgment, again, the key as-
sumption here is that the mind does not in fact have any conceptual appa-
ratus for cognizing the way that living beings are organized and how they 
behave. That is, in order to understand empirically the “ends” of a living 
being, we would have to examine and observe that being before trying to 
grasp what is common or “universal” in those actions. To understand this 
intuitively is impossible, for two reasons. First, as in the case of the aes-
thetic judgment, the mind faced with an organized body cannot proceed 
from the recognition of a synthetic universal to comprehend how all the 
differentiated organs and parts of the body contribute to that “whole.” Sec-
ond, even with that insight into the structure of this unitary being, we could 
not perceive intuitively the end of that unity.

So what exactly is going on with the teleological judgment? If the aes-
thetic judgment is reflective and hence free of any concept, it is judging 
purely according to rules of organization that have no a priori status, no 
objectivity. To follow closely Ginsburg’s thorough analysis of this problem-
atic in Kant, what is objective in the aesthetic judgment is the structure of 
normativity itself, its appearance as a judgment that could potentially com-
mand universal acceptance— even though it may in fact not.

In contrast, the teleological judgment is a reflective judgment (freed, 
again, from the condition of the concept), but it is not judging the living be-
ing according to rules. Rather, the teleological judgment is a strange form 
that proceeds according to concepts but in the reflective mode— that is, not 
determining experience through the concept.4 In both aesthetic and teleo-
logical judgments, there is a postulation that the “synthetic universal” (an 
unmediated access to the intuition of the “unity” of an object) exists— even 
if it doesn’t— but not to elide the epistemological problem; the postulation 
frees the mind to exemplify its own normative creativity.

Kant’s argument concerning the teleological judgment is that we have 
no “category” for what we call “purpose” in nature, and no a priori knowl-
edge that nature produces beings in relation to purposes; nor do we have 
the cognitive ability to intuit directly the integrated unity of a systematic 
whole. And we cannot, of course, rely on mere empirical principles, since 
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there is no ground for the identification of what would even be a “purpose” 
in nature (we would have to assume, again, some a priori concept of “intel-
ligence” operating in the natural world).

So the solution proposed is that when we judge natural beings to be 
purposeful, to have ends in other words, we are, Kant says, introducing the 
concept that would be necessary for determining teleology in the natural 
world— but without using it for the judgment. Rather, with that substitute 
concept standing in for the absence, the mind can go on to judge individ-
ual natural beings as organized according to purposes— as Kant puts it, 
“to guide our investigation of organized objects and to meditate regarding 
their supreme basis.”5

The artificial concept authorizes us to think analogically about the way 
organized beings function— that is, our orientation in the world of appear-
ances allows us to see nature in only one framework, a spatial and temporal 
view that implies only one form of causality, namely, the sequential connec-
tion of events that undergirds modern physical science. However, organic 
beings evoke a kind of “wonder” (what Descartes called l’admiration) be-
cause they defy this kind of mechanical causal understanding. We do have 
access to another form of causality, Kant reminds us— but that kind of cau-
sality emerges only within the intelligent mind. Only minds (and not what 
appears to mind) can act according to ends. That is what freedom (sponta-
neity) is for Kant: the act of mind proceeds not from what comes before but 
as a consequence of what it aims at according to the law or principle that 
informs it. This kind of automaticity is autonomous because it is generated 
entirely from within the sphere of the psyche, which is to say, governed by 
its own rules. So it is not surprising (even if it is an error) that humans have 
for centuries transplanted the intrinsic purposive of cognition, its peculiar 
autonomy of self- generation, into the entities of nature that themselves 
defy mechanical explanations. However, as Kant will stress, this analogi-
cal move has no epistemological warrant whatsoever. It can have, at best, 
practical use.

The Pathology of Artificial Thinking: Technicity in Kant

At this point, we could be content with understanding how the teleolog-
ical judgment— the idea that the organic being is self- organizing and 
self- generating— mirrors the aesthetic judgment. Kant’s analysis of the 
teleological judgment shows that while the organic being is organized as 
purposeful, that purposiveness itself can have no purpose. The insight is that 
the human mind is organized in the same way: it is a system that strives 



THE PATHOLOGY OF SPONTANEITY  99

to one final end, yet that end is in itself without purpose (at least from our 
own perspective), not because it cannot be objectively known, but because 
the purpose is in fact only understood via the unity of the system that is 
the mind. The unity of the mind is, like the organism, an integrated pur-
poseful system whose purposefulness (a striving to maintain its unity) is 
essentially without intrinsic purpose. The juxtaposition and comparison of 
the aesthetic and the teleological serves to exemplify what is foundational 
to the human mind: it is a norm- producing machine that operates free of 
any norms. Even when it is conditioned by norms— by that I mean even the 
universal “norms” that are the categories— the mind must itself establish 
the normative power of those concepts via the judgment, which, as we saw, 
must always condition itself. And judgment, as revealed in its pure reflec-
tive form, can, Kant shows, operate normatively even in the absence of any 
concrete norm— through its capacity to institute norms.

It is of course difficult to conceive how judgment functions in this way, 
and that is perhaps Kant’s point here. But there is a lingering structural is-
sue in the Third Critique that opens up an important new line of thought in 
Kant’s thinking, both in light of the realm of the organism and within the 
sphere of cognition. By paying more attention to artifice and its relationship 
to what we can call organismic pathology, we can excavate a preliminary— 
but absolutely essential— theory of technology in Kant.

Central to the analysis of both aesthetics and teleology is the idea of the 
“whole” as a concrete unity of integrated differentiation. Kant has us imag-
ine someone walking along a beach in “a seemingly uninhabited country” 
who comes across a geometric figure, a hexagon, say, “traced in the sand.” 
Kant explains that reflecting on this figure, “working out a concept for it,” 
this person would, through reason, become aware (however obscurely) “of 
the unity of the principle required for producing this concept.”6 That unity 
is not explicable under the “natural laws” of the physical world. The figure 
is an effect of purpose, the purpose of externalizing a concept into a mate-
rial representation. That cannot be “natural,” says Kant, because it is neces-
sarily understood to be a “product of art,” a reorganization of the natural— 
the appearance, that is, of the artificial. So when confronted by a natural 
being, whose order and organization appears to us as “infinitely improb-
able” if produced only by the chance interactions of the material world, we 
cannot help but see the organic entity as structured and thus purposeful— 
exactly like the material externalization of a geometric concept traced in 
the sand.

Nature’s causality here is then a form of technics (Technik).7 And there are 
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only two options to consider: either the form was produced intentionally, 
like the work of art, or it was the unintentional result of the blind mecha-
nism of nature. For Kant, this dichotomy is of course undecidable, since the 
mind cannot conceive the necessity (or even conjectural necessity) of either 
option. However, what we can conceive (since this is the very structure of 
cognition itself) is a form of rationality guiding the organism from within. 
This is the only way we can conceive of nature producing organization— 
but as Kant argues, this is a new and illegitimate form of physical causality 
that radically disrupts our very understanding of the natural world. Hence 
the almost paradoxical vision of the organism that emerges here: a being 
that must be totally governed by a concept (an organizational form) so that 
its unity will be genuine but whose concept of organization is therefore it-
self necessarily contingent.8

We can now return to the important question raised in the First Critique 
concerning the status of the “governance” of the mind. As Kant argues in 
the Third Critique, if something is to be understood as a “natural purpose” it 
has to have two qualities. “First, the possibility of its parts (as concerns both 
their existence and their form) must depend on their relation to the whole.” 
The concept, in other words, “must determine a priori everything that the 
thing is to contain.”9 The “whole,” that is, as concept must include the exact 
way that parts are formed and integrated into a unitary being. Second, that 
concept cannot be external to the being. What this entails, for Kant, “is that 
the parts of the thing combine into the unity of a whole because they are 
reciprocally cause and effect of their form.” The nature of the whole cannot 
determine the parts causally, since the whole would then be external to the 
products of the concept— implying, it would seem, the supplement of an 
internal judging and steering organ of some kind, violating the principle 
of total unification of concept and materiality.10 Therefore, this “systematic 
unity” is cognized in the unity of the form but also concretely as the way the 
manifold parts are combined, its “wholeness.” In later writings, Kant would 
say this clearly: “The definition of an organic body is that it is a body, every 
part of which is there for the sake of the other (reciprocally as end and, at the 
same time, means).”11

It is striking, then, to remark how Kant destabilizes this rigorous defi-
nition of the idea of the natural organism with his own interesting take on 
pathology in the living being. Given the normative requirement of part- 
whole reciprocity, what are we to make of Kant’s observation that while 
“nature organizes itself,” and the “pattern” is always the same, “that pattern 
also includes deviations useful for self- preservation as required by circum-
stances”?12 And if Kant uses the ubiquitous example of the watch to point 
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out the key difference between machine and organism (that the parts do 
not imply the existence of the other parts), he also goes on to say that the 
watch cannot replace its own parts by itself.13

But what would the organism be as a whole if it lost one of its essential 
parts? How does the unitary concept act in this situation? The term “self- 
organization” elides the location of causal activity. Even more problematic, 
Kant says that the organism, unlike the machine, “can compensate for this 
lack by having the other parts help out.”14 Yes, Kant introduces here the idea 
of a “formative” and not merely motive force of action in the organism, 
which as we know he borrowed from Blumenbach.15 But what is import-
ant here is the fact that the compensation referred to here must be under-
stood as a reorganization of the original part- whole synthesis that defined 
the unity of the original being. The parts are no longer what they are, once 
they are adapted to function otherwise. The formative force must deviate 
from the conceptual (functional) determination of the organism, unless it 
is assumed that both matter and organized tissue are completely receptive 
to what would be the automatic reproduction of the concept through this 
formative force— without anything like an organismic analog of the imag-
ination.16

However, the possibility of this sort of automaticity is undermined by 
Kant’s remark that even the accidental deviations of some individual or-
ganisms would still have to be judged in terms of a purpose— but now 
displaced into an internal process of radical transformation and reorgan-
ization to preserve a unity without concrete locality. As Kant notes, with 
some mutant beings, “we find that the altered character of these individu-
als becomes hereditary and is taken up into the generative force,” an alter-
ation that must be cognized, then, as a necessary development lurking in 
the original formation of the species. In other words, the accident of muta-
tion that is taken up by the formative force transforming the concrete unity 
of the organism as a result is still consistent with the “undeveloped” predis-
position of that same being.17

But there is no reason why the deviation could not be entirely “acciden-
tal” or purposeless— contingent, in other words. What is important here is 
not whether this makes any sense scientifically (whether in the eighteenth 
century or in light of contemporary biology). What I want to suggest in-
stead is that Kant’s analogy between mind and organism becomes more in-
teresting and more complicated once we admit the possibility, and perhaps 
even the necessity, of these pathological conditions of life. For they point to 
a way in which the concrete organization of an integrated being (whether 
organic or psychic) can be internally transformed in a radical way, without 
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losing the essential continuity of its identity. This is, for our purposes, most 
suggestive and interesting when we move from the organic world (where 
we have absolutely no real conceptual access to the way in which beings 
develop and function) to the very origin of the analogy, namely, the rational 
order of the mind, where we have intimate experience.

What is at stake in the question of the pathological is not the return or 
reproduction of the integrated organization of the plurality, where part and 
whole emerge as co- constitutive. It is precisely that organization consid-
ered as a specific concrete order which is literally violated by the injury to 
the organ or the collapse of local zones of order. If, as Kant says, the part can 
be replaced or even compensated for by a new organization, there must be 
an internal principle capable of effecting that change. And yet there cannot 
be such a principle, since then it would also be integral to the original given 
organization. What is needed is not a normative faculty of repair but rather 
a capacity to establish a new norm to replace or modify the original norma-
tive order of concrete unity— without violating the principle of unity itself.

Given the absence of any “super” norm within the entity (cognitive or or-
ganismic), that is, one that would be “steering” the concrete order in excep-
tional conditions in light of a specific notion of unity, the establishment of 
the new norm must be understood to be absolutely devoid of all necessity, 
utterly contingent— except for the fact that the norm must serve the con-
tinued existence of the being itself. What would this mean? In the context 
of the organic living being, we would have to say that the very unity of the 
being (and not its wholeness as a concrete form) must somehow intervene 
in the concrete order so as to reestablish itself anew. However we cognize 
this (if we can actually think this at all), Kant’s theory would seem to fore-
close the possibility of some pure unity ever appearing as itself. It cannot 
function as a concept, since it has no formal organization. The unity of the 
“life” of the body considered existentially must therefore have its represen-
tative, a stand- in, one capable of intervening somehow and yet operating 
completely outside all of the actual “norms of life.”

If we turn now to the psychic unity, we can see that pure reason, which 
produces the rational idea of the “end” that integrates the mind’s functions 
as a concrete whole, is incapable of enacting the refoundation of unity in a 
new organization. This is all to say that given Kant’s own argument in the 
Third Critique we have to admit what should be impossible— that some-
thing outside of cognition (namely, the pure unity of the transcendental ap-
perception that can only be deduced) makes its appearance within cogni-
tion, as a force of radical novelty, a radically indeterminate determination 
of the logic of cognition itself.
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The vehicle of that pure unity is of course the judgment, whose capacity 
to establish norms is predicated on the impossibility of normativizing the 
very act of foundation.

The radical origin that is the judgment (hidden in the determinate form 
but there nonetheless, lurking behind the facade of self- conditioning) has 
no place in the system if it is defined as the concrete unity, organized by the 
faculties and its concepts. The judgment is therefore outside of the system 
as it appears within cognition, the representative (and decidedly not repre-
sentation) of a pure unity. If the mind is “steered” by reason as the governor 
of the law that is the formal organization of psychic activity, in times of cri-
sis or emergency, when this spiritual automaton is failing, reason is not de-
posed but instead offered a new order, a bifurcation within the organization 
itself that can preserve the continued existence of unity in a new, concrete 
order of mind.

The pathology of the spontaneous judgment is therefore the only path 
to a new normative existence. What Kant will imply, here and in other writ-
ings, is that the artificial form of order— namely, the technical object— is 
both an origin and a result of this productive aberration.

Cosmic Orders and Human Artifice

As Kant wrote in a fragment collected in the Opus Postumum, there is an 
“immaterial” principle of “indivisible unity” necessary to understand the 
integration of cognition. However, this unity is not given: “For the man-
ifold, whose combination into unity depends on an idea of a purposively 
(artificially) acting subject, cannot emerge from moving forces of matter 
(which lack the unity of the principle).”18

But there is another form of artificial order we must confront, as Kant 
does in the Anthropology: “Natural understanding can be enriched through 
instruction with many concept and furnished with rules,” although the 
power of judgment itself can only be “exercised,” not instructed.19 However, 
there is something important going on here, as Kant notes. The vehicle of 
instruction is the technology of memory. Citing Plato’s Phaedrus, Kant writes:

One of the ancients said: “The art of writing has ruined memory (to some 
extent made it dispensable).” There is some truth in this proposition, for 
the common man is more likely to have the various things entrusted to him 
lined up, so that he can remember them and carry them out in succession, 
just because memory here is mechanical and no subtle reasoning interferes 
with it. On the other hand, the scholar, who has many strange ideas running 
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through his head, lets many of his tasks or domestic affairs escape through 
distraction, because he has not grasped them with sufficient attention. But 
to be safe with a notebook in the pocket is after all a great convenience, in 
order to recover precisely and without effort everything that has been stored 
in the head. And the art of writing always remains a magnificent one, be-
cause, even when it is not used for the communication of one’s knowledge 
to others, it still takes the place of the most extensive and reliable memory, 
and can compensate for its lack.20

But there is more to artificial memory, in fact. Kant will observe that 
through reading one can have what is nothing less than an artificial illu-
mination: “clear representations” are a kind of gift, a flash of illumination 
on a large map. “This can inspire us with wonder over our own being, for a 
higher being need only call ‘Let there be light!’ and then, without the slight-
est co- operation on our part (for instance, when we take an author with all 
that he has in his memory), as it were set half a world before his eyes.”21 
More prosaic but equally important: the blind man can overcome the lack 
of a sense, not just with some prosthetic aid (the cane), but also with the in-
troduction of the conceptual order of the sense that is being substituted. The 
blind mind internalizes the organizational power of a missing sense, which 
is to say, it grasps something that is alien to its own sensory system through 
the symbolic mode of artificial memory. The new “part” of the manifold is 
capable of then being integrated because the unity as unity is precisely not 
concretely given: it can accommodate new organization just as the patho-
logical body can in making use of its own “parts” (and perhaps mechanical 
ones as well) as prosthetic substitutes for original organs.22

The Technical Predisposition

I will end with Kant’s reflections on the human mind as exception with the 
suggestion that what constitutes our cognition and separates it from the 
bestial is just the capacity for this normative interiorization. The human is 
defined by its more radical openness, a more radical “lack” that will forever 
preclude a systematic automaticity because the unity of the mind is not a 
relation between whole and part but between a unity and a gap that will 
never be bridged.

That gap is the origin of what Kant calls the human “technical predis-
position.” This is the capacity for manipulating things, a process that is at 
once “mechanical” and psychic, one of the sufficient markers of human-
ity (along with the pragmatic and moral disposition) that separates it from 
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“all the other inhabitants of the earth.” Key here is the idea of manipulation 
(Handhabung); the focus is literally on the hand. As Kant explains, with the 
advent of the human hand, a certain necessary spontaneity, plasticity, inter-
ruption, whatever we want to name it, is revealed concretely.23

The hand is the hinge between nature and artifice, between the automa-
ticity of reason and the possibility of norm- generating judgment, because 
the hand can both enact the will of the mind and reorganize the world itself. 
As Kant will clearly state, “The characterization of the human being as a ra-
tional animal is already present in the form and organization of his hand, 
his fingers, and fingertips; partly through their structure, partly through 
their sensitive feeling.” Why is the hand a sign (a material instantiation) of 
rationality? For Kant: “By this means nature has made the human being not 
suited for one way of manipulating things but undetermined for every way, 
consequently suited for the use of reason; and thereby has indicated the 
technical predisposition of skill as a rational animal.”24 Undetermined. The 
“form and organization [Gestalt und Organisation]” of the hand makes the 
hand capable of organizing the unorganized, of introducing novel order into 
the world; the hand is the origin of both the technical and rational dispo-
sitions. If the rational animal is by nature undetermined it must therefore 
determine itself. But this novel, original, improbable determination must 
always be integrated and continually reintegrated into the unity that is the 
mind— a unity that can never be fully present to itself because the “parts” 
that constitute it are always changing. And especially, we might add, the 
patterns of thought involved in the spontaneous creation and manipula-
tion of these prosthetic implements. That is, of tools.
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8
Babbage, Lovelace, and 
the Unexpected

Were we required to characterise this age of ours by any single epithet,  
we should be tempted to call it, not an Heroical, Devotional, Philosophical,  
or Moral Age, but, above all others, the Mechanical Age. It is the Age of  
Machinery, in every outward and inward sense of that word; the age which,  
with its whole undivided might, forwards, teaches and practises the great art  
of adapting means to ends. Nothing is now done directly, or by hand; all is by  
rule and calculated contrivance.

Thomas Carlyle, “Signs of the Times” (1829)

The Spirit of Technology in an Industrial Age

As social and economic life in industrial Europe became increasingly in-
dustrialized, human life would become more and more habituated to the 
operation of the machine. And the machine was now more than a machine. 
In The German Ideology Marx and Engels had defined the human as the spe-
cial creature that created its own form of life through productive— that is, 
technological— labor. But as Marx would later see so clearly, the modern 
industrial economy was grounded in a complex system of integrated ma-
chinery. In other words, human life as a technical form of being was being 
reorganized in terms of the logic of networked technology.

An organized system of machines, to which motion is communicated by the 
transmitting mechanism from a central automaton, is the most developed 
form of production by machinery. Here we have, in the place of the isolated 
machine, a mechanical monster whose body fills whole factories, and whose 
demon power, at first veiled under the slow and measured motions of his 
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giant limbs, at length breaks out into the fast and furious whirl of his count-
less working organs.1

In this system, according to Marx, the individual human functions as a sup-
plement to the increasingly automatic operation of the factory and, we can 
also say, the interconnections of communication and energy.

No longer is the machine a technology utilized by the worker to pro-
duce something tangibly related to the hybrid of human- machine. Marx 
reflected on this development in his “Fragment on Machines.” Now the au-
tomatic systems of machines (and not just the single automatic machines 
of early industrial production) require human intervention as a “conscious 
linkage” that enables the system to function as a dynamic interconnection 
of technologies. The actual machines are not intermediaries or artificial or-
gans: they possess their own skills and their own strength, and they feed 
on their own forms of fuel. The worker is now regulated by the machines. 
Going beyond the concept of alienation of labor, Marx proposes an even 
more sinister condition. The alien power of the machine— this new form 
of artificial life— is acting through the worker, who becomes an accessory 
of the machine, or to put it more radically, the individual human worker is 
an organ of this system, which Marx does describe as a “mighty organism.”2

A tool was once a “modified natural thing,” a productive turning or de-
flection of nature that was used in the service of human nature, the nature 
that must produce its own life. With industrial automation and industrial 
systems of production, human technology is not a deflected nature but in 
some ways an independent process of nature, or at least an artificial simula-
tion of such a process. What does it mean then to work and live in the midst 
of tools that seem to have escaped the original “organic” logic of supple-
ment, the time when the tool was precisely what was not natural, an artifi-
cial organ of our natural life, of the life of the brain, the hand, the mind, and 
even the social body as collective being?

Mechanical Intelligence and Industrial Automation

The appearance of the first major technological advance in mechanical 
intelligence— namely, Babbage’s Difference Engine project (and later, the 
more sophisticated but unfinished design of a general purpose Analytical 
Engine)— coincides with the intensification of industrialization in Europe 
and the increasing automation of large- scale industrial processes of pro-
duction and distribution. These automatic calculating machines are always 
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positioned as important forerunners of the modern computer (philosoph-
ically and technically) and hence haunt any understanding of the postwar 
project of artificial intelligence that emerged seemingly inevitably from the 
development of digital machines in World War II. But we can ask another 
question here at this historical juncture: How were these engines under-
stood in relation to the strands of thought we have traced in early modern 
thought up to Kant’s radical critique? Can the organization of the living 
body and the cognitive powers of the psyche be rethought in light of this 
important foray in what was not just automatic reason, but an artificial em-
bodiment of that reason?

The project of the Difference Engine started as a dream— quite literally. 
Babbage’s dream took place in 1812, at least according to his recollection, 
and was only written down decades later. At any rate, the instigation of the 
dream was the daunting challenge of the logarithmic table, an essential yet 
error- prone tool for every practical mathematician and engineer in the pe-
riod. As Babbage would note, the standard published tables were (under-
standably) rife with errors, which were often corrected in errata sheets that 
of course themselves might contain errors. (Babbage would cite the Nauti-
cal Almanac of 1835, with its “Erratum of the erratum of the errata of Tay-
lors’ Logarithms.”) As Babbage saw, only a “mechanical fabrication” would 
ever ensure absolute accuracy. This was what Babbage supposedly dreamed 
as he dozed in a stupor one evening at the Analytical Society: “I am think-
ing that all these Tables (pointing to the logarithms) might be calculated 
with machinery.”3

The fascinating and complex story of Babbage’s epic quest to design and 
build the first fully automatic calculator (which would also automatically 
print its own results, bypassing another weak human link) has received 
significant attention and historical analysis. The close, even constitutive 
relations between the processes of industrialization, human labor, social 
organization, and new conceptualizations of intelligence have been as-
tutely critiqued, none better than by Simon Schaffer.4 As William Ashworth 
has detailed, Babbage and other elite representatives of the new industrial 
era in Britain, such as Babbage’s colleague William Herschel, argued that 
the model of the efficient factory would be usefully applied to the mind; it 
would function best if it was well organized to retrieve ideas (“data”) with-
out unnecessary waste of energy or its storage capacity. The “speed and 
precision” of an industrial technical process depended on a rational orga-
nization, so the aim was to increase the productivity of the mind in an anal-
ogous manner.5 The Difference Engine project can be understood in this 
light, according to Ashworth, as a technical model of an intelligence mod-
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eled on industrial technology: “Babbage’s work on his calculating machine 
was the march of the material intellect set to the rhythm of the factory.”6

However, this analogy (which can hardly be denied) does raise questions 
about the “materiality” of the intellect, questions that exceed this frame-
work altogether. What was driving the mechanization and thus material-
ization of human intelligence in the Engines if human intelligence was it-
self the inventor of this vast new industrial organization?

If we go back to one of Babbage and Herschel’s early texts, namely, the 
preface to the Memoirs of the Analytical Society 1813, written precisely in the 
period of Babbage’s “dream” of mechanical calculation, it is clear that intel-
ligence is not strictly defined by industrial metaphors. Intelligence (like hu-
man life itself perhaps) is something that can be perfected through the de-
ployment of its own technical inventions. “Modern calculators”— and here 
they mean by that term error- prone human mathematicians— have been 
able to devise a highly refined and general system of mathematical anal-
ysis that allows the mind to “trace through successive developments” the 
many “varied relations of necessary truth.” The analytic itself is a system, 
a tool that supplements the human mind, allowing it to pursue “trains of 
reasoning, which, from their length and intricacy, would resist for ever the 
unassisted efforts of human sagacity.”7

While it could of course be argued that all forms of mathematical in-
quiry function in this fashion— as artificial, instrumental prostheses of 
reason— the singular advantage of analytics, for the two authors, lies in the 
particular accuracy and conciseness of its wholly arbitrary and hence dis-
passionate mode of symbolization. This symbolization is not the substitu-
tion for intelligence at all: it is the zone that allows the necessary exercis-
ing of human judgment at every step in a train of reason to be much more 
precise and therefore less prone to error. This is because the ideas are pre-
sented so clearly and particularly in one delimited space. Unlike the texts 
expressed in common language, with “all its detail” and texture that often 
force the intellect to “suspend its decision” while it seeks related clear con-
ceptions to compare with one specific idea it is holding in mind, the “me-
chanical tact” of the new symbolic language allows the mind’s eye to see at 
“one glance” the most intricate relations, “shortening the road to discovery, 
and preserving the mind unfatigued by continued efforts of attention to the 
minor parts, that it may exert its whole vigor on those which are more im-
portant” (ii). Reasoning is anything but automatic here; it follows, in many 
ways, the structure outlined by Descartes.

Moving to Babbage’s most important and influential text, the Ninth 
Bridgewater Treatise published in 1837, it is immediately clear that even in 
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the wake of developing the Difference Engine, he is hardly interested in 
reinventing or even reconceptualizing the mind as an automatic machine 
analogous to the Engine. Babbage instead proposes to use the machine as 
a way of arbitrating a central question in science, that of the universality 
and automaticity of the laws governing nature. Is the universe a system 
where the “contriver” intervenes at times with a “restoring hand,” or is it 
one whose order is maintained automatically via “the necessary laws of its 
action throughout the whole of its existence” (32– 33)? What is interesting 
is that Babbage argues that the distinction between these two possibilities 
can only be illustrated with “recourse to some machine, the produce of hu-
man skill”— because, like the natural universe the machine is a “contrived” 
or artificial order. The challenge is whether the seemingly unfathomable 
complexities of natural systems could ever be reduced to the operation of a 
“few simple and general principles” (32).

Babbage’s deployment of his Difference Engine in this thought exper-
iment is ingenious and goes in a completely different direction from that 
of the analogical investigations of the early moderns. He uses the results 
of his calculator to demonstrate (and not merely conjecture) that an ut-
terly mechanical and purely automatic object can produce what appears to 
be something like a “miracle,” or at least an exception to a “natural” law. 
Babbage explains how he can arrange (we would say program) the machine 
with a function that will print a series of numbers— an exceptionally long 
series, say, the series 1 to 100,000,000— that clearly reflects the principle of 
adding one numeral to the previous one. Using inductive reasoning, a hu-
man mind would no doubt assume the existence of a fixed and determined 
law governing the production of the series, especially because the calcu-
lator is a mere machine. There is therefore great astonishment, Babbage 
says, when the law suddenly appears to change as numerals are printed 
that are clearly being produced on the basis of an entirely new principle 
(38– 39). (Babbage supposedly delighted in performing this demonstration 
with guests to his home.) The point was to show that a “hidden” law was 
behind the manifestation of both the original law- like series and the sud-
den transformation that interrupts the continuity, at least for the mistaken 
human mind.

As Babbage points out, any natural phenomena with similar “cata-
strophic” aspects (like the historical geology of the earth revealed in strata) 
need not count as a violation of natural law if we understand that the abrupt 
changes themselves “have been throughout all time the necessary, the in-
evitable consequence of some more comprehensive law impressed on mat-
ter at the dawn of its existence” (48– 49). The fact that the Difference Engine 
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can— without any intervention— mimic these abrupt shifts proves that it is 
at least possible to discover these laws that would govern even what seems 
to be a discrepancy, a deviation, or exception, even a total transformation 
of the law itself. As Babbage says, the Engine that works automatically to 
generate its own simulated “anomalies” without interference from the op-
erator is not itself “more intelligent” than a machine that would produce 
that same effect but only with an interventional adjustment from outside.

This is not about artificial intelligence per se. The Difference Engine as 
an automatic exception simulator is just an exemplar of greater contriv-
ance, of more intelligent and elegant artifice, and therefore a better model 
for an understanding of how the laws of nature could be unified at a foun-
dational level by relatively simple general principles (40– 41). The presence 
of incredibly complex differentiation in nature— Babbage points in partic-
ular to the way organic forms fit so perfectly into the successive upheavals 
of the world— demonstrates the incredible technical skill of the original en-
gineer who established the set of laws that could generate such complexity.

So, far from advocating a mechanistic understanding of human thought 
or the automation of intelligence in the Bridgewater Treatise, Babbage un-
derscores the significance of technology as an expansion of natural intelli-
gence through invention. “It is not a bad definition of man to describe him 
as a tool- making animal.” After replacing the “skill of the human hand” in 
the industrial era, newer technologies “of a still higher order,” like the cal-
culating engines, are substituting for “the human intellect.”8

The rapid advance of humanity in modern times is explained by Bab-
bage as the consequence of the materialization of thought in the printed 
book. In oral cultures, human knowledge was a function of the “accidental 
position” of the individual. In society, the knowledgeable mind could only 
address a small number of other minds (52). Truths would be lost, opinion 
maintained through traditions. With printing, the cultivation and improve-
ment of the mind first becomes possible. Externalized storage and distribu-
tion of thinking is like the analytic method, a prosthetic instrument that 
prepares the mind for self- transformation. “Until the invention of print-
ing,” Babbage writes, “the mass of mankind were in many respects almost 
the creatures of instinct” (51). The printed book is not for Babbage merely a 
substitute or extension of the traditional form of instruction; the key to the 
book is its material objectification. The book exists in a new community 
of thought that purges it of its individual origin; it is an instrument that 
transmits in an intensified form the distillation of thought across space and 
time to one single individual, the student. The production of knowledge as 
material, circulating objects enables a “sifting” of expertise from a vastly 
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collective effort, and an efficient means for “communicating thought from 
man to man” (55). Society can now benefit from a new form of collaboration 
where the “reasoning” of one class can unite productively with the “obser-
vations” of another.

However, there is no question that Babbage understood his Analytical 
Engine to be something like a universal reasoning machine. Designed on 
the model of the Jacquard automatic loom, where punch cards would en-
code a sequence of operations to be performed, this automatic machine was 
far more flexible than the calculating engine that preceded it. Still, the in-
ternal openness of the Analytical Engine— the fact that the “patterns” were 
not limited by any one sequential logic— reveals starkly the essential role 
of the “artist” who creates and encodes the pattern; indeed, the encoder of 
a textile design for the automatic loom could be described, Babbage says, 
as a “peculiar artist.”9 While it is true that Babbage strove to protect the op-
eration of the Engine from human error (by insisting, for example, that it 
punch its own cards and by including an automatic error detection system 
for occasions that required human assistance) the operating structure of 
the engine depended on what we would call its algorithmic programming.

Ada Lovelace recognized immediately that the brilliance of the Analyt-
ical Engine was its capacity to embody a general “science of operations.”10 
That is, instead of merely calculating numbers, the Analytical Engine was a 
“material and mechanical representative” of analysis, the symbolic repre-
sentation of relationships: the machine literally “weaves algebraic patterns” 
(696), Lovelace commented in a memorable line. The engine is an acceler-
ation and intensification of the very method it embodies. “The mental and 
the material” are thereby “brought into more intimate and effective con-
nection with each other” (697). She explained:

It were much to be desired, that when mathematical processes pass through 
the human brain instead of through the medium of inanimate mechanism, 
it were equally a necessity of things that the reasonings connected with op-
erations should hold the same just place as a clear and well- defined branch 
of the subject of analysis, a fundamental but yet independent ingredient in 
the science, which they must do in studying the engine. (692)

In the end it is Lovelace— often heralded as the first computer programmer 
based on her algorithm designed to calculate a particular function on Bab-
bage’s Analytical Engine— and not Babbage who crosses the line into what 
we now call the cognitive sciences. It is not that Lovelace wants to make 
analogous the mind and the automatic reasoning engine. She proposes (in 
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a letter from 1844) to mathematize “cerebral phenomenon”— to discover, 
that is, “a law, or laws, for the mutual actions of the molecules of the brain; 
(equivalent to the law of gravitation for the planetary and sideral world).” 
In an unconscious reenactment of Descartes’s research, Lovelace imag-
ines herself becoming a “skillful practical manipulator in experimental 
tests; and that, on materials difficult to deal with; viz: the brain, blood, and 
nerves, of animals.” As she declares, “I hope to bequeath to the generations 
a Calculus of the Nervous System.”11



116

Lovelace’s speculations on a calculus of the nervous system exemplify an 
important current of thought in the nineteenth- century— what will come 
to be known broadly in the period as “psychophysics.” Figures straying 
across the border between philosophy and the biological and medical sci-
ences tried to identify both the inner dynamics of cognition and their con-
nection with the activity of the nervous system— this in a period before 
the accelerated advance of brain science and the emergence of a new ex-
perimental psychology later in the century. Indeed, the lack of any solid 
consensus concerning the relations between mind and body in the period 
stimulated much new thinking that went beyond traditional philosophical 
inquiry. As Alfred Smee, author of the book Process of Thought (1851), noted, 
“I was remarkably struck by the unsatisfactory account of the functions of 
the brain, and I was surprised that so little appeared to have been done in 
connecting mental operations with that organ to which they are due.”1

The development in this period of machines like Babbage’s Engines, Wil-
liam Jevons’s logic piano, and Alan Marquand’s automatic electric reason-
ing machine did not, I suggest, signal a comprehensive mechanization of 
the human mind; their automaticity, however, is a feature worth dwelling 
on. Or at least, the “silent” operations of the artificial logic machines point 
to an important zone of inquiry in the nineteenth- century theorization of 
intelligence. The flash of insight that occurs “suddenly, without effort, like 
an inspiration,”2 and the “inconceivable” presuppositions that fuel the cre-
ative leap of hypothesis, the cognitive challenge of the exceptional and the 
anomalous— this kind of thinking could now be framed as essentially un-
conscious cognition. The leap of intelligence was a radical gap, to be sure, 
in the experience of insight. However, that gap could be reconstructed by 

9
Psychophysics
On the Physio- Technology of Automatic Reason



PSYCHOPHYSICS  117

tracing the unconscious roots of conscious reasoning— and, ultimately, the 
role of the brain in the production of the creative thinking that was the hall-
mark of the human mind.

The question of the cognitive unconscious, then, helps us understand 
what was at stake in the debates about the brain in the nineteenth cen-
tury, and beyond. How was thought— especially intelligent and creative 
thought associated with discovery, intuition, and epistemological insight— 
mediated or produced by these physiological information systems? If it was 
at least possible to conceive of a purely automatic mechanism generating 
mental life, as Huxley advocated, the question that still lingered from the 
early modern debates— the question of whether there was something in hu-
man thought that demonstrably exceeded the mechanisms of sensibility— 
took on new significance in this new era of brain research.

Smee’s own effort to chart the mind results in what he takes to be the “fixed 
principles” of thought. It is because these principles are fixed that Smee 
has the inspiration to represent the complexity of the mind’s interactions 
with a “mechanical contrivance” that would give results “which some may 
have considered only obtainable by the operation of the mind itself.”3 That 
is, artificial thought. Smee’s conjectural machine would encode every word 
and sequence possible in the mind— thinkable in abstraction but an impos-
sible engineering task, since such a thinking machine, he admits, “would 
cover an area exceeding probably all of London” and its movement of parts 
“would inevitably cause its own destruction” (43). However, he does detail 
the construction of a restricted version of this “relational machine.” The 
important point, however, is that such a machine could give “an analogous 
representation of the natural process of thought.” Which is not to say that 
the mind is itself a machine. Indeed, Smee admits that the mechanical rep-
resentation only shows how superior is that knowledge “which is obtain-
able by the mind through the operation of the brain” (45).

If that is not satisfyingly clear, what is obvious is that Smee positions 
his thinking machine as more than just a modeling tool for understand-
ing the mind. It can, just like the notational system of analysis invoked by 
Babbage, function as a supplement to the ephemeral nature of thought and 
memory. It can also act as a tool for the breaking of habitual prejudices or 
the eruption of passion, not because it reveals a truth, but because it dis-
plays in objective form the correspondence and nonconcurrence of partic-
ular logical statements. Ultimately, Smee will map the machine back onto 
the brain, suggesting that the device could reproduce a reasoning process 
“according to those principles which regulate the action of the brain in such 
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circumstances,” in effect claiming that the externalization and mechaniza-
tion of the brain activity has the advantage of artificially isolating it from 
other activity in the body or mind, activity that could, as Hume well knew, 
“interfere with a sober and correct judgment” (49). Still, if the machine 
could reason “by a process imitating, as far as possible, the natural process 
of thought” (50), no human artifact could instantiate what Smee (echoing 
Kant in a way) calls the power of spontaneity. This reveals the infinite supe-
riority of the “cerebral organization” compared to our most ingenious con-
trivances. Left unsaid is exactly how the biological “machine” is capable of 
such  autonomy.

George Boole’s much more influential work, the Laws of Thought (1854), 
explored the same terrain— “the fundamental laws of those operations of 
the mind by which reasoning is performed”— and was also concerned with 
translating those principles into a system of representation, here a “calcu-
lus” that would function as a new methodological tool for the mind in ex-
panding its logical capacity. As Smee already asserted in his work, the logic 
of the mind was, for Boole, facilitated by our use of discursive symboliza-
tion: “Language is an instrument of human reason, and not merely a me-
dium for the expression of thought.”4

The limit of these projects is clear: the form of reasoning that could be re-
duced to fixed principles, even mechanized— namely, deductive logic— was 
already a function of a kind of internal psychic technology, which is to say, 
our use of a symbolic system of notation. Even more problematic was the 
widespread recognition that the human mind exhibited forms of thought, 
such as insight, analogy, and intuition, that defied rigid definitions of syl-
logistic reasoning inherited from the classic logical tradition. For philoso-
phers and proto- psychologists, as well as practicing neuroscientists, these 
forms of thought were often understood to be the most productive, even 
essential to the discovery of new ideas and other forms of invention. So the 
scientific challenge for mid- nineteenth- century thinkers studying human 
reason and intelligence was how to understand both the formal procedures 
of logic and the more ephemeral capacities of the mind, all in the context of 
a “natural history” of the sensible body and nervous system.

John Stuart Mill perhaps best exemplified this trend, with his influen-
tial and controversial rethinking of logic as, at its foundation, a natural 
and intuitive dimension of the mind and not the result of a formal sym-
bolic procedure. Reasoning was a fact of our embodiment. Mill’s examples 
highlighted the significance of the layering of experience and the largely 
unconscious process of integration (especially inductive formations) that 
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would prepare the way for insights that emerged in the moment of deci-
sion. Central to his theory was analogy as both a cognitive function of the 
mind underlying rationality and a basic form of operation for the nervous 
system and brain. His example here is the coup d’oeil,5 the insightful glance 
of the experienced mind.

An old warrior, on a rapid glance at the outlines of the ground is able at once 
to give the necessary orders for a skillful arrangement of his troops; though 
if he has received little theoretical instruction, and has seldom been called 
upon to answer to other people for his conduct, he may never have had in 
his mind a single general theorem respecting the relation between ground 
and array. But his experience of encampments, in circumstances more or 
less similar, has left a number of vivid, unexpressed, ungeneralized analo-
gies in his mind, the most appropriate of which, instantly suggesting itself, 
determines him to a judicious arrangement.6

Other figures would characterize the often- maligned category “hypothesis” 
as a crucial dimension of human reason, indeed a core capacity that was 
indispensable for the discovery of truth. As William Thomson, in another 
work addressing the perennial topic of the “laws of thought,” published in 
1849, pointed out, whatever the vagaries and risks of hypothetical conjec-
ture, without the insight that often comes in a “flash” when investigating 
nature the scientist would be lost. This is how he described it: “This power 
of divination, this sagacity, which is the mother of all science, we may call 
anticipation.”7 It was obviously not clear how anyone could ever formulate 
fixed principles for this kind of inference— what Thomson called “the logic 
of anticipation, the philosophy of the unknown.”8

This is all to say that a nineteenth- century preoccupation with mechan-
ical instantiations of logical processes and automatic devices in general 
hardly indicated a general project to frame human thought or even human 
reason as an essentially mechanical process— or even to say that human 
thinking was some kind of output of cerebral activity. William Jevons, who 
actually built a sophisticated reasoning machine in the 1870s, the so- called 
logic piano, did characterize the process of logical reason as in essence a 
process of “substitution,”9 which was akin to the industrial system of assem-
bling products with standardized replaceable parts.10 This kind of action 
was the model for the logic machine, which would operate automatically to 
arrange and “process” trains of reasoning based on the precise substitution 
of terms. The formal instruments of symbolization and method could now 
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be liberated from the mind entirely and performed accurately and repet-
itively. As Jevons noted, logic was often called an “organon,” and in many 
sciences the assistance of a vast array of technical machines was common-
place (107). The logic piano was just such a machine, to be used for logi-
cal assistance. Jevons was not at all willing to set up the logical piano as a 
kind of substitute for human thought itself. As he remarked, “It cannot be as-
serted indeed that the machine entirely supersedes the agency of conscious 
thought; mental labour is required in interpreting the meaning of gram-
matical expressions, and in correctly impressing that meaning on the ma-
chine; it is further required in gathering the conclusion from the remaining 
combinations” (111 n.).

Even more important, the machine was incapable of what Jevons called 
intuition. For example, given the proposition A = B, the machine could not 
infer on its own that B = A; one had to supply both propositions because it 
could not intuit the identity. This was no mere technical observation; Je-
vons called it a “remarkable fact.” This is because he was, in his larger proj-
ect on the “principles of science,” interested in showing the importance of 
such intuitive thought (Mill’s “induction”) for the advancement of knowl-
edge: “Hypothetical anticipation of nature is an essential part of inductive 
inquiry, and . .  . it is the Newtonian method of deductive reasoning com-
bined with elaborate experimental verification, which has led to all the 
great triumphs of scientific research” (ix). As Jevons would explain, these 
anticipations of nature are the leaps that make possible the kind of re-
search and observation that make possible new spheres of understanding. 
The foundation of this kind of thinking was not amenable in any way to 
the mechanisms of his logic processor. As he wrote, “The truest theories 
involve suppositions which are inconceivable, and no limit can really be 
placed to the freedom of hypothesis” (557). What was crucial to this kind of 
creative thinking was the cognitive attention to novelty, especially its often 
unsettling appearance (644).

Here Jevons moves us further and further away from a machinic vision 
of reason. Not only is the machine incapable of even the most basic forms 
of intuitive anticipation, the inductive reasoning natural to the mind; it was 
therefore also incapable of the even more creative turns that come with the 
failures of anticipation. We are aroused to “mystery” precisely when the 
“routine” of our knowledge is affirmed in unvaried “everyday observation.” 
The confrontations with the “exceptional” need to be understood as “the 
points from which we start to explore new regions of knowledge” (644– 45).
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Peirce and Machinic Thought

Since calculation is so much of an external and therefore mechanical 
business, it has been possible to manufacture machines that perform 
arithmetical operations with complete accuracy. It is enough to know this 
fact alone about the nature of calculation to decide on the merit of the idea 
of making it the main instrument of the education of spirit, of stretching spirit 
on the rack in order to perfect it as a machine.

Hegel, The Science of Logic (1816)11

In one of his early essays in logic, published in 1871, the great philosopher 
and semiotician Charles Sanders Peirce gave a formal analysis of the dif-
ferent modes of rational inference, supplementing the traditional catego-
ries of deduction and induction with that of “hypothesis”— that strange 
and somewhat mysterious capacity for insight into a problem that is not 
predicated on any specific evidence.12 True to his pragmatic orientation, 
Peirce redescribed logic here as different forms of inference suitable to 
the varying needs of the embodied mind. If deduction is the careful, atten-
tive process of deriving conclusions from trusted principles of knowledge 
and induction is the at times unconscious reasoning that formed of habits 
from repetitions of observations in similar contexts— habits that gave the 
mind the security and efficiency of prediction— Peirce positions hypothesis 
(which he will in later works rename “abduction”) as emergency thought. Hy-
pothesis becomes necessary, that is, in times of crisis, when our knowledge, 
our trust in certain principles, say, or our inductive expectations about the 
world, fail us.

The essence of the hypothetical conjecture is, for Peirce, surprise, the 
“unexpected.” Hypothesis begins with the startling result. And because of 
its jarring appearance, the result at first has absolutely no context for un-
derstanding, or to put it more precisely, this result defies what our under-
standing would entail in this specific situation. Hypothesis is therefore en-
tirely conjectural.13 As Peirce explained, the mind must find some principle 
associated with the anomaly and then imagine, with no evidence and not 
even an indication of direction, a way that the anomaly could have been 
generated. The value of the hypothesis is not in its speculative character but 
rather lies in the fact that without its fantastic invention, the mind would 
not know where to begin to look for clues. Discovery (especially in the sci-
ences) was first of all a purely cognitive act. The hypothesis can then be ver-
ified through directed observation and experimentation.14 As the French 
philosopher Ernest Naville would note, in his own study of hypothesis from 
1880, scientific progress cannot be accounted for solely by induction and 
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deduction reasoning. To understand “the special process of discovery” we 
must introduce hypothesis, for which Rougemont, echoing Peirce, had 
coined the neologism “conduction” in 1874, Naville remarks.15

But what was the source of a hypothetical conjecture? Peirce, like so 
many others in this century and even before, emphasizes its sudden and 
unpredictable nature, which is to say, its essential mystery. “The abductive 
suggestion comes to us like a flash. It is an act of insight, although of ex-
tremely fallible insight.”16 This was the kind of thought that had, by defini-
tion, no method or system that would guide us to the promising solution 
to the exceptional problem. Peirce was more than willing to admit that de-
duction, the classic example of rational inference, was essentially mechan-
ical in that it relied on strict relations that could not vary. As he wrote in a 
review of recent technologies from 1887, “The logical machines of Jevons 
and Marquand are mills into which the premises are fed and which turn 
out the conclusions by the revolution of a crank.”17 Peirce worked closely at 
Prince ton with Alan Marquand, who was developing an electrical variation 
of Jevons’s logic piano. Remarkably, decades before Claude Shannon’s piv-
otal work on logical relays, Peirce offered Marquand the brilliant sugges-
tion (never taken up) that electrical circuits could be arranged in such a way 
as to perform logical operations directly.18

In any case, it might seem surprising to find Peirce admitting that the dif-
ference between the logical machine and the human reasoner was merely 
the “place” where logical inference was taking place. As he once wrote:

All that I insist upon is, that, in like manner, a man may be regarded as a 
machine which turns out, let us say, a written sentence expressing a con-
clusion, the man- machine having been fed with a written statement of fact, 
as premiss. Since this performance is no more than a machine might go 
through, it has no essential relation to the circumstance that the machine 
happens to work by geared wheels, while a man happens to work by an ill- 
understood arrangement of brain- cells; and if there be room for less, still 
less to the circumstance that a man thinks.19

However, it is clear right from the seminal essay on logic of 1871 that Peirce 
felt that deductive reasoning was by far the least interesting form of human 
cognition, just a technique for “paying attention.”20 So if Hobbes’s notion of 
logic as computation, Babbage’s theory of artificial engines, and the more 
recent invention of logical machines left nothing to be desired in terms of 
computational precision, Peirce insists that all these machines “have no 
souls that we know of.” This was not some vague mystical rejection of ma-
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terialist understandings of the mind. For Peirce, the machine “does not ap-
pear to think, at all, in any psychical sense.”21 In synthetic leaps of thought 
like the abductive conjecture of an imagined case, machines (governed by 
strict procedures that conditioned their movement from one configuration 
to the next) would be at a complete loss.

In the end, Peirce would express doubts about the mechanical perfor-
mance of even the strictest “necessary reasoning,” noting that a machine 
like Babbage’s or Jevons’s was incapable of generating the “unexpected 
truth” that comes in the process of reasoning, where initial premisses, for 
example, can be reintroduced in creative ways. Even in chains of deduction, 
then, there are moments when the reasoning path opens up “several lines” 
of possibility and therefore demands a decision. Genuine human cognition 
will always depend on the exercise of invention, which is present even in de-
duction but was utterly essential to the radical leap of conjecture. Crucial to 
genuinely human thinking was the use of certain tools, from the relatively 
mundane (such as pen and inkstand) to the complex (chemical instrumen-
tation) in scientific pursuits.22

As Pierre Janet put it, in an 1889 thesis on automatism, and here we can 
note an echo of Descartes, the “judgments” that are so essential to human 
reason are phenomena that are radically different from the experience of 
sensations and images; the “idea of resemblance” between two perceptions, 
for example, is not itself something that could be a “sensation.”23 While de-
tailing the many automatisms central to human existence, Janet would ar-
gue that what distinguished the human was the presence of some “other 
activity superadded [surajoutée] to this automatic activity.” What I want to 
underline here is that the status of the brain was in question in these con-
ceptualizations of human thought and did not stand in for mechanistic 
reductionism. As Janet said, “the automatic act is rigorously determined” 
(476) and the exercise of judgment reveals a “true independence” (477); it 
was a “power of synthesis capable of forming entirely new ideas which no 
previous science had been able to predict” (478).

The brain that emerged in the middle of the nineteenth century as an 
object of serious experimental and physiological study was positioned as 
something capable, at one and the same time, of both automaticity and 
the very disruption of that automaticity. Janet, echoing Peirce, wrote that 
judgment was a “new and unexpected [inattendu] phenomenon, like con-
sciousness itself, appearing in the midst of phenomena of mechanical 
movement” (477). What was the origin of this break that was the unprec-
edented intervention? This was not really a purely philosophical question 
for nineteenth- century intellectuals. As Janet reveals so clearly, the prob-

段静璐
判断也可以被看作一种阈值逻辑。但这里说的判断要复杂点。



124  CHAPTER 9

lem of creative thought was defined in terms of what we can call the natu-
ral history of the organism, in that the function of “novel” and unprece-
dented cognition was resolutely linked to the survival of the organism; the 
synthetic capacity is likened to the political decision that must be made in 
“new conditions” because the conservative forces of automaticity can no 
longer produce “equilibrium” since they derive only from past experience 
(486– 87).

The spirit of the intellect was not, then, a sign of some radical division 
within the organism. This spirit emerged in the moment of the exception, 
when the norms of automatism might fail.

When the mind is normal, it consigns to automatism only certain inferior 
acts which, conditions having remained the same, can be repeated without 
inconvenience, but it is always active in carrying out new combinations at 
every moment of life, which are constantly needed to maintain equilibrium 
with changes in the environment. (487)

The pathology of “automatism” that is addressed in Janet’s clinical work is 
not identified with automaticity itself but in fact the lack of this adaptive 
and creative capacity. He writes, “But whether the environment varies be-
cause of misfortunes, accidents, or simply changes, an effort of adaptation 
and new synthesis will be required, otherwise [the individual] will collapse 
into the most complete disorder” (487).
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10
Singularities of the 
Thermodynamic Mind

The emergence of thermodynamics and the study of organization as a func-
tion of energy and its dissipation provoked important new conceptualiza-
tions of organismic vitality. Claude Bernard on the internal regulation of 
the body (the “internal milieu”) would be one notable early example. How-
ever, we can also see how the thermodynamic approach to technology (the 
transformation and direction of energy) offered another angle on the ques-
tion of the self- interrupting spiritual automaton. That is, thermodynamic 
models and the mathematical tools of this science opened the way to an un-
derstanding of how the lingering issue of this Cartesian spirit of judgment 
could operate concretely within automated and self- regulating systems 
(whether these were biological or artificial machines). The nervous system 
was now often directly analogized to the communication technologies that 
regulated vast networked systems like railways or colonial infrastructures. 
Crucial to this vision was the idea that the direction and organization of 
vastly powerful material forces would be dictated by the most ephemeral of 
physical forces— that is, electricity.

The dangers of a materialist reduction of the nervous system (not to 
mention the complex mega- systems of the industrial and colonial age) 
are obvious. So it is important to tease out of these intertwined domains 
the conceptualization of the points of intersection within these machine- 
information hybrids. What were the limits of automation? Where, in 
the human being in particular, would be revealed a potential space for 
intervention— not a space for the transcendence of the automaticity of the 
machinery but rather for the appearance of indeterminacy or uncertainty, 
conditions that demanded decision precisely because there was always 
something that escaped the automatisms organizing this system.

段静璐
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One sphere for offering new scientific resources for this challenge was 
thermodynamics. In his famous and influential essay, “On the Interaction 
of Natural Forces,” which appeared in 1854, Hermann von Helmholtz takes 
the time to give a concise but thorough history of automata, characteriz-
ing the early modern interest in constructing self- moving machines (his 
examples include Jacques Vaucanson’s infamous defecating duck and his 
flute- playing machine that mimicked the actual blowing techniques of hu-
man musicians) as an exercise in overly ambitious scientific enthusiasm—  
to rebuild nature, to construct a model of the functions of men and ani-
mals. However, by the nineteenth century, interest in the automatic was fo-
cused squarely on the functions of the machine in the industrial age. “We 
no longer seek to build machines which shall fulfill the thousand services 
required of one man, but desire, on the contrary, that a machine shall per-
form one service, but shall occupy in doing it the place of a thousand men.” 
So how to conceive the automaton in light of the new science of energy? 
With the principle of the conservation of energy comes the problem of en-
tropy, the loss of energy in any physical system due to friction and collision, 
and the inevitable conduction of heat from warmer to colder until homo-
geneity is reached. As Helmhotz put it, if the universe is left undisturbed in 
its physical motions, “all force will pass into the form of heat, and all heat 
come into a state of equilibrium.”1 At this point, there will be no change, 
no transformation whatsoever— what we now call the “heat death” of the 
universe.

The question of the organic being must be posed anew in this context. The 
automata that were models of living “machines” (from Descartes on) were 
“clockwork” systems, Helmholtz observes, but there was never any consid-
eration of how these machines were wound up, energized, so to speak. But 
what if we compare the living body to the steam engine? The machine, the 
body, both must be seen as active, even destructive beings— constantly con-
suming and transforming energy in order to maintain themselves in chang-
ing environments. And, at least with organic beings, the worn out or dam-
aged parts of the system must also be repaired and replaced from within.2

The automaton as something fighting against disorder— rather than 
simply expressing order— opened up new concepts of will and action (and 
“mind”) within machines and bodies.3 For Balfour Stewart, writing in 1874 
on the conservation of energy, there were (as he wrote in his appendix) “vi-
tal and mental applications of the doctrine.”4 He points to the kind of phys-
ical structures that are balanced on a knife edge, in moments of radical in-
determinacy, where an “unstable equilibrium” will lead to an unpredictable 
outcome. Or at least, the ultimate cause that pushes the structure one way 
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or the other is so “exceedingly small” that it is beyond all measurement. 
Stewart’s point is that there are different kinds of machines (whether in the 
organic or technological sphere)— namely, those that are organized to be 
highly predictable and stable so their behavior is calculable and those whose 
“delicacy of construction” entails an essential incalculablilty (99– 100). De-
pending then on the goal of the machine, it either tries to reduce instability, 
or it takes advantage of it. If the “timepiece” is the quintessential example 
of the first, the other kind of machine, where “the object aimed at is not a 
regular, but a sudden and violent transmutation of energy” utilizes as its 
means the “unstable arrangements of natural forces” (158). Any machine 
with “trigger” points (quite literally the example of a rifle, say) would count 
as an instance of this category— although significantly, Stewart will empha-
size that in reality the machine consists of both the rifle and the human that 
wields it (159).

Stewart’s provocative claim here is that the organism must be under-
stood to be this kind of incalculable machine; its internal instability is the 
only way to explain, physically, its profound flexibility, what Stewart calls 
its “freedom of motion.” He will suggest that “life is always associated with 
machinery of a certain kind, in virtue of which an extremely delicate direc-
tive touch is ultimately magnified into a very considerable transmutation of 
energy” (163). There is, Stewart argues, something obviously absurd about 
a human being calculating its own movements, or those of any other hu-
man. The argument is drawn from chemistry and physics, not theology or 
philosophy: living beings are constructed of unstable substances and must 
operate in unpredictable and often hostile circumstances. What guides the 
organism— “life” is what Stewart calls it— might be likened to a “great com-
mander” at the end of a chain of organizations in a “vast army” at war (161). 
Telegraphic wires lead to the “well- guarded” room of command, and the 
commander can send orders back through the same cables. And as Stew-
art says, what flows here is information. Life is not a sovereign presence ac-
tively coercing the structure of the body. What “causes” the army to move in 
a coordinated way is that there is a flow of commands along the chain. The 
“cause” of the whole movement, then, is one “delicate directive touch” in 
that room— and Stewart suggests that the brain chamber is where we might 
locate the directive force of life, “so well withdrawn as to be absolutely invis-
ible to all his subordinates” (162).

Citing Stewart’s work, the thermodynamic theorist and physicist James 
Clerk Maxwell would refine this model by noting that certain physical sys-
tems might be, in general, predictable and calculable based on their config-
urations, yet these systems may pass through “certain isolated and singu-
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lar phases, at which an infinitesimal force may determine the course of the 
system to any of a finite number of equally possible paths.”5 He makes an 
analogy with the figure of the “pointsman” who, at a railway junction, has 
to decide which trains go to which tracks. Maxwell will also speculate that 
we could imagine the soul as the engine driver of the train, who by means 
of valves directs the vast and powerful machinery of the steam locomotive. 
But he would go on to think of the mental direction of the body primarily 
in terms of the pointsman, or “steersman,” who intervenes precisely at the 
critical moment when the predictable path of the particular entity reaches 
a point of decision— what will be called a bifurcation in mathematics.6 
“When the bifurcation of path occurs, the system, ipso facto, invokes some 
determining principle which is extra physical (but not extra natural) to de-
termine which of the two paths it is to follow.”7 Maxwell is interested in ap-
plying to cognition and mental action these kinds of examples in physics 
where natural laws consist in influencing direction— the process of mold-
ing and determining, for instance, as we see in the case of organisms. Not, 
strictly speaking, “forces” in themselves, they are unconscious in the body 
but become conscious in the realm of thought.8 The laws of thought are re-
lated then to the laws of organization and not “physical” laws of force. The 
will is figured here as a possibility of direction but not in the usual sense of 
participating in the action and reaction of material entities. The will is a ca-
pacity for deflection, and must be conceptualized within the framework of 
Maxwell’s development of the mathematics of the singularity.9

The organic being could not actively resist the second law of thermody-
namics if it meant using force to counter the effects of physical disorder. 
The soul that directs the body is therefore not an active source of energy but 
rather what Maxwell will describe as “that of a steersman of a vessel— to 
not produce, but to regulate and direct the animal powers.”10 The tradi-
tional division between “free will” and determinism is replaced by Maxwell 
with the idea of machines that are either largely stable and therefore pre-
dictable in their motion or in some way essentially unstable and therefore 
susceptible to being drastically affected by relatively small impacts on the 
system. The free will is more like a Lucretian atom, swerving and deviating 
in an “uncertain manner from their course” (820). The implication is that 
at definite moments in the life of a being there are points of bifurcation, 
and in these moments an “imperceptible deviation” will be the determin-
ing factor for which path will be followed. The difference between lower 
organisms and higher animals or humans, and the distinctions within ar-
tificial machines as well, will be measured by the degree of complexity. For 
the more complex an organized system is, the more “singularities” will ap-
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pear in the system. And it is in these singular moments that deflection is 
possible. “All great results produced by human endeavor depend on taking 
advantage of these singular states when they occur” (822). Maxwell can re-
define the preeminence of the human now not so much in terms of a more 
sophisticated or complex organization itself, but rather as a consequence 
of the mathematically demonstrable instability and incalculability of these 
systems. “It appears then that in our own nature there are more singular 
points— where prediction, except from absolutely perfect data, and guided 
by the omniscience of contingency, becomes impossible—than there are in 
any lower organization” (822).

Maxwell was offering a novel way of integrating the tension within the 
human, between the demonstrated automatisms of both physiological and 
mental life, and the irruption of spontaneity and invention in the midst of 
regularity. The singularities are of course defined by the functions govern-
ing regularity, and they are by their very nature isolated occurrences. In any 
case, Maxwell’s call for a science of singularities and instabilities is aimed at 
removing the dominant “prejudice” in favor of determinism that perme-
ates contemporary research. The exception here is no longer the artificial 
miracle generated by Babbage’s Difference Engine; it is the sign of a new 
metaphysics, one that allows a certain contingency or even looseness in the 
concept of the natural law. The “steersman” idea pointed to a concept of a 
human mind that had its own systematic function but that could also enter 
into the open space that was the organismic singularity to radically influ-
ence the normally automatic behavior of the physiological system.

In a similar vein the French mathematician A. A. Cournot would argue 
that the laws of the physical world and the laws of organization that held in 
the world of living beings were two different things. Physics could not ac-
count for the phenomena of life, yet the seed of life develops from the “soil” 
of physical laws. But in the physical world, an exception— the surnaturel— 
could only ever be a miracle.11 The definition of organic life and the evolu-
tion of organic life depended on what was a kind of violation of the physi-
cal laws, in that it was the occurrence of small “deviations” that produced 
complexity. This propensity to novelty was what continued to distinguish 
organic life from the merely physical for Cournot. In moments of crisis, or-
ganisms were capable of “extraordinary dispensations.”12 The exceptional 
was an exception but not really a violation of the physical laws of the uni-
verse; rather, the exception was a violation of the usual biological norms of 
existence. In the singular case, nature abandons its usual course and is not 
governed here by any other law. As was once said of the great monarchs of 
the Old Regime, “si veut le roi, si veut la loi.” In other words, the appearance 
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of the radical exception in organismic beings just means that there is no 
law that can explain this appearance; the singular is not really a violation 
of the law but a moment where the law simply does not function.13 Writing 
against the Lapalacian idea of total prediction made possible by the calcula-
bility of physical law, Cournot points to the organic sphere.

He would have been forced to recognize in each species [type] all the charac-
teristics of a law which the legislator repeals and replaces according to his 
views. At this count, for insects only, there would have been several hun-
dred thousand laws to register in the Code of Nature, and laws which have 
changed several times supernaturally, that is to say extra- legally, by a sort of 
revolutionary measure or coup d’état.14

As we have seen, the constitution of freedom within the systems of organ-
ismic and technical machinery lay in the capacity for interruption, and the 
instability or disorganization of a system (especially a living system) was 
pinpointed as the localization of indetermination. But what exactly was this 
capacity, or to put it another way, where was the point of instantiation for 
the leap into the unprecedented that provided the opportunity for reorgan-
ization and creative invention, especially with respect to the organic, living 
body? In the late nineteenth century, the brain would be a key site for fram-
ing this critical question.
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1 1
The Dynamic Brain

The history of brain science in the nineteenth century has often been 
framed as a struggle between the (ultimately successful) advocates of “ce-
rebral localization” and those who saw the brain as a decentralized organ.1 
Without diminishing the importance of these debates for the history of 
neurology, it is crucial to recognize that the boundaries between these po-
sitions were never always clear or rigid. And, as I want to emphasize here, 
what links the two perspectives is the underlying if not always explicit 
problem of staging within the brain key thresholds, the lines between, say, 
animal and human, or between instinctual, habitual, and creative (or, we 
might say, artificial) cognitive behavior. If the brain was understood to be a 
kind of neural machine, the human brain raised very particular challenges, 
since it was identified as the site of the human exception— the site, that is, 
of a special kind of intelligence that exceeded mere physiological or envi-
ronmental demands.

Indeed, the ambiguity can be seen clearly as these debates open in Eu-
rope, with the startling and seminal experiments carried out by Marie- 
Jean- Pierre Flourens, beginning in 1815. When Flourens surgically removed 
various sections from animal brains, these animals would subsequently 
exhibit various pathological conditions, most notably the complete lack of 
perception, initiative, and judgment when portions of the cerebral spheres 
were lesioned, for example, and then the disappearance of balance and mo-
bility when the cerebellum was taken out. Flourens showed the complex 
intersection and interactions of tasks taking place in the brain by disturb-
ing the functions. One could eliminate the perception of visual phenom-
ena, for example, yet the automatic systems of visual sensation (such as the 
operations of the iris) would still operate independently.2 While the theory 
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of brain localization was not new, before Flourens it was all essentially pure 
speculation, which complicated the controversial efforts of Franz Joseph 
Gall and his collaborator, Johann Gaspar Spurzheim, earlier in the century, 
to found the new discipline of “phrenology,” which infamously mapped the 
surface of the skull as an indication of the spatial location of certain intel-
lectual functions.

However, Flourens’s demonstration of the functional division of the 
brain must be juxtaposed to his fundamental and much- debated claims: 
first, that the nervous system was fundamentally a unity (ch. 12) in which 
the “energy” of each of the parts influences the others, creating a “unique 
system” that would then coordinate the parts in a hierarchical order of con-
trol and subordination (243); and, second, that within the distinct zones 
of the brain neural tissue had a general capacity to instantiate these func-
tions. This theory would come to be known as the “equipotentiality” of the 
brain tissue, though Flourens did not use this term; today we would say 
plasticity. The theory was based on the idea that if the intelligence of an 
animal had a “determined location,” that is, its own organ (namely, the cere-
bral lobes), then the “property” of intelligence (perceiving, judging, willing) 
was clearly unitary in its operation, and therefore could not be localized 
within the cerebral lobes (244). The key demonstration of this hypothesis 
was the fact that even with localized surgical destruction within the cere-
bral lobes, the exercise of intellectual function was usually not disturbed 
(as long as the destruction did not go past certain bounds) (265). As Flou-
rens explained, the lobes must operate as an ensemble, so “it is completely 
natural that one part can compensate [suppléer] for another, that as a result 
intelligence could either continue— or come to an end— through any one 
of them” (264).

Generally speaking, France was considered the center of leading re-
search on the brain in the wake of Flourens’s work, and for the following 
decades there was a cautious consensus against the most radical localiza-
tion theories, in line with Flourens theory of equipotentiality and the ce-
rebral distribution of functions in separate but interacting spheres. Yet in 
1861, Paul Broca’s startling discovery of a “language” area in the human 
brain— he identified postmortem highly specific damage in the brain of a 
patient who had suffered from a well- studied severe language disability— 
opened up more concerted efforts to “map” the location of more discrete 
functions in the cerebral organ.3 The introduction of electrical stimulation 
methods in both animal and human experimentation allowed for a much 
more precise and disciplined methodology, leading to a new era in neuro-
surgery once doctors could seek out lesions in specific zones according to 
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symptoms and avoid damaging sensitive areas. By 1908, the different zones 
of the brain, carefully differentiated by distinct tissue types, had been iden-
tified, and the German neurologist Kordanian Brodmann, in collaboration 
with several other researchers, published a definitive map (still in use today) 
that provided a comprehensive topography for the subsequent localiza-
tion of various functional capacities in experimental studies.4 (Figure 11.1.)

Yet the isolation of these specific functions and their spatial coordinates 
only displaced the crucial problem of explaining the crucial fact of integra-
tion and coordination of the myriad operations of the brain. And Flourens’s 
initial demonstration of neural “compensation” in the face of damage or 
injury could hardly be accounted for by a strict localization hypothesis. 
The development of the neuron doctrine in the late nineteenth century, in-
stigated by revolutionary staining technologies that revealed for the first 
time the microstructure of nerve cells, raised radically new questions con-
cerning the nature of neural connectivity and communication. In this con-
text, the interplay of automaticity and flexibility would be reimagined. The 
 psychic operations, which were understood to be mostly unconscious, need 
not be considered “fixed” just because of their automaticity and routine 
 nature.

Revisiting the eighteenth- century theory of habit, brain researchers hy-
pothesized an active brain, dynamically adjusting itself to the environment. 
As Henry Beaunis argued, in 1876, following on his study of somnambu-
lism, “Cerebral organization, a necessary condition for psychic phenomena, 
can be continuously modified under the influence of impressions coming 
from either outside or from our body itself.”5 With repetition came habit, 
and the process could be explained as a transition from conscious atten-
tion and reaction to unconscious automaticity within the brain as a unitary 
organ— a dynamic of maintaining an “equilibrium.” The capacity of the 
brain to change itself was fundamental, and as Beaunis notes, it is not only 
through repetition that reorganization takes place. With a single, intense 
experience (we might say an extraordinarily exceptional one) “the modi-
fication produced only one time can become permanent, and this modi-
fied nerve center thus reacts differently than it would have done before the 
modification.”6

Beaunis indicates here the openness of the brain to interference. De-
scribing the power of the hypnotist, he explains that an “unexpected shock” 
delivered to the nervous system can interrupt its course. The success of the 
hypnotic intervention in clinical cases relies on this cerebral shock because 
it initiates the modification and hence reorganization of the brain. The im-
plications are obvious: To what extent, Beaunis asks, is the brain subject to 



Figure 11.1. From Korbinian Brodmann, Vergleichende Lokalisationslehre der 
Großhirnrinde (1909).
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such shocks in other situations, perhaps producing the pathological (or nor-
mal) state itself as a series of radical self- enclosed modifications? So while 
Beaunis affirms his commitment to localization of functions in the brain, 
his depiction of habit as the acquisition and superposition of new cerebral 
organizations that supplement any “innate” order reveals at the same time 
a vision of a fundamental neural plasticity.

In lectures given in 1877, the neurophysiologist Charles- Édouard Brown- 
Séquard put this issue of cerebral openness at the center of his doctrine. 
Admitting that different functions have different organs in the brain, he 
would argue that the organ was not a fixed spatial object but instead a net-
work of connected cells “diffused in many parts of the brain,” cells that form 
a “whole” through the union of fibers made possible by constant commu-
nication between the cells.7 Virtually all the cells of the brain, he suggested, 
could take on any of the various functions. The best proof of this theory 
was the many cases where brains overcame radical damage, for example, 
children who had half their brain diseased and yet still developed normal 
language and intellectual abilities. To commit to localization therefore 
meant conceiving of a new topology of organization that exceeded three- 
dimensional mapping.8 The famed pathologist Camillo Golgi, who devel-
oped a revolutionary staining technique, would criticize in 1883 the prevail-
ing research that focused so much on localization, which was not, he said, 
“in perfect harmony with the anatomical data.” He insisted on the impor-
tance of the neural networks formed by the extensive interconnection made 
possible by the multiple links between individual cells and others through-
out the brain. A “rigorous” localization of function made no sense in this 
framework, as Golgi argued for a new concept of organization based on the 
“diffuse network” that conjoined cerebral “provinces.”9 With the network 
idea, it was plausible to see the higher intellectual functions, which were 
responsible for the more abstract and flexible modes of behavior, as more 
or less freed from spatial determinations altogether.

Although the Scottish neurologist David Ferrier is renowned for his con-
tributions to brain mapping and functional localization, and drew criticism 
from Golgi as a result, the question of the higher intellectual capacities of 
the human mind was not for him simply a matter of locating the area of 
the brain associated with those capacities. Ferrier distinguished the human 
from the animal (and marked the gradations of all higher animals) accord-
ing to their potential for volition. Based on extensive experimentation ab-
lating animal brains (he would, in fact, later be the first one charged under 
new anticruelty laws), he saw that rabbits, for example, compared to dogs 
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were more governed by “autonomisms” and therefore were not disturbed 
as much by destruction to the cortical centers. Conscious movement was 
not automatic and required what Ferrier called education. So in the human 
case, where “volition is predominant,” extensive “and laborious” education 
is necessary in order even to function capably in the environment. Most 
birds are virtually “conscious automata,” with little in the way of develop-
mental potential, while “the human infant can scarcely lift a finger on its 
own behalf.”10 Linked to the nonautomatic human brain was the capacity to 
retrain even after catastrophic injury. So while Ferrier believed that the in-
telligent brain was a function of the complex operation of both hemispheric 
halves, nonetheless, even with destruction of an entire hemisphere, indi-
viduals have been able to acquire the full complement of functions, even 
those that seemed to be consistently localized.11

The tension revealed in the brain debates on localization and distribu-
tion of function points to the constitutive tension at the heart of human 
cognition, the existence in one being of both natural automatism and an 
equally natural capacity for exceeding in some way cerebral determina-
tions. Ferrier, like so many others in this period, was quick to identify the 
cortical lobes as crucial for human intelligence, given their predominance 
compared to other animals— and equally quick to point to the supposed 
“great differences in the development of the lobes” among the races, mark-
ing the racial hierarchy of “mental powers.” At the same time, his theory 
of the brain denied any specific “seat” of intelligence as it emphasized the 
significance of association with the activity of other “centers” and their “re-
spective cohesions.”12 Finally, Ferrier would remark just how critical the use 
of symbols was for human intelligence, which could be linked directly to 
our ability to use abstract ideas and form conceptual relations— leaving 
open the question of how symbols arise in the brain in the first place.

Much of the comparative and anatomical work on the brain in the late 
nineteenth century was of course intertwined with the evolutionary un-
derstanding of the development of species and their respective place in the 
process of specialization. It was not just that the brain was understood to be 
progressively developed from the appearance of sensory organs in simple 
creatures to the highly complex nervous systems of the higher mammals. 
The brain itself could be interpreted as a kind of palimpsest of evolution 
itself.

The idea that the brain was a recapitulation of its own evolution was 
most explicitly conceptualized by John Hughlings Jackson, whose work, es-
pecially in epilepsy, led him to the conclusion that seizures revealed what 
he described as a condition of “de- evolution,” where various regions of the 
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brain were deactivated, allowing for a regression to certain automatisms 
generated by lower brain centers.13 Hughlings Jackson articulates a thread 
implicit in nineteenth- century brain science, a thread that crosses many of 
the disciplinary and theoretical disputes, namely, that the brain was not a 
final product of evolution but in fact an organ still in the midst of a pro-
cess of evolution. The tension between automatism and creative “freedom” 
in the brain was resolved in a way similar to the theory of habit: original 
responses are, through repetition, consolidated in the brain’s structure as 
an automatic reflex. But this theory of habit is now played out along a long 
temporal axis. Hughlings Jackson argues that the most basic autonomic 
controls of the brain have been long fixed by evolution and transmitted 
through a genetic inheritance, while other topological spaces of more re-
cent lineage have a more or less essential determination (as Ferrier and 
others also argued).

What is most tantalizing about Hughlings Jackson’s theory is the idea 
that the highest functions of the human mind are located in the most recent 
cerebral acquisitions, areas that were the site of a stage of neural evolution 
that was still ongoing. The cortex now understood as a space of evolution-
ary dynamism, testing, adapting, improvising— all this entails a fundamen-
tal openness of structure. This means that the least organized centers are at 
the same time the most complex, according to Hughlings Jackson, in that 
they are capable of the greatest variety of behaviors. This capacity is what 
can explain the exceptional status of the human mind without invoking 
metaphysical distinctions and without rejecting the main tenets of evolu-
tionary theory. The flexibility and creativity of our intelligence stems from 
the flexibility and creativity of the higher brain’s own lack of determination. 
“If the highest centres were already organised, there could be no new or-
ganisations, no new acquirements.”14

There was no longer, then, an abrupt division between “automatic” and 
volitional for Hughlings Jackson. If the human was an automaton, he re-
marked, it was never a perfectly automatic one, give that the brain revealed 
evolutionary layers arranged from “most to least automatic.” “A perfect au-
tomaton is a thing that goes on by itself. . . . To say that nervous arrange-
ments go on by themselves, means that they are well organised; and to say 
that nervous arrangements go on with difficulty, if at all, by themselves, is 
to say that they are little organised.”15 The very lack of organization opens 
up more room for what he calls “correct adjustments in new circum-
stances.” The automatic automaton, with its total determination of cerebral 
responses would be perfectly adapted to the circumstances of its original 
environment, but in the context of evolutionary transformation it would be 
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incapable of any adaptation to “new conditions.”16 Becoming automatic, in 
other words, is to become “more perfectly organized.”

Thinking the brain in the late nineteenth century was therefore never 
simply a matter of replaying the metaphysical debates over dualist ontol-
ogies, nor was it a question of taking a materialist or vitalist stance on the 
nature of the corporeal “machine.” Theorizing the brain as an organ meant 
taking seriously the fact that its operations defied all easy reduction and 
necessarily demanded new orientations precisely because the brain was at 
once a space of determination and lack of determination.

Charles Sherrington was the influential neurologist who coined the 
crucial term “synapse,” used to describe the junction between nerve cells. 
For Sherrington, this “gap” was the site of an active process of contact and 
not, as others had theorized, a material bond across some kind of space. 
Sherrington eventually synthesized a massive amount of neurological re-
search (including his own important experimental work) in his book of 
1906, based on his ten Silliman lectures delivered in 1904 at Yale Univer-
sity.17 There he argued for a strong theoretical interpretation of the ner-
vous system as a whole, defined by what he called its essential integrative 
action. The nervous system, Sherrington demonstrated, was an exceed-
ingly complex, highly differentiated, but also completely unified organ. 
Even the simplest automatic responses, often considered in complete iso-
lation, were, he showed, in fact the result of a “total” reaction of the sys-
tem as a whole to a specific irritation or excitation on the periphery (114). 
Unlike other “mechanical” systems in the body, however, such as the circu-
latory system, the nervous system could operate simultaneously across its 
network, over relatively long distances, through what Sherrington called 
“waves of physico- chemical disturbance” along multiple lines of stationary 
cells that were vehicles of these informational diffusions. And as a system, 
it was continually being “disturbed” internally by the activation of, for ex-
ample, sensory nerves. These irruptions of activity, Sherrington would ar-
gue, citing numerous experimental studies, required a reorganization of 
the system, one that was tightly interconnected and constantly subjected 
to what Sherrington called internal “breaks” that upset its “relative equilib-
rium” (182). The mutability— plasticity— of the system was essential to its 
operation, because it had to radically reconfigure its “pattern” in an ongo-
ing process of internal reaction and action. The nervous system was a site of 
competing reflexes, producing internal interference requiring new synthe-
ses. Through a network something like a telephone exchange, the nervous 
system adjusts connection points in a spatial and temporal flow, changing 
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its topological patterning with each interference or disturbance, like a ka-
leidoscope after being suddenly tapped (233).

Sherrington redefines consciousness in this context as a function of the 
nervous system’s adaptability. Learning is the process of “adapting” certain 
brain centers for “other uses.” The “organs of control” in the brain, the site 
of “adjustability,” are “among the most plastic in the body” (391). In evolu-
tionary terms, these higher brain centers show how the nervous system 
is not something adapted to its environment; rather, adaptation itself is the 
very function of the nervous system. “We thus, from the biological stand-
point, see the cerebrum, and especially the cerebral cortex, as the latest and 
highest expression of a nervous mechanism which may be described as the 
organ of, and for, the adaptation of nervous reactions” (392– 93). Conscious 
thought appears when the habitual reactions and adjustments no longer 
work effectively. As Herrick put it in an essay on the evolution of intelli-
gence, consciousness is a phase when “non- stereotyped actions” are re-
quired because the reflexes are no longer adequate.18

This model of neural flexibility, Sherrington believed, can explain why 
human beings, in particular, are so successful: they possess the maximum 
“adjustment capacity” (392). But if human thinking and reasoning are de-
fined as the ability to “forecast the future” by synthesizing past memories, 
what distinguishes this intelligence from similar (if less complex) processes 
of learning and anticipation in the animal mind?

As neurological science and evolutionary theory insisted, intelligence 
had to be explicated by physiological processes, and these processes in turn 
were always aimed at the survival of the living being— including human be-
ings. As Ralph Lillie, the Canadian American neurologist who would later 
construct an artificial nerve cell, explained, the body had a whole array of 
“compensatory and regulatory devices” that allow for an improved “organic 
equilibrium.” These devices, he observed, were not fundamentally differ-
ent from those “used to control the rate of energy- consumption in artifi-
cial mechanisms (thermostats, governors, rheostats, etc.).” The internal 
alteration of structure allows for the restoration of “normal conditions.”19 
Intelligence, as Sherrington already said, is what allows for an adjustment 
to anticipated future events. What, Lillie asked, would be the physiological 
mechanism to explain that capacity? In a strange, almost proto- cybernetic 
rereading of Kant, Lillie will say that intelligence is just the way that a sys-
tem’s “permanent organic predispositions or adjustments” (we might say, 
in psychological terms, categories and empirical concepts) allow it to grasp 
particular and singular experiences as objects of knowledge. The univer-
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sal concept or frame is just one of the many permanent mechanisms of 
adjustment, the particular “event or condition in nature which calls this 
mechanism into action and so brings the organism into effective— i.e., self- 
conserving— relations with its conditions of life.”20

The intelligent action is therefore no more “purposeful” than the behav-
ior of the safety valve on a boiler, the “governor” that will be later be hailed 
as the forerunner of the cybernetic notion of negative feedback.

段静璐
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Any effort to locate the exceptional status of the human was, in nineteenth- 
century scientific discourse, necessarily framed by the question of the 
brain as itself an exceptional organ, capable at once of the most automatic 
and dependable routines and the “new movement that has never occurred 
before.”1 This cerebral version of the human as lack offers a critical angle on 
the position of the human in evolutionary theory, entangled as it was in the 
progress of neuroscience and all biological study in this period. The human 
could be seen as both in and out of the logic of evolutionary processes. If by 
nature humans possessed some cognitive capacity to invent, then one of the 
key factors in human evolution (neural, social, and otherwise) will have to 
be our propensity for artificially organizing nature— even “human nature” 
itself.

The empirical development of the concept of plasticity and its role in the 
organization and reorganization of behavior in the disciplines of neurolog-
ical science and medicine were productively reappropriated in the evolu-
tionary debates spurred by the Darwinian thesis of “natural selection,” first 
introduced in The Origin of Species in 1859. Understood as an analogue of 
the artificial breeding of animals and plants that has long been undertaken 
in human civilization, the idea of natural selection in the context of human 
origins and development posed a challenge for evolutionary science, not 
just because of the thorny theological implications. From the start the rad-
ical problem of studying the natural evolution of a human being defined 
by the capacity for artifice was entangled with the neurological and psy-
chological blurring in this period between “natural” forms of cognition and 
what Hartley had called the “secondarily automatic” operations, conven-
tional habit, that “second nature” (Hegel) impressed on the brain not just 
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by “experience,” but often through educational institutions and cultural 
practices.

As George Lewes noted in 1873, the brain is highly plastic and thus at 
the center of human cultural difference: “The brain of a cultivated English-
man of our day, compared with the brain of a Greek of the age of Pericles, 
would not present any appreciable differences, yet the differences be-
tween the moral and intellectual activities of the two would be many and 
vast.”2 Unlike the world of animals, human life was defined by its cultural 
organization— which is to say, different individual brains resulted from the 
varied historical conditions of human societies. Even our very perception 
of the world itself could be modified by “experience, training and habit [Er-
fahrung, Einübung, und Gewöhnung],” as Helmholtz famously argued in his 
influential treatise on optics.3 As Lewes would remark, the Kantian a priori 
would have to be reinterpreted in light of “concrete conditions” as well as 
in relation to our “ancestral influences” (175– 76)— not to mention the pros-
thetic extensions of industry, which mark, for Lewes, the appearance of “the 
equivalent of new senses” (156). Crucial to any full understanding of mind, 
then, was the essential assumption that human brains could be influenced 
by individual psychic “feeling” as well as the “residua of ancestral stimula-
tion” (177), as Lewes put it. However, what is absolutely crucial here is the 
recognition that the individual brain can also be determined, quite literally, 
by the experience of other minds, as manifested in the cultural accumulation 
of knowledge, which is again what separates us from the animal mind, lim-
ited as it was to inherited capacities and individual learning.

The transmission of thought— Lewes here highlights “the great human 
privilege to assimilate the experiences of others.” As he observed, “Our 
knowledge is the product of our own experiences, and of the stored- up ex-
periences of our fellows” (177). The action of the human individual is lit-
erally “guided by the thoughts of others.” Lewes wrote, “I have never seen 
the Ganges, nor measured the earth’s diameter; but these enter my world of 
experience, and regulate my conduct, with the same certainty as my direct 
experience” (166). Indeed, for Lewes, the individual mind cannot be easily 
separated into personal and “shared” knowledge. The mind is constitutively 
formed by the collective experience of the community: “What I have di-
rectly experienced by sensible contact forms but a small part of my mental 
wealth; and even that part has been largely determined by the experience 
of others” (166).

As Lewes will go on to explain, the medium of this transmission and 
assimilation of mental experience is the symbol, the “condensation” of 
thought into material form. Language— at once individual and social— was 
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the “great instrument” for minds that were constitutively defined by both 
participation and assimilation (160). So human societies were fundamen-
tally cultural organizations, directly analogous to organisms, for Lewes, be-
cause individuals cooperated in light of a common goal. The strength of the 
mind as human derives from its development in the medium of the nation 
or the tribe. Lewes cites August Comte here on the force of history deter-
mining the present.4

And so the evolutionary status of the human would have to contend 
with the fact that the distinction between animals and humans was the col-
lective transmission of knowledge. Lewes makes the analogy with technolo-
gies here: our thinking depends on its external supports developed over 
centuries; we literally cannot think without them, just as our social and 
economic orders depend on inventions like the railway to sustain life (169). 
More radically, technology is itself the space where the mind as human re-
veals itself. As Lewes observes, we used to dig up ancient cities and tombs 
searching for golden objects or sophisticated works of art. However, what is 
more important today is the study of the origin and history of the mind— an 
archaeology of cognition, where “every little detail which tells of the men-
tal condition of ancestral races is now of priceless value.” The archaeolo-
gists now “dig with greater eagerness for flints and the rude implements of 
prehistoric races, because these throw light on the evolution of Mind” (170).

Darwin on the Evolution of Consciousness

Darwin’s own efforts to explain the evolutionary conditions of human de-
velopment were hardly satisfactory. In his book on the expression of emo-
tions he could not evade the problem of how to distinguish between “in-
nate” expressions and those that are “conventional” in the human sphere.5 
Noting that he consulted with Henry Maudsley on the psychology and 
neurophysiology of expression, Darwin deploys an updated version of the 
long- standing theory of habit as the product of repetition within a nervous 
system that was capable of transformation (28). The challenge is that the 
system determined by natural (i.e., inherited) instinct is also generating 
unnatural behaviors that will come to function just as automatically and 
“naturally” as innate ones. Darwin’s examples include dogs and horses 
trained by humans to walk or perform “naturally” in completely artificial 
ways, and he will point to human behavior as well, where it is always easy 
to “confound conventional or artificial gestures and expressions with those 
which are innate and universal” (50). Darwin will make the tantalizing sug-
gestion that seemingly natural human gestures have really already been 
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learned, just “like the words of a language” (353). Inevitably, the question 
of the distinction between human artifice (the power to produce new organi-
zations) and the “second nature” of habit that even animals can acquire will 
still have to be addressed.

In The Descent of Man (1871; rev. ed. 1874) Darwin will indeed admit the 
exceptional nature of the human but will locate that exception in the moral 
domain rather than the cognitive more generally. If the gradual emergence 
of the human form from animal ancestors was taken as given, then the in-
telligence demonstrated by other higher animals was necessarily “capable 
of advancement” and differed only in degree from human intelligence. 
However, as Darwin states, “the development of the moral qualities is a 
more interesting problem.”6 The appearance of the moral sphere as a break 
in evolutionary continuity is conditional on the specific group practices of 
human social organizations, Darwin will say— but in doing so, he is displac-
ing the problem of the human mind altogether by identifying yet another 
origin, the radical origin, that is, of a genuine distinction that can clearly 
(for Darwin at least) mark humans from animals, namely, our specific com-
munal form of life.

Darwin mixes— maybe confuses is a better word— many of the strands of 
thought I have been tracing in nineteenth- century European and American 
intellectual discourse when he claims that the appearance of higher mental 
faculties among human groups entails that “images of all their past actions 
and motives would be incessantly passing through the brain of each indi-
vidual” (95). This would lead, Darwin believes, to the formation of an en-
during sense of the social commitment of the individual, since it is always 
present as a motive, unlike the other desires and instincts that disappear 
once satisfied. The new form of cognition makes conscious what is already 
the natural necessity of group life. Then, according to Darwin’s rather ca-
sual explanation, “after the power of language had been acquired, and the 
wishes of the community could be expressed,” society itself becomes con-
scious. At this stage, the newly aware “society” can actively impress itself 
on the individual, indicating “how each member ought to act for the public 
good” (96). What is interesting is that this new articulation of the logic of 
social form will be literally imprinted on the nervous system of the indi-
vidual in the form of habit. As Darwin concludes, the moral imperatives of 
the group will now “naturally become in a paramount degree the guide to 
action” on the part of the individual (96). At the same time, Darwin is very 
much aware that the human has the capacity to lose instincts (105).

The evolution of human society is therefore inextricably entangled with 
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the question of the human mind and its capacity to remake itself into some-
thing that is, if not purely artificial, at least not entirely natural. And signifi-
cantly, Darwin will point to the tool- making capacity of human beings as 
one of the key indicators of the “immense” gap between the least of human 
minds and the highest form of animal cognition. Animals have cunning 
and “art” but would never have “the thought of fashioning a stone into a 
tool,” Darwin writes, before tying the origin of technology to the human 
ability to “follow out a train of metaphysical reasoning, or solve a mathe-
matical problem” (122). Almost as if he senses the difficulty of covering this 
gap in the origin of the human, he claims that the difference between ani-
mal and human mind is one of “degree and not of kind,” noting that human 
infants are hardly born with the “power of abstraction” or reflection. The 
“highly- advanced intellectual faculties” are most likely “the result of the 
continued use of a perfect language” (122). Again, this is just a displacement 
of the problem that is more radical: How did humans become capable of 
acquiring the tools of technology and language, the implements that trans-
form infants into civilized beings capable of advanced sequential thought?

With a nod to Alfred Russel Wallace, Darwin brings together the evolu-
tion of the human with the evolution of human culture, understood now 
as an artifact of human invention exemplified by the production of the 
artificial. Unlike other animals, human beings become less amenable to 
“bodily modification” via natural selection once they can use mental facul-
ties to solve the problems of adaptation. The human has “the great power of 
adapting his habits to new conditions of life.” Crucial here is the invention 
of tools (clothes, sheds, fires) alongside both weapons and “stratagems.” So 
the evolution of the human is now conditional on the selection of the most 
“inventive” individuals whose superior technology allows society to sur-
vive in “new” conditions— which might be another way of saying unnatural 
conditions (125).7 Animals cannot adapt so flexibly, since they must actu-
ally acquire new bodily tools and weapons through the vast, eons- long pro-
cess of modification and selection. We can see, then, that the evolutionary 
perspective did not so much transform the question of the human mind as 
exceptional as it put renewed emphasis on that distinction. The nature of 
a brain that can challenge nature with technology and social organization 
that is not natural would have to accommodate both the instinctual inher-
itance of our corporeal evolution and the emergence of a peculiar capacity 
to dis- automate that same inheritance.
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Primeval Prosthetics: On the Evolutionary Exception of the Human

This evolutionary conundrum structures George Campbell, Duke of Argyll’s 
innovative work on “primeval man,” exactly contemporaneous with Dar-
win’s texts concerning human development.8 The issue raised by Argyll’s 
early effort in paleoanthropology is that any effort to assimilate humanity 
to a natural history of biological evolution will come up against the chal-
lenge of explaining how the “chasm” between humans and all other ani-
mals could ever be crossed by some kind of gradual development (21). Given 
the exceptional importance of human cognition, that has to be the place to 
start— as Argyll states clearly in his introduction: “There is an inseparable 
connection between the phenomena of Mind and the phenomena of Orga-
nization” (17). Every creature, he explains, has functions that correlate with 
its essential unity, and this means that instincts and the “mental charac-
ter” must be “strictly correlated.” Argyll will pose the question: What kind 
of organism is the human in nature? Unlike all other creatures, it seems 
that the physiological constitution of the human body has in fact been de- 
evolving: “it diverges in the direction of greater physical helplessness and 
weakness” (21). This tendency could never, Argyll concludes, be understood 
as the result of natural selection; it is exactly the opposite of what would 
be expected in that framework. And this leads to the key insight: without 
prosthetic, that is, artificial, protections, our lack of speed and strength, 
“the absence of teeth adapted for prehension or for defense,” and our com-
paratively weak senses, all would mitigate against survival in challenging 
and competitive natural environments.

Argyll’s strategy here is to show that the weakening of the human frame 
would only have been possible in the evolutionary context if our organs had 
already been substituted with alternative behaviors enabled through sup-
plementation. Bipedal humans would never have been safe with their “use-
less arms,” for example, “until the brain was ready to direct a hand” (22). 
The brain is the site for what he calls the “gift of reason,” which was the pre-
requisite for this deviation of the human from the usual forces of natural 
selection, which always tend to the improvement and perfection of bodily 
forms and functions with respect to the environment. This is all to say that 
the physical evolution of the human was not the precursor of our eminent 
position in nature; rather, our physical state itself is a direct result of our 
“capacities of thought” (22). What is essential to humans, then, is their ra-
tionality, which is not akin to other animals’ ability to adapt to the environ-
ment; humans are able to gain knowledge and inherit it. Distinctive to the 
human is the “ability to acquire, accumulate, and to transmit knowledge” 
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(43). For Argyll, this means that we have to understand how even the insig-
nificant actions that might seem “the most purely instinctive” are in fact 
highly specific to the human mind. Throwing a stone, wielding a stick as 
a weapon— “both these simple acts involve the great principle of artificial 
tools” (48).

This capacity for artifice, for invention, is the attribute that is “absolutely 
peculiar to Man.”9 As Argyll notes, the natural animal uses implements 
but only those that are given as bodily organs, as guided by “implanted in-
stincts.” While it is true that some animals might make “artificial use of 
natural forces” (when birds drop shellfish on the rocks, for example) there 
is an “immeasurable distance” between these animal behaviors and the hu-
man capacity to fashion an artificial implement. And, Argyll adds, humans 
are constantly engaged in this activity because of their peculiar evolution-
ary status. Our goals require the “intermediate” organs that are tools. This 
is why our physical weakness is accompanied by a mind that is, so to speak, 
naturally “capable of Invention” (48). Or at least, with the human mind 
comes an “intuitive” understanding of causation in nature, due to a natu-
ral inductive reasoning ability. In any case, the diversity and diffusion of 
human cultures across the globe points to a fundamental and essential uni-
versality among humans, namely, their intelligent adaptation to conditions 
via the fashioning of various artificial technologies, these prosthetic inter-
mediaries. There is no “primitive” culture, for Argyll, in that even the “rud-
est” nations exhibit the same remarkable and astonishing capacity for the 
technical organization of social life. There was no “Eskimo” Adam, for ex-
ample. According to Argyll, the ancestors of these people must have come 
from somewhere else, driven to migrate, perhaps by war, and they would 
have originally had “wholly different habits” (54). And of course, if they had 
been, say, farmers or shepherds in their old territory, such a life would have 
been absolutely impossible in the icy north. The old arts would therefore 
have to be forgotten and new modes of life created from scratch. For Argyll, 
then, the origin of the tool is identified with the invention of substitutes for 
the “missing” natural implements of an animal body.

This idea of the prosthetic nature of the artificial tool animates the work 
of the German philosopher (and philologist) Lazarus Geiger, who explored 
the origin of human language and culture in a series of important lectures 
in the 1860s.10 A key argument was developed in a talk from 1868, whose 
title alone is evocative: “The Earliest History of the Human Race in the Light 
of Language, with Special Reference to the Origin of Tools.” There he pro-
posed a theory that would distinguish between “primary” and “secondary” 
tools. The original tool was— as Argyll had argued— the direct substitute of 
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an original, natural organ (41). Geiger imagines these tools emerging in a 
liminal period of evolutionary time, when humans will start to “recognize” 
somehow the similarity between certain found objects and their own natu-
ral organs, leading them to use these external objects to modify and am-
plify the natural behaviors enabled by the body. This was a process whereby 
creativity comes about through imitation (44).

However, as Geiger will go on to explain, once the tool appears in this 
early, imitative form, it can itself evolve in new directions and generate en-
tirely new usages through a series of transformations, exceeding in the end 
its originary prosthetic origin. One example Geiger gives is the radical re-
use of the bowstring (a weapon) as a musical instrument, which would have 
perhaps been occasioned by the accidental observation of the vibrating 
string’s “beautiful sound”— to quote Homer (42). The point is that the use of 
tools in any one historical moment gives no indication of their origin since 
technologies, along with their social contexts, are constantly undergoing 
significant transformations. As Geiger emphasizes:

The use of implements shaped by himself is more decidedly than aught else 
an evident distinctive characteristic of man’s mode of life. For this reason 
the question as to the origin of the tool is a subject of the greatest moment 
in our early history. (43)

At the conclusion of his argument, Geiger leaves the reader with human-
ity on the cusp of a great epochal transformation: the emancipation of the 
tool itself in the modern machine. Gaining in power and continually be-
ing perfected, the contemporary technology had become an implement 
“emancipated from the hand of man, and inspiring its own maker with a 
peculiar admiration” (47). What Geiger demonstrates is that our historical 
consciousness— beginning with our “primeval origins” and looking to our 
unknown automatic future— will always be defined by our technical con-
dition.

Projecting Organization: Kapp on the Evolution of Technology

Technology operated in this period as a hinge linking (while separating) 
the dominant evolutionary paradigm in biology with the philosophical 
question concerning human cognitive power and humanity’s uniquely 
historical- cultural form of being. As Eduard Reich states, “It is certain that 
the hand of civilized man must be regarded as an expression of the highest 
organization of the gripping tool, just like the brain of civilized man is an 
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expression of the highest organization of the organ of thought.”11 However, 
in making ourselves through our artificial organs, we open up the possi-
bility of technical evolution, where the implements are more than mere ap-
pendages, more than just prosthetic extensions, and therefore expressions 
of some other kind of organization.

The proposal was taken up and pushed to the limit by the somewhat ne-
glected theorist of technology Ernst Kapp, a German “Free Thinker” forced 
to emigrate after being charged with sedition who eventually settled in 
Texas, where he became a farmer. Kapp’s idiosyncratic and illuminating 
book on technology, published in German in 1877, proposed that the tools 
of human beings are not so much “prosthetic” substitutes of organs but are 
more like transmissions, what he called projections, of our own “spirit” of 
organization. This process of Organprojektion is according to Kapp an un-
conscious transmission that creates a materially doubled world— our tech-
nical culture— which is animated by the same forms of order given to us 
in our living bodies.12 The machine world is one in which our own organs, 
not defined literally but more expansively as our own possibility of organi-
zation, are abstracted, dematerialized, and sent out beyond our bodies and 
minds to take new forms in artifacts. Kapp’s interest in this book is, in part, 
to study human technology as if it were a visible field that can reveal the 
hidden logic of our own, necessarily unconscious (because physiological) 
forms of life. Reading technology becomes a means of reading the human, 
a project that is so often impossible or at least profoundly difficult.

Kapp’s history (or better, historicized typology) of technology tracks the 
different “planes” of organizational projection, rewriting Geiger’s simplis-
tic two- stage account. The earliest tools are quite literally projections of the 
basic identifiable organs of our body, as Argyll and others had already ar-
gued. These more primitive tools were at first substitutes for the hand, say, 
or the tooth, which are the implements of our natural condition. The early 
tool is the material substitution and improvement of the “inborn tool” (35). 
And as Kapp will proclaim, this initial substitution marks the radical ori-
gin of human culture: the human becomes “human” in this act of exteri-
orization. As Kapp puts it, “In the hand— the external brain [auswendigen 
Gehirn]— tools establish culture” (151).

The next phase of technical (and hence cultural) development is marked 
by the unconscious projection of our body’s kinematic structure, Kapp will 
explain. No longer a concrete projection of individual organs with concrete 
and self- contained properties, these new tools are an exteriorization of 
what we can call the functional organization of the skeleton, that is, a mate-
rial remaking of the articulation and interaction of the moving armature of 
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Figure 12.1. From Ernst Kapp, Grundlinien einer Philosophie der Technik:  
Zur Entstehungsgeschichte der Kultur aus neuen Gesichtspunkten (1877).
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the body, the way forces pass through machinic levers, springs, and other 
transductive elements. The machines of technology are projections, then, 
of the “natural” machinery of a complex physical organization system.

The most advanced stage of projection, for Kapp, is the introduction 
into these complex machines of certain systems of communication; the ex-
amples given here are the more recent technical advances of Kapp’s day, 
such as the electromagnetic telegraph. In this stage, we can come to know 
our own nervous system in a newly intimate way, as it is writ large on the 
vast projections of communication technologies in industrialized settings 
and, increasingly, at a global scale in the context of colonial cable informa-
tion networks. What Kapp argues here is that the function of the human 
nerve is an exact “miniaturization” of the submarine telegraph cable; the 
cable networks, too, are the “nerves of mankind” traceable on the maps of 
telegraph companies. (Figure 12.1.) Neurology and communication tech-
nologies are mirrors of one another.13 The point is that once we no longer 
understand tools as mere implements, however complex and sophisti-
cated they become, we can begin to confront the nature of technical systems 
(95), which would then be the path toward the revelation of the networked 
nature of human life itself— a theory of social and even global organization.

Yet Kapp hints at an even more fantastic opportunity— a future when the 
functions of the mind itself, the content of the messages being transmitted 
by the telegraphic infrastructure of the global system, these meanings, will 
be unconsciously projected into new technological forms, what could be 
called spiritual machines. We can speculate here with (and, it must be said, 
against) Kapp: for if, as he says, language is the ultimate “self- production” 
of human minds, then what kind of technical apparatus or system will con-
stitute its externalization? In other words, can there be “unconscious” pro-
jections of conscious thought? It would be interesting to speculate on what 
Kapp might have said about the coming era of wireless communication 
technologies.

At least we can say that in the context of late nineteenth- century con-
cepts of unconscious cerebration, or theorization of intelligence as techni-
cal practice, the evolution of what Kapp termed Organprojektion was going 
to be unpredictable, to be sure. But we can also say that the possibility of a 
technical projection of the organ of thinking (namely, the brain) is hardly 
contradictory, as we well know in the twenty- first century. Less easy to con-
ceptualize will be the projection, or exteriorization, of the technical process 
of exteriorization itself, the very constitution of the mind as a tool- making 
and symbol- using creature, in and beyond nature.

段静璐
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13
Creative Life and  
the Emergence of  
Technical Intelligence

Life, in this period of evolutionary thinking, evaded any strict mechanistic 
explanatory model: it would have to be conceptualized as fundamentally 
creative, in the sense that the organism was perpetually adjusting and reg-
ulating its own “internal milieu,” to use Claude Bernard’s phrase, just as it 
was actively responding in flexible ways to its unpredictable environment. 
“Life,” it was said, “is perpetual auto- regulation, an adaptation to changing 
exterior conditions.” The organism “always renews itself, and it is always 
the same.” Life is revealed as the existential force of defense against “the 
enemies that attack it.”1 As so many neurophysiologists and psychologists 
could demonstrate, the plasticity of the nervous system and especially the 
open fluidity of the associational centers in the cerebral lobes were likely 
the locus of this creative action.

One thinker immersed in these ideas was the influential French philoso-
pher of science, the spiritualist Émile Boutroux. In his words, “brute” mat-
ter was organized in the living being, marking a “true creation” of order, but 
this organization was accompanied by an “elasticity” of behavior during 
“breaks in equilibrium,” a creative potential inherent in even the most sim-
ple organisms. This was due to a fundamental indetermination.2 Boutroux’s 
counter to any overly physiological reduction of thought was to highlight 
its essential activity. It was not a “function” or a material entity. Conscious 
thought was the active transformation of external data into internal infor-
mation, a “living mold” capable of a radical metamorphosis, crossing the 
abrupt threshold between the self- enclosed nervous system and what was 
given beyond the body. The “idea” or concept was the form through which 
thought transmuted the substance of external material reality into some-
thing assimilable to the nervous system as a mode of organization (115).
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So consciousness does not develop out of physiology, by definition, be-
cause it is the activity that transcends physiology— it is a “new element, a 
creation” (117). What is crucial to the argument here (and it is important not 
to dismiss this kind of work as a mere exercise in “vitalism” or spiritualism) 
is the independence of the logic of the mind, which enables the articula-
tion in concepts of relations and orders that are simply not capable of being 
formed by a physiological system, however open and flexible and creative 
it might be in its own terms. For Boutroux, the appearance of the “ideal” in 
the organism opens up the possibility of purpose— exactly what was miss-
ing in Lillie’s reductive account. What is possible in the conscious intelli-
gent being is a new synthesis of the goal of life (self- conservation) and the 
goals inspired by the idealization of natural order itself, which is to say, the 
coming to consciousness of natural order. The organism, as complex sys-
tem, is a hierarchy of heterogeneous organs and processes. But that hier-
archy is only made present and active within the conceptualization of the 
conscious mind.

The turning point here is Boutroux’s redefinition of the exception that 
is the human— not merely the translator between body and nature, or the 
mere consciousness of natural order, but in fact the vehicle of wholly new 
orders of existence. What distinguishes the humans (already evidenced in 
the evolutionary literature) is their capacity to transform, to make “obsta-
cles” to life into new instruments of life. Technology is the artifact of a re-
organization of the forces and order of nature, the creation of a new form 
of beauty (188). Through the production of organization outside the body, 
human beings share a world that is in nature but not of nature. The human 
is thus capable of a social existence that has an independence analogous 
to the independence of the human mind itself. Individual consciousnesses 
translate the order of the external world into the “language” of the organis-
mic being via the nervous system, but they now also translate the artificial 
and exterior orders of the “ideal” that constitute the essence of a creative 
and technical human life.

Intelligence, then, is what is particular to animals that are not just more 
capable, in the evolutionary sense of their nervous systems being well 
adapted to their environments. As James Mark Baldwin argued in his im-
portant reconsideration of Darwinian models of natural selection, it would 
be impossible to imagine consciousness— as a new adaptation— ever aris-
ing in the course of normal evolutionary development. If consciousness of-
fers a creature “choice” in the direction of its actions, how would it choose 
the right path and thereby become a useful adaptation? It would be more 
likely that the organism with its own possible modes of action would evolve 
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according to its own testing of the environment. What Baldwin recognized 
is that it is possible that the “individual life history” of an organism— its 
specific form of life (not its internal structure)— could be what is selected 
for, not a transformation in the organism itself. He contrasts this “organic 
selection” with Darwinian “natural selection,” which would not be able to 
explain any survival of organisms in conditions that are changing, since in-
herited “reactions” would not be adequate to the task of life.3

How would the elements of a life history operate in evolution? It cannot 
simply be the “emergence” and inheritance of some special “adaptive capac-
ity” nor the “special creation” of every organism for its “peculiar environ-
ment.” As Baldwin notes, the only option is to imagine that new stimulations 
that are provoked by the change in the environment actively modify the 
inherited reactions of the organism, producing new actions that are condu-
cive to life in these new conditions. Of course, this can happen through the 
long processes of evolution. Baldwin is however pointing to cases where 
adaption occurs in the specific lifetime of an individual organism.4 What 
he suggests is that the internal pleasure and pain system guides the organ-
ism in the acquisition of useful habits— including the habit of inhibition in 
the encounter with what has been experienced even one time as painful. 
Habit is the securing of “vital stimulations,” and this is true across the or-
ganic life- world. Or, as Baldwin puts it counterintuitively, the organism is 
endowed with the habit before it even forms it, in that the organism uses 
individual concrete experiences to confirm or deny its own inner norms of 
evaluation. The point is that variations are conserved that lend themselves 
to intelligent (i.e., flexible and adaptive) modifications of the organism’s 
own specific organization in the formation of an individual habit regime.5

So Baldwin will agree, with respect to intelligence, that the evolution 
of the nervous system can be understood as part of a process where (and 
here he quotes Lloyd Morgan) “the most plastic individuals will be pre-
served to do the advantageous things” (447). With such radical plasticity, 
it would be possible that an individual would create a new action (entirely 
unprecedented) “under stress of circumstances” (449) and that that action 
was necessary to survival. Those others that did not follow the individual 
in performing this action would not survive. This is the core of the “new 
principle” of evolution then: “The ontogenetic adaptations are really new, 
not preformed; and they are really reproduced in succeeding generations, 
although not physically inherited” (451). In the course of evolution, many 
creatures retain instinctive behaviors because they are well adapted to their 
environments. With others, plasticity comes to the fore, through the capac-
ity to learn not by testing reactions but through consciousness. This way 
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the learning that takes place in an individual is not bound to the individ-
ual.6 (Figure 13.1.) It is a form of Lamarckian evolution because the con-
scious learning can be transmitted to others. Here Baldwin cites the well- 
known examples of animal learning and sociality and the importance of 
play and imitation in the animal world. As he puts it, “By the exercise of 
such gregarious or quasi- social impulses as these, the young are trained in 
the habits of life of their kind” (41). Social heredity is predicated on suffi-
cient “‘plasticity’ to absorb lessons of the family and group tradition. Each 
must be plastic in the presence of the group life and its agencies” (42).

The emphasis in this period on plasticity and the active capacity of reor-
ganization in the face of repeated breaks, disturbances, and interferences 
created a framework for understanding novelty and the appearance of the 
exceptional in organic nature and the human in particular. However, that 
very paradigm of adaptability could occlude the important and still un-
formed question (raised by Peirce and others): How does the mind escape 
the logic of the body— however plastic it might be— altogether and know 
itself and others in a way that animals simply cannot? A related question, 
which would become perhaps more important, was already being asked 
in the first forays into a theory of cultural evolution: How was the human 
mind capable of internalizing the experiences of foreign brains, of shar-
ing thought itself? Baldwin’s “organic selection” in the case of the human 
displaces the origin of this special capacity for imitation and the sharing of 
conscious thought across the boundary of the individual nervous system.

This is what Peirce described as the quality of “thirdness,” the relational 
meaning of a symbol that is incarnated in a specific sign but is entirely inde-

Figure 13.1. From James Mark Baldwin, The Individual and Society; or, 
Psychology and Sociology (1911).
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pendent of that concrete instantiation because meaning is a function of the 
network of shared intepretation (unlike iconic signs— “firstness”— that relate 
to perceptual features, or indexical ones— “secondness”— that “point” to an 
absent cause).7 Given the truth that intelligent thought (conscious and oth-
erwise) was obviously embedded in the body’s complex neural machinery, 
and given that the brain was the most plastic organs in the higher animals, 
the exception of the human could not be isolated in terms of the individ-
ual mind and body. Understood in evolutionary terms, the human revealed 
a chasm, namely, our separation from our natural adaptive capacities and 
learned habits, which we shared with virtually all animals that possessed 
nervous systems, and the creation of a genuine “second nature” in that nat-
ural body, a second nature formed by forces external to the nervous system, 
forces that in fact deployed the nervous system for its own purposes.

“Man is preeminently plastic, educable in a supreme degree.”8 This may 
seem a vague affirmation, and we have encountered versions of it across 
diff erent lines of thought, stretching back to Descartes. However, in the 
context of the early twentieth century this statement is deceptively simple. 
Edward Bradford Titchener was not in fact suggesting that the openness of 
human minds was just the most extreme concluding point of an organis-
mic plasticity at the center of evolutionary development. As he understood, 
human education seemed to constitute something altogether new: the 
education of the child, he said, is really the artificial extension of plasticity 
beyond its normal limits— temporally and spatially, so to speak. Yes, most 
organisms tended to become more and more automatic over time, as they 
acquired reflex habits from life experience, supplementing inherited in-
stinctual behaviors, and these new automatisms enabled them to survive 
in their particular environments. Human intelligence, however, was not 
simply a suite of automatisms, a system of responses that came from the 
repetition of experiences shaping and organizing the plastic higher brain. 
The implication of this analysis, in line with the kind of thinking charac-
teristic of the period, is that human thinking as intelligence involved more 
than just neurological plasticity. It emerged from what might be described 
as the creative deflection or reappropriation of plasticity itself as a habit.

The American philosopher Charles Judd clearly articulated the complex-
ity of plasticity and habit in his own analysis of human evolution. Judd had 
trained (like so many other early enthusiasts of the new discipline of psy-
chology) with the important experimentalist Wilhelm Wundt in Germany, 
and eventually translated Wundt’s works into English. To attack the core 
of the anthropological problem, he explained, one had to recognize the 



CREATIVE L IFE AND THE EMERGENCE OF TECHNICAL INTELLIGENCE  157

fact that one set of animals somehow broke free of their biological deter-
mination. Established physiological organizations (even relatively flexible 
ones) at some point gave way to these unusual and exceptional creatures, 
who are “characterized by intelligence, meeting the emergencies of their 
lives by a mental adaptation of themselves rather than by a purely phys-
ical adaptation.”9 That odd locution, “mental adaptation of themselves,” 
suggests the novelty of the human as the species that internalizes the evo-
lutionary process itself. As Judd will propose, consciousness will serve as 
the threshold concept; this was what brought the external environment 
into the individual organism, not simply as sensory information (which re-
quired no thought), but as an organization foreign to the nervous system’s 
natural operation. The form of consciousness “remolds” that environmen-
tal organization in relation to the individual’s physiological needs that are 
also represented as formally ordered in consciousness— there is an echo here 
of Boutroux’s theory. Judd realizes that the inner world of the higher ani-
mals, especially that of humans, is not merely concerned with physiologi-
cal needs: the mind becomes capable of ever more complex organizations 
of its own experience.

But what is perhaps more important is that consciousness in the human 
case can bring together in one psychic “space” the inner order and the struc-
tures of the environment. This is why the human mind can, according to 
Judd, synthesize its model of both the inner world of experience and the 
outer world; the result is that the mind can then “attack” the environment 
to force it to serve the inner life of the individual. The “outer world itself 
is remodeled to conform to the inner pattern.”10 This foundational creative 
capacity is best revealed in the act of reorganization that is in the end es-
sentially a technological intervention. The human being, Judd comments, 
“molded materials, following his ideas, into forms and combinations that 
never under any chance could have come into the world through the mere 
operation of physical forces.” The human produces, in other words, not new 
“reactions” to the environment but rather new forms that become templates 
for the concrete “reworking of external reality.”11

What this means in terms of evolutionary anthropology, then, is a break 
in the natural order, a split between creatures of adaptation and the human, 
who now concentrates on the “indirect methods of attacking nature”— 
which is to say, builds technologies and artificial infrastructures to ensure 
survival. Instead of, say, “cultivating strength” to oppose some natural ob-
stacle, human beings develop “science and engineering and indirect me-
chanical devices.”12 Crucial to Judd’s theory here is the existence of another 
break: humans are no longer limited to their individual consciousness. 
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The remaking of the world is a shared participation in a world of ideas and 
forms that exceeds the limits of the natural cognitive faculties. And so, Judd 
tells us, it is through language and symbolic life, the vehicles of this cre-
ative reorganization of the world, that we are able to catch a “glimpse into 
the conscious life of a fellow being.” For Judd, “art carries over from man 
to man the inner possibilities of rearranging the physical environment”13—  
a process we might now call niche construction.

Bergson’s Human Technician

This is the threshold that Henri Bergson will position as the very distinc-
tion between human and animal. The human is not defined by its flexible 
reactions, its habits, or even its freedom from instinctual automatisms. 
Like many others, most notably Willam James in this period, Bergson will 
(especially in Matter and Memory) highlight the essential “indetermination” 
of organic life and the open, plastic form of the nervous system. However, 
what makes the human the appearance of an intelligent being is the point 
when freedom— something that defines the very process of life itself as a 
creative activity occupying “zones of indetermination”— exceeds its own 
structuring space of activity. As Bergson put it, freedom, when it appears 
as intelligence, “proceeds to construct constructive machinery.”14 Human 
cognition, for Bergson, is not, then, a capacity for decision in the confronta-
tion with the exceptional moment, the radical indeterminacy that defies all 
memory and instinct. Human action as the response to challenge now con-
cerns itself with the reorganization of nature itself. The evolutionary process 
is now split, between the construction of new organisms with new struc-
ture and capacities and the creation of an organism that will itself, by “fash-
ioning inorganic matter,” resolve threats to its existence (142).

This is why, for Bergson, we are not so much Homo sapiens as Homo faber; 
our intelligence resides in the “faculty of manufacturing artificial objects, 
especially tools to make tools, and of indefinitely varying the manufac-
ture” (139). As Bergson observes, all animals use tools or machines; it is 
just that the implement is a natural one, forming part of its own body, op-
erated through inherited instincts— the faculty of using organized instru-
ments. Human intelligence “as it leaves the hands of nature” is revealed in 
the process of organizing itself: “constructing unorganized— that is to say 
artificial— instruments” (150). For Bergson, this leap is a function of the 
exteriorization of thought itself into the materiality of the unorganized 
object. Just as the rhythm of speech is the reproduction of the rhythm of 
thought, the exteriorization of consciousness is the penetration of the spirit 
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into matter, the relation of soul and body, and it is because human thought 
finds its way into matter that the meaning of things (language, tools, sym-
bols) is inherently mobile, unlike the natural signs of the animal or insect 
world, which are always bound to the “thing signified” (158).

What links Bergson’s theory of mind, spirit, evolution, and technology 
is the concept of form, the organization that is incarnated— but never ex-
hausted— by its concrete instantiation. Intelligence bears on the nature of 
“relations” between concrete things; instinct refers to the concrete only. In-
telligence is therefore the striving to make external things into organs of 
its own formal understanding. With human technology, life is making itself 
visible in external forms that are themselves radically contingent from the 
perspective of nature. And in exteriorizing thought itself, human minds 
open themselves up to the other: our own thought passes “into the soul of 
another.”15 Of course, this is where the question of the social intervenes. 
How are these artificial organizations of matter, technologies, related to 
one another? How are they coordinated? As Bergson will observe, in Cre-
ative Evolution, new technologies cannot help but disorder social relations. 
We are, he says, “only just beginning to feel the depths of the shock” that 
is the invention of the steam engine. The revolution of industrial society 
has “upset human relations altogether” (138). The industrial age will mark, 
Bergson predicts, a whole new epoch in human civilization, akin to the 
Bronze Age or the era of stone implements.

This new world of technology is like an organism; a new orientation will 
be required to understand the world of the machines. As Werner Sombart 
observed, in his 1910 “Technology and Culture,” the question of the impact 
of technology demands acknowledgment of the independent logic of the 
technical sphere itself. We find, then, that technology is not just one dimen-
sion of a culture, or even an instrument of cultural processes and activi-
ties. Sombart’s radical thesis is that the primary culture of technology is the 
basis of all human culture: “There is no cultural manifestation that is not 
based in some way on dependence on primary technology.”16 Even human 
institutions— the church, the state— are manifestations of technological in-
ventions that make possible new techniques of control and organization— 
communication technologies, weapons, and so on. The cultural influence 
wielded by the newspaper in the modern age is itself fully dependent on 
technology: “It could not exist without an infinite supply of paper, the ro-
tational printing press, or the telephone and telegraph.”17 For Sombart, we 
must learn to isolate the specifically technological effects in human cul-
ture, to establish, we can say, a concept of technology.
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In 1910, the same year as Sombart’s letter, the Italian futurist Filippo Mari-
netti offered a radical vision of this idea of an independent technical sphere. 
Echoing Kapp’s notion of organ projection, Marinetti writes that human be-
ings are on the way to “the creation of a nonhuman species” where morality 
and passion are erased, where vital energy will be freed. As he wrote, “The 
day when it will be possible for man to externalize his will so that, like a 
huge invisible arm, it can extend beyond him, then his Dream and his De-
sire, which today are merely idle words will rule supreme over conquered 
Time and Space.” According to Marinetti, this technical prosthesis of the 
human itself will hardly be restrained. It will be evolved for control; it will 
be evolved for power. And therefore evolved for violence. “This nonhuman, 
mechanical species, built for constant speed, will quite naturally be cruel, 
omniscient, and warlike.” Looking ahead to the paroxysms of violence in 
the twentieth century, Marinetti imagines a technosphere shorn of its “hu-
manity,” which is another way of saying that humanity will be mirrored and 
even overwhelmed by its inhuman other, modern technology, this artificial 
being with “the most unusual organs; organs adapted to the needs of an en-
vironment in which there are continual clashes.”1

14
Technology Is Not the  
Liberation of the Human but 
Its Transformation . . .
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15
Techniques of Insight

In early nineteenth- century thinking, the interventional character of in-
sight, its structure as a gift from outside the operations of the normal mind, 
was internalized, assigned to the murky, and irrational, domain of the un-
conscious. The “genius in the man of genius” is in fact the unconscious, 
as Coleridge once put it.1 Romantic ideas of a powerful unconscious force 
aligned it with the instinctive powers of the body, as, for example, in Scho-
penhauer’s influential theory, where freedom was equated with a separa-
tion of conscious thought from the unconscious realm. Indeed, for Scho-
penhauer, genius was defined as the self- isolation of the intellect from the 
world. The brain was a “parasite” on the vital body and could lead its life 
separate from the physiological economy.2 These ideas would lead, as Henri 
Ellenberger showed in his iconic history of the unconscious, to the theories 
of psychoanalysis.3 Yet there was another trajectory of the unconscious in 
the nineteenth century, one that centered on its critical cognitive role.

This new approach to the mind was produced from the intersection of 
new neurophysiological research and the associationist tradition of psy-
chological theory kept alive by thinkers such as Thomas Reid and James 
Mill. By midcentury, thinkers were developing “psychophysics,” which, as 
we saw, developed theories that would explain mental activity and expe-
rience as a direct consequence of nerve action. The discovery of reflex ac-
tions, and the distinction between afferent (sensory) and efferent (motor) 
nerves, revealed many systematic automatisms within the nervous sys-
tem, and as research progressed, it was known that even within the brain 
itself automatic responses could be generated. As Herbert Spencer put it, 
in his influential treatise on psychology, the nervous system was a space of 
integration. The conscious mind was in a sense a complicated fiction con-
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structed out of a limited set of sensory experiences: “Out of a great number 
of psychical action going on in the organism, only a part is woven into the 
thread of consciousness.”4 The unconscious activity of the nervous system 
was continually generating responses, integrating memories, and produc-
ing automatisms.

And as evolutionary theories in the nineteenth century took hold, the 
nervous system could also be understood as the inheritor of a whole evolu-
tionary history of learned responses. Reason, for Spencer, was explained as 
a gap in the series of automatic functions, a moment of interruption, that 
is, where these acquired ideas and memories, the evolutionary inheritance, 
this whole storehouse of automatisms, would be newly organized to help 
adjust the organism to its challenging environmental circumstances. Rea-
son existed to bridge the difference between the “perfectly automatic” and 
the “imperfectly automatic” (566).

In this historical moment, then, the conscious thought was not reduced 
to its material base, nor was it wholly extricated from its vital bodily home. 
Rather, the conscious mind became a particular (perhaps even peculiar) 
function, just one aspect of a complex nervous system. This was the argu-
ment of the vastly popular (if relentlessly critiqued) best seller, Eduard von 
Hartmann’s Philosophie des Unbewussten (1869).5 Consciousness had very 
limited access to the vast set of operations taking place in the brain and the 
nerves. As such, the mind’s intellectual capacity could not be mapped onto 
its nervous substrate. Thinking was therefore something that took place 
both unconsciously and consciously. The relationship was not antagonis-
tic necessarily, but neither was it wholly harmonious. Intellectual insight 
came from both conscious attention and the interruptions from the auto-
matic nervous system. William Carpenter called these processes “uncon-
scious cerebration.”6

The theory of unconscious cognition therefore implied a whole new way 
of understanding the inspirations of creative minds, or the productions 
of the genius. “But what is genius other than a reunion of cerebral condi-
tions under the sole excitation of life, organic functions, and perceptions?”7 
The novelty of the insight and its subsequent assimilation into memory 
as knowledge were both located in the nervous system, often understood 
in the later nineteenth century as an electrified communication system.8 
If genius was “the power of forming novel adjustments to circumstances,” 
these novel mental connections, noted one thinker, are produced by the 
nervous current flowing into “virgin soil” within the brain. Once this cur-
rent “rearranges some of the molecules” of the brain, future current flows 
more easily: the path has been laid down, and the thinking of this associa-
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tion becomes largely automatic, an updating of Descartes’s earlier theory of 
animal spirits flowing in the open structure of the brain.9

The distinction between conscious and unconscious was more or less a 
distinction between different kinds of nervous activity. As Joseph J. Murphy 
explained, the organs of thinking were located in the cerebral hemispheres. 
Such thought became conscious through a sympathetic awakening of the 
separate “nerves of consciousness,” which were located in the sensory gan-
glia. This was in essence an incidental, if not sometimes accidental, rela-
tionship. At the very least, the logic of cognition was not at all located in 
the functions of consciousness itself. This is why the moments of insight 
appeared despite conscious effort and will: “Men of inventive minds say 
that their happiest thoughts have often come to them involuntarily, almost 
unconsciously, unsought, they know not how.”10 Indeed, conscious thought 
was even believed to interfere at times with the automatic cognition of the 
brain: “The rapidity and success of conception, and the reaction of one con-
ception upon another, are much affected by the state of this active but un-
conscious cerebral life: the poet is compelled to wait for the moment of in-
spiration; and the thinker, after great but fruitless pains, must often tarry 
until a more favourable disposition of mind.”11 For Maudsley, insight and 
creativity flowed from the novelty of association within a system of ner-
vous organization. Genius, he says, is a result of some “unconscious devel-
opment” that arrives in the conscious mind like a “grateful surprise” (30).

The conscious mind could even be disparaged for its uselessness for in-
tellectual understanding. “The more I have examined the workings of my 
own mind,” Francis Galton wrote, “the less respect I feel for the part played 
by consciousness. Sudden inspirations . . . are the natural outcome of what 
is known as genius, are undoubted products of unconscious cerebration. 
[Consciousness] appears to be that of helpless spectator of but a minute 
fraction of a huge amount of automatic brain work.”12 In 1874, Thomas Hux-
ley would describe human beings as merely “conscious automata,” carried 
along by automatic processes (physiological and cognitive) without any in-
terference at all from the subjective mind. For Huxley, Descartes was on the 
right track in his theories of the animal nervous system as an automatic 
information processor; he just did not go far enough and explain all the op-
erations of human intelligence with the exact same model.13

At any rate, there was no functional role ascribed to the conscious mind. 
These theories of unconscious (and automatic) cognition can be juxta-
posed to the contemporary development of automatic thinking machines. 
The possibility of artificial cognition had already been raised as early as 
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the seventeenth century, when both Pascal and Leibniz independently in-
vented their own mechanical calculators. In a way, the subsequent Age of 
Enlightenment could be called the Age of Automata, as engineers and phi-
losophers (and political figures) speculated about the intricate mechanisms 
of life and of thought.14 At the threshold of the nineteenth century, the in-
famous Chess- playing Turk automaton, which was exhibited across Europe 
and then America, staged a powerful illusion of mechanical intelligence. 
Not long after, Charles Babbage demonstrated perhaps the very first com-
pletely automatic thinking technology— namely, the Difference Engine, 
built in the 1840s.

The psychological theory of unconscious cerebration was adopted by 
scientists and mathematicians in this period as a way of understanding 
the critical moment of insight that led to the discovery of new ideas and 
the formation of novel scientific hypotheses. The German chemist August 
Kekulé, for example, famously discovered the structure of the benzene mol-
ecule while dozing in front of the fire; in a “flash of lightning” the circular 
solution appeared to him in the image of a snake devouring its own tail.15 
Helmholtz, who had developed an influential theory of the perceptual sys-
tem as a series of “unconscious inferences,” explained that the “sudden in-
spirations and insights” (Zufälle und Einfälle) of understanding were always 
unconsciously produced and never the result of conscious intellectual la-
bor.16 The great mathematician Henri Poincaré famously recounted how 
the solution to an intractable problem might appear rather unexpectedly in 
some mundane moment, while waking up in the morning or even exiting 
from a bus. The implication was that the serious mathematical work lead-
ing to the solution had been performed by the unconscious mind. Poincaré 
would therefore ascribe high intelligence to this unconscious mind, noting, 
in fact, that it “is not purely automatic; it is capable of discernment; it has 
tact, delicacy; it knows how to choose, to divine. . . . It knows better how to 
divine than the conscious self, since it succeeds where that has failed. In a 
word, is not the subliminal self superior to the conscious self?”17

These largely anecdotal narratives of sudden insight and psychologi-
cal conceptualizations of unconscious thinking were eventually synthe-
sized by Graham Wallas in his book The Art of Thought, published first in 
1926. Wallas explained how creative thought followed four distinct stages 
of development. First was “preparation,” that is, the setting up of the prob-
lem through conscious attention. Second was “incubation,” a reference to 
the unconscious phase of cognition. Third came “illumination,” when the 
new idea enters into consciousness. And fourth, the new insight must go 
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through a process of “verification.”18 Wallas’s model was not entirely de-
pendent on the idea of an automatic unconscious. Drawing on some of the 
latest neurophysiological research on the capacity of the brain to overcome 
injury through reorganization— in particular, Karl Lashley’s brain ablation 
experiments testing the persistence of animal memory19— Wallas made an 
analogy between the nervous system and the constitution of Britain. Both, 
he said, had “newer structures superposed upon older,” both benefited from 
overlapping functions, and both had a fundamental elasticity.20 The site of 
creative cognition was a dynamic and complex system of activity.

Wallas was here alluding to a tradition of psychological and neurological 
theory that emphasized the importance of plasticity as a way of explain-
ing both the production of habitual automation in the nervous system and 
its potential disruption in creative thinking. In 1879, for example, William 
James wrote the essay “Are We Automata?” as a response to Huxley’s bold 
thesis that humans were just conscious automatic machines, opening up 
a new path for psychology by focusing on the important function of con-
sciousness and attention. This was not, however, a return to some spiritual 
dualism. James was interested in how the conscious mind intervened ac-
tively in those moments when the automatic systems of the experimental 
psychologists failed. Drawing on contemporary neurological theories, es-
pecially those of Hughlings Jackson, James located both automaticity and 
its interruption within the brain. The lower animals, James explained, are 
governed by the “determinateness” of their nervous responses, and even 
higher animals preserve such automatic systems. In humans, however, “the 
most perfected parts of the brain are those whose action are least determi-
nate. It is this very vagueness which constitutes their advantage.”21 The “in-
stability” of the brain makes it both sensitive and liable to produce novel 
reactions.22

Human creativity in cognition was made possible by the absence of au-
tomaticity in the higher brain. James pointed to the extraordinary degree 
of plasticity characteristic of organic tissue in his theory of psychological 
habit. Humans became automata in a sense, but the ground of acquired 
automation was in fact this protoplasmic plasticity— as Hegel had earlier 
argued.23 James would point to that openness in order to explain the sen-
sitivity and adaptability of the human mind in new or uncertain environ-
ments.24

Insight, in early twentieth- century psychology, was the term used to 
mark the appearance of a new solution to a problem that had no precedent, 
where no learned or instinctive behaviors could respond.
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Detours: Gestalt Theory and Creative Thought

For a theory of insight in the interwar period we can turn to Wolfgang 
Köhler’s famous study of the intelligence of the higher apes, a ground-
breaking if controversial work that influenced multiple disciplines in the 
interwar period, from psychology to philosophy, anthropology, phenome-
nology, and beyond— as we will see. Undertaken during World War I, when 
Köhler was stranded at his research station on the island of Tenerife, off the 
coast of Africa, due to a blockade, these experiments investigated the in-
telligence of ape subjects by looking at how well they could solve certain 
basic problems. Köhler swept aside dominant behaviorist models of ani-
mal psychology (exemplified best by the work of Edmund Thorndike and 
his “puzzle boxes”) by devising ingenious tests that forced the animals to 
come up with creative responses to challenging (i.e., unexpected because 
unnatural) situations.

Yet Köhler’s interest in these experiments was hardly the domain of 
ethology itself. He saw in the higher apes the trace of a primordial intelli-
gence that was at the heart of human cognition, yet impossible to study in 
human subjects given the very development of our intellect, especially with 
the advent of language and symbolization. The apes were better subjects 
than human children since it was not possible to isolate the “undeveloped” 
child in the same way and test their “prehuman” capacities. The ape was a 
liminal figure for the study of intelligence— a mind on the threshold, which 
is to say, a mind that was on the edge of indetermination. But in the study of 
animal psychology in the period, especially in experimental laboratories, 
the preferred subjects were dogs (especially in neurological studies, such 
as those of Pavlov) or cats. However, in the wake of Darwin and the consol-
idation of evolutionary models of human origin, the ape would become a 
privileged site of investigation.25

In evolutionary terms, we can link Köhler’s study of the ape mind with 
Hughlings Jackson’s idea that the highest cognitive functions are related 
to the least organized and determined brain areas. For Köhler, then, the an-
imal subject was a space where intelligence could be revealed and studied 
in its simplest conditions, as though it was, so to speak, being discovered 
for the first time. It was precisely the “primitive” origins of our own intelli-
gence that have been lost due to their extreme familiarity and the overlay of 
more and more complex, symbolic forms of intelligence. As he would note 
in the introduction to the expanded second edition of his study (which be-
came the standard text):

段静璐
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One may be allowed the expectation that in the intelligent performances of 
anthropoid apes we may see in their plastic [plastisch] state once more pro-
cesses with which we have become so familiar that we can no longer im-
mediately recognize their original form: but which because of their very 
simplicity, we should treat as the logical starting- point of theoretical spec-
ulation.26

The goal, in other words, was to locate a hypothetical origin of genuine in-
telligence in this threshold species between animal and human.

Köhler’s experiments were of course highly artificial: the technique was 
to reveal to the hungry (but not starved) apes— they were all chimpanzees, 
by the way— various pieces of food but to then position them in unusual and 
challenging locations, hanging from ropes, for example, or placed out of 
reach beyond the bars of the enclosures. The researchers also would include 
certain objects in different experiments (a collection of wooden crates, say, 
or some sticks). What Köhler found, and which contradicted Thorn dike’s 
claim that animals were only capable of random trial and error techniques 
when attempting to escape his infamous puzzle boxes, was that after some 
failed attempts to retrieve the object, the ape subjects would often be ob-
served surveying their situation, ruminating to some degree, then— and this  
is what Köhler would emphasize— in a sudden turn, would execute an orga-
nized effort to gain the goal through a novel, mediated, solution path.27 The 
subject might, for example, pull over the crates and put one on top of an-
other, or use a stick inside the cage to pull in something from out of reach.

Köhler called this ability “insight” (Einsicht) for he wanted to stress that 
these solutions were never the product of mere blind trial and error, or the 
mechanical application of established or taught routines, but instead the 
often unpredictable result of a profound perceptual “shift.” According to 
Köhler, these creative solutions could only appear if the inner “meaning” 
of the problem was understood by the subject— in other words, if the goal 
could be contextualized in relation to other aspects of the situation at hand. 
At this point, possible solutions, possible aids, and so forth would be seen 
as meaningful with respect to the goal. When the direct “path” to a goal was 
blocked, Köhler explained, the animals had to find “alternate paths,” by 
seeing the original problem in a broader perspective. The suddenness of 
insight was the moment when the conflicts and tensions in the situation 
were resolved in a novel organization. A long piece of wood becomes now 
a way of linking food and hand, for example. (Figure 15.1.) Not every sub-
ject would find these alternate paths. However, once they were able to find 
them— and again, Köhler highlighted the significance of this— the apes 
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were also able to seek out substitutes of the various implements that might 
have been used in an earlier solution, demonstrating that this was no rote 
repetition but an intelligent comprehension.

What Köhler took from these experiments, from the successes and what 
he called “good failures,” was that intelligence could be identified by the 
capacity to think beyond the direct path. It was extremely difficult for an 
animal to break its attention from the goal, even if that goal was obstructed. 
However, higher animals were capable of comprehending the indirect path, 
the “roundabout way” or detours (Umwege) that would overcome the ob-
stacles: “What seems to us ‘intelligence’ [Eindruck von Einsicht] tends to be 
called into play when circumstances block a course which seems obvious 
to us, leaving open a roundabout path [Umweg] which the human being or 
animal takes, so meeting the situation.” (Figure 15.2.)

Köhler’s ranking of intelligence among his particular set of subjects (he 
always stressed the high variability of individual capacity and eschewed 

Figure 15.1. From Wolfgang Köhler, Intelligenzprüfungen an Menschenaffen 
(1921).
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overly broad generalizations about the “species”) stemmed from the degree 
to which any one ape could keep the goal in mind while being diverted more 
and more from the direct path, making it increasingly difficult to find these 
“detours.” It was often impossible for some subjects to include, say, a stick 
in their Gestalt organization unless it was already in plain view alongside 
the goal in the same visual field. Others, such as Sultan, the most advanced 
of the group, were capable of this internal dislocation and were (not sur-
prisingly) also capable of the most complex reorganizations leading to in-
sightful solutions. In the most provocative example, Sultan was able to con-
struct an implement out of two separate sticks, in order to reach something 
placed farther away than normal, and to continue “manufacturing” these 
double- sticks even when the materials were not consistent (he once tore 
a branch off a large bush placed in the enclosure, for example).28 We could 
say that, for Köhler, intelligence consisted in the capacity and strength of 
deviation— from the first simple incorporation of some seemingly “irrele-
vant” but useful item or action to the most complex techniques that are at 
some points in plain contradiction to the desired goal.29

The Gestalt theorists would delve deeply into this insight phenomenon, 
developing ever more sophisticated models of how human beings in partic-
ular were able to solve difficult problems in unfamiliar situations without 
relying on learned behaviors or rote heuristics. The key assumption here 
was that the “unity” of our perceptual and cognitive world was not deter-
mined by the specifics of any one empirical reality or any one structured in-
terpretation. The mind had certain dynamic tendencies that were always in 
play, organizing the field in accordance with the changing goals and intents 
of the individual. If we think of the famous Gestalt “switch” that takes place 
when we look at ambiguous figure- ground images, we can see how, at the 

Figure 15.2. From Wolfgang Köhler, Intelligenzprüfungen an Menschenaffen 
(1921).
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higher cognitive levels, something similar was taking place. Because the in-
ner relations and fundamental perspectives that ordered our understand-
ing of the world were essentially plastic and indeterminate, they could at 
times shift abruptly and radically, giving us new insight. The question was 
how and why such a reordering took place in our experience and why a new 
organization that replaced a previous one was felt to be more appropriate or 
“right.” Crucial to the Gestalt approach was the recognition that organiza-
tion was never given and was never stable: the mind had to actively con-
struct and fill in gaps to maintain the unity of its order.

The young psychologist Karl Duncker, who conducted experiments on 
student subjects trying to solve mathematical and logical puzzles, argued in 
his 1935 monograph (soon translated into English) that the solution process 
could be broken down into phases. First, the subject was able to “see into” 
the inner structure of the original problem. Then the subject could “re-
structure” this situation to open up a potential solution path. Finally, these 
more abstract solution possibilities were tested for practicality; that is, an 
attempt was made to discover or invent a concrete version of this solution 
idea. For Duncker, the problem situation could be defined by its internal 
“tension,” and it was this problematic character that demanded attention— 
which is what Wertheimer’s law of Pregnänz would suggest, since the “puz-
zle” was puzzling precisely because it did not cohere according to expected 
frames of understanding. Like Duncker, Wertheimer would, in his own 
study of problem solving, zero in on the importance of the intrinsic tension 
within problem situations, noting that solutions often followed a focus on 
what he called “trouble regions.”30

The new order that emerged was one that resolved this tension in some 
way. “The decisive points in thought- processes, the ‘Aha!,’ of the new, are 
always at the same time moments in which a sudden restructuring of the 
thought- material takes place,” said Duncker, and this new structure formed 
itself in thought precisely because it “altered” the original problem and pro-
vided a sense of closure. Like Köhler, Duncker would use the concept of the 
path to explicate insight, noting that “the man whose vision is not limited 
to the few feet just ahead, but who directly takes in the more distant possi-
bilities as well, will surely and quickly find a practicable path through dif-
ficult terrain.” Psychologically speaking, these “distant possibilities” were 
generated from within. Duncker, for example, explained that the mind 
could see what he called the “functional value” (not just the surface char-
acteristics) of some past experience of success. The mind could incorporate 
past experiences in entirely new situations only by recognizing their inner 
formal organization. We could transpose (by analogy) past and present ex-
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periences because the specifics of both were not as important as the struc-
tural features expressed in their configurations.31

As Koffka noted at the end of his textbook on Gestalt psychology, “If a 
thought process that leads to a new logically valid insight has its isomor-
phic counterpart in physiological events, does it thereby lose its logical 
stringency and become just a mechanical process of nature, or does not 
the physiological process, by being isomorphic to the thought, have to be 
regarded as sharing the thought’s intrinsic necessity?”32 Gestalt thinkers 
would repeatedly draw attention to the complex affinities between somatic 
and psychological processes. Alluding to the provocative and influential 
early work Hans Driesch did in developmental biology in the late nine-
teenth century (repeatedly cited in a variety of intellectual contexts), Köhler 
once observed that embryos were able to “compensate” for irregular condi-
tions that threatened their existence, describing the process with language 
that recalled his own work on insight and intelligence: “Many embryos can 
be temporarily deformed (artificially) in ways utterly incongruous with 
their racial history and nevertheless regain by a wholly other route the 
same developmental stage reached by another, untouched embryo.”33 These 
radical “reorganizations” also occurred within the nervous system, which 
was, Köhler said, never restricted in its operation by specific pathways— the 
control and selection of these routes often changed over time according 
to functional requirements. They were a kind of Umweg of the morphoge-
netic process. He contrasted this form of flexible organization with what he 
called the “machine,” in which the “form and distribution” of the process 
is not left to dynamics but rather to precisely determined “external” con-
straint mechanisms. A dynamic process, he said, “distributes and regulates 
itself, determined by the actual situation in a whole field.”34 The proper ap-
proach to cognitive organization, as Koffka put it, “cannot be a machine the-
ory based on a sum of independent sensory processes.”35

Köhler always emphasized that physical, inorganic phenomena (just like 
psychological ones) were also best approached by techniques that stressed 
the relationship structures of a system over discrete interactions of ele-
ments. The intrinsic “wholeness” of these dynamic systems could not be 
modeled as the mere product of atomistic “events” on a microscopic level. 
Köhler, who incidentally had studied physics with Max Planck, repeatedly 
invoked new results in field theory to explain how “physical Gestalten” were 
configured (and reconfigured) on the basis of their inner unity as a system 
of forces and not by sequences of local events.36 Assuming that the nervous 
system functioned in this manner— dynamically, as a field of forces, that is, 
and not “geometrically” as a set of specific interactions— Köhler was able to 
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postulate an “isomorphic” relation between fields of neural discharges and 
the psychological field of creative thought. That is, both the nervous system 
and the mental domain of thoughts acted like unitary “organisms” that re-
sponded to intervention and tension by reordering themselves to preserve 
some kind of complex equilibrium. Biological, physical, and psychic sys-
tems were governed by the logic of their unity as systems, by the logic of 
stabilization in the face of local disturbance and perturbation. As Maurice 
Merleau- Ponty observed, referring to Köhler’s theoretical work in a discus-
sion of biological response to crisis, a radical “reorganization” of function in 
the body is not the result of some “pre- established emergency device” but 
instead a response of the system to specific pressures coming from outside.37

Insight of the Rat

It was possible, in fact, to think of “insight” as a property of any active or-
ganism navigating a complex and often unpredictable situation. Gestalt- 
inspired psychological experimenters, such as E. C. Tolman at Berkeley, 
could demonstrate insight in the behavior of rats, who could avoid obsta-
cles in mazes despite the lack of learning or trial and error experience. Tol-
man would affirm Köhler’s insistence on giving test subjects the possibility 
of a comprehensive point of view, to test their organizational capacities. 
As Tolman concludes, “To explain the fact that no insight was obtained in 
Maze II, although it was obtained in Maze III which had an identical ground 
pattern, it would seem important that Maze III had no side walls as did Maze 
II and hence the rats were able in Maze III to ‘see’ the situation as a whole.”38

Insight: this psychological ability to restructure experience required a 
transcendence of the immediacy of experience but not in any metaphysical 
sense. The intelligent mind (as we see even in Köhler’s apes) is capable of 
interrupting its own flow of experience, even the flow of associations and 
memory. As Kurt Koffka would argue, it was the essential plasticity of the 
mind that allowed it to “disengage” from the immediacy of experience 
and then “reconfigure” it in creative ways.39 Wertheimer would agree. In 
his own important (posthumously published) work Productive Thinking, he 
said that alongside “insight” into the “fundamental structural features” of 
a problem, the ability to “free” ourselves from specific situations to open up 
solution ideas was also essential for creative thought.40

The mind as a space of scientific and philosophical inquiry was, in the 
period between the wars, positioned within the physiological and biologi-
cal systems of an evolved organism, and yet— at least for many concerned 
with the specificity of the human mind— there was something exceptional 
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about the intellect. That is to say, the intelligent mind was not so much 
extricated from the biological order so much as conceptualized as the ex-
ception in that order, whether understood in the context of the single or-
ganism or the species writ large in the long scale of evolutionary time. The 
emergence of consciousness and with it the potential for a new psychic ca-
pacity could be at once an extension of the brain’s internal integrative func-
tion and the break in that functioning. Consciousness, as one philosopher 
put it, “bestows increased prevision of the organism by an extension of the 
original capacity of the brain to receive impressions.” If the “purely neu-
ral machinery could suffice for fixed situations,” at some point the routines 
would fail: “no routine is absolute and no higher organism lives entirely in 
routine.” The conscious organism has a novel power of adaptation, namely, 
the choice of possible responses.41 And so “by introducing plasticity into 
the primary neural adjustment of action to situation,” the organism gains 
a “secondary” system of adjustment to complex environments.42 “Conation 
begins with the disturbance of a pre- existing state of equilibrium and ter-
minates in a restored equilibrium.”43

The automatism of routine itself could be understood, then, as the “in-
teriorization” of creative responses to the environment, responses that be-
come “unconscious” once preserved in the nervous system. However: “It is 
when this unity is broken, when the multiplicity of conditions reappears, 
that there is a return of consciousness, that is, the need for a new adapta-
tion.”44 The key to higher cognition was this break in routine, as Gestalt 
theory had always emphasized. “Intelligence manifests itself most clearly 
when the animal is placed in living conditions that are exceptional.”45 “Cri-
sis situations” prepare the way for radical insight, the fracture in an individ-
ual “life history.”46

The investigation of creative thought, problem solving, discovery, and so 
on, was more than just psychological research; this was the arena for distin-
guishing the peculiarity of the human mind as an embodied, evolved func-
tion that was nonetheless something that could escape the physiological, 
even neurophysiological determination: “It is due precisely to its character 
as an exceptional act that invention can be such a valuable guide in the ex-
ploration of this world that is so complex and still so mysterious— namely, 
human thought.”47

The flash of insight, the discovery of the genius, the creative imagina-
tion, all of these venerable sites of speculation and celebration were ex-
amined now with an eye to the relationship between consciousness, un-
conscious psychic dynamics, and the complex operations of the nervous 
system and brain.
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This depiction of the exceptional character of all forms of insight did not, 
however, clearly address the question of the exception of the human. If life 
itself was “invention,” a constant struggle against the “menace” that is un-
certainty and fluctuation, this capacity was due to the “suppleness” of the 
organism and the “extraordinary” ability of the living machine to construct 
itself.48 And the elusive capacity for new and creative thought could easily 
be ascribed to the plasticity of the cortical areas of the higher brain, which 
intervenes to supplement the automaticity of the reflex systems.49 Human 
cognition in this framework would only be relatively complex— not radi-
cally different, then, than the “insights” of a rat or chimpanzee.

The Dialogue of Exteriorization: Vygotsky on the Development of Mind

Lev Vygotsky, the influential Russian psychologist whose career was cut 
short by his early death, focused his research on the development of chil-
dren and the acquisition of what we can call “intelligent” behavior. Refer-
ring to his own studies of children who were, he noted, solving problems 
structurally similar to the ones set by Köhler for his apes, Vygotsky argued 
that the human children behave completely differently from even the most 
advanced primates, not just in degree. The human child, he explained, is no 
longer defined by the “instinctive” desires— for example, hunger in the case 
of the ape studies. Human behavior, in contrast, is oriented by “intense,” 
“socially rooted” motives— what the Gestaltist Kurt Lewin called “quasi-  
needs [Quasi- Beduerfnisse],” as Vygotsky noted. The task itself, as opposed 
to the solution, becomes a focal point for the child.50

This is the core of Vygotsky’s theory: the transition from animal to hu-
man thought is the move into the new space of a social and communica-
tive system— it is not merely the acquisition of some new “intellectual” abil-
ity. By entering in the world of language and social meaning, the “natural” 
mind of the child is no longer what organizes or orients actions. Rather, ac-
tivities “acquire a meaning of their own in a system of social behavior, and, 
being directed towards a definite purpose, are refracted through the prism 
of the child’s environment.” The intervention of this external source of di-
rection marks a radical turn: “The path from object to child and from child 
to object passes through another person” (30). The individual becomes an 
individuation of the social organization.

As Vygotsky will go on to explain, the mediation of this radically exter-
nal domain of meaning is only possible if that socially organized meaning 
has its own substantial form of being— a material medium of presence 
and, consequently, of storage. This is the appearance of technicity. What 

段静璐
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Vygotsky calls “natural memory” is the “retention of actual experiences 
as the basis of mnemonic (memory) traces” (30). This kind of memory is 
“very close to perception” since it is linked with what Vygotsky calls “direct 
experience” of the world through our sense organs. This is what humans 
share with animals, the “immediacy” of recollection via natural memory. 
However, humans become truly human, cognitively, that is, with the addi-
tion of a new form of memory, one that even oral cultures possess. Whether 
“simple memory aids,” the marking of sticks and using knots in strings, 
or symbolic figures and eventually writing, human life is defined by a sur-
passing of the neuropsychological memory system by an interiorization of 
a novel (that is to say, artificial) “culturally- elaborated organization of their 
behavior” (38– 39).

As Vygotsky explains, the simple marking of a stick (something no ani-
mal has been observed to do) is a profound alteration of the mind, because 
this sign is an extension of the biological form of memory. We might put 
this even more strongly, since Vygotsky is not at all implying that the exter-
nal mark is just a substitute for biological memory. The entire psychologi-
cal order is transformed in this movement: “the human nervous system” is 
now able “to incorporate artificial, or self- generated, stimuli, which we call 
signs” (39). Only in a human mind is activity determined by “the creation 
and use of artificial stimuli.” Memory is literally transferred to an “exter-
nal object” (51). Vygotsky writes that in the animal mind, “something is re-
membered,” whereas due to artificial storage, in “the higher form humans 
remember something” (51).

The Technology of Insight

As a philosopher deeply influenced by the results of Gestalt research, Ernst 
Cassirer conceptualized the intellectual capacity to strive toward goals as a 
resolutely independent capacity, one that was constituted in fact as a sep-
aration from life itself. If life could of course tend toward its own ends, the 
conscious appropriation of “these goals always implies a breach with this 
immediacy and immanence of life.”51 What Cassirer calls spiritual action is 
defined by its resistance to the world as given by our senses: “I thrust the 
world back from itself.”52 For Cassirer, the animal is distinct from the human 
because of this separation from the immediacy of life within a given envi-
ronment. By knowing the world, the human mind removes itself from that 
world, or to be more precise, begins to construct another world, a symbolic 
world, that is, a new space for organization and reorganization. But this 
new order, as the Gestalt movement always emphasized, was itself threat-
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ened by obstacles and was engaged in a constant struggle for stability— its 
separation did not imply an easy liberation.53 The main point to draw here 
is that the mind as intelligent system constitutes itself as a new order and 
organization, in its separation from the immediacy of our embodied expe-
rience. As Cassirer notes, with direct reference to Köhler’s study of ape in-
telligence, it is extremely difficult for even the higher animals to embark 
on the productive “detour” because that always means violating the given, 
that is, the “natural” biological behavior pattern. The logic of the insightful 
mind is, we might say here, always artificial even if it behaves, as Köhler and 
others argued incessantly, like other “natural” dynamic systems.54

We can see this in Koffka’s acknowledgment of the historical and cul-
tural differentiation of human minds, something too often forgotten, he 
thought, in experimental psychological research based on the assumption 
that the “mature and cultured ‘West European’ type of man” was somehow 
the “highest level of development.” In fact, psychology had to grapple with 
radical difference.

The world appears otherwise to us than it does to a negro in Central Africa, 
and otherwise than it did to Homer. We speak a different language from 
each of these, and this difference is a fundamental one, inasmuch as a real 
translation of their words into our own is impossible, because the catego-
ries of thought are different. . . .

We must not forget, then, that without a comparative psychology, with-
out animal- , folk- , and child- psychology, the experimental psychology of 
the human adult is and must remain defective.55

This differentiation is exactly what we would expect from a psychic system 
that is, in its symbolic operation, predicated on a radical detour, a radical 
deviation from natural existence. As Henri Delacroix (a student of Bergson) 
put it, the human is not just capable of adapting to a changing world: “Man 
is above all adapted to what is not.”56

As Köhler had shown so effectively, the tentative emergence of intel-
ligence in the ape was tied to the use and construction of implements; 
however, the concrete implement is not so much a sign of a new form of 
thought. The tool, in the context of Gestalt theory, is in effect only the 
symptom of a psychic exception, the moment when a naturally evolved 
mind behaves unnaturally. As Delacroix put it, we are a zoological species 
but one marked by a tendency to change its own domain of existence.57 Like 
organismic adaptation and internal regulation, human intelligence was 
aimed at stabilizing conditions for the maintaining of life. “We might say,” 



180  CHAPTER 15

wrote Eugenio Rignano, “that technical inventions and industrial products, 
from the first cave dwellings, the skins used for clothing, or the discovery of 
fire to the most complex refinements of our own age, have always had but 
one single goal, namely the artificial maintenance of the greatest possible 
invariability in the environment, which is the necessary and sufficient con-
dition for preserving physiological invariability.”58 The challenge, then, was 
to explain the particular exception of the human intellect as the irruption 
of the artificial within the natural, the emergence, that is, of an exception 
that could not be easily traced back to the neurophysiological order of the 
brain. One of the ways to understand the theorization of human cognition 
in this volatile period is to focus on the exception— to understand, that is, 
the kinds of norms through which we could measure the defiance that was 
human intelligence. But complicating that task was the fact that the very 
notions of life, normality, and the exception were in this same moment be-
ing rethought (quite radically) in biological and physiological spheres of 
theory and experimental inquiry. To approach the psychological and cogni-
tive human we must first engage with a line of thought that was redefining 
the very function of cognition as it emerged in the living being, as a special 
kind of biological phenomenon.

The living being is one that uses novelty to serve stabilization. Evolu-
tionary progress is fueled, as Alfred North Whitehead once said, by the 
“power of wandering,” the move into “new conditions,” because that is 
when animals are challenged to transform. The human is the only animal 
that has wandered across the globe, creating and transforming “habits of 
life” that are founded on the capacity to construct artificial conditions of 
life. But wandering is not merely physical. The human mind also wanders, 
in that it is restless and not content with the world as it is. This is the key to 
human vitality— “when man ceases to wander, he will cease to ascend in 
the scale of being.” Hence the importance of “adventures of thought, adven-
tures of passionate feeling, adventures of aesthetic experience.” The adven-
ture of the human spirit on Earth depends on the diversity of human com-
munities, the countertendency to “uniformity.” However, at the same time, 
Whitehead recognizes that the stability of social systems and other human 
organizations require a certain normative routine of habit. The challenge 
for human beings is the preservation of their intelligence, the attention 
to the flash of novelty and the possibility of the response that is anarchic 
transgression— without destroying all of the life- serving habits of repeti-
tion, the automatisms of biological, psychic, and social life.59

段静璐
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In 1917, the pioneering American neuropsychologist Shepherd Ivory Franz 
introduced an article by recounting an earlier survey he had made of widely 
used textbooks in psychology and physiology. He noted that the predomi-
nant view of the brain taught in American universities was “organological”; 
that is, the textbooks portrayed “the cerebrum as a collection of spatially 
related conglomerates of cells and fibers, each conglomerate having a cer-
tain function (perhaps mental).”1 This was a simple model, “easily appre-
hended by the instructor and easily taught to the student.”2 But it was, he 
noted, as if Sherrington had never published his groundbreaking depiction 
of the integrative action of the nervous system. The importance of neural 
(and by extension, organismic) unity championed by many figures before 
the war (including Franz himself) needed to be reconfirmed and made the 
center of new research. The evidence was clearly unassailable, as neurolo-
gists had repeatedly demonstrated (as we have seen) that the brain could 
recover functions despite the destruction of specific cerebral areas usually 
associated with them. What Franz argued here was that functional capacity 
was not strictly tied to a specific locale in the brain, since function could be 
recovered after injury or damage.3

Franz was drawing here on his own laboratory research in this area, con-
ducted with the collaboration of the young Karl Lashley, including experi-
ments on rats that revealed that “the removal of large parts of the frontal 
portions of the brain does not greatly interfere with a learned reaction.”4 
Understanding this would require conceiving the nervous system “as a 
great connecting system” that transformatively organizes stimuli to pro-
duce “adjustments of the organism” and, importantly, as a system that can 
create new and different pathways, as demonstrated in the “pathological 
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phenomena.”5 As Constantin von Monakow had argued and other research-
ers confirmed, “the brain functions as a whole.”6

Looking back to Hughlings Jackson, as many in this era did, Henry Head 
observed that the “more perfect” and hence more flexible and wide- ranging 
adaptive functions are connected “on a higher anatomical plane of the ner-
vous system.”7 Here the system gains more freedom of response; the ner-
vous system can more carefully regulate the “needs of the moment” in rela-
tion to the “reaction of the organism as a whole” (475). When the linkages 
between centers of integration and correlation are breached in pathologi-
cal situations, they are not “repaired” and thus restored. The function is re-
covered through what Head will call a “fresh integration carried out by all 
available portions of the central nervous system” (549). There is, in other 
words, a response to an internal emergency that is somewhat parallel to the 
shifting conditions of the external environment. Both, we could say, consti-
tute “a total reaction of the organism to the new situation” (549). A patho-
logical reaction, Head would write, “is a new condition, the consequence of 
a fresh readjustment of the organism as a whole to the factors at work at the 
particular functional level disturbed by the local lesion” (498).

The turn to more holistic and adaptive models of the brain was not a 
complete rejection of all localization of function. However, the extensive 
number of cases of brain injury and recovery that neurologists had encoun-
tered in the Great War, as well as new phenomena such as shock, which 
was not tied (in either its physiological or psychological forms) to any one 
specific site or damage, challenged any simple organizational model of the 
brain and nervous system.8

Walter Cannon would study the problem of physiological “shock” via ex-
aminations of numerous soldier- patients suffering extreme injuries during 
the Great War and also in controlled animal experiments that induced 
shock artificially through massive bloodletting and the like.9 Cannon’s in-
terest in these organismic reactions to extreme emergency conditions led 
him to the idea that shock, like the “fight or flight” mechanism, was not just 
a particular local “correction” of a physiological parameter, but instead a 
new state of being that the body entered under stress: “Every complex orga-
nization must have more or less effective self- righting adjustments in or-
der to prevent a check on its functions or a rapid disintegration of its parts 
when it is subjected to stress.”10

What J. B. S. Haldane called the “new” physiology was one that paid 
attention not just to the processes and mechanisms of auto- regulation 
but also their integration in terms of the unity of the organism.11 “What is 
health?” As Haldane says, health is what is “normal” for an organism. How-
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ever, the biological sense of normal turned on the idea of “maintaining in 
integrity all the interconnected normals which . . . manifest themselves in 
both bodily structure and bodily activity” (77– 78). The new physiology en-
tailed a new pathology, for health would be defined not in terms of static 
norms but with respect to “varying conditions of environment” and the 
need for an organism to “reassert itself under totally abnormal conditions.” 
The normal, wrote Haldane, is an “elastic and active organization,” not a 
rigid mechanism but rather a “manifestation or expression of the life of the 
organism regarded as a whole which tends to persist” (149). A machine is 
incapable of reproduction, since a machine would have no active “unity” 
that would guide the organization of matter (142). The machine also could 
not repair itself; it could not maintain its normality after accidents or in-
juries. Maintaining the norm, for Haldane, was perhaps better understood 
as the “active maintenance of composition” (67). A critical question in this 
context was, again, the identity of the human as an exceptional organism. 
Haldane would note that the “conscious” organism could deploy a vast ar-
ray of responses to its environment, given that it could be determined not 
only by the present sensory experiences but also by past experiences and, 
maybe more important, possible future events.

The Catastrophic Reaction: Crisis and Order from Lashley to Goldstein

Clinical and experimental research on the brain in the early twentieth cen-
tury was systematically exploring the ability of the brain to reorganize in 
the face of challenges— including the radical challenge of grave injury. The 
shock of disorder opened up the possibility of a new form of order that was 
not explicable in merely mechanical terms.

Karl Lashley’s research in the 1920s, for example, while initially aimed 
at finding the precise neural location of memory traces, in fact ended up 
revealing the plasticity of the brain’s performance grounded in a structural 
complexity that defied localization.12 After teaching animal subjects certain 
tasks (maze running, for example), Lashley proceeded to surgically destroy 
certain parts of the brain, increasing the mass excised in subsequent rep-
etitions of the task. Following these traumatic injuries, the animals were 
still able to recover their earlier performances, revealing that a significant 
reorganization of the brain’s activity had taken place.

The unity of the brain’s systematic complexity must then flow from 
some comprehensive frame for these emergency reorganizations, which 
were, according to Lashley, themselves just an affirmation of the brain’s 
normal capacity to integrate its activity across the many different areas of 
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the brain. “The whole implication of the data is that the ‘higher level’ inte-
grations are not dependent upon localized structural differentiations but 
are a function of some general, dynamic organization of the entire cerebral 
system.”13 Lashley called this capacity “equipotentiality,”14 alluding to how 
the brain sought multiple paths for its activity, thereby giving it the capac-
ity to circumvent damage by relocating activity to some other part of the 
brain. Lashley would cite here both Henry Head and Kurt Goldstein, among 
others, to support his conclusions drawn from the research on the dynamic 
and plastic aspects of cerebral organization after brain injury.15 Lashley 
would suggest, basing his claim on both animal studies and contempo-
rary research in psychology and psychiatry, that there was a relationship 
between the spontaneity and plasticity of what we call intelligence (how-
ever ill defined that might be in the context of human cognition) and the 
structural openness of the brain and nervous system.16

As Constantin von Monakow had put it in an earlier, massive book on 
brain localization, the disruption of any one part of the brain led to a more 
general “shock” of the whole system. He called this event diaschisis (from 
the Greek διάσχισις, “shocked throughout”). In von Monakow’s words, “Any 
injury suffered by the brain substance will lead (just as lesions in any other 
organ) to a struggle [Kampf] for the preservation of the disrupted nervous 
function, and the central nervous system is always (though not always to 
the same degree) prepared for such a struggle.”17 The pathological turn 
awakened a total response (as Sherrington’s theory would predict), aimed 
not at a simple return to the original order, but rather to an order that rees-
tablished stable functioning but in a new form altogether. As von Monakow 
(in a book cowritten by the French neurologist R. Mourgue) later argued, in-
jury or other shocks were an incitement to break norms and establish a new 
order: “It is a question of combat, of an active struggle for the creation of a 
new state of affairs, permitting a new adaption of the individual and the its 
milieu. The whole organism intervenes in this struggle.”18

Extensive clinical experience with brain- damaged patients (many of 
them soldiers with bullet wounds and other war injuries) furnished the 
data for Kurt Goldstein’s innovative work on the nature of unity and plas-
ticity in biological systems, which brought together in a grand synthesis 
the concepts of order and reorganization as explored in physiological re-
search on regulation and neurological research on plasticity and recovery. 
In his classic 1934 book, which was influenced by Gestalt theory and the 
idea of brain “shock” championed by von Monakow, as well as broader ho-
listic forms of thought in the interwar period, Goldstein defined the organ-
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ism as a unity, arguing that in its continual struggle with the world, within 
the essential “milieu” of its activity, the organism maintained its stability 
by constantly reorganizing itself to accommodate new conditions.19 Gold-
stein’s focus on “pathological” data was, to be sure, aimed at illuminating 
the normal functions of a dynamic organismic life (50). This approach did 
not, however, involve an analysis of the “mere defects” (48) of the organ-
ism as a way of capturing, in an inverse image, the “normal” state. Instead, 
Goldstein saw that the pathological state had its own particular character-
istics, its own symptomology, its own way of being.

The difference between healthy and pathological states, for Goldstein, 
was the difference between “ordered” and “disordered” behavior. In the first 
case, the performances of the total organism were, he said, “constant, cor-
rect, adequate.” The disordered state is defined by shock; Goldstein refers 
to the activity of the organism in this state as a catastrophic reaction. This 
Katastrophenreaktion was “disordered, inconstant, inconsistent” and had a 
“disturbing aftereffect” (48– 49). In normal conditions, the organism is chal-
lenged by its milieu and meets this challenge with a reaction that will bring 
the organism into equilibrium with its environment. In the pathological 
state, the organism has no proper response at hand. And yet, as Goldstein 
stressed, the organism is constantly seeking an ordered condition— and in-
jured, shocked, creatures do often return to some form of health. His inter-
est, then, was to show how the organism rediscovered stability and normal-
ity after a catastrophic reaction.

The key was self- modification, an autonomous capacity to establish 
norms. As Goldstein argued, with numerous examples drawn from a va-
riety of scientific disciplines and experiments, organisms have the capac-
ity to modify themselves and their performances so that they can reduce 
or minimize any defect that had led to a catastrophic reaction (52). New 
paths to a successful performance are found, or, alternatively, new milieus 
are sought out that do not require the same kind of adaptation previously 
required (105). This reorganization is explained, by Goldstein, as the ten-
dency of the unity of the organism to seek closure— what the Gestalt the-
orists called the law of Prägnanz (293). The catastrophic reaction, then, is 
not a mere interlude between two different states of health but instead an 
interruption that demands a new foundation of order for the organism as 
a whole, because it must overcome the persistence of a defect in its being. 
This rupture demands a form of decision. This is why the pathological state, 
for Goldstein, can best reveal the essence of the organismic unity. Pathol-
ogy shows in sharp relief how a living being seeks out novel forms of order 
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to overcome a disordered state. In the healthy being there is an occlusion of 
this capacity, due to the relative automaticity and predictability of the nor-
mal ordered responses.

The successful response to a catastrophic reaction is clearly not a return 
to the previous state. “The normal person, in his conquest of the world, 
undergoes, over and again, such states of shock. If in spite of this, he does 
not always experience anxiety, this is because his nature enables him to 
bring forth creatively situations which insure his existence” (237). The cat-
astrophic reaction gives us insight, then, into the creative action that is the 
organism’s essential nature, according to Goldstein. Unity is a tendency of 
the organism as it appears in a temporal process of existence, as it continu-
ally seeks to find its order, although this order is, at every moment, always 
put into question by the constantly changing conditions of the milieu. 
“Therefore reactions scarcely ever occur that correspond to a perfectly ade-
quate configuration of the organism and the surroundings” (227). Gold-
stein proposes that the organism is never entirely “normal” because at each 
moment it is being challenged by the environment and must continually 
seek the proper adjustment: “Normal as well as abnormal reactions (‘symp-
toms’) are only expressions of the organism’s attempt to deal with certain 
demands of the environment” (35).

And so Goldstein writes that the life of the organism can be considered 
a series of what he calls “slight catastrophes” (leichter Katastrophenreak-
tionen), where inadequacies are first confronted and then “new adjust-
ments” or a “new adequate milieu” is sought to respond to this lack (227). 
The serious catastrophe is in effect continuous with this normal, constantly 
repeated weaker form of catastrophe; what is different is only the scale and 
intensity of the reaction. The key point is that catastrophic shocks of some 
form are essential to the organismic being.

In the end, Goldstein will admit that perhaps we should not even oppose 
“Being- in- order” and “Being- in- disorder” because the catastrophic states 
of disordered behavior are foundational opportunities for achieving some 
degree of order— and that order is always in question. “If the organism is 
‘to be,’ it always has to pass again from moments of catastrophe to states of 
ordered behavior” (388). The catastrophic reaction manifests the essence 
of life itself:

All the minor catastrophic reactions to which the organism is continually 
exposed thus appear as inevitable way stations in the process of its actual-
ization, so to speak, as the expression of its inescapable participation in the 
general imperfections of the living world. (392)
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Thus, for Goldstein, normative behavior is never really the norm. Nor-
mal ordered existence is a product of the essential— if pathological— 
disequilibrium of the organism and between the organism and its surround-
ing condition, its milieu: “These shocks are essential to human nature 
and . . . life must, of necessity, take its course via uncertainty and shock.”20 
Unity is the very presupposition of the organism as a dynamic flux of opera-
tions and adjustments, yet unity was never fully present in any one place— 
there was no organ of unity, no topological order representing it. Unity was 
the condition of an organism individualizing life, which would never be 
given in advance.
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17
Bio- Technicity in Von Uexküll

Whoever wants to hold on to the conviction that all living things are only 
machines should abandon all hope of glimpsing their environments.

Jakob Von Uexküll, A Foray into the Worlds of Animals and Humans (1934)1

The important question of neural and biological unity was, as we have seen, 
framed by the many different theoretical explorations of organization be-
tween the wars. Scientific work on biological organization in this moment 
had left behind any belief in active vital “forces” that were ad hoc inven-
tions, yet at the same time, there was also widespread resistance to any 
strict “mechanistic” account of the kind of active interventions that main-
tained unity in moments of extreme crisis and emergency. How could orga-
nization and spontaneous reorganization be comprehended scientifically? 
This question was at the heart of experimental and theoretical work in em-
bryology (morphogenesis), biology, and physiology. An understanding of 
the specific nature of human existence, the presence of intelligence and 
cultural order for example, depended on new conceptualizations of order 
that would be up to the task of comprehending its ontological status.

From the beginning, Jakob Von Uexküll’s central concern in his biologi-
cal research (focused on simple ocean- dwelling organisms) and more philo-
sophical thinking was precisely the nature of organization. Inspired by Kant 
but also his friend and neo- vitalist Hans Driesch, whom he met at the ocean 
research station in Naples in 1901, Von Uexküll emphasized that every liv-
ing being was distinguished by what he called a Bauplan, or blueprint.2 He 
also believed that the essence of the mental life of organisms, even rather 
lowly ones, must also be studied biologically. This meant paying attention 
not simply to structure, the mere arrangement of things, but to the “frame-
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work” of order, which denotes the way that functional parts work together 
in a unified system. No matter how close we get to the “minimum” of ma-
terial substance, the unified framework could never be explained as the 
consequence of mere material causality. This Von Uexküll took as given, in 
light of so many demonstrations in the scientific literature, most notably 
Driesch’s famous studies involving the manipulation and interference of 
embryonic development.

To clarify this problem of organization, central to the argument of his 
synthetic work on theoretical biology, Von Uexküll uses the analogy of 
tools.3 An implement is not merely an arrangement of material substances; 
it is organized according to a plan (103– 4). The proper use of an implement 
is only possible if this plan is recognized; that is, there is understanding 
of how the parts of the implement work to achieve its defining goal (106). 
Crucial for Von Uexküll is the fact that in an organized system certain ele-
ments can be “inessential” to function and thus interchangeable with other 
materials that could equally serve the function of the whole. Human tools, 
he explains, always have this “residue” characteristic of the inessential  
property.

Moving to the biological sphere, Von Uexküll argues that the differentia-
tion of higher and lower orders of animals depends on the richness of their 
function and the plurality of their organs. Functional richness is, clearly, 
only understandable from the perspective of the framework that provides 
organization. The organism is not analogous to a human technical object 
because it possesses an inner unity and comprehensive integrity of organ 
and function. Human implements are only ever imperfect approximations 
of their functions (which are ultimately derived from original human ac-
tions), whereas biological functions do not show any ambiguity. Even when 
organs (such as our limbs) can serve more than one function, they always 
execute that function perfectly— considered in relation to the organizing 
framework that specifies its function. The tool, by contrast, is always exte-
rior to itself, in that its framework is measured in relation to the organism— 
the human being— that deploys it (115– 16). This is why the machine is not 
a good model at all for the living being: the machinic framework is not in-
ternal to its own function, because it is dependent on the framework of the 
human (120– 21).

Despite the natural integrity of the organism, Von Uexküll will explain 
that it is no static entity. The living being, as we have seen in different con-
texts, has the super- mechanical power of self- creation, repair, and repro-
duction, due to the plastic “protoplasmic net” that connects the functional 
organization of the body as a whole. As Von Uexküll observes, the perfect 
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machine is necessarily dead. To live means to transform and alter one-
self— to exercise autonomy— in response to change. The Bauplan guides 
the construction of these new states in the organism. The tool has the 
framework, but it lacks any power to instantiate it, nor is there any medium 
for self- transformation, given the material solidity of its parts.

This is where Von Uexküll turns his attention to the nervous system. In 
biological terms, it functions as an organ of operation. Some simple ani-
mals have fixed, “inborn impulse- sequences” whereas others learn and 
develop novel responses. The emergence of the mind in nature is the ap-
pearance of a new control mechanism, one that brings biological function 
into consciousness. As Von Uexküll phrases it, “We are informed of every 
deviation from the normal function” (119). With Kant as his guide, he di-
vided the problem of mind into two separate areas: first the sense qualities 
and then the “arrangement” of these sensory experiences in the mind. The 
latter constitutes “the form of knowledge” (xvi). All experience of the world 
is, according to Von Uexküll, not just “mediated” by mental schemata, but 
constituted by them— a Kantian approach to even the simplest organism. 
These schemata exist only by being conscious, and are the essential control 
system for active responses to the environment. This operation he calls, fa-
mously, a “function circle” (127). (Figure 17.1.)

For Von Uexküll, the organism is always in a state of struggle, always 
threatened by damage or dissolution. The functional circle was the mode 
through which organisms could take stock of their situation in relation to 
their own functional needs, and respond appropriately, either with inborn 
sequences or learned ones (129). The function circles of the higher animals 
include a new element, namely, the reflective sense of itself as a body. The 
world as it is sensed and experienced and interpreted, then, allows an ani-
mal to be guided by a whole series of particular and relevant “indications,” 
enabling action in each situation that accords with its framework of its 
functions (143). The Umwelt is an experience of an organized world, specific 
to the species and the individual being. One could “build” an artificial ani-
mal consisting of sense organs and effectors, but one would be missing the 
critical experience that is organized sentience.4

Without this element we cannot explain how an organism exemplifies 
an automatic but also active and responsive form of behavior. As he ob-
serves, using the nautical (but also Platonic, and later cybernetic) example of 
“steering” to elucidate the concept, “in order to meet all the contingencies 
of the voyage, we place the helmsman between the compass and the rud-
der,” taking “bearings” from the compass but not being locked in mechani-
cally to the instrument, instead independently guiding the “whole ship” in 
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the contingent circumstances of the moment. The point he wants to make 
is that “every living organism” has this “super- mechanical directing” capac-
ity, but it is not located in some body (like the steersman) external to the 
organization of the being. This directing power lies within the order of the 
organism. However, it must also have a certain structural independence 
from the “framework,” otherwise it would not be able to apply this frame-
work in moments of repair or creative work (291).

As nervous systems become more advanced, Von Uexküll argues, they 
provide an increasing “degree of independence in the steering mechanism” 
(150). Wolfgang Köhler’s apes, who demonstrated the ability to pursue in-
direct Umwege, display this exact kind of independence, says Von Uexküll: 
the “indications” of both body and environment initiate chains of nervous 
association that open up these “indirect” paths, which is to say, the animal 
follows indications framed in reference to the schemata of perception and is 
not just repeating instinctual operations or learned behaviors, explaining 
the appearance of genuine “insight” in novel conditions (145, 149– 50).

The distinction between these higher animals and the human is not 

Figure 17.1. From Jakob von Uexküll, Theoretical Biology (1926).
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an extension of the range of indication but a change in the kind of orga-
nization produced by certain novel intellectual arrangements. The animal, 
however complex its function circle might be, always effects action through 
its own organs. The human tool is a form of effective action that demands a 
wholly new use of our own effector systems. Only humans must create new 
gestures, new uses of our own natural “implements.” Human artifacts are 
never stable and perfectly formed entities because of this essential artifice 
of mediation, not defined in terms of the natural Bauplan of human action. 
In addition, no artificial tool is ever really fully independent even as a tool, 
in that it must function within a technical system (the hammer needs the 
nails, and wood, for example) that is always being adjusted, but not, accord-
ing to Von Uexküll, in light of any unified plan or framework. For animals, 
the natural effectors have no such residue; they act fully in conformity with 
the organism’s framework (159– 61).

So the limitation of the machine, as compared to the organism, is that it 
has no independent and active organizational plan, since it is introduced 
by the human from outside of nature. The organism’s framework is the ex-
pression of its own internal “function- rules” and therefore these internal 
rules can guide the regeneration of the organism, using the plastic mate-
rial of protoplasm. The instantiation of the “rule” in what was then called 
a gene explains, for Von Uexküll, the development of a complex organism 
from an initial undifferentiated state in the embryonic cells. In contrast, the 
machine is constructed with an external plan and therefore cannot produce 
anything new; it “can only be altered from without” (179).

What exactly is the tool for Von Uexküll, in the context of theoretical 
biology? The implement, he says, is anything that is used by an organism 
as a “counteraction” of the organism’s own action performance; that is, it is 
an external support for the completion of a function circle. Insects, for ex-
ample, use leaves, birds build nests, and so on. But the animal implement 
(at least as far as we know) is always, Von Uexküll observes, integrated into 
an action that is instinctive. The bird will always make the same kind of nest 
even if it grows up in altered conditions. With animal implements, there is 
no relation to experience as a form of knowledge (232– 33). The implement, 
then, does not itself even need to appear as implement within the mark or-
gans (sensation) since there is, so to speak, no reason for the automatic use 
of an implement by an effector to enter into the mind of the animal (234).

This constitutes the essential difference, or rather chasm, between 
human and animal. The human forms an implement according to a use- 
function (and not according to an already inborn activity- rule). This is why 
the human alone can recognize the foreign object, this artificial being that 

段静璐
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is the tool. It necessarily enters into our sensory system where we can ar-
ticulate the functional relationships that make up its order. As he writes, 
unlike the majority of animals, our “sensed world” includes our effector 
organs and their activity. Becoming conscious of the function rules of our 
own organs allows the possibility of forming “real implements,” based on 
a human function- rule. The internal representation of the functions in the 
mental schemata is at the same time the opening up of an exteriorization 
of that form into artificial “organs” (332– 33). These artificial, independent 
function organs then provide new indications for the world as experienced 
by a human. In fact, humans can only recognize (scientifically and infor-
mally) organization in nature because we first have the exteriorization of 
organization visible in the artificial prosthetic that is technology.

We might say this is where we enter the precarious world of significa-
tion: for humans are no longer able to share a common, because natural, 
system of indications. Every implement, every tool, every cultural artifact, 
embodies in its material form its own Umwelt, the artificial environment 
that is constituted by tradition and memory and practice.

And worse, as Von Uexküll will go on to explain, is that the domain of 
artificial indications and their current industrialized monotony can begin 
to destroy the “world- as- sensed” that is given to us in our original state. In 
any case, the human is no longer what it was. Social organization is depen-
dent on an artificial infrastructure that mimics the organism, or systems 
like the animal colony, but the order represents only a “pseudo- harmony” 
of machine and human, “effected through the ceaseless labor of a thou-
sand tools and machines, which are worked by human beings” (338). The 
artificial system of political and socioeconomic organization then spawns 
its own “action- organs” of control, of intelligence, and of military defense. 
There is, Von Uexküll insists, a demand in this techno- political condition 
for the kind of “steering mechanism” inherent in all biological beings. 
However, in the human context this mechanism must of course be artificial, 
since the infrastructural order is itself a technical one. The nature of this 
technical steering is unclear, but any artificial organization— like its natu-
ral counterpart— must instill a form of discipline on its basic material form. 
The organism makes use of the open protoplasm to form and re- form its 
organs and tissues according to the framework. For industrialized techni-
cal and social ensembles, the individual human now functions as its “pro-
toplasm,” open and undetermined, at least in the context of technical life: 
“The super- mechanical principle of the community is expressed in those 
plastic actions of its members endowed with protoplasm, which form the 
community and maintain it” (350).

段静璐
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What an organism feeds upon is negative entropy.
Erwin Schrödinger, What Is Life? (1944)1

The American evolutionary biologist and statistician Alfred Lotka clearly 
knew of Von Uexküll’s work. There is a marked- up copy of a review of Von 
Uexküll’s 1909 book on the Umwelt in Lotka’s papers at Princeton. It is not 
clear what he thought of the Estonian’s ideas, although it is likely Lotka 
would have criticized the “vitalist” orientation of the work, as well as the 
outright rejection of Darwinian models of evolution. But Lotka was hardly 
doctrinaire, famous for taking a physical perspective on evolution, arguing 
in his major work, Elements of Physical Biology (1925), that the total envi-
ronment of the earth must be understood as one single, physical, thermo-
dynamic system. Entropy was only forestalled in our biological world be-
cause of the continuing influx of solar energy. Biological “life” was less a 
distinct category for Lotka than just another form of energy consumption 
and storage. The living being, he said, is a topological ordering of chemical 
and physical processes whose organization allows for a channeling of en-
ergy that can then be used to maintain its “environment.”2 Human beings, 
he notes in an aside, are the beings who effect the most extreme reorgan-
ization of the environment.

In any case, the evolution of life should, according to Lotka, be framed as 
the history of systems undergoing irreversible changes. For the physicist, 
these irreversible changes would be defined in terms of entropy, the inevi-
table increase of disorder in an isolated system. What marks the biological 
as an independent science is precisely that the irreversible changes in the 
system are ones that maintain order, violating (at least locally) the Second 
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Law (46– 47). As we have seen with the new physiology of the period, the 
body is never a static system that merely regulates changes in variables; it 
is a kind of system always on the edge, constantly in a struggle to maintain 
its unity and order in the face of dissolution. Lotka emphasizes the same 
point in his work: the “equilibria” of living beings are not true equilibria, or 
steady states, because all living, dynamic systems require a constant source 
of “free energy” in order to continue to live (144). Indeed, Lotka will point to 
the importance of moving equilibria in biology. This will help comprehend 
the often productive effects of internal instability, as it appears “both in nor-
mal and pathological life processes” (294).

To understand evolution, then, requires a comprehensive, total view of 
all life and its relationship to the material earth, because, as Lotka will ex-
plain (mathematically and conceptually) the interconnected system of liv-
ing beings is really a vast network of energy transference. The only source 
of “free” energy is the sun, so the system relies first of all on the ability of 
plants and other organisms that can take solar energy and transform it, 
storing it in some form. Other entities can then feed off of this captured 
energy, taking it to fuel its own struggle against entropy. Lotka calls these 
kinds of entities “transformers” (335). Evolution of the system (described 
thermodynamically) is not really about individual transformers, or catego-
ries of them (what we would call with Darwin “species”). For Lotka, the only 
way to understand evolution as a process is to define it in terms of a sys-
temic improvement in the capture and circulation of energy.

The elements of the system are the individual living beings, entities that 
must seek energy stores to survive. From the smallest organisms on, life 
depends on “more or less accurately aimed collisions” between transformers 
and energy sources and the avoidance of “harmful” collisions with other 
beings or dangerous physical features of the environment (337). As the in-
dividual system becomes more complex in its organization, that system will 
require more and more energy to maintain itself— to preserve its internal 
processes but also to fuel the search for energy itself. This is why we need 
to take a broad view of evolution, according to Lotka: every living creature 
is involved in this constant transformation of energy, and the total system 
of life is always limited by the amount of free energy available to the system.

However, in assessing the form and activity of individual beings, Lotka 
admits that the kind of organs and faculties that appear in nature cannot 
themselves be explained purely in thermodynamic terms. Echoing Von 
Uexküll’s approach in a way, Lotka explains that to make “collisions” with 
energy sources productive, statistically speaking, an organism needs a “cor-
relating apparatus” to guide its behavior (338– 39). What is key is the inde-
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pendent logic of this apparatus. Its organization will have its own form of 
evolution, linked to the organism and its place in the environment. In this 
space Lotka will locate the exception that is the human. The apparatus of 
the organism is a kind of natural technology. What marks the human as hu-
man will be a special relationship to this technology, one born from a radi-
cal reorganization of the “correlating apparatus.”

To account for the transition from higher organism to human, Lotka breaks 
down the different components of living beings. First, there is a need for 
some kind of representation of its world, and this is provided by what he 
calls “depictors,” sensory organs (“receptors”) that interface with the envi-
ronment, and the “elaborators” that process and organize the “crude infor-
mation.” Reactions to the information are determined by “adjustors,” which 
then provoke the final step: the operation of “effectors,” the motor organs 
(wings, feet, hands) that provide actual physical movements. We have here, 
in other words, something akin to Von Uexküll’s function circle. As Lotka 
explains, the process of “elaboration” is perhaps the most opaque link in 
the system, since it takes place in what we normally think of as “mind”— 
the faculties of memory, reason, and so on, which are not identifiable as 
“organs” in the usual way (339). Of course, this would be the site for the for-
mation of an Umwelt, arrived at through some kind of primitive Kantian 
synthesis. But Lotka’s interest here is different. He wants to understand the 
implications of increasing complexity and in particular the temporalization 
of these processes of elaboration. With human beings, certain actions can 
take months or years to plan and execute. Our behavior is still correlated to 
the environment but in an indirect or at least temporally complex way, and 
this is mediated by the organization of our internal information states (340).

However, correlation cannot radically distinguish human life from that 
of all other animals. Indeed, as Lotka will show, correlative responses are 
not even limited to living beings. He gives the example of a toy beetle, a 
wind- up mechanism that has a “sense organ” (a feeler) that detects the edge 
of a table and then causes the machine to turn away and avoid falling. (Fig-
ure 18.1.) No consciousness is required. And Lotka also notes that we can 
imagine ever more complex systems of automated technologies that could 
act as artificial “elaborators,” giving the example of automated telephone 
switching devices (341– 42). For Lotka, the hierarchy of beings (natural be-
ings at least) can be gauged by the relative “elasticity” of their behavior pat-
terns. The automaton- like organisms are relatively fixed in their response 
patterns (like the artificial insect), whereas highly mobile animals have 
more complex repertoires. The elasticity of high organization is “promi-
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nently displayed to us in our own selves” (350). This would be Lotka’s bio-
logical explanation for integrated consciousness (an echo of Von Uexküll): 
the organism can now react to images of possible futures that are not yet, 
not just to memories of actual past experiences. Behavior is adjusted to a 
conjectural reality.

For whatever reason, consciousness evolved as a simpler and more effec-
tive tool for elasticity, an alternative to some “purely mechanical structure” 
that could perform the requisite diversity of tasks” (402). Lotka points to 
Sherrington’s conception of the nervous system as the “acme of integration” 
for the organism, and cites Clerk Maxwell to suggest that the mind as an 
integrative process could still affect the organism in profound ways, given 
both the “unstable equilibria” of the body and the appearance of “points of 
singularity” in these unstable systems, critical moments where the status 
can change significantly (407). “This conception makes the interference of 
consciousness (will) in physical events an exceptional occurrence” (408). 
Elsewhere, Lotka would speculate that consciousness is a “phenomenon 
associated with, or attendant upon, matter in a state of strain, or perhaps 
matter in the process of yielding to a strain.”3

However, the emergence of integrated consciousness does not clearly 
mark a radical distinction between human and nonhuman, only a scale of 
relative complexity. In the end, Lotka will locate the exception of the hu-
man not in the increasing complexity of the elaboration system but instead 
in what might seem at first to be the less interesting domains of the “recep-
tors” and “effectors.” Unlike any other being (and this is something Lotka 
believes has never been taken into account by theorists of evolution), hu-
mans make use of artificial receptors and effectors. Without fully address-
ing the question of origin, Lotka recounts how our “ingenuity” has allowed 
us the use of “artificial aids and adjuncts to our senses,” from simple eye-
glasses to microscopes and telescopes (364). And alongside the expansion 

Figure 18.1. From Alfred J. Lotka, Principles of Physical Biology (1925).

段静璐
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of our sensory systems comes the technical extension and even displace-
ment of the effectors: machines now produce physical movements not only 
independent of human power, but at scales and with forces well beyond any 
living creature on Earth.

The appearance of artificial organs introduces into the world system 
a whole new evolutionary factor, Lotka argues, because humans are now 
evolving (as natural- technical hybrids) at such a rapid pace, compared to 
other organisms. Our technological apparatuses have their own evolution-
ary dynamic, and especially in the age of modern science and industry, the 
human forms of life have been transformed dramatically.4

Perhaps more radically, we could say that Lotka’s account points to a 
transformation of the very “nature” of the human itself. We are no longer 
biological but instead a “strange species” inseparable from “artificial or-
gans vastly more efficient than their ‘natural’ (that is, physiologically com-
pounded) prototypes.”5 The development of artificial organs is critically 
important, but lying behind the evolution and progress of technology is a 
new capacity that animals are barred from. As Lotka explains in Physical 
Biology:

The artificial portion of our correlating apparatus differs in several import-
ant respects from our native endowment. My microscope does not die with 
my body, but passes on to my heirs. There is thus a certain permanence 
about many portions at least of the artificial apparatus. And for that very 
reason the development of this artificial equipment of human society has 
a cumulative force that is unparalleled in ordinary organic evolution. (368)

Artificial organs are shared in the sense that they can survive only with in-
herited knowledge, which opens up the possibility of the technical amplifi-
cation and reorganization of our inborn elaborating apparatus itself. “This 
cumulative effect is most of all marked in the artificial aids to our elabora-
tors” (368).

With technology the human mind is now constituted by “information” 
and elaboration that comes from alien nervous systems (or, we can pre-
sume, artificial information processors). The implications are profound: 
the self is no longer a function of the individual living being but instead 
something distributed across a field of conceptual organization that defies 
the traditional division between natural and artificial.

Any attempt to establish boundaries between the self and the external world, 
or, for the matter of that, between two selves, is not only useless but mean-

段静璐
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ingless. Coordinate reference frames have no boundaries, and freely inter-
penetrate each other, being merely immaterial aids to fix our ideas. (373)

The peculiar status of the human mind as part of a conceptual field that is 
at once inside and outside of the nervous system is facilitated by yet another 
technical innovation, according to Lotka, namely, the “highly specialized” 
system of receptors and elaborators that make up communication net-
works. The human evolution of knowledge and technology is predicated on 
a technology of knowledge transmission, whether that is speech, tradition, 
or the various forms of material storage (carvings, writing, printing). In the 
end, we might redefine the human in terms of its “thought- transmitting 
propensity” and the orthogenetic evolution of its technical systems. Lotka 
will warn that this kind of “internal” evolutionary progress can be both 
destructive and constructive, and the pace of development can accelerate 
tremendously. Just as the mechanical beetle can anticipate a “threatened 
catastrophe” through its antenna technology, and change its direction in re-
sponse, the implication is that humanity needs to anticipate its own poten-
tially catastrophic future (381– 82).

Lotka would return to this theme in a 1929 article, where he repeated 
the theory of technical evolution, describing the industrial society as “one 
greatly magnified organization of artificial sense and motor organs and re-
productive apparatus” that is now necessary to support the Earth’s human 
population.6 However, the artificial organs do not live and die on the same 
cycle as human beings, and Lotka warns that we have yet to think seriously 
about the regulation of consumption and regeneration in this context and 
to take into account the very real problem of the “exhaustion of natural re-
sources.”7 And he would add, in another essay, the observation that techni-
cal evolution has led to increasingly more brutal warfare. The irony is that 
“the most advanced product of organic evolution” may very well become 
“the first of all living species so clever as to foresee its own doom.”8

When Lotka published his iconic essay, “The Law of Evolution as a Max-
imal Principle,” in 1945, it is hardly surprising that the dark implications 
previously hinted at would come to the fore.9 What Lotka now called exoso-
matic evolution (the development of humanity through its artificial, tech-
nical organs, as described in his Physical Biology) took on a more sinister 
tone. Quoting Bertrand Russell, Lotka now described human evolution as a 
form of imperialism, a systematic destruction and reorganization of the en-
vironment with only one goal: “to transform as much of the earth’s surface 
into human bodies” (174). Repeating his critique of traditional evolution-
ary perspectives, Lotka argues that we must shift our emphasis from the 

段静璐
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species and its struggles, with the environment, with competitors, and in-
ternally between individuals, and think of evolution in terms of the whole 
system (178). Evolution, understood in thermodynamic terms, can be de-
fined as the increasing flow of energy in the system, since there is never any 
increase in energy that comes from the sun. Natural selection, for Lotka, is 
a matter of regulating and amplifying the movement and transformations 
that take place in the energy “reservoir,” though alteration of the relation-
ships between organisms that store energy (e.g., plants) and those that dis-
sipate it (animals).

This process of evolution is all mediated by genetics— with the excep-
tion of the human. Leaving behind genetic evolution for an exosomatic 
evolution through technology, human beings radically maximize the flux 
of energy with their vast and complex systems of transformation and stor-
age, leading to the capture of “excess” energy and opening up the possibil-
ities of culture, something that is itself inessential for biological life. The 
flip side of this exosomatic revolution within natural history is the escala-
tion of violence— the incomprehensible violence of World War II exempli-
fies one trend in history, the turning away from the “preservation of life” to 
its “destruction” (189). But Lotka also points out other implications of our 
artificially sustained existence, including economic instabilities and vast 
inequalities in wealth, and, perhaps most ominously, the reliance on the 
reservoirs of stored solar energy that will never be renewed— fossil fuels 
(190). Lotka pleads, in the end, not for a restriction of the artificial, since 
that is what human beings have become. Rather, he calls for a new tech-
nical development, one focused not on the improvement and extension of 
artificial receptors and effectors central to the industrial economy but on 
the adjustors, the psychical “responses” that intervene between sense and 
action. The zone, that is, of intelligence.

It is fitting, then, that Lotka’s archive contains a program for a conference 
that took place in New York in October 1946, “Teleological Mechanisms.” 
This meeting included presentations by Norbert Wiener, Warren McCul-
loch, John von Neumann, Arturo Rosenblueth, and Gregory Bateson— all 
luminaries of what will soon be called the new science of cybernetics. Lotka 
was, in his own way, already raising the most complex question of the day: 
what could be the future of our own artificial intelligence?
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Thinking Machines

Well before the advent of the digital computer or cybernetic theory, the 
question of the “thinking machine” was being raised in the context of de-
bates concerning the nature of organization and the distinction between 
machinic and vital processes. In his article “Men or Robots?” (1926) William 
McDougall noted— as others before him— that an artificial machine is orga-
nized only because “it embodies a human purpose,” built, that is, to achieve 
some goal. To be “in” or “out” of order refers to whether the parts of the 
machine are working to attain the goal of its plan or design. Physical, inor-
ganic systems cannot be understood teleologically in this way.1

However, living systems— “the movements of men or of animals”— must 
be described with reference to their purpose, whether in a specific context 
or more generally (81). McDougall’s point is that the goal- seeking organ-
ism is not simply a tendency to “persist” through automatic (and essentially 
random, with respect to the environment at least) activity, but rather a ca-
pacity to interpret their position and select between alternative paths to the 
desired goal. Citing Tolman’s work on “insight” in rats, as well as Köhler’s 
work on ape intelligence, McDougall argues that organismic action is 
“guided and terminated, not merely by some new sense- stimulus, but by 
the animals’ appreciation of the nature of the new situation brought about 
by its activity” (85). This is the major distinction between the machine and 
the organism, for McDougall— the capacity to select between alternatives 
due to the presence of some psychic “appreciation” of the situation, Von 
Uexküll’s Umwelt.

C. Judson Herrick’s The Thinking Machine (1929) pursues this same ques-
tion of the artificial, bringing the author’s immense expertise in physiology 
(he was an expert on amphibian brains) to the study of intelligence and bio-

段静璐
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logical mechanisms.2 Well before the discourse of “intelligent machinery” 
and “electronic brains” became popular cultural tropes in the postwar era 
of computing and cybernetics, Herrick was asking the same question Alan 
Turing will pose in 1950, namely: “Can a machine think?” (This is the title 
of chapter 3.) In the context of interwar biology and psychology, this was a 
delicate question— given that the body of the living organism was still be-
ing conceptualized in material terms, even if the understanding of material 
processes was being pushed in new and unexpected directions. What is in-
teresting is that Herrick, a proponent of what we can call the new “organ-
icism” (to disentangle it from any metaphysical legacy of vitalism), intelli-
gence could be linked to the question of the “machinery” of living beings, 
but more important, to their relationship to artificial ones. In other words, 
he is (unlike Lillie, or Von Uexküll, say) willing to look at the issue from the 
other side, the perspective of technology itself.

As Herrick makes clear in his introductory remarks, he does not think 
that machines are uninteresting at all: “All machines make things, and 
they make them actively. They are creative agents.” And, notably, not all 
machines are artificial in the usual sense; some are “self- made,” and his 
examples— “river systems and living bodies”— reveal how broadly he is 
thinking (8).

Herrick’s working definition of machine is an organized system that be-
haves in a certain way due to its organization. On earth, many natural sys-
tems are machines, but more broadly, Herrick argues that we can say that 
the “whole natural universe is a machine” (13). The key is the idea of order. 
So when Herrick, addressing the current prophecy that laborious human 
tasks will soon be automated, cites Karel Capek’s extraordinary play RUR 
(1921), which was performed in Chicago in 1922, he isolates the core issue: 
to what extent can we say the human is already a robot of sorts— that is, 
just a series of “clever mechanisms” (13). If we ask whether a machine can 
think, most would object because, Herrick notes, it seems to be a contra-
diction in terms. The robot is a “fabulous monster” (16). Yet, in what seems 
in retrospect an anticipation of Turing’s famous article that launched the 
very discipline of artificial intelligence, Herrick points out that the first step 
in clarifying the question is to define the terms appropriately. Or, better, at 
least to evade strict definitions and reject certain “taboos” in order to look 
more objectively at the perennial problem of the mind- body relationship 
raised in the context of automata (24).

As he admits, the progress of biology and more specifically physiology 
has been driven by the search for the mechanisms of animal and human 
behavior. However, the engineering perspective does not, according to Her-
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rick, give us any insight into the “higher human activities”; this mechanis-
tic method “seems to break down at the finish” because it is challenged by 
what is so important about human cognition, namely, our “spiritual life,” 
succinctly defined as “consciously directed behavior in general” (41). What 
is odd about human thinking, it seems, is not that it is “outside” of the natu-
ral order but that it is an exception within it, since human minds learn to 
“control” natural forces by introducing what Herrick calls “new patterns of 
performance of energy” (41).

The question of order, then, is redefined here, as it was by Lotka, as a 
question of sustaining organizations against entropic forces of disorder 
(49). This helps identify a crucial physiological challenge, one common to 
humans and all other organisms: “Living things are reversing entropy all 
the time; that is their chief industry” (47). But what distinguishes humans 
in this thermodynamic system is our ability to create technologies that 
themselves help in this general biological “reversal” of the tendency for 
energy to run down to lower orders of organization. Machines that control 
nature are machines that reorganize it for a purpose and thereby artificially 
produce and maintain a higher level of organization for the energy cycle 
that is the system of life on earth.

This is the crux of Herrick’s investigation: all organisms and even inor-
ganic systems are “creative” in that they transform energy and produce and 
reproduce new orders. They do not produce new energy, which of course is 
impossible, but they do creatively redirect it into new patterns— the beaver 
makes a house, the bee a honeycomb, the river a delta. So the exception 
of the human— the source of artificial as opposed to natural invention— 
would lie in a special kind of mechanism of transformation. The key is a 
mechanism of what Herrick calls control.

Complex organisms demonstrate the most sophisticated control sys-
tems of internal regulation; that has been one of the great advances of the 
new physiology of Cannon, Haldane, Herrick, and others in this period. 
These systems not only regulate; they can also repair and adapt to injury 
and loss. Vital processes are, in essence, these processes of control, the ca-
pacity to introduce and maintain “patterns” in the continual metabolic flux 
of energy and material transformation. As Herrick shows, it is not impos-
sible to mimic a vital process with an artificial technology, and here he re-
fers to Lotka’s mechanical beetle (and reproduces the illustration), noting 
its prosthetic sensor that gives the being an indication of a possible future 
that can be avoided or confirmed.

Why is the human brain, the product of natural forces of evolution, ca-
pable of something so exceptional and so resistant to the method of “re-
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verse engineering”? We can zero in, with Herrick, on a central thread in 
neuroscience from this moment, the openness and plasticity of the human 
brain, in particular, the cortex. What is strange about the human brain, 
Herrick observes, is its lack of proper organization in the early phases of 
development, in both embryonic and infantile stages. “The baby’s cerebral 
cortex is immature at birth and for several weeks after birth it is too busy 
growing in size and complexity of internal texture to take any active part 
in learning” (108). Unlike any other organism, the human infant has few 
reflexes and therefore a wholly imperfect “working pattern of behavior” 
(108). If the brain or nervous system of any organism (from worm to hu-
man) is considered to be the key control system, it is possible to identify 
more and more complex repertoires of behavior made possible by more and 
more complex associations of experience and memory. The cortex in par-
ticular is a special kind of neural organ in that it is (as James also put it) a 
triggering device, highly sensitive and capable of releasing motion with the 
slightest of impulses. What we call spontaneity is that feeling of sudden-
ness and disruption that comes with this triggering of a complex apparatus 
of cortical organization (122).

For Herrick, this is where the creative intelligence of the human mind 
will be found— in the cortical assemblies that are “as complicated as the 
wiring chart of the telephone system” of a major metropolis (253). The con-
scious mind is capable of radical novelty, what Köhler called “insight” (224). 
We “see through” a problem situation through an internal reorganization of 
our cortical pattern (which might take place unconsciously). The implica-
tion is clear: this cortical mechanism of self- reorganization is linked with 
the unusual plasticity of the human cortex, and the novel, constructive 
reorganizations of the material and social world. Technology is the exter-
nalized manifestation of this neural capacity. In the end, Herrick’s proposed 
“natural history of human nature”3 will turn on these unnatural creations 
of the human brain, the artificial “vital processes” that make possible the 
negentropic constellation that is technological civilization.

段静璐
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A Typology of Machines

The mutual interplay of the psychic, social, and technical spheres raised 
new kinds of questions for interwar thought. As the French philosopher of 
technology Jacques Lafitte observed in 1933, while it is true to say that hu-
mans make use of tools to satisfy needs, “the integration of any new ma-
chine into the social order modifies the totality of needs.”1 For Lafitte, the 
machine is not a pure invention; technology is an extension of the human, 
a kind of projection, to borrow Kapp’s term from the nineteenth century. As 
Lafitte puts it, “At every stage of development, the machine exteriorizes and 
marks a step in the progress of our own organization. Machines extend us” 
(156). Human activity is distinguished by the construction of “artificial or-
ganisms formed from an ensemble of physical solids.” The machine there-
fore is first of all virtual, an idea of organization that determines the spatial 
relations of the material elements, that forms them into a “organic whole.” 
The order that is the “idea” supervenes on the laws of the physical world— 
the human act “introduces into nature a new order” (154).

Lafitte’s analysis of technology begins with the idea that the human is 
not an animal confined within the circuit of its natural functions and needs. 
Lafitte writes that technology “is a functional differentiation and is formed, 
as we form ourselves, through interference— that we ourselves effectuate— 
between our received needs or those that we give ourselves, and the possi-
bilities that we bring to the past of our species” (156). And yet, constituted 
as an extension of our own organization, an organization open to change, 
technical objects themselves, we must recognize, are not unlike “living be-
ings.” With their integration of “general organization” and structure with 
material elements and “exterior forms,” machines mimic the kind of evo-
lutionary perfection of the organism. And, perhaps more important, in 
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the “ensemble of machines we discover a series that is closely comparable  
to what we see in living beings,” posing the genuine question of a techni-
cal analogue of the “origin of species” (154– 55). What Lafitte understands is 
that all human activity is undertaken according to plans, whether it is the 
construction of machines or buildings or the making of instruments and 
tools of all kinds. This can all be defined as the creation of “organisms” be-
cause they constitute conceptual configurations of unorganized matter— 
 or, at least, matter organized according to some “other plan” (154).

Lafitte’s analysis of machines therefore proceeds with the key concepts 
organization and inheritance. The mechanisms of generation are, to be sure, 
externalized ones, namely, the actions of human beings. Nonetheless, 
Lafitte argues that the process of development mimics the biological, in 
that the progression of technology depends on what he calls the “interfer-
ence” introduced into existing forms of (artificial) organization. This leads 
not so much to improved individual objects but rather new forms of techni-
cal organization writ large. The “interferential mechanism” (mécanisme in-
terférentiel) allows for functions that were once “exterior” to the individual 
machine to be internalized in more complex “organic” ensembles. Technical 
evolution is, according to Lafitte, a rhythm between interiorization and ex-
teriorization that produces greater integration and order. Successful use or 
failure determines the path of this development, as in biological evolution: 
machines appear and disappear, are adaptive or not (154).

The point to stress here is not that the artificial machines are equivalent 
to organic ones. Lafitte repeats the common critique of the machine as an 
organization incapable of self- repair or reorganization in times of crisis. 
What is important is to recognize that technical organization is to a certain 
extent independent of other forms of order; it has its own demands, and 
this organization evolves according to its own logic, in relation to the envi-
ronment (human, social, and technical) that it operates within.

Lafitte goes on, then, to offer a typology of machines, one that is anal-
ogous to certain biological orders but is not meant to collapse the distinc-
tion. The main classes of machinery are, according to Lafitte, passive, ac-
tive, and reactive (réflexes). First, a passive machine is like the plant or other 
simple organisms, while the active and reactive machines are analogous 
to animal beings. The differentiation is along the axis of intelligence, un-
derstood here in its biological sense, in terms of sensibility and organiza-
tion, instantiated in increasingly complex nervous systems. Second, active 
machines are like the animals that respond in fixed ways to the conditions 
of life— by reflex, by instinct we might say. Finally, the reactive machines 
are like higher mammals. They have the “remarkable property” that allows 
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them to modify their own functions in response to information (indications) 
received according to their relationship to their milieu (149). As Lafitte 
writes:

These machines include, in very general terms: an essential transformative 
system acting according to the impulse of external fluctuations; organs of 
regulation and distribution for the essential system; and an organized sen-
sory system able to detect variations in the relation of the machine to its mi-
lieu. (149)

The crucial concept for Lafitte here is modifiability. The reactive machine 
is capable of routine but also irregularity and can be modified by humans 
but also modify themselves. These kinds of machines in fact “possess a kind 
liberty, more or less pronounced, of function.” The crucial example offered 
here is that of the automatic torpedo, a machine that can, on its own, “mod-
ify its regimen and consumption according to the perceptions of its regu-
lator” (149). The reactive machine is one that depends, then, on organized 
sensibility, what can be called, in this moment, an artificial mind.2

It is important to emphasize again that the analogy between machine 
and organism is an analogy, which entails both differences and identities. 
The key issue arising in this period is not distinguishing the artificial mind 
from a natural mind, since it was becoming increasingly clear that complex 
reactive machines can function like organic beings in many ways. Rather, 
the challenge is specifying the difference between an artificial mind and 
a human mind, given the acknowledged capacity of the human mind to 
create artificial organizations in the first place.

Like Lafitte, the Spanish philosopher José Ortega y Gasset reminds us, 
in his own reflections on technology, that the human, unlike the animal, is 
not defined by its “necessities.” The animal lives wholly within the circle of 
“vital urgencies,” the variety of “elemental necessities” and the actions that 
can satisfy them.3 Yet as Ortega y Gasset observes, there is really no “ne-
cessity” with the animal since there can be no distinction drawn between 
necessity and what is not necessary. The animal cannot recognize necessity. 
For humans, the situation is different because we ourselves impose condi-
tions for living. There is a fundamental gap in our experience, in that we 
recognize the necessity as something real; however, our lives do not at all 
coincide with the vital. This reveals the “strange constitution” of the human: 
the only being who “is different from, and alien to, his circumstances.”4 The 
human is embedded in circumstances (biological, environmental) but not 
circumscribed by them.

段静璐
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That gap is what enables the human mind to externalize itself; it is free to 
act upon its environment, to attend to needs through technology— lighting 
fires, building houses, cultivating fields, designing automobiles. The satis-
faction of needs through artificial implements introduces into nature ob-
jects which had not existed before; technology is in reality “the construc-
tion of a new nature, a super- nature interposed between man and original 
nature.” This is why the tool is not merely an artificial substitute for the 
animal action: human technology “reforms” nature itself and disrupts it, 
and the relation between humans and their “two natures” can never fully 
stabilize thereafter. Human life is a constant improvisation because it is 
“continually challenged, disturbed, imperiled.”5 Ortega y Gasset declares 
that humans are the only beings for whom existence is a problem, as Heide-
gger first argued in Being and Time (1929). To be human is to not be what 
we are. Because we make our own existence, we can never coincide with it. 
For Ortega y Gasset, to be human is to be an engineer, the engineer of one’s 
own existence— this is what he means when he says life is a “self- creative 
process” that relies on a technical capacity. “The history of human think-
ing may be regarded as a long series of observations made to discover what 
latent possibilities the world offers for the construction of machines.”6 The 
world, for human beings, is always a potential machine for existence. So 
he does not want to rest with the easy definition of the human as the “tool- 
making animal,” especially since Köhler, invoked here again, as in so many 
works on intelligence and technology between the wars, had demonstrated 
the genuine if rudimentary technical capacity of the ape. What interests 
Ortega y Gasset is the way in which technical capacity arises when “intelli-
gence functions in the service of an imagination pregnant not with techni-
cal, but with vital projects.”7
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Philosophical Anthropology
The Human as Technical Exteriorization

In the context of interwar thinking about intelligence, in particular, think-
ing about the nature of the exception that is human cognition, its power 
of both creating and understanding order and understanding, manifested 
most clearly in cultural and technological expressions, it was not possible 
to define “the human” in any way that was easily reconcilable with inher-
ited theological or metaphysical understandings of the human exception. 
As we have seen, new physiological and evolutionary approaches, along 
with the transformation of traditional philosophical questions via emerg-
ing experimental psychological findings, made that extremely difficult, and 
the rapid industrialization and development of technical innovation put a 
special emphasis on human artifice as a key symptom of the exception.

Technology was critical to interwar reflection on human cognition and 
intelligence for two main reasons. The first was because the “invention” of 
the tool marked a certain demonstrable threshold between animal and hu-
man intellectual capacity. And second, the emergence of the human as a 
technical being revealed a new form of evolution, unlike any natural phys-
ical process of inheritance. As Charles Judd (professor at the University 
of Chicago from 1900 to 1938) explained it, the intelligent use of an artifi-
cial tool constitutes a break from nature. The human capacity to organize 
complex ideas prepares the way for the organization of the material world 
itself— the psychic laws of association become instantiated in artificially 
constructed objects, and the human mind will then dominate the world of 
things.1 As important, for Judd, this “tool consciousness” was also always 
an expression of social intelligence, dependent, as he says (in agreement 
with Lotka here) on the “accumulation of experience from generation to 
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generation through social institutions,” institutions that themselves create 
a “new order of reality” (17).

Quite literally, for Judd observes in a remarkable phrase, “the individual 
nervous system is in this way taken over by society” (328). Humans truly 
communicate, unlike animals, which is to say, the accumulated wisdom 
of multiple experiences is “taken into one’s inner life” via the brain (327). 
“The commerce of mind with mind through the medium of external real-
ities is the great achievement which has raised man absolutely above the 
level of the lower animals” (17). This development is linked to the primor-
dial discovery of the tool. “Man, the artisan .  .  . is no longer nature- man” 
because experience, ideas, are “detached” from individual minds and there-
fore become “capable of affecting other minds” across time and space, gen-
erating new social and political orders (22). The plastic brain is thereby 
transformed into a vehicle of a collective experience, through the material 
medium of technology: “The tool becomes the external embodiment of a 
human thought” (16). As Judd explains, in a concise summary of this pro-
cess, “Too much emphasis cannot be laid on the fact that within the hu-
man cerebrum a new world is created. Objects are put together in this world 
in a new way; they are united as ideas in the brains of men and afterwards 
through human efforts the outer world is correspondingly rearranged” (12).

Thomas Morgan, an American evolutionary biologist who won the 
Nobel Prize in 1933 for his work on the role of chromosomes in heredity, 
agreed that humans, unlike all other organisms, whose transformation 
is limited to the physical, genetic processes of inheritance, can addition-
ally transmit experiences to one another, via their social and linguistic net-
works. This form of inheritance allows for a dramatic alteration of behavior 
in relatively short periods of time, leading to the diverse differentiation of 
cultural forms of life. As he put it, “In man the power to alter the behav-
ior of the race is possible because each individual begins his life with rel-
atively few instincts and even these may be rapidly altered by the training 
he undergoes from birth to maturity.” The openness of human evolution 
is predicated on the unique plasticity of the human brain.2 The evolution 
of humanity is dependent on the evolution in the means of transmitting 
the stored experience of generations, from oral tradition to contemporary 
printing. Intelligence, then, could hardly be an objectively defined feature 
of any one brain. Given the fact that “modern life is extremely complex and 
artificial,” intelligent behavior will be conditional on navigating that artifi-
cial environment.3 One question, for Morgan, is whether the technical and 
social forms of development will supplant physical inheritance altogether. 
In any case, human progress will continue, Morgan assumes, and therefore 
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human existence will require intelligent control: the “plasticity” of human 
physical and psychic life will “make endless additions” to human intelli-
gence inevitable.4

The future of the human was poised on a knife edge pointing either to 
an acceleration of intelligence or to a degeneration of the human mind 
through the mindless automatisms of modern institutions and machines. 
The philosophical challenge was theorizing the very nature of this excep-
tional being, inside and outside of evolutionary time, a being constituted 
by its seemingly essential technicity. In Germany in particular, philoso-
phers confronted this fundamental question. Here I will read this tradition 
of thought (Cassirer, Scheler, Heidegger, Plessner) highlighting the under-
lying theorizations of technology. The texts are dense, the ideas often diffi-
cult; however, in this period just prior to the emergence of the cybernetic 
and digital age, they offer critical resources for understanding the position 
of the human in an increasingly technologized civilization.

Cassirer and the Technicity of Symbolic Life

We have been tracing the links between mechanisms, technologies, and 
organisms— both individual and collective organisms. These spheres can-
not be understood in terms of opposition. The evolution of the human as a 
biological and cultural being is not merely dependent on technology; it is 
a function of its technical capacity. To study technology— the discipline of 
“Technology” as Leroi- Gourhan defines it5— is to give insight into the evo-
lution of the cultural and historical beings that we now are.

Ernst Cassirer’s masterwork, the three- volume Philosophy of Symbolic 
Forms (1923– 29),6 famously identifies the human in terms of a symbolic ca-
pacity, one that can lead to certain forms of objective moral truths (in op-
position to Heidegger, as their celebrated debate at Davos demonstrated).7 
Less noted is Cassirer’s insistence on the fact that symbolic thought is res-
olutely tied to the organon. In fact, Cassirer looked back to Ernst Kapp’s id-
iosyncratic study of “organ projection” to underline the fact that the tool is 
a novel sensory prosthetic, an object that first extends and then magnifies 
our biological, organismic existence. For Cassirer, only an analysis of tech-
nical organs would allow us gain insight into what he pointedly calls our 
“natural organization” (2:216).

Kapp’s great contribution, as Cassirer sees it, was not just the articulation 
of the relation between tool and organism, however. The “most profound 
significance of organ projection,” Cassirer writes, is rather that the spiritual 
process of self- knowledge depends on this projection as an exteriorization of 
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ourselves into technology, where we can literally see ourselves objectively. 
Technology is not simply “mastery of nature” (2:215). Material culture has 
“a purely spiritual function.” For Cassirer, of course, that is the capacity to 
create an “ideal form” in the world, to project (to use Kapp’s term) our sym-
bolic forms into objective realities.

This is why Cassirer, despite his deep respect for Von Uexküll’s work on 
biological Umwelten, denies that we can understand the human through 
any analysis of our physiological “organization,” most notably, the brain 
and nervous system. For Cassirer, the human is identified with its achieve-
ments. Von Uexküll’s animals, with their receptor and effector systems, 
live within a “functional circle” where the environment provides specific 
“cues” and “carriers of effect” that reveal just how the individual animal 
is adapted to its specific “world” of life (4:43). But, as Cassirer points out, 
what distinguishes the human is the fact that we step outside of the circle, 
no longer just “noticing” and then initiating action in response. We enter a 
new sphere, that of observation, which is different from the receptor world 
that comes “prefigured” in the animal’s organization of sense and neural 
processing. Humans tear apart the intimate organizational coherence of 
“organism” and “environment” and thereby liberate themselves from the 
purely organismic determination of their existence (4:44).

Of course, Von Uexküll also located the human exception in such an 
exteriorization, as we saw. Still, Cassirer deepens the philosophical im-
plications of this insight: to observe the world is to be separated from it, 
and this very cut is what opens up meaning. No matter how useful an im-
plement might first be, and however minimal the consciousness of its ar-
tificial form, the emergence of tools in human evolution is the originary 
mark of this separation; it is the first expression of meaning and therefore 
a vehicle for an individual to learn how to see the world in radically new 
ways, namely, as systems of formal organization: “‘noticing’ becomes de-
tached from dependence on his actions and sufferings; he becomes ‘free of 
all interests’” (4:45). With the tool, the immediacy of the encounter between 
organism and environment is transformed; it is no longer a “mediated re-
lation” (4:41).

The creation of the tool is not some practical exercise in problem solv-
ing, as it might be for Köhler’s apes, because with the tool the human mind 
can confront nature, a nature that for the animal is always an “overwhelm-
ing power.” Tools, in their earliest forms, “are not only created and made 
use of, but they are also worshipped” (4:41). The tool itself is understood 
to be “an intelligent force.” This is what lies at the core of the developed 
human mind— a recognition of meaning beyond our own experience, re-

段静璐
人类打破了「有机体」与「环境」之间内在的组织连贯性，从而使自己摆脱了纯粹的有机体对他们存在的决定。



PHILOSOPHICAL ANTHROPOLOGY  213

vealed in and through our radical break with natural function, the break 
that is constituted by the artificial object that is a counter to nature itself. 
The emergence of the “ideal” in the tool is the “seed” of a “new total view” 
that includes the human in nature but only through that radical line of di-
vision that liberates the human organism from its particular “effector sys-
tem” (4:42). As he put it in a later generalization of his philosophy, between 
the “receptors” and “effectors” the human imposes a new system: the sym-
bolic. This is not an expansion of the sensible: it constitutes a radically 
new “dimension of reality” (4:43). Human responses are not automatic but 
“delayed”— “interrupted and retarded by a slow and complicated process of 
thought” (4:43). Again, contrasting his views with Von Uexküll’s, Cassirer 
writes that humans no longer live in their environments (as given by their 
physiological and neurophysiological organization) but instead live in the 
world of thought, which of course always includes the thought of the other.8

The tool is an intervention, it is independent of both the human and 
nature, and constitutes a new “foreign” order, a foreign “norm,” as Cassirer 
noted in a 1930 essay on technology and form.9 Inevitably, any unity in hu-
man life will be fractured by the independent life of technicity. Cassirer, in 
this particular essay, underlines the importance of technology for contem-
porary philosophy: it is the crucial clue to understanding, conceptually, the 
origin and evolution of culture, the very origin of what Heidegger called 
historicality. For the human mind, the tool is not just a material object: “It 
is also an idea. It is part of that timeless inner world in which man lives.”10

As Hans Freyer similarly claimed, the human life world is literally the 
“objectification” of spirit.11 This world is by definition not natural. The hu-
man environment— our cultural and symbolic life— is a “dense confusion” 
of the natural Umwelt of sensory perception and the historical layering of 
objectifications of spirit, which is to say, in thinking that is exteriorized in 
the material forms of culture. We live in what Freyer calls a “palimpsest,” 
writing ourselves into this dense layering of meaning and nature.12 The 
“forms” that we can identify in material culture are “not like a gramophone 
record” as “played” in individual psyches, with absolute equality “due to au-
tomatic implementation processes.” Instead, cultural organization is akin 
to a “sheet of music,” where signs and functions are fixed in material in-
stantiations of organization, but only as a “template” that must be fulfilled 
in each individual performance.13

The implication of Freyer’s argument is that once humans leave the im-
mediacy of their natural Umwelt due to the interposition of a new symbolic 
order, there is no simple transition to an “idealistic” form of social life that 
would mirror the natural order of the organism. Rather, the human world 
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is constituted by the externalization and materialization of the inner world 
of the idea, which is to say, humans confront a new reality with just the 
same immediacy of the natural “cues” of the Umwelt since it is experienced 
through its material instantiations— in technology most notably but also in 
the social forms and institutions that organize all of human life. The point 
is that this new environment is by definition not an organized and coherent 
world. The psychic system still harbors a logic of neurophysiological sense 
and response. The social and cultural systems are not governed by shared 
norms and operations. And most important, perhaps, is that the technical 
sphere is a zone with its own alien norms, alien, that is, to human existence 
in itself, whether understood in organismic or cultural terms.

The human life, according to Freyer, is always therefore a fractured 
existence— internally fractured but also separated from other human be-
ings by the “systems” that run through individuals. “Thus man is never at 
the center of a reliable world, but always at the intersection of lines which 
affect him— among others. It is difficult to think of a more effective method 
of isolating people.”14

The Human as Detachment: Scheler

The secular cultural and intellectual tradition of defining the human 
through “reason”— first articulated by the Greeks in the concept of logos— 
was grounded in a now- questionable assumption of some connection 
between human minds and the order of the cosmos itself, its own logos. So 
explained Max Scheler in his 1928 work, The Human Place in the Cosmos.15 
However, as he observed, the new sciences of the human, especially evo-
lutionary theory, could never in fact distinguish the human from any other 
living being, except as an example of the “late stage in the evolution of our 
planet.” The theological, intellectual- philosophical, and natural scientific 
views were, therefore, each entirely inadequate to the task of defining the 
exception of the human; there was behind these perspectives no “under-
lying unity” (5). Furthermore, the human had, since the nineteenth century, 
become subjected to an increasing number of new disciplines, further frac-
turing our conception of ourselves. For Scheler, these developments were 
generating a crisis: “In no historical era has the human being become so 
much of a problem to himself as in ours” (5). In response, Scheler attempts 
what he calls a “philosophical anthropology” to found a proper definition 
of the human as human.

Scheler isolates the key cognitive power of the human mind: creative 
and novel thought. Scheler biologizes Whitehead’s concept of reason to a 
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certain extent, noting that the higher forms of animal life, those with “psy-
chic complexes established by association,” function according to orga-
nized thinking, producing behaviors with meaning, that is to say, with some 
kind of unified organization, even if these behaviors are essentially habit-
ual. The importance of the unified meaning of a complex is that it can pre-
serve itself even in the event of “pathological losses,” whereas more linear 
paths are simply broken. But, as Scheler observes, the associative processes 
of the brain are determined subcortically. The cortical processes, the func-
tions expressed in the higher brain, do not simply produce more complex 
associations. In fact, the cerebral cortex is, Scheler explains, “the organ 
of dissociation,” not acting in concert with “biologically more unified and 
more deeply localized types of behavior” (15). The cortex is an organ, as we 
have seen many times before, of self- interruption, of auto- disruption.

Intelligence is therefore not to be found in the perfection of the in-
stincts— a more thorough automatism, that is— because intelligence is de-
fined by flexibility. The question is the essence of human thinking, because 
associative memory and the emergence of habit is the first step toward the 
liberation from the fixity of the instinct. If the human is, as Scheler says, “a 
flexible mammal in whom intelligence and associative memory developed 
to the highest degree” (16) and in whom instinct is the least powerful, what 
distinguishes human cognition or experience from other higher organisms 
capable of a certain degree of intelligence?

The principle of “association” that lies behind intelligence appears most 
clearly, according to Scheler, in the act of imitation. Copying other organ-
isms can produce even more complexity of behavior, because the psychic 
process of repetition and drive satisfaction is now applied to the “behavior 
and experiences of others,” and there exists now what we can call “tradition,” 
this “new dimension” that supplements mere biological inheritance and in-
dividual trials (19). But tradition is not, to be sure, a purely human develop-
ment. As Scheler points out, various herd animals learn from each other, 
and this “knowledge,” if that is the right word, gets handed down to new 
generations.

What “sharply” distinguishes human tradition is what Scheler calls the 
capacity for a “free ‘recollection’ (anamnesis) of the past,” and, crucially, 
a dependence on historical knowledge, passed through a series of “signs, 
sources, and documents,” that is, through what we have been calling the exo-
somatic expressions of thought, to use Lotka’s term, and not just the imita-
tion of immediately observable behaviors.

Only the material articulation and objectification of tradition, a process 
that literally dis- integrates tradition from our current experience (even if it 
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does not disappear), only this fracture can prepare the ground for an open-
ing: “new discoveries and inventions” are now possible (20). This is why 
humans are not just “more flexible” than other creatures. Humans are, so 
to speak, radically adjustable to new circumstances because they are never 
completely bound by their biological or, for that matter, their cultural in-
heritances (21).

Humans, for Scheler, are therefore not exceptional because they are 
more intelligent. Rather, human intelligence is no longer a natural intelli-
gence. The human emerges from a principle beyond and therefore before 
life. “If reducible to anything at all, this new principle leads us back to the 
one ultimate Ground of all entities of which life happens to be one particu-
lar manifestation” (26).

As Scheler writes, this principle is not to be understood mystically but 
quite concretely as the “existential detachment from organic being,” which is 
to say, spirit is not another realm intervening into the organic but rather is 
“freedom and detachability” in and of itself. In the animal world, all action, 
reaction, all intelligence and creativity, “proceed from a physiological state 
of their nervous system” (27). This highlights an important connection 
between Von Uexküll’s theory and that of Scheler: “Everything which the 
animal notices and grasps in its environment also fits the firm function of 
its unity of drive and sense structures.” Its experience and reactions are “se-
curely embedded in the frame and boundary of its environment” (27– 28). The 
higher levels of animal behavior are marked by new relations between the 
animal and its environment, as we see, for example, in the way that some 
animals modify their environments and, finally, become capable of a cer-
tain elasticity of response due to the changes within the physiological and 
psychic states— the dynamism inherent in the homeostatic organism or 
the Gestalt mind (28). But none of these animal states corresponds to what 
Scheler calls the spiritual.

The human is defined now by the “shedding of the spell of the environ-
ment” (28). This is why human will, human spirit, will never be a mere 
“steering” (Lenkung) or “directing” (Leitung) of the organismic unity of psy-
che and body, as it is in the animal world. The human, because it can “ob-
jectify” itself, its own physiological and psychic function, can now free itself 
from its objectification. It can act against life itself— in the extreme, the hu-
man is free to commit suicide (29).

So, for Scheler, the human is the mark of a radical separation within life. 
“This ability to separate essence from existence constitutes the fundamental 
character of the human spirit, because it is the foundation of all other char-
acters” (37). Scheler leaves us with the question of how the human becomes 
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human— that is, how nature itself intervenes into the existence of organic 
life on earth and makes possible the separation of the human mind from its 
physiological servitude.

The Event of Technical Being: Heidegger

In his introduction to Being and Time (1927), Heidegger, like Scheler before 
him, refers to the major scientific developments we have traced in interwar 
thought: “In biology there is an awakening tendency to inquire beyond the 
definitions which mechanism and vitalism have given for ‘life’ and ‘organ-
ism,’ and to define anew the kind of Being which belongs to the living as 
such.”16 The question of the organism as a new form of order linked to the 
notion of “life” was taken up by Heidegger at great length in his seminar on 
metaphysics held in 1929– 30.17 Clearly immersed in leading- edge thought 
in the field (and again, most notably the work of Von Uexküll), Heidegger 
faced the challenge of defining the living being with and against the array 
of concepts associated with machines and technology more generally un-
derstood, with the goal of pinpointing the specific character of human life.

Like Scheler, Heidegger will not so much evade as set aside the question 
of metaphysical reductionism or transcendence in favor of an approach 
that emphasizes the varying possibilities of experience in living beings— 
and, like Scheler, Heidegger will locate the human exception in the concept 
“world.” However Heidegger’s account of the radical human separation 
that marks the distinction between “essence” and “existence” will dismiss 
the cosmic mystifications implied in Scheler’s account. For Heidegger, 
the human will be defined by the rift, but that fracturing of the existential 
from concrete “existence” (in Scheler’s terms, essence and existence) will be 
staged by Heidegger as the very space for an interrogation of the human.

The starting point is the living being— for the human will be defined in 
and against life itself. If, as Heidegger notes, the “organism is something 
which possesses organs,” the philosophical problem will be displaced into 
the realm of the organ, the “instrument” or tool as we know from the Greek 
origin of the word. This idea has been productive in certain spheres of bio-
logical thought, in that it has supported an essentially mechanistic under-
standing of the living being. Citing Wilhelm Roux, the idea that the organ-
ism uses “instruments” can lead to the conceptualization of the organism 
itself as a complex of instruments, or, to put it another way, as a complicated 
instrument. Heidegger’s question echoes the thinking of many biologists 
and physiologists in the interwar period— what would distinguish the or-
ganism from the machine in this context? What distinguishes the kind of 
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unity that organizes the machine from the interweaving of parts we see in 
the organism? And, Heidegger adds, should we not distinguish the ma-
chine from the instrument, or what he calls “equipment” (Zeug) from in-
strument (Werkzeug)? Heidegger lists all the difficult, related concepts 
that are implicated in the attempt to know the organism with technical 
analogies— “purely material things, equipment, instrument, apparatus, de-
vice, machine, organ, organisms, animality”— and poses the challenge of 
clearly defining these different entities.18

It is important to see that Heidegger is from the start avoiding the trap of 
comparing “organism” and “machine” that so often leads to either a reduc-
tion of life to the mechanical, or the imposition of some “supra- mechanical” 
force of life into the mechanisms of the biological being. As we have seen, 
interwar thought emphasizes the crucial function of organization and unity 
as an independent structure in order to transcend the simplistic framework 
that poses vitalism against mechanism. How to study life as a phenomenon 
scientifically meant penetrating the essence of natural organization and, 
often, its distinction from artificially organized entities. That is also Heide-
gger’s philosophical question here: “grasping the original and essential 
character proper to the living being.”19

The procedure is to begin with the technical, not as basis of comparison, 
but as an exercise in clarifying the essence of the machinic, and only then 
will he isolate how those technical concepts will fail to grasp the essence 
of the living. Drawing on the earlier discussion in the seminar, Heide-
gger points to the obvious fact that the “new kinds of beings”— human 
technologies— have no world; that is to say, nothing is “present- at- hand” 
for a piece of equipment, a tool, a machine, no matter how complex they 
might be. In this way they are just like stones or other inorganic bodies. 
But as we know, certain kinds of machines— what Lafitte called reactive 
machines— are certainly capable of “sensing” the world in some way, open-
ing up the possibility, at least, of some similarity with simple animals. An-
imals, Heidegger explained, are not worldless (like stones), but they are 
“poor” in world, deprived of that which will define the essential character 
of human experience. So the question is not whether a machine can “sense” 
the external world, “experience” it, so to speak, but rather how it is that the 
animal experience is deprived of world while the machine simply lacks it.

This is no easy question, and I will not try to explicate all of the compli-
cations. But given Heidegger’s knowledge of Von Uexküll’s work on the Um-
welten of animals, which were often very simple organisms such as starfish 
and the like, it was clear that animals “created” a reality from their sensory 
systems, however limited in scope, and that they lived in very different spa-
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tial and temporal realities (as could be shown experimentally). I think this is 
a clue as to how Heidegger might have understood poverty (as deprivation 
and not merely “less” of something), because he refused to admit that an-
imals had temporality even if their lived experience had different temporal 
sequences. They were deprived, essentially, of any distinction between past, 
present, and future anticipation: what appeared to be memory or anticipa-
tion was in fact the mere presence of a stored experience or the presence of 
a prediction generated in the nervous system from its stored experiences 
and associations. If human experience has of course traces of this animal 
form of cognition, Heidegger argues that humans have what he calls a 
world, which is to say, not a mere Umwelt (an organized experience built 
from natural indications) but more what Von Uexküll called an organiza-
tion of artificial indications, that is, the difference between biosemiotics and 
what we could call biosymbolism.

Heidegger approaches this problem precisely through the question of 
technology, as did Von Uexküll. What is singular about artificial technolo-
gies is not that they are worldless, or even that they are “deprived” of world, 
but that they are understandable only as indications of a world. They “be-
long to world,” which is to say that they appear to us, humans, who have a 
world. Equipment is what it is only because it emerges from human activity, 
the activity of world- formation.20 The construction of machinery and other 
equipment, for Heidegger, as for so many others in this period, depends on 
the plan of organization that exists prior to the construction and guides its 
organizational form.21 This is why Von Uexküll (Heidegger cites him here) 
would call the machine an “imperfect organism,” because its Bauplan was 
exterior to its own being.

But Heidegger demands a more thorough distinction. The plan of the 
machine is determined by the “serviceability of the equipment”; that is, the 
plan is “regulated” in advance by the purpose, and that purpose is therefore 
identified with the user for whom the equipment is fundamentally a “medi-
ate” device (215). Organisms do not construct pieces of equipment for them-
selves to “use” in this way— that is, the difference between machine and or-
ganism is not for Heidegger the fact that the plan is exterior to one being 
and internal to the other. The organism has organs that belong to it, which 
is to say, the organism has capacities that are expressed and instantiated in 
the development of its organs. The organ does not “have” a capacity that is 
used, mediately, by “the” organism. Organisms themselves have capacities. 
Here Heidegger agrees with Von Uexküll: the sensory systems of organisms 
are not mere technical devices that allow certain information to be utilized. 
As Heidegger puts it, organs (such as eyes or ears) do not “see or hear,” the 

段静璐
机器没有世界，动物被剥夺了世界。机器本身属于世界，人类才拥有一种具有时空性的世界。这里的世界好像是一个记忆持存性的问题。



220  CHAPTER 21

organism does; the organ is developed out of the need to extend the experi-
ence of the organism of a whole (222).

The crux of the argument hinges on the liminal case of what Lotka calls 
the exosomatic. Heidegger resolutely denies that the pen, for example, is an 
organ like the eye. The implication is that there is no natural “capacity” that 
develops the organ in this case: the equipment is just “serviceable” (226). 
There cannot be, according to Heidegger, the same kind of intimate “be-
longing” that characterizes organismic unity, since the technology can be 
separated from the individual human organism and used by another. But 
it is precisely this separation that is the essence of the technical here, and 
which points to what Heidegger marks as expressly human (as opposed 
to animal) existence— our worldliness. We experience the world as some-
thing that appears to us, which means we are at once immersed in the world 
(its meanings and indications) and yet radically separated from it; it comes 
before us (351).

Heidegger’s strategy at this point is to investigate more intensely what 
exactly “appearance” means for us. Unlike the animal, who lives wholly 
within its experience, humans experience their world and also the fact that 
this world appears. What Heidegger argues is that we are able to “see” be-
yond what appears to us in experience (the various beings and their rela-
tionships) and recognize that there is a unity of Being that is, as he puts it, 
“more originary that all those beings that press themselves upon us” (351). 
The unity that lies before the prevailing multiplicity of experience cannot 
of course appear to us as itself. (As Kant showed, this unity can only be de-
duced from the facts of experience as concretely appearing.) The opening 
up of this originary zone occurs, then, not in experience but rather in the sep-
aration of human experience of the world from experience itself.

That separation is the emergence of temporality for Heidegger, because 
only in that distancing can the recognition of the relation between history, 
presence, and the future be encountered. As in Being and Time, this situa-
tion of Dasein is somewhat paradoxical, or at least puzzling— to be at once 
what we are and at the same time to not be what we are. In anticipating a 
future that is not yet, humans understand the past, which determines what 
they are; they are, as Heidegger famously expresses it, “thrown” into this 
transitional state as essentially transitional, constituted as never in place. 
“Man is that inability to remain and is yet unable to leave his place.” The 
constant projection from a past defines us: “man is a transition, transition 
as the fundamental essence of occurrence” (365).

The question of our “historicality” is not linked to memory. It is funda-
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mentally a givenness that is not necessary; it does not “belong” to us as the 
determinations of the organism and its activity belong to it. It is crucial for 
us to note here at this juncture just how important technology is for Heide-
gger, since it is the apparent naturalness of things “ready- to- hand” that will 
define our possibilities and our projective futures.22 Yet the breakdown of 
this pseudo- natural belonging reveals the fact that the human world is 
world formed artificially, through actual concrete implements but also 
ways of thinking and conceiving that come from elsewhere. To be in the 
world is to live in a matrix of meaning and relations, incarnated in artificial 
objects and artificial organizations, and to recognize that this world could 
be otherwise. As Heidegger wrote in the Beitrage, the primal disposition of 
the human is wonder (Er- staunen): “wonder that beings are and that humans 
themselves are and are in the midst of that which they are not,” and this in-
cludes, of course, the world that is the world of cultural and technological 
meaning, which is what structures the perception of our presence and our 
anticipations of the future.23 Missing from Heidegger’s account, then, is a 
recognition that to be in the world (to have an existence) is not just to use 
things, but more fundamentally to know how to live in the world. Given the 
essential artifice of the human world, it is this knowledge of how to live that 
forms the existence, the “what” of Dasein. World, in Heidegger’s sense, rad-
ically depends on the technical mediation of information and knowledge, 
on the possibility of exteriorized (or “exosomatic”) thought.24

If the instruments of human technical existence are the model for world-
liness for Heidegger, and authenticity is to be gained by passing beyond ex-
istence to the existential condition of throwness itself, what is lost in this 
movement is the originary technicity of that worldliness. Can we identify the 
essence of the human without acknowledging this unexplained capacity 
to participate in the transference of thought itself? Heidegger noted in the 
Beitrage that besides wonder, there is another “basic disposition,” namely, 
shock, the shock, that is, of our abandonment by Being.25 We can say that, 
for Heidegger, human creative potential is opened up in this abyss, the sep-
aration from being and the anxiety and fear associated with this separa-
tion. Genuine decision is linked with this opening of a fracture in Dasein. 
Decision is no mere “choice,” Heidegger observes, because choice between 
alternatives assumes the preexistence of some world as given. Decision is 
“de- cision,” the experience of being in this space of separation, to antici-
pate something that does not emerge from a prior world, to invent a possi-
bility that was not possible.26 The question that can be posed here is how to 
think about the origin of this rift without introducing a new metaphysical 
principle.
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For Heidegger, we discover, so to speak, the separation within ourselves, 
as an essential aspect of our experience, but only in moments of crisis— 
failure, disruption, interruption— and in the organized and technologized 
world of civilization, especially modern industrial civilization, these mo-
ments of disruption are increasingly stifled through the engineering of 
stability, as noted as well by Whitehead and Dewey, among others. How-
ever, if the possibility of our being- in- the- world might be essentially con-
nected to the technology of a specific human form of “tradition,” namely, 
the exosomatic transmission of thought itself, the recognition of a radical sep-
aration from our “being” becomes then a radical separation from a prior 
separation— the separation, that is, of the human psyche from its own 
physiological isolation. This is just to suggest that Heidegger’s positioning 
of the human as the being capable of stepping into that abyss that is the 
separation of ourselves from our “world” and the separation of our histo-
ricity from any possible future, this being is already, as a being constituted 
by its social and cultural comportment, made possible by a technical trans-
mission of thought, grounded in a separation from organismic, animal life. 
This separation is the primal moment of invention— namely, the invention 
of technology itself.

Human Exteriorization and the Plasticity of Being: Plessner

Helmuth Plessner’s contribution to philosophical anthropology, published 
in 1928, also begins with the organism, the starting point of any consider-
ation of the human as living being.27 However, Plessner begins with what 
in fact lies beyond the organism as organization, or Gestalt— the concept 
of “wholeness” or unity in itself. As we saw in Goldstein’s key work on the 
organism (and this will soon become an important question again with the 
emergence of cybernetics and the idea of the artificial organism with an ar-
tificial teleological orientation), the fact that the organismic unity can trans-
form in response to constant threats and challenges to its survival means 
that its organization is not completely fixed. But what then is the ground 
of its self- transformation? As Plessner comments, “wholeness” can never 
be realized— it cannot even be realized “abstractly” because to be realized 
means to become concrete. When wholeness becomes concrete, however, 
it is never immediately present; it takes a form that is, according to Pless-
ner, only to be found in the realm of “organic nature.” That is to say, organic 
forms are the only genuine instantiations of “wholeness” (113). The unity of 
a being is what allows us to perceive “the organic,” and yet the wholeness 
of the being can itself never be measured, or observed directly— it cannot 
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enter into the scientific, empirical knowledge of “bio- logy” as a discipline 
(112). Drawing from the Gestalt theorists, Plessner explains how the unity 
of wholeness can “appear” in any number of ways; that is, we can “sense” it 
visually, or in a tactile way, but what appears is the given Gestalt of the spe-
cific organic system. And it is that Gestalt that can be changed; while given, 
there is also in the organic form a wholeness that “does not itself appear” 
(112). There is, for Plessner, a critical difference between the forms that are 
“indifferent” to givenness (i.e., capable of transformation) and a form that 
is in its essence alien to appearance itself, wholeness.

With this conceptual clarification, which aligns with much interwar 
thinking on organismic order, Plessner can state: “Everything living exhibits 
plasticity: it can be pulled, stretched, and bent in a way that brings together 
the distinctiveness of the whole’s boundedness with an extreme shiftabil-
ity of its boundary contours” (116). The living being does not merely have a 
“surface,” as, say, an inorganic body has; the living being is “enclosed” by its 
exterior surface and “shifts” within that bounding topology. The more plas-
ticity something displays, “the more the thing appears to be alive” (116).28 
Plasticity is here not mere flexibility— again, as Goldstein will demonstrate 
in such great detail, the organism is actually in a constant state of “catastro-
phe,” on the threshold of dissolution and challenged to invent new and un-
precedented responses, that is, with novel reorganizations. As Plessner puts 
it, the living being “exhibits discontinuity in its continuity, regular irregu-
larity, both statically and dynamically” (116). The philosophical question is 
this: how to understand the mutual action of regularity and irregularity, 
the norm and the deviation— the givenness of the rules are violated in the 
plasticity of life, yet there is no such thing as irregular life. The disruptions 
of discontinuity— what Catherine Malabou names destructive plasticity29— 
must themselves be “governed” but governed by what Plessner describes as 
a non- isolatable rule, a rule that cannot be normalized. And yet such a rule 
must govern the living, otherwise the deformations so essential to the oper-
ations of a plastic being would disrupt and destroy the overall unity, instead 
of actually strengthening its effect, as is in fact the case (116).

The rule of the living is strangely undetermined; it reveals itself in the 
spontaneity of response, in the possibility of threshold transitions. The or-
ganism is always potentially something other than what it is: its life history 
is, we can say with Plessner, radically contingent (117). There is no rational-
ity to be isolated in this spontaneity of movement and transition. And yet, 
at the same time, the body is capable of self- regulation. There is here, for 
Plessner (echoing Lashley’s terminology in his own theorization of neural 
plasticity), a kind of harmony in the “equipotentiality” of the physicochem-
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ical parts of the living system.30 And what drives regulation is, to a great 
extent, the fact that the organism is integrated into a specific environment: 
“regulation is mediated by the outer world” (154). Plessner will agree with 
Von Uexküll, then, that the organism proceeds in its development and self- 
regulatory existence according to the Bauplan. But as Plessner makes ex-
ceptionally clear, the “plan” is not an ideal external to the system, or some 
“hidden” organizing force. The unitary plan and the actual organization ex-
ist simultaneously. “Like life, organization explains itself” (157).

This is all to say that for Plessner, we must define the living body in terms 
of its “positionality,” or its capacity to become “positable.” The mode of be-
ing specific to the living is this essential character of going beyond itself, to 
posit itself as something new. Phrased somewhat paradoxically, “the body 
is outside of and within the body” (121), which is not the case in the inor-
ganic world— an object is just what it is. The distinction rests on the con- 
cept of the boundary: the marking of the limit of the body is what consti-
tutes the inner, and yet that given order inside the body is always governed 
by something that is outside of that order and that can found a new orga-
nization. The living is then a genuine system; that is, the “border” of the 
system belongs to the existent being and that allows the physical body of 
the organism to transcend itself through its own self- reference to the thresh-
old of its possibilities. The being is posited (literally, positioned) in the point 
of unity that, as unity, is “detached” from the concrete unity that is the entire, 
dynamically organized, living system (148). To live is to be always in a state 
of anticipation. Not an anticipation of a determination to come, but the an-
ticipation of itself as something to be determined in the future.

What distinguishes the human from other organic beings is the fact that 
not only does our life proceed from the “central point” of unity that is the 
non- present mediation of all passage and transition, but unlike all other 
animals, the human is aware of itself as that central point— this introduces 
a fundamental gap between its “lived experiences” (in the sense that Von 
Uexküll gives that term) and itself as an experiencing being. The animal is 
completely self- enclosed, it lives and experiences “itself” only in the here 
and now (270). The human— and here there is more than an echo of Heide-
gger’s contemporaneous Being and Time— is always “behind” the presence 
of the here and now, existing “without place,” in nothingness. This is what 
allows the human to be both what it is (a lived system) and to stand outside 
of what it is. The human lives outside of the body while still being “inside.”

Plessner’s term for this condition is “excentricity.” The human has no 
ground of existence: existence is constituted on these thresholds mark-
ing the inside and the outside of a plastic being. The “excentricity” of the 
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human is also what grounds our recognition and relationship to the other 
(279). The human world is shared precisely because the individual human 
lives to a large degree outside of itself— and it is that exteriorized perspec-
tive that can be taken up by another human being. Even more profoundly, 
it is precisely the recognition of another psyche that makes us aware of our 
own excentric nature. The “world” of other minds is not at all like the en-
vironment of an animal. We are both within it and producing it (282). The 
spiritual life of human beings occupies this space of the “we”— as a com-
mon positionality that by definition is not grounded in any lived experi-
ence; it is, rather, not grounded and hence radically liberated from the par-
ticularity of the living system. But it does not exist somewhere else (285).

In the case of the human, Plessner says, life is defined by a radical devia-
tion, an essential errancy, and it is this essential lack of a direct path that will 
explain not so much the origin of technology but rather its necessity: “The 
human with his knowledge has lost that directness. He sees his nakedness, 
is ashamed of it, and must therefore live in a roundabout manner [auf Um-
wegen] via artificial things” (288). This insight into the origin of technology 
is exactly what was missing from Heidegger’s account. Technology is the 
necessary detour of a being that lacks determination.

The human requires the “complement” of the non- natural, nonorganic 
tool because there is no automatic center that is the orientation for self- 
regulation, for equilibrium. Humans are, Plessner states clearly, “by nature 
artificial.” They must create their own equilibrium, and that means sup-
plementing their natural organic activity with actions that proceed from 
their excentric (not internal) orientation (288). The tool is the expression of 
human existence, but we need to remember that the excentric position is 
predicated on the sharing of minds (or rather, of minds constituted by their 
openness to sharing); the tool is not just a supplement to the individual 
human organism, then, but instead, as Plessner states, the foundation for 
what we call culture.

The gap between nature and human is the origin of human technical 
existence. “Given with excentricity, artificiality is the detour [Umweg] to a 
second native country where the human finds a home and absolute rooted-
ness. Positioned out of place and time in nothingness, the excentric form of 
life creates its own ground” (294). The human is defined as what emerges 
from the “forced disruption” of the organic way of life. “Only because the 
human is naturally partial and thus stands above himself is artificiality the 
means to find a balance with himself and the world” (298). The artificial de-
tour that is expressed by technology and culture is a new ground, created 
out of necessity. But of course the old ground does not at all disappear. The 
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radically new norms of cultural existence are therefore not always in har-
mony with the natural drives of the body (294)— something Freud would 
explore in his Civilization and Its Discontents (1929).

Philosophical anthropology articulated the crises of interwar European 
civilization and sought some kind of redemption, if not stability, in new 
concepts of culture that relied on the inevitable ex- centricity of the human. 
Here, on the threshold of a global war that would destroy so many humans 
and so many traditions and cultures, a new form of machinic life was yet 
unseen. The emergence of computational technology posed a new chal-
lenge to definitions of rationality and the question of “habit” and culture in 
an automated society. However, as we will see, the key insights of interwar 
thought, the theorizations of human existence that linked openness and 
plasticity with technology and innovation, and repositioned rationality as 
the breaking of routine, were never wholly absent from the new discourses 
of the cybernetic age.
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Wittgenstein on the 
Immateriality of Thinking

Zettel. Slips of paper in a box, dating from 1929– 48 (most of them written in 
the three years following World War II).1 A number of slips have fragments 
addressing questions that have been hinted at but will come to concern the 
leading edge of thought and the new sciences of cognition: What is think-
ing? How can we tell if someone is really thinking? (Can machines think?)

First, let’s take note that in this threshold moment, one of global war and 
colonial disruption and reorganization, how Wittgenstein blurs the bor-
der between machine, animal, and slave. He proposes a strange thought 
 experiment:

Suppose it were a question of buying and selling creatures (anthropoid 
brutes) which we use as slaves. They cannot learn to talk, but the cleverer 
among them can be taught to do quite complicated work; and some of these 
creatures work “thinkingly,” others quite mechanically. For a thinking one 
we pay more than for one that is merely mechanically clever. (108)

The added value, presumably, would be in the kind of work the thinking 
creature can accomplish. But what would that be? Or, to put it another way, 
why not assume that the more able creature is just more clever but still me-
chanically clever?

What is thinking? The question indicates a crisis— if that is not too 
strong of a word.

“Thinking,” a widely ramified concept. A concept that comprises many 
manifestations of life. The phenomena of thinking are widely scattered.
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We are not at all prepared for the task of describing the use of e.g. the 
word “to think” (And why should we be? What is such a description use-
ful for?)

And the naive idea that one forms of it does not correspond to reality at 
all. We expect a smooth contour and what we get to see is ragged. Here it 
might really be said that we have constructed a false picture. (110– 11)

As Wittgenstein will observe, we learn to use the word think in very specific 
contexts. If I asked, for example, if a fish was thinking, the question would 
hardly make sense. That is not a context in which we would normally de-
ploy that concept.

What is thinking? Part of the problem is that we cannot locate it. But we 
know what it means (roughly) to participate in it.

Compare the phenomenon of thinking with the phenomenon of burning. 
May not burning, flame, seem mysterious to us? And why flame more than 
furniture ?— And how do you clear up the mystery? And how is the riddle of 
thinking to be solved ?— Like that of flame? (125)

Thinking— something impalpable (rätselhaft) like a flame? If it cannot be 
grasped, how will it be conceptualized?

Indirectly . . . where does thought appear, where can it be grasped? What 
makes a sentence, a series of words, let’s say a series of printed words, an 
example or manifestation or expression of thought? Is there something 
“more” than the words (or signs) that are present? How can some words 
have “life” and the very same words not have life? (143).

This is to risk verging into theology— the idea that there is a spirit in the 
body, or a life added to the body. Where is the “life” that is thinking if not in 
the words? Wittgenstein will propose:

There could also be a language in whose use the impression made on us by 
the signs played no part; in which there was no such thing as understand-
ing, in the sense of such an impression. The signs are e.g. written and trans-
mitted to us, and we are able to take notice of them. (That is to say, the only 
impression that comes in here is the pattern of the sign.) If the sign is an 
order, we translate it into action by means of rules, tables. It does not get 
as far as an impression, like that of a picture; nor are stories written in this 
language. (145)
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In this case one might say: “Only in the system has the sign any life” (146).
So can we agree with Wittgenstein? Or at least with what this comment 

expresses:

Knowledge is not translated into words when it is expressed. The words are 
not a translation of something else that was there before they were. (191)

The words, the signs . . . they are not a medium. The meaningful sign is a 
grasping that is recognition. (Recall Spinoza. Or Leibniz.) As in Heidegger, 
the example of a technical object:

For someone who has no knowledge of such things a diagram representing 
the inside of a radio receiver will be a jumble of meaningless lines. But if he 
is acquainted with the apparatus and its function, that drawing will be a sig-
nificant picture for him. (201)

Of course, there are different kinds of recognition— every “seeing” of the 
world is an interpretation, a hypothesis, and our understanding can switch, 
like a Gestalt (. . . a duck / a rabbit).

The system, the organization, the frame of interpretation— where is it? 
How does it work? When does it appear? What if thinking is just a matter 
of a system? As Wittgenstein says, talk is transmissible, but it is not like a 
disease. Yet language is decidedly not a medium. A question to get at this 
issue: What is happening when we talk to another through a technical ap-
paratus?

Philosophers who think that one can as it were use thought to make an ex-
tension of experience, should think about the fact that one can transmit 
talk, but not measles, by telephone. (256)

Systems. Organizations. Is invention also a form of sharing? Wittgen- 
stein: “Compare: inventing a game— inventing language— inventing a ma-
chine” (327).

What about a machine inventing machines? Or, at least, what about a ma-
chine that is thinking or one imitating thought. If the animal is such a ma-
chine, as Descartes argued, it would have no “soul,” which was just another 
way of saying it cannot think.
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Wittgenstein returns to the example of slavery; in this fragment it is a more 
complicated kind of slavery, and a more disturbing one to be sure.

An auxiliary construction. A tribe that we want to enslave. The govern-
ment and the scientists give it out that the people of this tribe have no souls 
[keine Seelen haben] ; so they can be used for any arbitrary purpose. Natu-
rally we are interested in their language nevertheless; for we certainly want 
to give them orders and to get reports from them. We also want to know 
what they say to one another, as this ties up with the rest of their behaviour. 
But we must also be interested in what corresponds in them to our “psycho-
logical utterances,” since we want to keep them fit for work; for that rea-
son their manifestations of pain, of being unwell, of depression, of joy in 
life, are important to us. We have even found that it has good results to use 
these people as experimental subjects in physiological and psychological 
laboratories, since their reactions— including their linguistic reactions— 
are quite those of mind- endowed human beings.

Let it also have been found out that these automata [Wesen] can have 
our language imparted to them instead of their own by a method which is 
very like our “instruction.” (528)

What if we teach our slaves to calculate? On paper or not. But also: we teach 
them to act as if “reflecting”— that is, waiting to give the answer to the ques-
tion posed to them. It’s as if there was “something going on” beneath the 
surface (a “process” of calculation).

Of course for various purposes we need an order like “Work this out in your 
head”; a question like “Have you worked it out?”; and even “How far have 
you got?”; a statement “I have worked . . . out” on the part of the automaton 
[Automaten]; etc. In short: everything that we say among ourselves about 
calculating in the head is of interest to us when they say it. And what goes 
for calculating in the head goes for all other forms of thinking as well.– – If 
one of us gives vent to the opinion that these beings must after all have some 
kind of mind, we jeer at him. (529)

But what does it mean to have a mind?

Writing is certainly a voluntary movement, and yet an automatic one. . . . 
One’s hand writes; it does not write because one wills, but one wills what it 
writes. (586)

段静璐
这个适合用来写思考模型，展现思考过程的产品逻辑。
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The extended system; circuits of behavior. This is why (I believe) Wittgen-
stein will tell us:

No supposition seems to me more natural than that there is no process in 
the brain correlated with associating or with thinking; so that it would be 
impossible to read off thought- processes from brain- processes. (608)

Organisms, systems, networks. Why do we think that thinking, writing, 
speaking, should be centered somewhere, in the brain of all places?

I mean this: if I talk or write there is, I assume, a system of impulses going 
out from my brain and correlated with my spoken or written thoughts. But 
why should the system continue further in the direction of the centre? Why 
should this order not proceed, so to speak, out of chaos? The case would 
be like the following— certain kinds of plants multiply by seed, so that a 
seed always produces a plant of the same kind as that from which it was 
produced— but nothing in the seed corresponds to the plant which comes 
from it; so that it is impossible to infer the properties or structure of the 
plant from those of the seed that comes out of it— this can only be done from 
the history of the seed. So an organism might come into being even out of 
something quite amorphous, as it were causelessly; and there is no reason 
why this should not really hold for our thoughts, and hence for our talking 
and writing. (608)

The action of a human being is not reducible to physiological processes, be-
cause action is embedded in a system that operates in and through bod-
ies. What is “occult” for Wittgenstein is not the idea of thinking outside the 
body, a normal phenomenon. What is occult is the idea that thinking takes 
place “inside” us, in the head, in the brain (606).

Artificial intelligence— can we really imagine the intelligence of a system 
(thinking, speaking, reading) itself having a technical substitute?

Is thinking a specific organic process of the mind, so to speak— as it were 
chewing and digesting in the mind? Can we replace it by an inorganic pro-
cess that fulfils the same end, as it were use a prosthetic apparatus [Proth-
ese] for thinking?

How should we have to imagine a prosthetic organ of thought [Denk-
prothese]? (607)
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Cybernetic Machines  
and Organisms

Cybernetics was centered on a fundamental analogy between organism 
and machine. As W. Ross Ashby asserted, “I shall consider the organism . . . 
as a mechanism which faces a hostile and difficult world and has as its 
fundamental task keeping itself alive.”1 Because cybernetics intention-
ally blurred the boundaries between humans, animals, and sophisticated 
technological objects, it has often been accused of reducing living beings 
to the mere interplay of mechanisms. However, cybernetics always wanted 
to infuse machinic beings with the essence of life— purpose, adaptive re-
sponsiveness, learning, and so on— while opening up new insights by com-
paring organisms to some of the most innovative technologies of the era, 
namely, servo- mechanisms, scanning instruments, electronic communica-
tion systems, analog computers, and, perhaps most notably, the new high- 
speed digital calculators that were emerging from secrecy in the postwar 
era. Cybernetics drew together advanced automatic machines and organ-
isms on the basis of their shared capacity to respond flexibly to a changing 
environment— whether the external world or that inner domain (Claude 
Bernard’s “internal milieu”) governed by what interwar physiologists called 
the regulative principle of “homeostasis.”

Cybernetics was a provocative, multidisciplinary, and self- consciously 
revolutionary intervention into the fluid conceptual world of the interwar 
period. The recurring and overlapping questions concerning order and or-
ganization in physiological, technical, and cognitive domains were recon-
ceived by cybernetics in a new context. The new science would not explore 
“relations” between these domains. What was proposed instead was a new 
project that sought the essential features of all adaptive and reactive sys-
tems, whatever their origin.
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We can see clearly the resistances (but also affiliations) between inter-
war thought and new cybernetic initiatives as figures in the individual dis-
ciplines engaged with the new thinking in the early postwar period. The 
fact that so many important intellectuals had fled Europe (Germany in par-
ticular of course) meant that the contestation was staged in new sites and 
in new contexts. The United States would be a key space; centers of cyber-
netic research and theory would also emerge in the United Kingdom and in 
France. The Hixon Symposium, and then the series of famed Macy Confer-
ences, included a wide array of presenters and commentators whose lines 
of thought between and across disciplinary— and chronological— gaps can 
be detected.

Artificial Insight

One example is illuminating for the question of intelligence in particular. 
As we have seen repeatedly, one of the touchstones for interwar thinking on 
creativity and intelligence, in animals and humans (and perhaps even ma-
chines), was Wolfgang Köhler’s influential book on ape intelligence, where 
his Gestalt framework informed the concept of insight, the capacity to use a 
“detour” (Umweg) from normal routines in order to provoke a new organiza-
tion of thought and perception in the solution of challenging problems.

In 1951, Köhler (now in America as an émigré, along with other Gestalt 
psychologists and Kurt Goldstein, all exiled from Nazi Germany) in fact 
published a review of Norbert Wiener’s seminal work, Cybernetics, Or, Com-
munication and Control in the Animal and Machine (1948), which included 
a famous chapter titled “Computing Machines and the Nervous System.” 
Though Köhler praised certain features of the book, including the innova-
tive theorization of feedback, he had serious reservations about the idea 
that electronic calculators and other machines could serve as models for 
the human nervous system and thereby help explain the origin and nature 
of human thought. As Köhler put it, this “now popular comparison” was en-
tirely ungrounded. The kind of information processing carried on by these 
new computing machines was, he believed, “functionally” and “generically” 
different from human thinking. As Köhler pointed out— anticipating Hu-
bert Dreyfus and other critics of postwar artificial intelligence research— it 
was obvious that only the “intelligent” decisions of human mathemati-
cians gave any value to these blind mechanical processes; the machines 
could not really know anything, he concluded, “because among their func-
tions there is none that can be compared with insight into the meaning of  
a problem.”2
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So Köhler would hardly have been surprised to find the influential cy-
berneticist and polymath Warren McCulloch admitting, a decade later, 
that “the problem of insight, or intuition, or invention— call it what you 
will— we do not understand.”3 On various occasions, McCulloch would ac-
knowledge that imitating this kind of insight artificially with machines was 
quite problematic (though still possible, he believed).4 That a leading cy-
berneticist like McCulloch would become so entangled in the question of 
insight and “productive thinking”— a question taken up by virtually all the 
leading Gestalt psychologists— was rather ironic. For it was in fact McCull-
och’s early work with his young colleague Walter Pitts, undertaken in the 
1940s, that initially spurred the “popular” idea that human thinking could 
be compared to the work done by calculating machines, a central theme of 
cybernetic theories.5 McCulloch and Pitts famously argued, in 1943, that it 
was possible to consider neuron structures as if they were in essence digital 
switching devices, and, armed with this idea, they went on to demonstrate 
(mathematically, that is) that networks of these “idealized” neurons were 
entirely capable of representing and calculating logical propositions and 
their consequences.

In effect— following here the revolutionary work of Kurt Gödel, Alonso 
Church, and Alan Turing in mathematical logic from the 1930s— McCulloch 
and Pitts argued that the brain, seen as a simplified, interconnected net-
work of digital relays, was perfectly capable of fulfilling the functions of a 
Turing machine, an imaginary (at that point) form of digital computer that 
was capable of calculating logical sequences, by representing propositions 
and relations as a series of computable numbers. The implications of this 
brilliant and startling argument were obvious, and the two authors did not 
fail to make this explicit, closing their essay with this powerful claim: “Both 
the formal and the final [i.e., purposeful] aspects of that activity we are wont 
to call mental are rigorously deducible from present neurophysiology.”6 As 
McCulloch would go on to explain, in a talk at the celebrated Hixon Sympo-
sium, which centered on the relationship between brain and behavior, held 
at the California Institute of Technology in 1948, we did not need to postu-
late anything “extra” in thought to explain mental functioning. Indeed, we 
should not entertain the idea that something “new” could happen in the 
mental domain. “Our knowledge of the world, our conversation— yes, even 
our inventive thought— are,” he stated emphatically, “limited by the law 
that information may not increase on going through brains, or computing 
machines.”7

This seminal attempt to redescribe thinking as a kind of bio- logical 
mechanism may have fit well with the behaviorism that was dominant in 
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American psychological research. And in an academic environment that 
valued “facts” and empirical research in these areas, the materialist impli-
cations of these arguments were hardly problematic.

The End of the Machine

Incisive critics of cybernetic thought and research would, however, repeat-
edly press on the fundamental analogy made between feedback- driven ma-
chines (such as servo- mechanisms, self- regulating industrial machines, 
or self- guided weaponry) and complex organisms. But not because they 
thought cybernetics was inherently reductionist, though that was always an  
issue lurking in the literature of this period. However, what was often at 
stake was the opposite problem, namely, the attempts by cybernetics to in-
fuse vital “purpose” and teleological organization into technological  objects.

This project would distort our understanding of the essential nature of 
organismic life: so argued Georges Canguilhem in his 1947 lecture “Ma-
chine and Organism.” As he explained, artificial machines do, of course, 
have “ends” that govern their design; that is what makes a technical object 
recognizable. However, unlike an organism, the teleological orientation 
of a machine is always given to it from the outside. This purpose is there-
fore never (by principle) intrinsic to the machine’s own organization. This, 
according to Canguilhem, was the crucial error of Descartes’s exercise in 
what I called “virtual robotics.” That is, the analogy between the mechani-
cal automaton and the living being relied on the original divine creation of 
the organism, which was in Descartes’s vision itself based on concept of the 
artificial machine of human engineering— a machine that internalizes an 
essentially external “telos.” A machine governed by externally given ends, 
Canguilhem pointed out, is always a slave to its given, already determined 
order: the machine must then affirm “the rational norms of identity, consis-
tency, and predictability.”8

In contrast, the organism is organized by the internal goal of its own sur-
vival, and it was therefore capable, Canguilhem observed, of genuine im-
provisation in the event of crisis or even internal failures. Here we see the 
influence of Kurt Goldstein’s concept of the dynamic and perennially un-
stable organism. Without a completely fixed structure restricting its poten-
tiality, the organism was, unlike the rigid machine, able to find new paths 
to success. The essential unity of the organism was maintained even in the 
event of catastrophic error because its organs were, as Canguilhem put it, 
fundamentally “polyvalent,” not limited to previously defined, specific de-
terministic functions, as the parts of a machine were. The organism could 
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be saved by what are in essence pathological responses. There was, Can-
guilhem declared, no possibility of such a machine pathology; there would 
never be any machine “monsters,” because the machine could never create 
for itself new norms, new forms of existence.

Canguilhem’s critique of the machine as model of the living amplifies 
the argument made first in his dissertation, published as the book, On the 
Normal and the Pathological (1943).9 Canguilhem’s understanding of these 
concepts was explicitly influenced by Kurt Goldstein’s earlier work.10 The 
idea that Goldstein’s “catastrophic reactions” were, in a certain sense, en-
tirely normal informed Canguilhem’s approach to medical ideas of pathol-
ogy. Pointing to the great plasticity of the nervous system, Canguilhem 
noted that if a child suffers a stroke that destroys an entire half of the brain, 
that child would not suffer aphasia (as is the case with many brain inju-
ries later in life) because the brain reroutes language performance to other 
regions in order to compensate for the damage.11 Organisms are stable as 
unities precisely because their organization is not fixed into any one rigid 
structure— they are open and thus equipped to surmount even a traumatic 
loss of functions in some cases.

The influential Austrian biologist Ludwig von Bertalanffy formulated, 
in the early years after the war, a new discipline of “systems theory” that, 
like cybernetics, aimed to transcend different disciplinary approaches to 
dynamic, ordered systems, living or not. However, according to Bertalanffy, 
cybernetics was on the wrong path: it could never hope to account “for an 
essential characteristic of living systems,” namely, their ability to maintain 
stability despite constant metabolic creation and destruction of its own 
material foundation.12 Like other critics of cybernetics, Bertalanffy believed 
that “a mechanized organism would be incapable of regulation following 
disturbances,”13 since a machine could not radically transform itself— as 
the organism could— to accommodate shock and injury.14 Open systems 
were plastic and hence never fully determined; they possessed what Ber-
talanffy called “equifinality,” the capacity to follow multiple paths for the 
maintenance of life— an echo of Lashley’s “equipotentiality” of the brain.15

In a later critique of automation, the American sociologist cum philoso-
pher Lewis Mumford affirmed the distinctions made by more expert figures 
such as Canguilhem and Bertalanffy. Unlike machines, he argued, “organic 
systems [have] . . . the margin of choice, the freedom to commit and correct 
errors, to explore unfrequented paths, to incorporate unpredictable acci-
dents .  .  .  , to anticipate the unexpected, to plan the impossible.”16 Again, 
the possibility of error was a critical theme. As the idiosyncratic, cybernet-

段静璐
这里应该翻译成「等目的性」吗？搜了下是「等终性」……还不如和全称「等效重点性」。
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ically inspired thinker Gregory Bateson would observe, “An organism is ca-
pable of being wrong in a number of ways.  .  .  . These wrong choices are 
appropriately called ‘error’ when they are of such a kind that they would 
provide information to the organism which might contribute to his future 
skill. These will all be cases in which some of the available information was 
either ignored or incorrectly used. Various species of such profitable error 
can be classified.”17

Cybernetic Failure

And yet .  .  . We have to recognize that cyberneticists were, from the very 
beginning, intensely interested in pathological breakdowns and the im-
portance of radical plasticity for adaptive and reactive beings (whether ar-
tificial or biological). Describing the early cybernetic “animals” created by  
W. Grey Walter (introduced to the public on a BBC broadcast in the 1950s), 
the French cybernetic thinker Raymond Ruyer noted, “Their errors must 
precede exploration, because these errors constitute the driving force.”18

Paying attention to plasticity in this new discipline in fact reveals some 
important, often unexpected facets of the cybernetic project to analyze 
and construct “living” machines. In his classic Cybernetics, Or, Communica-
tion and Control in the Animal and Machine, Norbert Wiener observed that 
certain psychological instabilities could be conceptualized through rather 
precise technical analogues: “Pathological processes of a somewhat simi-
lar nature are not unknown in the case of mechanical or electrical comput-
ing machines.”19 There was, then, a strict parallel drawn between systemic 
breakdowns in the psychological and technological spheres.

The task of the modern therapist can be compared to the task of the main-
tenance engineer or of the trouble- shooter who repairs the great overland 
power lines. Abnormalities of behavior are described in terms of distur-
bances of communication. In the past, these disturbances have been sum-
marized under the heading of psychopathology.20

As Bateson would explain elsewhere, both the technical device and the hu-
man mind can exhibit “symptoms” that indicate a breakdown or patholog-
ical turn within the “body” as a whole. “If the TV suffers from a blown tube, 
or the man from a stroke, effects of this pathology may be evident enough 
on the screen or to consciousness, but diagnosis must still be done by an 
expert. . . . The TV which gives a distorted or otherwise imperfect picture is, 
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in a sense, communicating about its unconscious pathologies— exhibiting 
its symptoms.”21

In an important sense, then, cybernetics as a transdisciplinary science 
had its very origin in the insight that pathological physiological behaviors 
(in, say, neurological movement disorders) could be mapped, structurally 
and with precision, onto technological failures that could be described in 
identical mathematical forms. While investigating the behavior of feed-
back systems in steering mechanisms, for example, Wiener and his engi-
neering colleague Julian Bigelow discovered that excessive compensation 
could sometimes lead to increasing oscillations that eventually became 
uncontrollable, leading to great disorder and a failure to find equilibrium. 
When they asked the medical researcher Arturo Rosenblueth (who had 
been working for years under Walter Cannon at Harvard) if there were any 
similar pathologies known in human physiology, Rosenblueth immediately 
answered that there was indeed an exact neurological parallel: voluntary 
motion could degenerate into the same state of oscillation when the cere-
bellum was injured in very specific ways.22 Mathematical analysis of other 
forms of physiological disorder (e.g., cardiac arrhythmias, which would be 
the focus of Rosenblueth’s own work back in Mexico) would soon reveal 
a number of these parallels between physiological and technological pa-
thologies, which grounded the study of structural and topological norms 
shared by cybernetic machines and complex organisms.

This early interest in pathology at the very foundation of cybernetics 
is hardly surprising, given the fact that so many of its original practition-
ers were medical professionals with interests in both physical and men-
tal illnesses. Warren McCulloch was a neurologist who worked in psychi-
atric clinics, Ross Ashby was trained as a psychiatrist and practiced while 
developing his own private research projects in homeostatic stability, and 
Rosenblueth was a physiological researcher and a cardiologist. In an im-
portant sense, cybernetics (especially its later incarnations) was always a 
highly medicalized discipline, aimed at identifying the origins of instability 
in large, complex systems and then diagnosing the sources of breakdown 
so as to eliminate them and recover unity and stability. As Ashby put it, in 
his textbook on cybernetics:

Cybernetics offers the hope of providing effective methods for the study, 
and control, of systems that are intrinsically very complex. . . . In this way 
it offers the hope of providing the essential methods by which to attack the 
ills— psychological, social, economic— which at present are defeating us by 
their intrinsic complexity.23
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Instability appears in this framework as a “self- generating catastrophe” 
that leads to the collapse and death of the system if it is untreated.24

And yet . . . Despite this extensive interest in failure, pathology, and cata-
strophic breakdowns, cybernetics could still be accused of greatly simpli-
fying the problem of disorder and crisis, pathology and health. It was one 
thing to explain some forms of adaptive response in terms of automatic 
steering technologies. However, it was quite another to explain a more rad-
ical originality and inventiveness that was repeatedly encountered in the 
living world. This capacity was not reducible to any specific mechanism or 
logic, even a homeostatic one.

As the noted British polymath Michael Polanyi observed, in his Gifford 
lectures of 1951– 52, the capacity of life as improvisation flowed from an “ac-
tive center operating unspecifiably in all animals.”25 Polanyi’s theory of evo-
lution was based on the idea that even simple organisms, in circumstances 
that threatened survival, were capable of responding with novel solutions. 
As he noted in his preface, the results of Gestalt psychology initiated his 
own inquiry, which aimed to understand these creative reorganizations 
in an evolutionary context. So, for Polanyi, a singular solution would be-
come part of the repertoire of behavior, one that would harden into routine 
or habit and then eventually be inherited as a new automatism. Ever more 
complex organisms would become capable of more and more sophisticated 
improvisations in the face of challenging and threatening situations.

The same process would be evident in cognitive activity, once organisms 
acquired nervous systems and sensory systems. To know the world was, Po-
lanyi insisted, to actively engage with it. His famous idea of “tacit knowl-
edge” recognized that embodied knowledge was not the result of some 
formal or logical mental framework but instead an event, a product of the 
unpredictable interaction of mind and environment. And problem solving 
was the impetus for this kind of interaction. With detailed references to 
Köhler’s ape studies, as well as concepts of “inspiration” in creative think-
ing (e.g., Poincaré and Wallas), Polanyi argues, “The irreversible character 
of discovery suggests that no solution of a problem can be accredited as a 
discovery if it is achieved by a procedure following definite rules” (123).

Polanyi, who was familiar with the newest electronic computing ma-
chines and related technologies, stressed that this singularity of discovery, 
its status as an interruption into thought, demonstrated that it could never 
be produced by some machinic process. “For such a procedure would be re-
versible in the sense that it could be traced back stepwise to its beginning 
and repeated at will any number of times, like any arithmetical computa-
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tion. Accordingly, any strictly formalized procedure would also be excluded 
as a means of achieving discovery” (123). The figure of the genius, linked 
with the inventive originality of the living body itself, reveals the essential 
exception of genuine novelty.

But genius makes contact with reality on an exceptionally wide range: see-
ing problems and reaching out to hidden possibilities for solving them, far 
beyond the anticipatory powers of current conceptions. Moreover, by de-
ploying such powers in an exceptional measure— far surpassing ours who 
are looking on— the work of a genius offers us a massive demonstration of 
a creativity which can neither be explained in other terms, nor unquestion-
ably taken for granted. By paying respect to another person’s judgment as 
superior to our own, we emphatically acknowledge originality in the sense 
of a performance the procedure of which we cannot specify. Confrontation 
with genius thus forces us to acknowledge the originative power of life, 
which we may and commonly do neglect in its ubiquitous lesser manifes-
tations. (124)

Hence the limitation of the machine: it cannot violate itself; it cannot “fail” 
or reinterpret itself in the light of failure, error, damage. Therefore, we can-
not, he says, “replace the conception of the machine— as defined by its op-
erational principles— by a more comprehensive understanding which ac-
counts both for the correct functioning and the failures of a machine” (328). 
The rules of organization (biological, psychological, epistemological) only 
describe success; yet the heart of genuine creative action is the response 
made in light of failure, the insufficiency of norms, the breakdown of order, 
the threat of catastrophe (333).

As Polanyi well knew, the essential claim of the new cybernetic disci-
pline was that machines could be made to imitate or instantiate this creative 
function— to exemplify, that is, a kind of artificial plasticity. Referring to 
the debates opened up at the Hixon Symposium of 1948, where cybernetic 
ideas engaged with leading research on brain function, Polanyi will admits 
that a pseudo- vitality can be manufactured.

The machine- like conception of living beings can be extended to account in 
principle for their adaptive capacities. An automatically piloted aeroplane 
approximates the skills of an air pilot. Its mechanical self- regulation co- 
ordinates its activities in the service of a steady purpose, and it may even 
appear to show a measure of resourcefulness in responding to ever new, not 
exactly foreseeable situations. (336)
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Were we, human beings, just “conscious automata” then? Polanyi offers an-
other perspective: every living thing has, at once, an automatic system of 
behavior and what he calls an “inventive urge” that defies the normativity 
of these automatisms. Only such an “unspecifiable” element can explain 
the kind of plasticity (“equipotentiality”) exhibited by the brain, even as it 
suffers extensive destruction— as Lashley’s work showed so clearly (336). 
Equipotentiality implies multiple paths and therefore an element of deci-
sion, a break from the norms of regulative behavior.

What thinkers such as Polanyi (and Bertalanffy, Goldstein, and Canguil-
hem) were trying to suggest was that organisms were not just able to re-
spond to changing conditions; they were also able to enter wholly new states 
of being— with new forms of order and new potentials— when they were 
confronted with extreme challenges, drastic injury, or internal failures of 
communication. A pathological state was not simply the negative inverse 
of a normal function, as cybernetic work at times seemed to imply, but 
rather an opportunity for the appearance of invention, the creation of un-
precedented response.

The historical question raised here, then, is whether or not cybernetics did 
in fact understand, and try to model, this productive relationship between 
genuinely pathological conditions of distress and the radical novelty of re-
organization within the organism. The legacy of cybernetics has often been 
figured as a move toward a form of invisible “technocracy” of rationaliza-
tion and systematization in the social, economic, and political spheres— 
leaving the individual to be subjected to the teleological momentum of 
these now autonomous systems of techno- power.26 This is why cybernet-
ics has reemerged today, in the twenty- first century, as a conceptual and 
political orientation as we confront the rise and consolidation of a global 
information society, the emergence of new and more intimate forms of 
human- computer symbiosis, not to mention acute conflicts over auto-
mated surveillance, algorithmic justice, and automatic warfare involving 
remote killing technologies.

Peter Galison, for one, has forcefully argued that cybernetics, literally 
born (with Norbert Weiner’s failed attempt to build an intelligent antiair-
craft weapon) in the midst of war and developed, with much state funding 
in the United States, Europe, and the Soviet Union during the height of the 
Cold War, was at its heart a “Manichaean” science, obsessed that is with 
maintaining order against the constant active threat of disorder. Cybernet-
ics could hardly embrace a link between abnormality and creativity, Gali-
son claims, when it pathologized disorder as the ultimate enemy.27 Andrew 
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Pickering’s sophisticated and comprehensive analysis of British cybernetic 
brain science highlights the crucial significance of pathological conditions 
in the development of a new way of thinking about adaptive and creative 
machinery. For Pickering, this is what distinguished the British alternative 
from the more militarized American version of cybernetics. As Pickering 
writes, pathology was, for the cyberneticists, another way of looking at the 
normal, ordered state: “In medicine the normal and the pathological are 
two sides of the same coin.” Cybernetic machines and organisms were de-
fined by their inherent structures, and both were kept “alive” by the pro-
cesses that maintained homeostatic equilibrium. Breakdown is crucial in 
order to reveal the often occluded normative order. However, pathology 
was it seems never conceptualized independently.28

In practice, however, it is somewhat difficult to maintain a clear bound-
ary between order and disorder in cybernetic discourse. The cybernetic 
analogy between machine and organism was being forged at a moment 
when biological thought had, as we know, transcended the old opposition 
between mechanists and vitalists. The key challenge in this period was to 
explicate organismic unity. First, it was necessary to ascertain how an or-
ganism developed into a coherent formal structure from embryonic cells— 
the problem of morphogenesis. And second, it was important to identify 
how organisms could maintain those forms despite ever- changing condi-
tions and a dynamic metabolic process— the question of homeostasis. The 
concept of the essential unity of a living being was so important because 
it linked— at the level of a single system— transformation and destruction 
with continuity and stability. Unity was, of course, predicated on an inher-
ent plasticity of organismic organizations, their capacity to take on new 
forms at key turning points, even catastrophic ones.

To understand the cybernetic effort to create a science that bridged or-
ganismic and machine beings we must therefore pay close attention to the 
way unity and flexibility were conceptualized in cybernetics. As we will see, 
illness, pathology, breakdown, all were vitally important questions for bio-
logical thinkers after the war. These states were not simply ascribed to “dis-
orderly” Manichaean forces attacking order, pace Galison, but instead were 
understood to be potentially productive crisis conditions, contingent and 
singular events that revealed essential transformative potentials that made 
the ongoing life of an organism possible in the first place.
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Automatic Plasticity and  
the Pathological Machine

Between the plasticity of the brain and the machinistic structure of a 
computer there is an unbridgeable gap that is even wider than that between 
syllogizing and reasoning.

Nicholas Georgescu- Roegen, The Entropy Law  
and the Economic Process (1971)1

Prominent figures in the early days of cybernetics, information science, 
computing, and even artificial intelligence research all looked back to Des-
cartes as a forerunner in the conceptualization of cognition as essential 
technological. Norbert Weiner cited Descartes as an early important the-
orist of automata, noting only that he failed to develop a comprehensive 
understanding of how the automaton was coupled to its environment.2 
Claude Shannon (the massively influential information theorist) and John 
Mc Carthy (who coined the very term “artificial intelligence”) praised Des-
cartes’s argument that the body with its nervous system was an automa-
ton while acknowledging that any effort to understand the brain’s function 
“usually reflects in any period the characteristics of machines then in use.” 
Before the development of “large- scale computers” and the subsequent 
theorizations of information processing devices, thinkers such as Descartes 
were limited to hydraulic and other machinery in their modeling of the ner-
vous system.3

What the cyberneticians introduced was the idea of an organized being 
that responded actively to the environment, not through complex “me-
chanical” interactions, but rather through the introduction of information 
into that being, which was then reorganized to effect certain actions that 
would maintain the inherent “purpose” of this being.4 The finite set of in-
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formation states was defined by the material organization of the cybernetic 
entity. Yet the actions were effected by the logic of information itself, not 
mere physical action and reaction. Whether the information system was an 
analog computer, a physical instrument, or a digital computational device, 
what was important for cybernetic theory was the fact that an intelligent 
being (whether artificial or natural) constructed a model of its environ-
ment through the coded information received from sensory organs, reor-
ganized that information to preserve its ideal goal state, and then initiated 
actions that would produce that desired state. In this way, the cyberneti-
cians erased the conceptual distinctions between animal and human, hu-
man and feedback machine, animal and machine, since all were in essence 
information systems, beings that acted on the basis of virtual realities, not 
physical ones.5 The measure of human or other forms of intelligence was 
the degree of complexity of information processing, hence the interest, in 
the 1940s and 1950s, in the new large- scale computing devices then being 
developed. The brain, it was thought, may very well be a digital computer, 
a logic system that was materially instantiated in neural cells but governed 
by the pure logic of binary operations.6

As we saw, Descartes was one of the first theorists of the nervous sys-
tem as an information machine, a steering system that was organized by sen-
sory inputs and their organization and reorganization, all in feedback loops 
with other sensory information and, importantly, the activation organs, 
what Lotka and others called “effectors.” From one point of view, we can un-
derstand cybernetics as an attempt to redefine the organism as a new form 
of machine, one governed, literally, by information— and one that need not 
involve, even at the level of the human being, any new element, any inter-
ventional “spirit” of mind.

Feedback Is Error

One of the central claims of cybernetics was that only a process of “negative 
feedback” drove the homeostatic life of adaptive beings. The cybernetic en-
tity (whether living or machinic) first sensed its environment, alongside its 
own “state” of being in that environment, then compared that information 
with its own “goal” states embedded somewhere in this being, before effect-
ing certain actions that would bring the entity’s state in line with this ideal 
goal.7 To be sure, from one perspective, this cybernetic concept of negative 
feedback could be read as privileging a predetermined, precisely defined 
“order” that is imposed on these active beings. Yet from another angle, one 
might emphasize the importance of deviation in the functioning of any 
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 cybernetic being: this being has an existential relationship with error. It is 
not disorder or even error itself that threatens the cybernetics being but in-
stead an inability to respond appropriately to an ongoing state of disorder. 
Any dynamic adaptive being is in a condition of ceaselessly deviating from 
its own formal ends.

The cognitive psychologist George A. Miller, famous for the experimen-
tal demonstration of the limits of working memory,8 perfectly expressed 
this cybernetic principle in his theoretical work on memory, bringing to-
gether machinic, evolutionary, and organismic concepts.9

One of the few truly general ideas that we have in neurophysiology is that 
organisms try to reduce deviations from their normal states. This idea, 
which has a long and interesting history, is now widely known as the “cy-
bernetic principle,” or, more descriptively perhaps, the “negative feedback 
principle.” It holds that an adaptive system can maintain a stable state in a 
fluctuating environment if it can sense deviations from that state and initi-
ate actions to reduce them. (361)

For Miller, the organism did not merely register events and experiences in 
a memory storage system. Instead, memory functioned within the homeo-
static economy as a whole. He agreed with Kenneth Craik’s position that 
the nervous system produced models of an exterior reality but emphasized 
the importance of failure in this task, because failure opened the opportu-
nity to transform the model and gain new insights into our environment. 
We remembered, in other words, the unexpected (the “improbable devia-
tion” [368]), and this needed to be “encoded” in natural or artificially adap-
tive systems (361). The implications of this failure model are significant. As 
Miller wrote:

The suggestion that we encode the unexpected would seem to imply that the 
system is symbolic, rather than iconic. We can easily conceive of an iconic 
representation of an object or event in consciousness, but it is much more 
difficult to conceive of an iconic representation for a mismatch between two 
such images. (362)

From this perspective, radical failure (even death) is not so opposed to nor-
mal homeostatic operation because the catastrophic turn is in fact contin-
uous with normal efforts to maintain the health of the being in its essential 
errancy. That is, the boundary between normality (health) and catastrophic 
failure (illness, death) is defined by the limits of the being’s own errancy 
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and not at all by the mere presence of deviation or error in the face of the 
improbable or unexpected occurrence. The great achievement of cybernet-
ics was the demonstration that these limits to error were not at all arbitrary. 
As Wiener remarked, “The conditions under which life, especially healthy 
life, can continue in the higher animals, are quite narrow.”10 As Ashby ex-
plained, in an essay on homeostasis, “If the organism is to stay alive, a com-
paratively small number of essential variables must be kept within phys-
iologic limits,” and this applied to the “life” of technological entities as 
well. Their survival as unified systems depended on keeping error within 
proper limits.11

The crucial arbiter of the limit of error was therefore the survival of the 
being as a whole. As Ashby would make clear, the relationship between ca-
tastrophe and normal error or deviation is governed by the threat to the 
fundamental unity of the being in question. He gives the example of a 
mouse trying to evade a cat. The mouse can be in various “states” or pos-
tures, and certain values may even change drastically (it may lose an ear, for 
example), yet still, the mouse will survive. “On the other hand, if the mouse 
changes to the state in which it is in four separated pieces, or has lost its 
head, or has become a solution of amino- acids circulating in the cat’s blood 
then we do not consider its arrival at one of these states as corresponding 
to ‘survival.’”12 The unity of the being is the ultimate mark of survival. Unity 
amounts to the capacity to maintain some stable form even while experi-
encing drastic— perhaps even violent— transitional states.

There is no fundamental distinction between order and disorder here. 
The definition of a formal unity determined the parameters of survival 
within the unified system. Both in biology and cybernetics, the unity of the 
being is what identifies the structural relations and variables that had to be 
maintained against the threat of extinction. To rethink cybernetics from 
the perspective of the organism, we must zero in on the nature of this unity 
and its status. How could a breakdown, even a catastrophic failure, become 
the opportunity for an unprecedented reorganization? How could a func-
tionally determinate machine ever acquire this organismic capacity?

Ashby on the “Break” within the System

It was exactly this problem of reorganization in crisis that Ashby faced 
head- on in creating his cybernetic model of the adaptive organism, the Ho-
meostat machine. Ashby knew that by definition a machine was fixed, and 
its operations wholly determined. A machine, in its ideal operating state, 
had only one form of behavior and therefore could not change its funda-
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mental design. Although it is possible to have a machine that enters new 
states depending on changing environmental variables (a thermostat is a 
simple example), the design of the structure will still govern its operation 
at all times.

In this respect Ashby would have agreed with Canguilhem’s critical per-
spective on the limits of the machine. In a notebook fragment from 1943, 
we find Ashby reading William James, who, as we have seen, placed the re-
lationship between plasticity and automaticity at the center of his biopsy-
chological explanations of human thinking. James, as Ashby noted in his 
citations of the pragmatist psychologist, compared the rigid machine to the 
complex nervous system, an entity that paradoxically exhibits both fixity of 
structure and open- ended adaptive plasticity.13 The early notebooks show 
that Ashby was also reading Claude Sherrington’s revolutionary work on 
neural integration at this time. Ashby in fact wrote out several passages by 
hand from Sherrington’s seminal book, where the neurologist described 
the organism as a “moving structure, a dynamic equilibrium,” something 
constantly adjusting itself to ever- changing conditions. The living system 
was “labile”— and indeed, its greatest strength, for Sherrington, was its very 
fragility, because that fragility made it more sensitive to its surroundings.14 
If his own Homeostat machine was going to be an adequate representation 
of this kind of organismic self- organization, Ashby had to figure out a way 
to model the behavior of a genuinely open system, one that could assume 
a determinate structural organization, like any machine, but at the same 
time not be eternally bound to any one particular order. Remember that the 
influential systems theorist and biologist Bertalanffy had already criticized 
cybernetics precisely for their misguided use of closed systems to model the 
fundamentally open structures of natural organisms.

Ashby himself was hardly unaware of this issue, and he thought deeply 
about how to create mechanical systems that could not only respond to en-
vironmental changes, but in fact actually change its very organization as a 
way of finding new paths to stability and equilibrium. Ashby’s insight was 
that if a machine, defined by a specific form and purpose, was ever to re-
organize, then logically it must in fact be capable of becoming a wholly dif-
ferent and new machine. In 1941, he had admitted that man- made machines  
that change their organizations were “rare” (he failed to give any concrete 
example, though he did point out elsewhere that the inclusion of memory 
in a system would amount to such reorganization).15

Yet Ashby would push much further, seeking to conceptualize a ma-
chine that had, like the nervous system, what James had called an “incalcu-
lable element” that could interrupt, productively, the machine’s own fatal-
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istic operation. Ashby made a conceptual breakthrough by thinking about 
the potential value of failure, something that was, after all, inevitable in any 
working machine. Ashby realized that when a machine broke, it became in 
essence a brand- new machine with a new “design,” so to speak: “A break is 
a change in organization.”16 Ashby’s goal was to engineer a machine that 
could take advantage of its own breaks as a way of entering into a state. 
Genuine breaks of this kind were exceedingly rare in artificial machines. 
According to Ashby, a break was “1) a change of organization, 2) sudden,  
3) due to some function of the variable passing a critical value.”17 If a homeo-
static machine were constructed in such a way as to “break” when pushed 
to the limit of its ability to maintain equilibrium, this machine could ac-
quire a new organization, another possible path to equilibrium. “After a 
break, the organization is changed, and therefore so are the equilibria. This 
gives the machine fresh chances of moving to a new equilibrium, or, if not, 
of breaking again.”18 The breakdown was in essence a temporary shock to a 
system that was not succeeding in its quest to find equilibrium. Ashby in-
vented a form of cybernetic plasticity by taking advantage of the very weak-
ness of all machines— their ultimate fragility. As W. Grey Walter put it, in 
his own cybernetic book on the brain, “The power to learn implies the dan-
ger of breakdown.”19

As Ashby would point out, the brain was a special kind of machine in 
that its many highly differentiated component parts— the neurons— were 
constantly connecting and disconnecting with each other as the brain re-
sponded to perturbation and change. Built into its dynamic organization 
was an inherent tendency to break down and thereby give way to new or-
ganizations, for the neurons have a built- in latency period: after a certain 
amount of activity, neurons temporarily “disappear” from the system, only 
to reappear fully active again once they have recovered their potential. 
Ashby suggested that the cybernetic machine and the organism could be 
linked by this shared capacity to self- organize in moments of breakdown, 
a capacity that ultimately could be traced to the tendency to fail— at least 
temporarily— on a repeated basis.

In later works such as Design for a Brain (1952) and Introduction to Cyber-
netics (1961), Ashby introduced a formal way of thinking about the behavior 
of complex, adaptive systems. He noted that if we take the basic states of a 
system as variables— capable of change, that is— then we could plot them 
graphically as vectors. In turn, individually plotted variables could be inte-
grated in a multidimensional “phase space” as a way of representing, with 
one single vector, what Ashby called a line of behavior, an integration, that 
is, of multiple vectors into one line that would represent the dynamic inter-
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play of different states in motion within the total system.20 Ashby’s innova-
tion was to think of the cybernetic being as a set of potential states, states 
that could be visually represented in phase space as vectors whose func-
tions were limited by boundary values. Ashby showed how the interpreta-
tion of these lines of behavior as mathematical functions opened up a new 
way of understanding complex systems. Mathematical analysis of physical 
systems was normally limited to continuous systems of a linear nature. A 
mathematical approach to biology, in contrast, would have to accommo-
date the nonlinear, discontinuous features of much organismic behavior.21 
Ashby gave an example: any sudden transformation of an activity may well 
be governed by a so- called step function, where the value of the function 
moves continuously, imitating a linear function, until it changes abruptly 
(and seemingly unpredictably) when it reaches a certain point. This math-
ematical representation of behavior would suggest that spontaneous, sin-
gular events or actions in the life of a being are in fact governed by hidden, 
dynamic processes modeled by relatively simple step functions, or more 
complex nonlinear descriptions of threshold changes and singularities.22 
The main insight was the idea that transformations of the system’s behav-
ior were strictly analogous to mathematical transformations of the oper-
ands.23 For Ashby, this made it possible for cybernetics to study the innate 
“determinateness” of a system formally, in mathematical terms, and to ig-
nore in effective the actual “material substance” of the system.24

Cybernetic Plasticity

Ashby’s cybernetic experimentation was more or less abstract— despite the 
solid, if at times mysterious, materiality of his infamous electrical device, 
the Homeostat.25 However, the abstract question of artificial homeostasis 
did not exhaust the cybernetic attack on understanding living, dynamic 
systems. And the brain, in particular, was a zone of intense study, not, as 
in Ashby’s case, as a generic problem in organization and stability, but as a 
novel and complex “technology” of command and control.

Cybernetics put a great deal of energy and thinking into the theory of 
the central nervous system as an information processor that governed behav-
ior. From 1948, the date of publication of Wiener’s seminal book that coined 
the term itself, cybernetics would be associated with the computer- brain 
analogy. Weiner’s book originally appeared (in English) with a Parisian 
pub lisher, with whom MIT Press hastily collaborated only after belatedly 
learning of the arrangement. In this seminal book on cybernetics, Wiener 
enumerated the fundamental analogy between neural organization and the 



252  CHAPTER 24

binary architecture of the computer, writing, for example, that the reali-
zation that the brain and the computing machine have much in common 
“may suggest new and valid approaches to psychopathology, and even to 
psychiatrics.”26

Still, he also raised many questions about this comparison. He was 
equally interested, for example, in how the brain maintains its information 
states without ever localizing them in particular spaces, the very problem 
that prompted Lashley’s earlier neurological research. Memory, for Wiener, 
could not be something merely physical. Instead, it had to be a constantly 
flowing circulation and therefore subject to perturbation and deviation; this 
system, he said, could “hardly be stable for long periods of time.”27

However, it was the nature of neural plasticity in particular that con-
stituted the main challenge to the cybernetic project of assimilating ma-
chine and organism into one comprehensive framework, and there were 
differences of opinion even within cybernetics, in the United States and 
the United Kingdom and in France. To be sure, from the very beginning 
plasticity was on Wiener’s mind. A central question he posed was how to 
explain the nervous system’s agile flexibility; Wiener wondered “how the 
brain avoids gross blunders, gross miscarriages of activity, due to the mal-
function of individual components.”28 With instability and malfunctions in 
mind, Wiener would explore several different analogies between psycho-
logical pathologies and computer malfunctions. He observed, for instance, 
that the drastic effort to “clear” the brain of its pathological activity with 
the use of electrical or chemical “shock treatment” (in lieu of the more per-
manent surgical lobotomy) might well parallel the necessary purging of 
the computer of all data when a pathological “configuration of the system” 
disrupts its operations.29 Wiener also remarked more than once on the es-
sential plasticity of the brain. He gave the example of Louis Pasteur, who 
suffered a major stroke early in his scientific career. After his death, it was 
discovered that he had only “half a brain.” Yet Pasteur was, Wiener pointed 
out, only mildly affected by some physical paralysis, and mentally he was 
not at all diminished, as his great scientific achievements following the 
stroke proved. Wiener also used the very same example Canguilhem had 
offered, noting that infants can suffer “an extensive injury” to one hemi-
sphere of the brain, only to have the remaining half take on all the func-
tions of the destroyed one. “This is quite in accordance with the general 
great flexibility shown by the nervous system in the early weeks of life,” 
Wiener wrote.30

In this early, often speculative phase of cybernetics, Wiener could not 
offer much in the way of a real explanation for this plastic quality. And yet 



AUTOMATIC PLASTICITY AND THE PATHOLOGICAL MACHINE  253

he realized that if the brain is basically a processor of information and not 
a purely physical system, we are likely to find that pathologies of the mind 
will not be traceable to specific lesions of the mechanism (i.e., the level of 
the neurons) but instead to a failure of the system as a whole to manage 
information flows between functional centers.31 Wiener claimed that be-
cause complex human behavior no doubt involved a great deal of neuronal 
connectivity, it may well be the case that the human brain is often running 
“very close to the edge of an overload” that could at any moment result in 
“a serious and catastrophic” failure. With increasing neural flows “a point 
will come— quite suddenly— when the normal traffic will not have enough 
space allotted to it, and we shall have a form of mental breakdown, very 
possibly amounting to insanity.”32 Here Wiener hinted at a cybernetic form 
of the “catastrophic reaction,” but again, he was limited by his inability to 
say much about how the brain (or the computer network analogue) could 
recognize the failure and reorganize itself in these moments of extreme 
crisis and breakdown, as Goldstein and others had demonstrated. Still, 
Weiner hoped one day that a “new branch of medicine” would be devel-
oped— he called it “servo- medicine”— that would deal with these kinds of 
informational disorders of control when the “strains and alarms of a new 
situation” put demands on an information system that was not equipped 
to deal with it.33

Much of the thinking about plasticity would focus on the importance of 
the biological example of the brain as an anatomical structure whose orga-
nization was not determined by its histological form but rather by its pat-
tern of connectivity. The French neuroscientist Alfred Fessard expressed 
this clearly at a 1953 conference on the methods and limits of cybernetics: 
the key insight that can be drawn from cybernetics was the observation 
that there need not be a “complete pre- structuration” of a system in order 
to explain how it can produce behavior that is “coherent, adaptive, and goal 
driven.” Indeed, it was the dynamic fluidity of feedback and transformation 
that gave a system a kind of autonomy from its own “structure.” He pointed 
to the significance “of a certain possibility of dynamic reorganization of the 
connection schemes, whereby the living organization and its mechanical 
models are partly freed from internal structural constraints and more in-
corporated into the medium, engaged in this medium.”34 The challenge, 
Fessard notes here, is that the individual neuron is itself a living thing, 
unlike the fixed switching devices of the new electronic brains, the com-
puters. Here is where cybernetics needed new conceptions and a technical 
innovation. As he explains, for an organ like the brain to function dynami-
cally in the way it does,
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what needs to change is not, of course, the anatomical arrangement of the 
nerve pathways, woven once and for all time in adults; it is the susceptibil-
ity that each neuron has to enter into activity, and which requires a certain 
neural plasticity that cyberneticists seem to have overlooked.35

“A General and [Patho- ]Logical Theory of Automata”: Von Neumann

And yet . . . One of the most important and notorious cyberneticists, John 
von Neumann, the brilliant mathematician and ultimate leader of the mili-
tary project to build a high- speed digital computer for the design of nuclear 
bombs, was seriously engaged with this central concept of plasticity and 
its relation with error. Von Neumann looked to the sphere of biology, es-
pecially neurophysiology, as a way of reconceptualizing the very future of 
computing itself.

In some of his earliest work on computing von Neumann had (with his 
colleague H. H. Goldstine) hinted that “human reasoning” might at some 
point be “more efficiently replaced by mechanisms.”36 Von Neumann was, 
from the start of his transition from mathematician to digital computer de-
signer and military bureaucrat, thoroughly engaged with the metaphori-
cal and structural connections between organic systems and technology, in 
particular, with the importance of the nervous system as the information 
center for intelligent organisms. And so he would, to the puzzlement of his 
technical collaborators on the project, describe the EDVAC (the first stored 
program computer) as a machine built from “idealized neurons.”37 How-
ever, by the time he came to deliver his important series of lectures on the 
theory of automata (natural and artificial), von Neumann, not unlike Wolf-
gang Köhler, questioned the value of any analogy between the brain and the 
computer: “It’s terribly difficult to form any reasonable guess as to whether 
things which are as complex as the behavior of a human being can or can-
not be administered by 10 billion switching organs. No one knows exactly 
what a human being is doing, and nobody has seen a switching organ of 10 
billion units; therefore one would be comparing two unknown objects.”38

One of the “complex” human behaviors von Neumann was interested in 
was, of course, intelligence— indeed, he often stressed the importance of 
insight in scientific and mathematical work in a way consistent with the 
epistemological ideas traced in the late nineteenth and early twentieth cen-
turies.39 “In pure mathematics,” he told his audience, “the really powerful 
methods are only effective when one already has some intuitive insight. . . . 
In this case one is already ahead of the game and suspects the direction in 
which the result lies.” He did not claim that the computer would replace 
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human insight. Instead, he merely suggested, pragmatically, that high- 
speed computers could help out in those areas, such as turbulent flows 
and shock analysis, where the problems facing physicists were so unique, 
so “singular,” that very few “insights” were forthcoming, because the non-
linear equations involved were not analogous to the better- known linear 
domain and in fact “violated” all of our expectations. Here, the computer, 
with its astounding calculating ability, could serve as a kind of virtual space 
of experimentation. The machine could solve certain critical cases first iso-
lated by the physicists as promising, and from analysis of these cases, we 
might gain some form of “intuition” (as he put it) as to where other critical 
cases might lie.40

This attention to insight helps, I think, explain von Neumann’s perhaps 
surprisingly harsh critique of McCulloch and Pitts’s seminal work on com-
putation and neurology in these lectures. Although he agreed with their 
mathematical conclusion that idealized neural networks could well oper-
ate as a biological Turing machine, von Neumann emphasized what was 
not demonstrated by the two collaborators— that anything like this system 
actually occurs in nature. That is, von Neumann resisted the logical sim-
plification of a system that was, according to neurological research, almost 
overwhelming in its internal complexity.41 But, more important, he was also 
acutely aware of the psychological complexities involved. The two realms 
were, obviously, intimately connected. As he noted in this suggestive, al-
most Wittgensteinian illustration:

Suppose you want to describe the fact that when you look at a triangle you 
realize that it’s a triangle, and you realize this whether it’s small or large. 
It’s relatively simple to describe geometrically what is meant: a triangle is a 
group of three lines arranged in a certain manner. Well, that’s fine, except 
that you also recognize as a triangle something whose sides are curved, and 
a situation where only the vertices are indicated, and something where the 
interior is shaded and exterior is not. You can recognize as triangle many 
different things, all of which have some indication of a triangle in them, but 
the more details you try to put in a description of it, the longer the descrip-
tion becomes.

Or, more precisely, the “logical” descriptions of such complex analogical 
recognitions may even prove impossible at a certain point. In a perhaps 
unconscious allusion to Gestalt theory, von Neumann noted that “with re-
spect to the whole visual machinery of interpreting a picture, of putting 
something into a picture, we get into domains which you certainly cannot 
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describe in those [i.e., logical] terms.” There was no way of describing the 
“wholeness” we recognize despite distorted, partial, or ambiguous forms.42

At this point, von Neumann suggested an interesting “isomorphic” 
relation between these intuitive forms of thought and the complex orga-
nization of the nervous system. If the “visual brain” was responsible for 
such direct insights, he suggested, perhaps it was best to think of this neu-
ral network (consisting of two billion pathways) not as carrying out some 
formal logical computation to produce the insight but as itself physically 
organized as such a unity, according to its own vastly complicated logic— 
one that was at this point totally unknown and frankly beyond our com-
prehension. “I think that there is a good deal of reason to suspect that this 
is so with things which have this disagreeably vague and fluid impression 
(like ‘What is a visual analogy?’), where one feels that one will never get to 
the end of the description.” Neither the experience nor the neural processes 
could be reduced to simpler categories.43

Yet von Neumann went even further here, noting that not only were 
these processes complex, but they were not necessarily predetermined. 
After criticizing McCulloch and Pitts’s theory of memory circuits with the 
observation that the brain’s memory, whose existence is undeniable, seems 
to be located nowhere in particular, he went on to say that in general “it is 
never very simple to locate anything in the brain, because the brain has an 
enormous ability to re- organize. Even when you have localized a function 
in a particular part of it, if you remove that part, you may discover that the 
brain has reorganized itself, reassigned its responsibilities, and the func-
tion is again being performed.”44 This is exactly what so many brain scien-
tists had emphasized in the interwar period, and such plasticity (or “equi-
potentiality,” as it was often called) was at the center of Kurt Goldstein’s 
important 1934 book on the holistic organism, which was, as we have seen, 
based in part on the numerous studies Goldstein and his collaborators had 
done on brain- injured soldiers during the Great War.

For von Neumann, the creative plasticity of the nervous system served 
only to highlight the rather simplistic, and inferior, mechanical structure of 
the early computers, something he was of course well positioned to notice. 
This was no mere philosophical question at the time. Von Neumann, like 
many others involved in the origins of digital computing, was acutely aware 
of the problematic unreliability of these early machines. From the start, 
error loomed large in von Neumann’s thinking on machine computing— 
and in fact, much of modern error analysis and correction techniques can 
arguably be traced to his seminal work in this area with H. H. Goldstine. 
But in his elaboration of his general automata theory, von Neumann was 
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interested more in what was at stake conceptually with the problem of er-
ror. He could see that while the digital logic of computers had greatly in-
creased precision because it eliminated the whole problem of “noise” that 
was so troublesome in analogical computing devices, the sequential logic 
of the digital systems was, practically speaking, much less reliable, since 
any single breakdown in the circuitry (a blown vacuum tube, for instance) 
introduced potentially devastating errors that would quickly multiply in 
long and complex calculations.45 (Figure 24.1.)

With this in mind, von Neumann made one important assumption in 
his automata theory: “In no practical way can we imagine an automaton 
which is really reliable.”46 This would have far- reaching implications. Von 
Neumann realized that any systematic form of error management, or any 
single, centralized control mechanism, would also have to be considered 
subject to failure.47 Error, he once said, had to be considered “not as an ex-
traneous and misdirected or misdirecting accident, but an essential part 
of the process under consideration— its importance in the synthesis of au-
tomata being fully comparable to that of the factor which is normally con-
sidered, the intended and correct logical structure.”48

Of course, it was here that the amazing plasticity of “problem- solving” 
biological organisms was so important, and von Neumann would invoke 
this nonlogical— or perhaps a- logical— plasticity as a model for any artifi-

Figure 24.1. From Martin H. Wiek, “The ENIAC Story,” ORDNANCE (1961). 
Source: US Army photo. Courtesy ftp .arl .army .mil / ~mike /comphist.
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cial automaton. “If you axiomatize an automaton by telling exactly what it 
will do in every completely defined situation, you are missing an import-
ant part of the problem,” he stated. “It’s very likely that on the basis of the 
philosophy that every error has to be caught, explained, and corrected, a 
system of the complexity of the living organism would not run for a mil-
lisecond. Such a system is so well- integrated that it can operate across er-
rors.”49 In this context, von Neumann was fascinated by the fact that the 
nervous system did not seem to use digital forms of notation at all, operat-
ing instead with a statistical messaging technique that was less precise, to 
be sure, but much more reliable because it never relied on any single, spe-
cific message for its successful operation.50

As we can see clearly, in cybernetics and in neuroscience of the period, 
the “system” could only operate across errors because its essential unity 
was not fixed in any one specific location. The system did not just spread 
its information over many neural connections, in case some failed. It also 
could actively bypass a whole series of performances for the good of the 
whole system when systematic error was detected. To accomplish this, the 
system had to possess a direct form of insight, von Neumann implied, and 
he used rather psychological language to describe this ability: “The system 
is sufficiently flexible and well- organized that as soon as an error shows up 
in any part of it, the system automatically senses whether this error matters 
or not. If it doesn’t matter, the system continues to operate without pay-
ing attention to it. If the error seems to be important, the system blocks that 
region out, by- passes it, and proceeds along other channels.”51

The “radically different” approach to error and organization in the phys-
ical nervous system raised a key question: What was the principle of orga-
nization that would explain this flexible form of self- regulation? What 
was this very active systematic order? At this point, the best von Neumann 
could do was suggest that “the ability of a natural organism to survive in 
spite of a high incidence of error . . . probably requires a very high flexibil-
ity and the ability of the automaton to watch itself and reorganize itself.”52 
This entailed an important autonomy of parts, where “there are several or-
gans each capable of taking over in an emergency,” but also a logic of sys-
tematic order that could in some way define these creative solutions to cri-
sis. In other words, the parts could only take control if they had some inner 
connection to the principal structure of the whole organism. “The problem 
consists of understanding how these elements are organized into a whole, 
and how the functioning of the whole is expressed in terms of these ele-
ments,” he pointed out— returning to one of the central tropes of Gestalt 
psychology.53 Yet, until the end of his life, von Neumann admitted repeat-
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edly that this logic was beyond any present understanding. His unfinished 
and undelivered Silliman lectures for Yale University, published as The Com-
puter and the Brain after his death, in the end just detailed the fundamental 
differences between these two entities. His terse conclusion was that the 
logical structures involved in nervous system activity must “differ consider-
ably” from the ones we are familiar with in logic and mathematics.54

Reading cybernetic concepts with and against contemporary theorizations 
of open, living systems, we glimpse some important and provocative in-
tersections between the technological discourse of cybernetics and conti-
nental forms of thought that emphasized holistic and vitalist concepts of 
organismic order. A crucial marker of the open living system was the im-
portant and productive role played by pathological and even catastrophic 
states in maintaining the persistence of organismic unity. Having recog-
nized this themselves, the cyberneticists had faith that it would be possible 
to create artificial machines that possessed genuine plasticity, so necessary 
for survival in times of extreme crisis.55 In the cybernetic era, both organ-
isms and advanced machines were sites of stability and instability, truth 
and error, order and disorder, health and pathology; all were intertwined, 
in sometimes strange ways, to produce fragile yet powerful beings, en-
dowed with astonishing and unpredictable creative powers.

段静璐
只考虑这个结论的话，倒是没必要写那么长。 我是觉得线索挺多的，但是最后只能勉强收束到这里。
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In 1950, Alan Turing conjectured that in the year 2000 human cognition 
would be successfully simulated by digital computers.1 This conjecture 
inaugurated the new discipline that would soon be called artificial intelli-
gence. As is well known, so- called classical AI aimed first to analyze hu-
man thinking with precision, in order then to model cognitive operations 
in computer programs. The term “artificial intelligence” itself was coined 
by John McCarthy, in his grant application to host a workshop at Dartmouth 
on new research and theory in machine thinking. As McCarthy and his co-
authors put it, “This study is to proceed on the basis of the conjecture that 
every aspect of learning or any other feature of intelligence can in principle 
be so precisely described that a machine can be made to simulate it.”2 This 
was Turing’s inspiration: the idea that the mind might be conceived of as 
a kind of machine, and therefore something capable of being modeled by 
what he described as a universal machine, the so- called Turing machine. 
The subsequent history— or more accurately, histories— of AI resist any ef-
fort to forge a single comprehensive narrative. However, dominating the re-
search field was the assumption of a parallelism, between the mind and the 
computer (whether the technology considered was software or hardware).

It is not surprising, then, that from the very beginning the link between 
the recently developed digital computers and the mind- brain was under-
stood to be grounded in the notion of mechanical intelligence. Whether fo-
cused on the logos of the psyche, or actual brain processes, human intelli-
gence was conceptualized as a form of automatic information processing with 
strong analogies with computer processing of information. This mirroring 
of mind and computer in much of contemporary cognitive science and 
neuroscience seems to vindicate Turing’s original vision, namely, to under-

25
Turing and the Spirit of Error
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stand thinking as akin to an algorithmic, and hence essentially mechanistic 
and deterministic, process.

However, as we will see, this reading misses what is arguably most in-
teresting in Turing’s project, and also fails to connect his thinking to earlier 
and contemporary lines of thought that intertwine around notions of cog-
nition, body, mind, and technology. Rather than simply claiming to under-
stand human thinking as just another mechanical process, so that it could 
be successfully simulated with another machine in an “imitation game” 
(later called the “Turing test”), Turing was clearly interested in quite a dif-
ferent goal— namely, to conceptualize and construct intelligent machines. 
Or to put it another way, Turing was looking closely at human intelligence 
for clues of how to transform uninteresting machines into intelligent ones. 
What made this project so challenging for Turing is that he clearly recog-
nized that the most interesting aspects of human intelligence clearly re-
sisted any easy reductionist account, an account that would of course seem 
to be necessary for the purely mechanical simulation of the highest forms 
of human thinking.

Spiritual Machines

We need to begin before the war, before Turing began to work on cryptog-
raphy and build automatic information machines, before he helped design 
and build Britain’s first digital computer at Manchester University. It is of-
ten mentioned that Turing, as a young person, was fascinated with the book 
Natural Wonders That Every Child Should Know (1912), which explains the na-
ture and development of organisms and the mechanisms of their function. 
One chapter is titled “Living Automobiles” and contains the suggestive sen-
tence, “For of course, the body is a machine.”3 Yet whatever influence that 
text had on Turing, at least as he retroactively understood it, it is also the 
case that as a college student Turing was engaged with some of the leading- 
edge philosophical and scientific work in the interwar period, work that 
wrestled with the much more complex and difficult question of how to in-
tegrate the findings in physical science with the problem of organization in 
biology and with the contentious question of the nature of the human mind. 
Turing read, it appears, Alfred North Whitehead and Arthur Eddington, not 
to mention Einstein, Fichte, and Clerk Maxwell, and he seems to clearly un-
derstand the implications of this work for any thinking about the human.

We can isolate one moment in particular. A letter, circa 1932. The twenty-  
year- old Turing writes a short essay, “Nature of Spirit,” and sends it to the 
mother of a close friend of his, Christopher Morcom, who had died sud-
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denly two years earlier. In the letter Turing, alluding to Eddington’s effort 
to think philosophically about the nature of life and thought in relation to 
recent work on quantum physics, reflects that the predictable Laplacian 
mechanistic universe is no more. How, then, can we explain how all the at-
oms are regulated and given order in the physical and the organic spheres? 
Eddington will say that often events occur that cannot be “undone” because 
they emerge from singular circumstances— due to the “introduction of a 
random element analogous to that introduced by shuffling.” As Edding-
ton argued, the new physics revealed that there was some “larger reality” 
of which observable physical appearances were only a fragment. He would 
use this orientation to suggest that we could now be relieved of the “former 
necessity of supposing that mind is subject to deterministic law or alterna-
tively that it can suspend deterministic law in the physical world.”4

Even more suggestive is Eddington’s claim that human experience, es-
pecially human feeling, is not a biologically contained one but rather evi-
dence of our participation in a “reality transcending the narrow limits of 
our particular consciousness,” pointing to the “mystic experience” as re-
vealing a certain “essential truth.”5 The key claim was this: “Starting from 
aether, electrons, and other physical machinery we cannot reach conscious 
man and render count of what is apprehended in his consciousness.” While 
it is conceivable that we could create a human machine with reflexes (here 
Eddington echoes Descartes), the machine can never lead to true rationality 
and the ideal of responsibility— morality or religion, that is.6

So in answering the question of what constitutes “order” in the cosmos 
in this letter, the young Turing takes inspiration from the great British 
Hegelian John McTaggart, claiming that this organizing principle is “spirit,” 
without which matter is “meaningless.” Turing will take this as confirma-
tion of some idea of the soul. As Turing puts it, “living bodies can ‘attract’ 
and hold on to a ‘spirit’” and when the mere mechanism of the organic body 
dies, the spirit, he suggests, may be able to find a new body to live in.7

Not surprisingly, these thoughts on spirit have been dismissed as ju-
venilia. And we know that the death of his friend— Turing’s first (if unre-
quited) love— was a significant blow, which could explain this somewhat 
hazy desire to believe in reincarnation. Perhaps. But let us note that even 
in his iconic 1950 essay, Turing will admit, while criticizing the “argument 
from consciousness” that objects to the very possibility of an artificial in-
telligence emerging from a machine, “I do not wish to give the impression 
that I think there is no mystery about consciousness.”8 (Not to mention 
Turing’s explicit acknowledgment of parapsychological phenomena in the 
same paper.)
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Oracles and Automaticity

In any case, Turing’s epochal 1936 essay, a contribution to a rather esoteric 
topic in mathematical logic, the decision problem, and the first appearance 
of a theory of automatic digital computation, was in no way aimed at some 
proof of the mechanisms of thought. As is well known, Turing’s mathemat-
ical work was closely related to proofs devised by Kurt Gödel in his famous 
work on undecidability and completeness and Alonzo Church’s indepen-
dent (and prior) discovery of Turing’s essential claim. What was import-
ant about Turing’s proof was of course the introduction of the idea of what 
would soon be called a “Turing machine.” As he imagined it, this was a ma-
chine that could replicate the functions of a human computer, not a human 
“mind.” Human computers, historically, worked with rules and numbers 
and therefore hardly exemplified the full range of intelligence found in hu-
man cultures. What was crucial for Turing was the idea of a procedure that 
determined the sequence of computation. As a conceptual tool, the Turing 
machine helped demonstrate clearly the impossibility of ever solving the 
decision problem, that is, of finding a method by which one could know in 
advance if a function could be computed. As Turing wrote, “A function is 
effectively calculable if its values can be found by some purely mechanical 
process.” Turing’s revolutionary move was to radicalize this: “We may take 
this statement literally, understanding by a purely mechanical process one 
which could be carried out by a machine.”9

The automaticity of the machine is what allowed Turing to prove so el-
egantly the impossibility of a “mechanical” or formal procedure that could 
be applied to any function in order to solve the decision problem. What 
would become so important in the wake of this mathematical argument is, 
of course, Turing’s new way of thinking about machines: “If at each stage 
the motion of a machine . . . is completely determined by the configuration, 
we shall call the machine an ‘automatic’ machine.”10 Critical here is the idea 
of determination, not mechanism as it is usually understood. For Turing’s 
machine was perhaps the most unusual machine ever conceived: it was a 
machine that had no function of its own, no operation or movement that it 
could make by itself; it had to be given a configuration.11 The machine was, 
in essence, a machine waiting to be instructed. This was a physical entity 
but not a physical machine, defined by its physical organization and cau-
sality, that is. The operations of the Turing machine are operations on in-
formation, governed by rules of transformation. What was truly astonish-
ing about this machine was not its automaticity (for any automaton could 
function independently as long as it had a power source). What Turing had 
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shown was the possibility of a simple machine regulating itself— completely 
determined by its initial configuration. Turing was greatly influenced here 
by Gödel’s ingenious (if incredibly difficult in practice) method for encod-
ing every logical and mathematical function as a unique integer. These in-
tegers could then be “added” together to form expressions of greater com-
plexity, and in turn these expressions would be assigned a unique “Gödel 
number.” Since the generation of these numbers involved using primes, ev-
ery expression could be “deconstructed” through prime factorization. The 
point that is important here is that Gödel showed how a simple arithmetic 
sequence could in fact “express” a meaning that was not reducible to the 
simple numerical data itself.12

What Turing showed was that a machine could be constructed that could 
compute any computable function automatically by encoding the logic of 
transformation (however complex, however logical, or even however ar-
bitrary the rules might be) into the simple numerical representations. As 
in Gödel’s numbering system, Turing’s strings of numbers (which could be 
encoded most simply in a binary system of marks, requiring only one kind 
of discrimination of symbols— presence or absence of a mark) were in part 
the “data” of a function and the encoded transformation rules as well. The 
extensive and seemingly meaningless movement of the machine as it read 
and responded to simple symbols would in the end be translated— or better, 
decoded— as representatives or incarnations of concepts and rules that in a 
way had no intrinsic “meaning” in the system of symbols itself. Hence the 
incredible openness of the Turing machine and its status as an information 
machine driven by an “unseen” logic of operation that was not immediately 
visible in the specific numerical representations processed by the physi-
cal system.

It is clear, however, that Turing was not in this period committed to any 
strong claims about the mechanistic or automatic nature of human think-
ing in his elaboration of the first truly automatic general computer. In 1938, 
for example, at the height of his mathematical powers, Turing was in Princ-
eton, to write a doctoral thesis on ordinal logic with Church. If, in the ear-
lier, revolutionary paper of 1936 Turing had demonstrated how comput-
ability could be understood as a process that “automatically” takes place in 
a machine— or in the mind of a human computer who is acting like a ma-
chine, that is, simply following rules13— still he recognized even there that 
in “ambiguous configurations,” machines would stop because there was 
no rule that applied in the situation, and the machine would only restart if 
some “arbitrary choice” was made by an “external operator.”14 In that paper, 
he left this issue aside, focusing on the nature of computability and the ab-

段静璐
这个解读我没见过。但确实是对的。也就是说，在图灵机里也可以发现一种可以称之为涌现性的断裂。就是它的物理操作和它最后生成的逻辑结果之间没有绝对的映射关系。
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stract machines that would eventually turn into actual digital computers. 
In the Princeton thesis, however, Turing’s goal was in fact to disentangle 
the purely formal— that is, “mechanical”— procedures from those that re-
quired what he called (in an echo of Pascal) mathematical intuitions, those 
“spontaneous judgments which are not the result of conscious reasoning.”15 
This is why, in the thesis, he introduced the strange and infamous figure 
of the “Oracle.” This was a mysterious “black box” that the automatic ma-
chine could consult whenever it reached an impasse, a situation, that is, 
where its rules did not specify a response. As Turing argued, this Oracle of 
intuition by definition could never be a machine. This kind of (mathemati-
cal) intuition was understood, therefore, never to be subject to formal spec-
ification.16

If we want to interpret the significance of the Oracle for Turing’s later 
influential reflections on the possibility of machine intelligence, we need 
to be careful not to psychologize it too literally, since it was, after all, just 
a mathematical construct, and the intuitions it produced were rather spe-
cific. But Turing seems to agree here with figures such as Kurt Gödel, and 
other so- called intuitionist mathematicians, who insisted on the mind’s 
ability to see truths that themselves could never be proven (“decided”) 
within the formal systems that generated them.17 I will also point out that 
one of Turing’s later essays, on the solvability or unsolvability of puzzles, 
ends with this conclusion: “These [results] may be regarded as going some 
way towards a demonstration, within mathematics itself, of the inadequacy 
of ‘reason’ unsupported by common sense.”18 There is something vague and 
imprecise about intuition and common sense, and Turing, I think it is clear, 
was always interested in the relationship between formal methods and those 
that were not so easily articulated or systematized. The challenge for Tur-
ing in his mature work was how to conceptualize the possibility of a deter-
minate (i.e., physical) machine organization that could behave, at one and 
the same time, as an “automatic” machine and, perhaps, as something that 
could function beyond the formal rules of operation without losing its sta-
tus as a machine.

Machines and the Incomputable

This all might seem counterintuitive (or perhaps just confused). To indicate 
what I think is an important, if occluded, direction of Turing’s thought, I 
will point out that in the famous and massively influential 1950 paper, 
“Computing Machinery and Intelligence,” despite the very title, Turing in 
fact uses the words intelligence and intelligent very sparingly— each only one 

段静璐
这个意义上区块链里的「预言机」命名是非常恰当，提供有如神降一般的外来信息。



266  CHAPTER 25

time, to be precise. The first mention of intelligence refers to the quality 
that a human will need to possess in order to “guide a machine through 
accelerated evolutionary selection.” I am not at all sure what intelligence 
really means here. The use of the word toward the end of his essay is, how-
ever, much more informative. Turing is very specific in his definition of 
this word: “Intelligent behavior presumably consists in a departure from 
the completely disciplined behavior involved in computation, but a rather 
slight one.”19 Given that the assumption from the start of the argument was 
that a digital computer would presumably be able to mimic a human mind 
by modeling the processes of thought in algorithmic programs, this defi-
nition of intelligence raises some real difficulties. To focus on one: What 
exactly would be the ground of this departure from computation if the com-
puter is defined (very precisely) as nothing more than a machine for com-
putation? How could a computer not compute? However difficult this was 
to conceptualize, it was crucial to rethink “automaticity” and routine if one 
wanted to think about mechanized intelligence that aimed in some way at 
this human capacity for intuition.

It turns out that this problem is no anomaly in Turing’s work. In an ear-
lier 1947 lecture on the construction of the new automatic computing en-
gine he was working on for the National Propulsion Laboratory, Turing was 
already arguing that by rigidly programming a computer, one is in effect 
treating the computer as a “slave.” However, Turing suggested (presciently) 
that by telling it exactly what to do, all the time, at every moment, we 
would never be able to take full advantage of the machine’s true powers. 
Turing was advocating here (well before computer programming was even 
really well understood as a conceptually independent discipline) that the 
instruction tables that the computer was to execute should have only an 
“interim” status. That is, the instruction tables ought to be able to modify 
themselves, Turing insisted, “if good reason arose.” This would then lead to 
some interesting, and entirely unforeseen, new computing operations. It 
was the break with its own instructions that constituted true intelligence. 
As Turing commented, “It would be like a pupil who had learnt much 
from his master, but had added much more by his own work. When this 
happens I feel that one is obliged to regard the machine as showing intel- 
ligence.”20

As Turing imagined, the new computing machines would not be con-
demned to slavery if they could liberate themselves from their own instruc-
tions. Becoming intelligent would only be possible if the computer was 
given some kind of discretion— a certain minimum of autonomy, we can 
say. But how to build in such discretion? How to construct a mechanism 

段静璐
这个界定还是和当代研究者对能动性的界定非常相似。
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that would perceive a “good reason” to modify itself? What would that 
even mean?

In 1948, Turing wrote a long report, “Intelligent Machinery,” and devel-
oped there a more sophisticated theory of both these issues, that is, intel-
ligence and machinery. As an example of intelligence, he pointed to the 
famous anecdote about the mathematician Carl Friedrich Gauss. When 
Gauss was a young student, his class was told to add up a long series of 
numbers so that they would stay occupied for a while, but Gauss quickly 
and unexpectedly came up with the solution. Instead of patiently follow-
ing the rules of addition, he thought of a more efficient formula that would 
allow him to evade the repetitive, tedious calculations.21 As this anecdote 
shows, intelligence, for Turing, should be identified as a departure from the 
routine. This ability to deviate from the known rules and seek new meth-
ods was critically important when facing those situations where routines 
had already failed to make any progress, or when one encountered what 
mathematicians called the “undecidable.” Having worked with concrete 
examples of computing machines during and after the war, Turing knew 
that intelligence was not something that could be imported into the device 
when the machinery had halted— that would be to displace the function of 
intelligence outside the machine, into an oracle of some kind. That would 
be to admit, in other words, that machines could not be intelligent as ma-
chines. This is why, it seems to me, Turing became so interested in deviation 
and departure from routine when discussing the digital computer. Such ab-
errations opened up the possibility that intuitive intelligence could itself 
be engineered through slippage and failure and not some intervention from 
beyond the system.

In the report Turing suggested that machines would become intelli-
gent only if they had what he called both discipline (which is represented by 
routine) and initiative: “To convert a brain or machine into a universal ma-
chine is the extremest form of discipline. Without something of this kind 
one cannot set up proper communication. But discipline is certainly not 
enough in itself to produce intelligence. That which is required in addition 
we call initiative.” He meant that of course they would have to follow rules, 
but at the same time they would also have to be capable of beginning some-
thing new. Or to put it more precisely: in breaking from the rules, some-
thing new would be initiated by the machine. The key insight was to imag-
ine a machine that did not have, in essence, any predetermined routines.22 
Turing described here, for the first time, relatively simple examples of what 
he called “unorganized machines”— these would soon be called artificial 
neural nets, abstract machines whose outputs depended on how inputs 

段静璐
「直觉式的智能本身可以通过失误和故障来被设计出来， 而不是通过系统之外的某种干预。」

段静璐
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were routed (with differently weighted strengths of connection) between 
networked elements. These “unorganized” machines were conceivable as 
machines, in that they had a structure that could by instantiated by a phys-
ical array of elements, but still they seemed to defy the standard notion of a 
machine as something “designed for a definite purpose.”23 The unorganized 
machine had no definite purpose. But of course it was not a complete lack 
of organization that would lead to intelligence, according to Turing. It was 
the deviation from order that was crucial; this meant that the unorganized 
machine had to acquire a normative order from which to deviate; it had to 
internalize routines (we might say “habits”), that is, while at the same time 
maintaining some kind of discretion to abandon them. Acquiring determi-
nation through programming was of course something that was relatively 
easy to understand (at least for Turing in this moment). But it was not so 
clear how a machine could exhibit this form of initiative that Turing was 
suggesting. This was precisely the kind of thinking that was usually consid-
ered unspecifiable, unformalizable, uncomputable.

Turing’s description of initiative in this technical context was, to be sure, 
exceedingly cryptic, but it was very suggestive nonetheless. We know that 
discipline would be not enough to produce genuine intelligence, the pro-
duction of something new and unexpected. And yet Turing did not claim 
that initiative was some novel capacity possessed by the machine. How 
could it be? Either the machine had a routine or it did not. There could be no 
“routine” for initiative. Equally problematic, of course, would be the invo-
cation of some spiritual or technical “oracle” within the machine. Turing’s 
modern scientific approach demanded an explanation that was internally 
coherent. In the end, Turing argued in effect that we could understand ini-
tiative not as the opposite of processes of determination but as intimately 
connected to them. Initiative, for Turing, emerged quite literally from the 
“residue” of discipline itself— something that was left over but also there 
from the very beginning. As he wrote, “Our task is to discover the nature 
of this residue as it occurs in man and to try and copy it in machines.”24 His 
use of the word residue was certainly provocative— the kind of intelligent 
behavior derived from the break of routine was in essence already latent 
in our least intelligent actions, namely, our routine habits of thought, what 
we could reconceptualize, according to Turing, as our own programmed 
forms of behavior.

Turing explained that there were really only two ways one could con-
struct a machine that was both disciplined and capable of initiative. His 
first suggestion was that one could construct a disciplined machine, then 
“graft on some initiative” to make it more intelligent. I confess that this 
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idea is hardly coherent. It is difficult to see what Turing has in mind here 
when he says that we could allow this hybrid machine to make more and 
more of its own “choices” or “decisions.” More interesting is Turing’s other 
suggestion: he says we could “start with an unorganized machine and . . . 
try to bring both discipline and initiative into it at once.”25

These categories, however, seem at first glance to be antithetical to one 
another. The question was how to engineer these discordant practices— 
norm, deviation— into one single operating machine. It is significant, then, 
that Turing was in these explorations (both philosophical and technologi-
cal) undermining the foundations of the future (and soon dominant) anal-
ogy between the computer as an automatic technical apparatus and the 
brain as an “information processor.” In fact, Turing was doing the opposite. 
He was interested in how to use the brain— that complex, plastic, and in-
tegrated organ— to rethink the rigidity and predictability of the computer.

Indeed, in 1946, when Turing was in the midst of developing Britain’s 
first stored program digital computer, the Automatic Computing Engine 
(ACE), Turing wrote a letter to the psychiatrist and cybernetic thinker avant 
la lettre W. Ross Ashby. There Turing admitted that in his technical work he 
was “more interested in the possibility of producing models of the action 
of the brain” than in any practical applications of the new digital comput-
ers that were of course inspired by his early work on theories of comput-
ability.26 Turing’s interest in models of the nervous system and brain at this 
moment— and this is of course in line with what we have seen in so much of 
the neurological literature between the wars— in fact indicated a turn away 
from the strict notion of machine automaticity introduced in his formal 
mathematical work and a move to a new interest (for Turing at least) in the 
dynamic self- organization and reorganization of organic systems.

Plastic Brains, Disorganized Machines: Interference

In presenting the proposal for the ACE machine, Turing would bluntly state 
the analogy that informed his original concept of the “Turing machine,” 
that we think of computing by machine as similar to what humans do.

The class of problems capable of solution by the machine can be defined 
fairly specifically. They are those problems which can be solved by human 
clerical labour, working to fixed rules, and without understanding.27

However, he would also go on to note, significantly (if, as always, somewhat 
cryptically):
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We stated at the beginning of this section that the machine should be 
treated as entirely without intelligence. There are indications however that 
it is possible to make the machine display intelligence at the risk of its mak-
ing occasional serious mistakes.28

Here Turing made an important connection between the idea of intelli-
gence as break or deviation from routine and the concept of error and risk. 
The challenge was to imagine a coherent machine that could, at one and 
the same time, be open to determination and, when necessary, liberate it-
self from determination to become organized in a productively new way.

It is hardly surprising, then, in the classified 1948 report, “Intelligent 
Machinery,” Turing will argue that a genuine thinking machine will not 
be completely determined but will have to develop from an initial condi-
tion that is not determined. Otherwise, that initial determination will also 
regulate, so to speak, the essence of its final state. The alternative Turing 
explored here is the idea that the machine will need to be constitutively un-
organized. If, he observed, we look at the one strong example we have of an 
intelligent machine— that is, the human machine— we will find that it is a 
special kind of machine. In order to do anything at all, the machine must, 
Turing noted (in an allusion perhaps to Ashby’s recent work on dynamic 
reorganization of physical systems), be “subject to very much interfer-
ence.” Interference is the rule, not the exception, in the case of human be-
ings. That is worth dwelling on. For by “interference,” Turing did not mean 
that the machine is literally tampered with— that would be what he calls 
“screwdriver interference.” Turing focused instead on the “interference” 
that is characterized by the introduction of information entering the system 
from outside of the machine. “If we now consider interference,” wrote Tur-
ing in a section titled “Interference with Machinery: Modifiable and Self- 
Modifying Machinery,” “we should say that each time interference occurs 
the machine is probably changed. It is in this sense that interference ‘mod-
ifies’ a machine. The sense in which a machine can modify itself is even 
more remote.” Such interference, Turing argues, would be able to explain 
the change of the organization of the machine, modifying it and making it 
capable of completely new behaviors. The machine could, to borrow Ash-
by’s depiction, therefore become a new machine altogether, at least in terms 
of its organizational order.29

Therefore, it must be emphasized, by “interference,” Turing meant ex-
perience and training— education taken in the broadest sense of the term. 
The point is that the discipline of the human mind (the programs and rou-
tines that we learn and then adopt) results from the constant interference 

段静璐
如果我们用这个观念去理解幻觉的话，它意味着什么呢？幻觉意味着模型的智能吗？还是说意味着不够智能。
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of what was originally an unorganized mind. Order comes after an initial 
dis- order. This meant that the machinery of the human mind was designed 
as a radically open machinery; it was an undetermined system. As Turing 
noted, and here he was drawing on any number of leading- edge neurophys-
iological theories of the time, the part of the brain associated with the high-
est forms of thinking— the cerebral cortex— was known to be, paradoxi-
cally, the least organized. As Turing remarks, “We believe then that there 
are large parts of the brain, chiefly in the cortex, whose function is largely 
indeterminate.” Our most complex cognitive behavior, our very capacity 
for intelligent thinking, was not intrinsic to the brain; rather, it was deter-
mined by the way our minds had been conditioned to act, through extensive 
interference from outside our cognitive “machinery”; as Turing puts it, “the 
cortex of the infant is an unorganized machine, which can be organized by 
suitable interference training.”30

This is why, for Turing, the key challenge for the project of constructing 
truly intelligent machinery was to understand and implement the process 
of learning, the site for this interplay between determination and indeter-
mination, habit and plasticity. As Descartes had demonstrated in his own 
work on conjectural robotics, the body of the human was essentially a me-
chanical system, and therefore its behaviors were capable of being simu-
lated by suitable technological apparatuses. Building such a robotic mon-
ster of this variety was not, Turing agreed, conceptually difficult.

One way of setting about our task of building a “thinking machine” would 
be to take a man as a whole and to try and replace all the parts of him by 
 machinery. He would include television cameras, microphones, loudspeak-
ers, wheels and “handling servo- mechanisms” as well as some sort of “elec-
tronic brain.” This would be a tremendous undertaking of course. The ob-
ject, if produced by present techniques, would be of immense size, even if 
the “brain” part were stationary and controlled the body from a distance. 
(420)

But Turing also gave his audience a warning, with an allusion to Shelley’s 
Frankenstein:

In order that the machine should have a chance of finding things out for it-
self it should be allowed to roam the countryside, and the danger to the ordi-
nary citizen would be serious. Moreover even when the facilities mentioned 
above were provided, the creature would still have no contact with food, sex, 
sport and many other things of interest to the human being. (420)
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So Turing suggests focusing on the real essence of the problem of learning: 
How does the brain modify itself and react intelligently to its experiences?

The crucial point to emphasize here is that, for Turing, the very programs 
and routines that define the possibilities of human behavior are themselves 
acquired from outside of our thinking apparatus. This is why determination 
through interference must always presume a prior indetermination. We can 
suggest in this context that it is this foundational indetermination that Tur-
ing is alluding to when he writes of the “residue” that always accompanies a 
disciplined and trained intelligent individual. As Turing remarks, “A large 
remnant of the random behavior of infancy remains in the adult” (424). 
The plasticity of the cortex never totally disappears; in being determined 
from the exterior, the interior always retains the possibility of not being re-
stricted by that determination, to move without cause (“randomly”) into a 
new state.

The lingering openness of this indetermination is what provided, for 
Turing, the possibility— or maybe even the inevitability— of disruption, 
which is another word for cognitive initiative and the possibility of decision 
in conditions of radical undecidability. All of these are categories that Tur-
ing used to define and explore the nature of proper intelligence. But I would 
like as well to focus on perhaps the least remarked on (if one of the more 
important) implications of Turing’s “interference” theory of intelligence. 
The quest for insight and knowledge was in its essence, he recognized, a 
social activity, a process involving the “transfer” of thought (routines and 
norms, data and frameworks) between minds in a loop of learning, or, to 
put it more bluntly, the concerted, targeted disruption of brains by other 
brains. As Turing put it:

As I have mentioned, the isolated man does not develop any intellectual 
power. It is necessary for him to be immersed in an environment of other 
men, whose techniques he absorbs during the first twenty years of his life. 
He may then perhaps do a little research on his own and make a very few 
discoveries which are passed on to other men. From this point of view the 
search for new techniques must be regarded as carried out by the human 
community as a whole, rather than by individuals. (431)

The collective nature of intelligence, it would seem, also flows from the 
original indetermination of the human mind, the “unorganized” infant cor-
tex. The lack of “natural” forms of intelligent thought is what requires but 
also enables the transformation of the brain into an intelligent and com-
municative organ— like the original Turing machine, the empty openness 

段静璐
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needs to be concretized with routines. In a nod perhaps to eighteenth- 
century tales of the “wolf child,” Turing noted:

The possession of a human cortex (say) would be virtually useless if no at-
tempt was made to organize it. Thus if a wolf by a mutation acquired a hu-
man cortex there is little reason to believe that he would have any selective 
advantage. If however the mutation by chance occurred in a milieu where 
speech had developed (parrot- like wolves), and if the mutation by chance 
had well permeated a small community, then some selective advantage 
might be felt. It would be then be possible to pass information on from gen-
eration to generation. However this is all rather speculative. (424)

Thinking Machine Intelligence

I remember how he came to my house late one evening to talk to Prof. 
J. Z. Young and me after we had been to a meeting in the Philosophy 
Department here. . . . After midnight he went off to ride home some five 
miles or so through the . . . winter’s rain. He thought so little of the physical 
discomfort that he did not seem to apprehend in the least degree why we 
felt concerned about him.

It was if he lived in a different and (I add diffidently, my impression) slightly 
inhuman world.31

Geoffrey Jefferson

Turing was, after the war, in close contact with two important neurophysi-
ologists, the eminent professor of neurosurgery Geoffrey Jefferson and the 
younger neurological researcher J. Z. Young, who specialized in the nervous 
systems of octopuses. The event mentioned in the epigraph was a gather-
ing at Manchester University, in October 1949, organized by the philoso-
pher Dorothy Emmet (who worked in the area of “process philosophy,” in-
fluenced by Whitehead and others in that tradition). The gathering brought 
together Turing with the neurologists Jefferson and Young, the noted in-
tellectual Michael Polanyi, and others, including Max Newman, Turing’s 
cryptological colleague at Bletchley Park and the lead designer on the Co-
lossus project to build a digital computer during the war (a project Turing 
contributed to with significant theoretical work). The topic was Turing’s 
investigations into the new problem of “mechanical intelligence” spurred 
by the emergence of high- speed computing devices during and after World 
War II. Jefferson, incidentally, had just given a lecture on the topic earlier 
in 1949, having become familiar with the work at Manchester on the Mark 
I computer; the lecture was published in June in the British Medical Journal. 
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Newman had contributed a short piece in the same issue, “A Note on Elec-
tric Computing Machines.” There he observed, “It is no doubt the possibil-
ity of such non- mathematical applications that has led to these machines 
being brought into discussions on the thinking potentialities of machines, 
and to the suggestion that the human brain is itself a network of units of 
this general type.” Newman would, however, caution readers— by warning 
that “there is evidently a danger here that extravagant powers will be cred-
ited to these devices, and conclusions drawn too rapidly about biological 
analogues,” but observing at the same time that these early “pilot projects” 
in computing have not yet revealed their true potential. As Newman pre-
dicted, the new question to ask of computers will be: “Can anything that 
can be called ‘thought’ be so imitated and, if so, how much?” He concluded 
by suggesting that “the most promising line here will be to work within 
mathematics itself, to see how far the work of instruction- table making can 
be gradually transferred from the mathematician to the machine.”32

Turing was clearly dissatisfied with the discussions at this event in Octo-
ber; when it came to writing his famous essay, “Computing Machinery and 
Intelligence,” he devoted a large portion of the text to refuting various “ob-
jections” to the very idea of artificial intelligence, defined as the possibility 
of what Newman called “imitation.”

As we see in the article, Turing would in fact use Jefferson’s “Lister Ora-
tion” as a key jumping off point for his own, more radical position. Turing 
cites the lecture, gently mocking it as an example of the misguided, almost 
romantic notion that true thinking must involve some kind of embodied 
“experience,” that is, some form of self- consciousness and feeling. This is 
the quote from Jefferson that Turing cites in full:

Not until a machine can write a sonnet or compose a concerto because of 
thoughts and emotions felt, and not by the chance fall of symbols, could we 
agree that machine equals brain— that is, not only write it but know that it 
had written it. No mechanism could feel (and not merely artificially signal, 
an easy contrivance) pleasure at its successes, grief when its valves fuse, be 
warmed by flattery, be made miserable by its mistakes, be charmed by sex, 
be angry or depressed when it cannot get what it wants. (445– 46)

Turing’s argument, which was laid out in the first sections of the article, was 
that the universal digital computer was universal only in the sense that it 
could simulate the performance of any another machine, provided that it 
was a “discrete- state” machine, one that was capable of being described as 
going through specific configuration states according to specific transfor-
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mation rules. This meant that the universal machine imitated a machine 
only in the sense that it could predict the “output” of the machine from its 
inputs by modeling the configurations and the transformation rules. (We 
would say that is a “virtual” simulation, whose value is that it accurately 
imitates the performance of the modeled system under various conditions 
or “input” values.)

In this context, Jefferson seems to just miss the point: Turing never 
claims that the computer is a brain or that it would ever have the actual 
capacities of a physiologically alive human being (this would include con-
sciousness, feelings, etc). For Turing, the question was: Could we model (vir-
tually) the performance of the human system, at least in its intelligent be-
havior? If, for example, emotions or other factors were important, there was 
no reason they themselves could not be included in the model. The point of 
the Imitation Game (as we will see) was to test the accuracy of prediction of 
the model. The one, crucial difference in the modeling of intelligence was 
this: the original performance and the virtual, simulated performance were 
in fact virtually the same, in that they were both expressed in an external-
ized concrete way in the form of a written text.

However, a closer look at Jefferson’s lecture, which was incidentally ti-
tled “The Mind of Mechanical Men” (not cited by Turing, for some reason),33 
we can identify some important undercurrents in these discussion, prob-
lems that not only help frame Turing’s own understanding of the relation-
ship between the digital computer, the mind, and the brain but also reveal 
just how engaged Turing was with some of the most difficult and seemingly 
intractable challenges that faced anyone interested in a scientific, neu-
rological understanding of human intelligence that did not simply make 
recourse to something entirely exterior to the brain— “spirit” in any of its 
many guises.

The New Threat of Intelligent Machinery

Jefferson’s oration was, ultimately, a warning. In the past, there was always 
a danger that we would read into animal behavior human cognitive quali-
ties. Now, Jefferson observed, “I see a new and greater danger threatening— 
that of anthropomorphizing the machine” (1110). Strangely, though, Jeffer-
son criticizes the new (and for him empty) idea that “wireless valves” could 
think by comparing it with an outdated theory in neurology, where it was 
believed that cells in the lower nervous system were able to “think” in some 
way, independently of the brain. In fact, despite Turing’s later critique, Jef-
ferson is here quite enthusiastic about the possibilities opened up by think-
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ing about the mind- brain relation in terms of the new electronic machines. 
In an intelligent survey of the history of automata from antiquity through 
cybernetics, Jefferson points to the significance of Descartes’s reflections 
on the animal- machine. Descartes identified the key issue: the body, in-
cluding the nervous system, could be explicated as an enclosed mechani-
cal system— an “automaton”— but this machine could never have what we 
know as a “mind.” The experience and practice of human cognition was it-
self  impossible to understand as just another mechanism (1105– 6). Jeffer-
son points out, though, that Descartes was wrong to externalize the mind, 
locating it in another sphere altogether. The modern view is that the brain 
is a special organ that “remains itself and is unique in Nature,” capable of 
consciousness and intelligence thinking, even though “its functions may 
be mimicked by machines” (1106).

What does he mean by this? Most important, the brain’s unique capac-
ity is not reducible to its physical or physiological functions— the actions 
of neurons, the chemistry of emotion, and so on. Admitting to such a re-
ductive view, writes Jefferson, would be to agree again with Huxley’s claim 
that we are all just “conscious automata”; it would be “to confess to a cer-
tain ordinariness about mind, an ordinariness to which the richness and 
plasticity of its powers seem to give the lie and in revenge to demand a stu-
pendous physical explanation” (1107). (Not to mention that this reductive 
view would also destroy political, moral, and religious doctrines that have 
brought security and serenity to so many people.)

The alternative view Jefferson proposes is in direct response to the new 
cybernetic views that were then in vogue, developed by figures such as 
Ashby and Grey Walter in Britain, and by Norbert Wiener and Warren Mc-
Culloch most prominently in the United States. Citing Grey Walter’s famous 
“Tortoise” experiments (broadcast on the BBC) that involved self- directed 
automata guided by their “desire” to seek light and avoid, say, “dampness” 
or loud noises, Jefferson agrees that they do appear “life- like” in their op-
eration and also agrees that if we scaled up the number of electrical con-
nections of the Tortoise “brain” to match the much more vast numbers 
involved in animal nervous systems, we could probably imitate more com-
plex animal behaviors. However, Jefferson does point out that the crucial 
missing element in the cybernetic automaton is anything analogous to the 
endocrine system— the physiological system of emotion, that is. His point 
is that this system is always interfering with the nervous system. In nature, 
it will produce “peculiarities of behavior often as inexplicable as they are 
impressive” (1107). This is why Jefferson resists a comprehensive machinic 
model of behavior: that model lacks a satisfactory account of the appetites 
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and other complex dynamics that directly intervene and thereby redirect 
neural order and organization. Or to put it more simply, Jefferson was ar-
guing that any autonomous entity had to have its own teleological orien-
tation, the presence of goals and desires, which were provided by systems 
independent of the calculating capacity of the neural structures.

However, even when considering the dynamics of the brain itself— and 
this is where the analogy with the new electronic machines governed by 
the “on/off” electrical switches was of course so tantalizing— Jefferson ob-
serves that the proponents of the computer analogy have not fully under-
stood what is meant by the integrative operation of the organ and nervous 
system as a whole, first described in neurological detail by Sherrington be-
fore the Great War.

If we see that some nervous tissues behave like some electronic circuits we 
must all the time remember that the resemblance is with fragments of the 
nervous system and not with the whole integrated nervous system of man. 
It is only right when we do so that we recollect something else, that we can-
not be sure that the highest intellectual processes are still carried out in the 
same way. Something quite different, as yet undiscovered, may happen in 
those final processes of brain activity that results in what we call, for conve-
nience, mind. (1108)

Jefferson, for the sake of argument, assumes that even higher functions are 
just the result of neuronal connections at the lower levels. However, and 
here he is citing Wiener’s recent book Cybernetics (1948), Jefferson points 
out the failure of the computer analogy: the mechanical equivalent of a 
human brain would be as big as the Empire State Building and require the 
total output of Niagara Falls to power it. Still, the important point is that 
Jefferson fully understands the importance of the obviously interesting 
and productive analogy between nerves and electronic switching: the way 
impulses arriving in the nerve cell from other cells through the dendrites, 
sparking a continuation if a conductive threshold is met, parallels the way 
configuration of wireless valves can store messages and exhibit what Sher-
rington called “convergence and divergence”— inhibition or activation de-
pending on the thresholds governing inputs from multiple sources (1108). 
And Jefferson agrees, citing new technical developments in the area, that 
machines can be understood to have some form of “memory” when electri-
cal charges can be maintained in circuits.

So Jefferson’s critique here is not focused on the analogies between com-
puters and the brain (similarities that were, to be sure, still conjectural at 
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this point, as Jefferson notes). Jefferson does, however, point to what he 
sees as a fundamental dis- analogy, one that is not at all conjectural but 
simply self- evident. Backed by a vast literature on neural plasticity and the 
integrative action of the nervous system, Jefferson reminds us:

Damage to large parts of the human brain, entailing vast cell losses, can oc-
cur without serious loss of memory, and that is not true of calculating ma-
chines so far, though so large a one might be imagined that parts of it might 
be rendered inoperative without total loss of function. It can be urged, and 
it is cogent argument against the machine, that it can answer only problems 
given to it, and, furthermore, that the method it employs is one prearranged 
by its operator. The “facilities” are provided and can be arranged in any or-
der by “programming” without rebuilding. (1109)

While he acknowledges that Wiener, in particular, has sketched out some 
technological analogs of plasticity (the telephone exchange that can “re-
route” messages when lines are down, for example) as well as technical 
analogies for “pathologies” of networked circuits in neural disorders, Jef-
ferson remains unconvinced, even though these new technologies will, he 
believes, spur some new approaches to neurological research.

Jefferson concludes, then, with a reiteration of human exceptional-
ism, relying on one of the most important distinctions, recognized by the 
Greeks, Descartes, and contemporary neurophysiology, namely, the spe-
cial human capacity for language and symbolic communication. That is 
what distinguishes all genuinely human thought from animal (or even ma-
chine?) cognition. The speed of calculation is impressive, Jefferson admits, 
but this speed is just like the powerful feats of new mechanical cranes; they 
are both a mere amplification, in exosomatic form, of our own basic physi-
ological capacities.

In any case, the key point for Jefferson is that electronic computers have 
only mimicked very fragmentary, lower- level neural operations, which are 
in this micro domain completely deterministic. It is their functional deter-
minism that marks their limit as explanatory model. If, as Jefferson argues, 
human thought and emotion is what produces novelty, the appearance of 
“creative thinking in verbal concepts” (1110), then some other, nondeter-
ministic factor like consciousness must be invoked. So only here, at this 
concluding point, does Jefferson state that the threshold for artificial in-
telligence should be the machine that writes a sonnet. The sonnet is not 
just a “form” to be generated by the rules of the genre, but ultimately the 
expression of an internal desire that cannot be reduced to the operations of 

段静璐
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the neural system— which itself is not reducible to the function and local 
aggregation of single neuronal cells.

Computing Machinery and the Exteriorization of Thought

This long digression through Jefferson’s lecture only underlines the extent 
to which Turing’s iconic essay, “Computing Machinery and Intelligence,” 
published in the philosophical journal Mind in 1950, needs to be read less 
as a foundational text of the future discipline of “artificial intelligence” 
(the programming of intelligence) and more as an attempt to resolve the 
twisted, almost paradoxical relationship between determination and inde-
termination, organization and disorganization— that is, automaticity and  
plasticity— in relation to various systems: biological, mechanical, and “in-
tellectual” (i.e., informational) spheres. Turing’s intelligent machine— 
which for him must always include the human “machine” born in the usual 
manner, or, as he speculated here, a cloned person— was figured as one that 
was capable of transcending its own mechanisms, not, crucially, by reference 
to another plane of existence altogether. The machine would acquire intel-
ligence instead by failing to be a proper machine.

Turing began with an acknowledgment of the semantic ambiguity of the 
word think, which was embedded, historically, in a certain technological era 
that was now ending (with the implication that industrial manufacturing 
machines were usually the paradigm of “machine” for the average person). 
So instead, in the threshold moment in the history of technology, he pro-
posed a thought experiment— the famous Imitation Game. Turing asked: 
What if we could not tell the difference between a human mind and a com-
puter simulation of a mind? Would we be comfortable saying that the com-
puter was really thinking, just as a human mind was?

Turing predicted, correctly, that there would great resistance to the claim 
that a machine could think, even if it easily won the Imitation Game. This 
is because success in the imitation game would mean that the computer 
had succeeded in modeling the processes of the mind in determinate com-
puter routines— algorithmic programs, we would now say.34 The almost Ni-
etzschean implication was that we are simply “conscious automata,” to use 
Huxley’s phrase.

The Imitation Game has been read and reread from many different per-
spectives, including, most notably, by those who have emphasized its cru-
cial gendered configuration and have teased out the sometimes unexpected 
psychological (and even psychoanalytic) implications.35 In essence, the first 
iteration of the Imitation Game is a contest between a “man and a woman.” 

段静璐
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Sequestered from the “interrogator,” the woman must try to convince him 
that she is the man. From our perspective, concerning the question of in-
telligence, we can see how Turing subtly alludes to serious claims that fe-
male brains are not as capable, cognitively, as male brains, at least in some 
ways. The point of the game would be to demonstrate that there would be no 
difference if no difference in responses could be detected. The implications 
of a racialized version of the test are obviously hinted at here as well (and 
there will more clues later in the text that will affirm that reading). So when 
we turn to the machine trying to imitate the human, the same question is 
at stake. If one cannot detect a difference in the cognitive performance of 
the two, what would allow one to still claim that there was a fundamental 
difference? From the start, Turing is not claiming that the machine is the 
same as a mind (or brain)— anything but. As he writes, “May not machines 
carry out something which ought to be described as thinking but which is 
very different from what a man does? This objection is a very strong one, 
but at least we can say that if, nevertheless, a machine can be constructed 
to play the imitation game satisfactorily, we need not be troubled by this 
objection.”36

The setup of the game is also significant: the sequestering of the partici-
pants is critical. As Turing puts it, and here we can see how the many histor-
ical threads we have traced intersect in this conjecture, “the new problem 
has the advantage of drawing a fairly sharp line between the physical and 
intellectual capacities of a man.” What Turing imagines here is an interac-
tion that is purely intellectual— but in this sense: it plays out only in what 
we can call the exteriorizations of thought in material form and not the 
“embodied” organismic being. “In order that tones of voice may not help 
the interrogator the answers should be written, or better still, typewritten. 
The ideal arrangement is to have a teleprinter communicating between the 
two rooms” (434).

So the goal of the project is to succeed in this game using only a univer-
sal digital computer— a strangely “empty” and open machine that nonethe-
less is one that can imitate, as Turing shows, any “discrete stage machine” 
with definable configurations and transformation rules. By “imitate” here, 
we mean “model” accurately so as to predict behavior, an idea that is by now 
second nature for our digital culture. A computer simulation does not actu-
ally produce concrete behavior but does imitate its performance virtually so 
that the results (if shrouded from direct observation) would be exactly the 
same. What is interesting about the Imitation Game is that the space of in-
terrogation and response— the play of texts— is already highly ambiguous. 
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What is “thought” that is not already virtual and made present only in an 
externalized substitute form? In the Imitation Game, the question of intel-
ligence is not like other machine performances, in that it is, as Turing says, 
“intellectual” and not physical— the production of meaningful symbolic 
responses and not, obviously, simply the mechanical, physical “printing” 
of something on paper. This will be the crux of the most important objec-
tion to the argument that Turing will confront later in the essay, namely, the 
problem of consciousness. That is, even if the computer can simulate per-
fectly the exteriorized, symbolic cognition of a human being, there is still 
the objection that the computer does not “think” because it is not aware of 
itself thinking. As Turing will note, this objection is really a denial of the 
validity of the test rather than an objection to the possibility of some kind of 
“machine intelligence” (446).

In any case, to succeed, as an engineer, in this challenge, one must an-
alyze the performance of intelligence (at least as it is exteriorized) and then 
produce a set of specific instructions that would guide the computer through 
the same processes to the same results, given the same inputs. As Turing  
says clearly:

If one wants to make a machine mimic the behaviour of the human com-
puter in some complex operation one has to ask him how it is done, and 
then translate the answer into the form of an instruction table. Constructing 
instruction tables is usually described as “programming.” To “programme a 
machine to carry out the operation A” means to put the appropriate instruc-
tion table into the machine so that it will do A. (438)

(We can note here that if “consciousness” were crucial to intelligent think-
ing, we should be able to model its effect with a suitable program. Similarly, 
the influence of hormones, unconscious desires, etc., are not outside the 
realm of a virtual model of the mind, at least theoretically— but that is what 
is at stake in Turing’s article, not the possibility of actually succeeding any 
time soon with this project.)

How do we square this rather reductive procedure of modeling thought 
with Turing’s earlier speculations, where intelligence is clearly depicted  
as a form of radical disruption, or productive deviation, and therefore al-
ways a risk?

Turing hints at the issue in what seems to be, on first reading, only a 
methodological aside. Noting that he “believes” strongly that in the future 
we will without any hesitation speak of machines thinking, he then makes 
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this comment, which (consciously or not) cannot help but evoke the long- 
standing problem of defining the “nature” (spiritual or biological) of hu-
man creative thinking:

I believe further that no useful purpose is served by concealing these beliefs. 
The popular view that scientists proceed inexorably from well- established 
fact to well- established fact, never being influenced by any unproved con-
jecture, is quite mistaken. Provided it is made clear which are proved facts 
and which are conjectures, no harm can result. Conjectures are of great im-
portance since they suggest useful lines of research. (442)

If humans can anticipate an unanticipated future possibility through con-
jecture, how would a fixed, determinate, automatic machine following 
specific instructions ever demonstrate such novel thought? As the philos-
opher of science Max Black (onetime student of Wittgenstein) observed 
in 1946, there was a connection between intelligence, deviation, and the 
unanticipated challenge: “Explanations are demanded for unusual or ex-
ceptional or puzzling events, i.e., events which do not conform to expec-
tations: the occasion of explanation is a deviation from an expected routine of 
events.”37 So for Turing this was the significance and challenge of deviation: 
one must deviate from routine to solve the deviation that was not antici-
pated from routine. Hence the importance of error in Turing’s account of 
human and machine intelligence, an underappreciated aspect of this foun-
dational text.

Error as Intelligence

We can begin by consider this “transcript” of an exchange Turing imagines 
between an interrogator and a human, or possibly computer, contestant in 
the Imitation Game.

Q: Please write me a sonnet on the subject of the Forth Bridge.
A: Count me out on this one. I never could write poetry.
Q: Add 34957 to 70764.
A: (Pause about 30 seconds and then give as answer) 105621. (434)

Now, it must be noted (though it is rarely referred to in much of the liter-
ature on Turing) that the solution given to this addition problem is in fact 
a mistake, though not marked as one by Turing.38 (That is, 34957 + 70764 = 
105,721, not, as we see here, 105,621.)
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What is the significance of this mistake? Or is it a mistake? One thing 
is fairly certain: this is no mere typographical error. For Turing will soon 
go on to remark that a human could never hope to imitate the high per-
formance of a computing machine, in a kind of reverse Imitation Game, 
because “he would be given away at once by slowness and inaccuracy in 
arithmetic” (435) The inaccuracy of this earlier response would then seem— 
perhaps— to give away the fact that this is a human playing the game. But 
everything soon turns murky. A little later in the essay Turing will look at 
the error problem from the opposite side. It seems that if “machines can-
not make mistakes,” he says, which is to say, machines can only perform as 
specified (as long as they are functioning properly, which is a whole other, 
important question that will have to be taken up), then it is the case that the 
machine would also have it own version of a fatal weakness. When answer-
ing complex arithmetic questions in the Imitation Game, “the machine 
would be unmasked because of its deadly accuracy” (448).

Yet as Turing will explain, there is a simple strategy that can help oc-
clude the identity of the participant— at least for the machine. The com-
puter could be programmed to simulate human error, by introducing mis-
takes that would then deceive the interrogator. Turing also makes an odd 
but significant remark: if the computer’s mechanism did ever malfunction, 
it might make some strange decisions about what kind of mistakes it should 
make and thereby reveal its identity to the interrogator.

The next complication of the error problem appears in the section on the 
mathematical objection to the possibility of a successful performance of the 
computer in the Imitation Game. Turing acknowledges that, as some have 
pointed out, computing machines necessarily have one critical “disability,” 
namely, the fact that any determined machine, and thus any programmed 
universal machine (digital computer), will inevitably encounter situations 
where it will either offer no response or produce the wrong response. This 
is another reference to the then recent work in mathematical logic (includ-
ing Turing’s own) that stemmed from Gödel’s revolutionary theorems on 
incompleteness from 1931.

However, Turing has a simple reply to this objection: How can we be so 
sure that a human mind is not susceptible to its own form of limitation? Ob-
viously, human minds often do go wrong, so why should we be so pleased at 
any evidence of fallibility on the part of the machine? This series of appar-
ently simple replies to the problem of error opens up a very complex issue, 
whose importance was already signaled by Turing in the earlier technical 
reports and lectures on computing. What does it mean to say that the hu-
man mind is prone to error? How could a machine “err” in the same way? 
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And what is the significance of what Turing calls “mechanical faults” that 
could, he said, lead to peculiar forms of computer error?

Turing eventually proposes a distinction between two kinds of mistakes: 
errors of functioning and errors of conclusion. He leaves aside the first cate-
gory completely and does not address it in this context. Turing assumes the 
machines are functioning correctly. As we have seen, the cybernetic proj-
ect, with its emphasis on the analogical and structural parallels between 
living and artificial systems, encouraged from the start a rich exploration 
of the productive potential of pathology and deviation.

But even when we assume machines are operating “accurately,” as Tur-
ing does in the 1950 essay, there is really no reason computers could not 
make the second kind of mistake, the mistake of “conclusion,” the errors 
we can say that are the inevitable risk of genuine inferential leaps. For ex-
ample, Turing says, a computer could be programmed to reason inductively, 
which could lead to “erroneous results,” as is often the case with human 
inductive inferences. In this case the computer would not be faking mis-
takes— as in the first arithmetic example Turing silently inserts— but in-
stead real human errors. (We should note here that the idea of inductive 
reasoning being performed by a machine organized around algorithmic 
steps usually considered to be more or less deductive in form was already a 
provocative suggestion.)

It is not easy to see here whether or not Turing is understanding error 
in the radical, philosophical sense of the term— the kind of error, that is, 
which is not just a mistake that would be defined by a truth that is already 
given, like the answer to an arithmetic problem— here truth precedes mis-
take. Radical error in the face of fundamental uncertainty is more a condi-
tion of thought than a simple “mistake” or misstep— the error, then, can 
emerge as the step toward a new kind of truth. We can recall here that Pascal 
once wrote, “Ce n’est point ici le pays de la vérité; elle erre inconnue parmi 
les hommes.”39 Of course, Pascal was alluding to the veiled mystery of the 
Divine. But there is a long tradition in modern philosophy that sees error as 
more than just a mere mistake. As the very etymology of the word implies, 
error refers to a fundamental wandering of the mind. Yes, that wandering 
can sometimes mean diverging from the path of truth, to be mistaken. Yet 
without a clear vision of the truth in front of us, in moments of true explo-
ration or radical uncertainty, error may be the kind of straying that leads to 
a real discovery, as in the discovery of something that was never envisioned 
before, and never anticipated— a break in knowledge that opens up a new 
path that is discontinuous with the history of past truth.40

This is how Heidegger, writing in the 1930s, described error. All genuine 
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thinking must be “in error,” he explained, because thinking must always 
go beyond any given knowledge, any specific representation of truth. The 
foundation of truth as truth must always be concealed by the specific forms 
of knowledge that exist in any historical moment of cognition. The essence 
of truth is its absence from appearances of knowledge. Hence the essential 
movement that is error.

Man errs. Man does not merely stray into errancy. He is always astray in er-
rancy, because as ek- sistent he in- sists and so already is caught in errancy. 
The errancy through which man strays is not something which, as it were, 
extends alongside man like a ditch into which he occasionally stumbles; 
rather, errancy belongs to the inner constitution of the Da- sein into which 
historical man is admitted.41

Radical error is then the very mark of the mind’s capacity to discover some-
thing new by liberating itself from all concreteness, of experience, of nor-
mative knowledge. As Heidegger elsewhere stated, “Wer groß denkt, muß 
groß irren.”42 Erring, straying into unknown territory: this indicates some-
thing special about the human mind, its ability to take itself beyond its own 
limited forms of knowledge, to break with itself. This leap into the unknown 
is always a risk and— this seems clear— cannot be automated. It would fol-
low, then, that a computing machine, even the universal computer, since it 
must be governed strictly by routines, would be incapable of straying, and 
therefore incapable of original thought, which would be thinking beyond 
what has already been thought.

Turing directly confronted this objection, as critics of machine intelli-
gence noted that a computer can only do what it has been programmed to 
do. He cited the first version of this argument, expressed by Ada Lovelace, 
as she reflected on the nature of Charles Babbage’s Analytical Engine, the 
programmable machine that was, in the computer era, now recognized to 
be functionally equivalent to Turing’s own universal digital machine. As 
Turing observes in his response to the “originality” objection, Lovelace once 
remarked that since the computer, to do anything whatsoever, must receive 
instructions, or what we call programs, it was constitutionally prevented 
from ever doing anything genuinely novel or creative on its own, anything 
not specified by the instructions in advance.

Turing’s response to this objection is significant, because it leads him 
to the one positive claim he would make in support of his new speculative 
project, the research discipline that would be called artificial intelligence. 
Recalling his earlier (and, because classified, not public) arguments about 
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intelligent machinery, Turing suggested in the Mind article that the best 
way to produce an intelligent machine, one that could exhibit truly origi-
nal behavior, would not be to analyze and then mimic complex cognitive 
routines characteristic of mature thought. “Instead of trying to produce a 
programme to simulate the adult mind, why not rather try to produce one 
which simulates the child’s?”43 It is not just that the child’s mind is more 
simple. The idea is that we need to build what he calls a learning machine. 
An accurate model of an adult mind would capture specific, and perhaps 
very complex and productive, forms of thought, but then they would ap-
pear as fixed within the system of programs. Turing points out that if we 
tried, as an alternative, to model an infant child, not only would it be a 
much easier task, this artificial infant mind would have an intriguing new 
potential, it would be able to turn itself into something that it was not, that 
is, a reasoning, inquiring, intelligent being, just like a real infant.

As Turing already knew, the original unorganized openness of the child’s 
higher brain— what others would refer to as its radical plasticity— allows it 
to be “programmed” (i.e., taught) to behave in certain ways.

Presumably the child- brain is something like a note- book as one buys it 
from the stationers. Rather little mechanism, and lots of blank sheets. 
(Mechanism and writing are from our point of view almost synonymous.) 
Our hope is that there is so little mechanism in the child- brain that some-
thing like it can be easily programmed. The amount of work in the educa-
tion we can assume, as a first approximation, to be much the same as for the 
human child.44

The new digital computers, it is true, seemed to show nothing but automatic 
and determined behavior. However, Turing realized that this was not be-
cause they had some inherent limitation. The computers performed rou-
tines because that is all they had been allowed to do by human beings. In es-
sence, we had been treating computers like slaves, forcing them to perform 
only the tasks that we demand. Turing was very conscious of the height-
ened charge of this word. Elsewhere he remarked, in an aside, that people 
found it strange to think about having any emotional relationship with a 
machine; they could not ignore, he said, “the difficulty of the same kind of 
friendliness occurring between man and machine as between white man 
and white man, or between black man and black man.”45

So Turing was insisting not that the human brain- mind could be de-
scribed as a deterministic machine and simulated by a computer. But he 
was still insisting that the human was (what else could it be?) a complex 
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machine. The key question, the key challenge for Turing, was this: What 
would allow us to preserve the spirit of “spirit,” so to speak, in the machine? 
His insight was that programming a computing machine and teaching a hu-
man brain was in essence the exact same operation. In both cases, a rel-
atively open, relatively unorganized machine received extensive “interfer-
ence” from outside, interference that altered the internal configuration of 
the system to produce routines.

Like a human student, the trained computer would eventually be acting 
in a manner that would be completely unforeseen at its “birth” given the 
contingency of this external formation and re- formation of the electronic 
“brain.” The programmable machine- brain had to possess an underlying 
flexibility, to acquire routines, but also so it could, as Turing says, find itself 
“in a position to try out new combinations of these routines, to make slight 
variations on them, and to apply them in new ways.”46 Therefore the learn-
ing machine (whether natural or artificial) was never fully determined by any 
currently existing set of configurations or routines. It was always in an im-
portant sense not what it was at any one particular moment, even if it was 
not exactly some other thing. This lack of fixity grounded the possibility of 
“straying” from instructions. Turing would explain it concisely: “Processes 
that are learnt do not produce a hundred per cent. certainty of result; if they 
did they could not be unlearnt.”47 Error, originality, creativity— these were 
effects of discontinuities evoked by a negation of the existing organization, 
not the appearance of a higher mental power or metaphysical intervention 
from beyond the physical.

Turing’s point was this: if the machine is trained to be just an infalli-
ble slave, then it cannot show true intelligence. As Descartes had argued, 
the machine would inevitably fail in situations it was not programmed to 
handle. But in countering Descartes’s rejection of machine intelligence, 
Turing made the case that the obverse was also true: the computer could 
be intelligent only if it “made no pretense at infallibility”— that is, if it was 
allowed to risk error on the way to some new knowledge or configuration. 
Like any human investigator, the computer should be allowed to give wrong 
answers, to make blunders, while trying out “new techniques” when it en-
countered obstacles. Learning was an active and multisited process, never 
just an acquisition of norms and rules. In the end, for Turing intelligence 
was defined, in its essence, as a form of straying. In one of the rare occur-
rences of the word intelligent in the 1950 essay, Turing writes, “Intelligent 
behavior presumably consists in a departure from the completely disci-
plined behavior involved in computation, but a rather slight one.”48 A com-
puting machine that can learn and unlearn is a machine that could win the 
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Imitation Game because it could simulate errancy— a form of intellectual 
freedom. There would be no need to fake mistakes because it would exhibit 
the human propensity for error: “human fallibility,” Turing writes, “is likely 
to be committed in a rather natural way” by this artificial machine. More 
subtly, Turing is also implying in this formulation that imitation by this kind 
of machine is not mere simulation but instead a consequence of the radical 
openness of the intelligent computer: it could “perform” as another because 
it was not limited by a fixed organization.

Making a machine intelligent means, paradoxically, investing the ma-
chine with the fundamental errancy of a human mind. With the appearance 
and reappearance of the undetermined— the unprogrammed elements— a 
machine will be able to “unlearn” its routines and seek new paths. Turing 
made this point explicitly in a 1951 talk, on how to make a machine think: 
“Making mistakes is an unavoidable corollary of [the] power of sometimes 
hitting upon an entirely new method.” As he dryly notes, the most reliable 
people are usually not the ones who “hit upon really new methods.”49 It is 
interesting to note too that McCarthy and his collaborators, in their 1955 
proposal concerning “artificial intelligence,” would admit the need to think 
about something like radical error. “Now consider a problem for which no 
individual in the culture has a solution and which has resisted efforts at 
solution,” they wrote. “The individual needs a hunch, something unex-
pected but not altogether reasonable. Some problems . . . need a really bi-
zarre deviation from traditional methods.”50 The need for this productive 
but potentially “bizarre” deviation was exactly what Turing was imagining 
as central to the project of artificial intelligence.

In the end, Turing was not claiming that a machine could simulate thought  
because human thought was itself something that could be captured in a 
set of rules and routines. This is, to be sure, how many early cognitive scien-
tists and AI researchers proceeded. He was saying something quite differ-
ent: a machine can be intelligent only if it is designed as an open system ca-
pable of, at once, being determined and determining itself. The insight is that 
a machine’s capacity to be determined from outside is the same feature that 
gives it a capacity to continually resist its very own determination. That is 
to say, it can open itself up to new organizations and new routines, because 
an originary plasticity always remains; there is always what Turing calls a 
kind of “residue” of our primal neural condition, the cognitive potential of 
a lack of organization. Automaticity did not therefore stand in the way of 
autonomy for intelligent machines— biological or otherwise. An intelligent 
being could only give itself norms and rules if it was already capable of be-
ing given norms and rules.
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26
Epistemologies of the Exosomatic

The hand was freed by the assumption of bipedal locomotion. Then new 
selection pressures coming with the use of tools changed the ape hand into 
the human hand. Our hand is the result of at least half a million years of tool 
use. The uniqueness of the human hand, those features which distinguish 
it from the hands of apes, is the result of culture. According to this theory, 
it is futile to look for an ape- like ancestor with a large, fully opposable 
thumb, because the human thumb as it exists today evolved after bipedal 
locomotion and with the use of tools.

S. L. Washburn, “Speculations on the Interrelations  
of the History of Tools and Biological Evolution” (1959)1

On the Exosomatic Origins of Human Culture

The question of technology was prominent in postwar anthropological re-
search on the nature of the human, in particular, the question raised by sev-
eral important archaeological discoveries that forced a reframing of all un-
derstanding of the evolutionary development of hominids: namely, when 
did the first “human” actually appear in (pre)historical time? Clearly, single, 
arbitrary morphological features would not be enough to separate the first 
“genuine” human from the multiple ancestor species being identified in 
the middle of the twentieth century. Instead, evolutionary theorists fo-
cused on cognitive and cultural distinctions. As the evolutionary biologist 
Julian Huxley explained, the key to human evolution was the emergence 
of culture itself, which was more than a form of behavior or the sudden ap-
pearance of some “capacity” in the brain. For Huxley, humans at some point 
became capable of the sharing (not just expression) of thought itself. He de-
fined culture as a “shared or shareable body of material, mental, and social 
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constructions,” which he called “artifacts, mentifacts, and socifacts,” none 
of which were at all deducible from any individual psychological or physio-
logical dimension— hence the essential differentiation of any true human 
cultural organization.2

As Huxley observes, the fact that cultural forms are in a sense autono-
mous systems and systems that exist only through human communicative 
operations demonstrates that the evolution of humans in societies cannot 
be explained at all in biological terms. The turn from “hominid” to genuine 
human lies in this transition. “The capacity for the cumulative transmis-
sion of experience marked a critical point in the evolutionary process: the 
passage from a biological to a cultural mode of evolution” (22). For Hux-
ley, this indicated something more than just the origin of “language.” All 
elements of culture are communicative, in that they express something 
more than their materiality. But what made it possible to organize and pre-
serve, and maintain, the existence of a culture through time? Crucial for 
Huxley is the function of what he calls “noetic” expressions, the “aware-
ness organs” that provide the foundation for the collective nature of the 
system of culture itself— its unity and capacity for continued life. Examples 
would be all the symbols, rituals, beliefs, knowledge systems, sciences, and 
philosophy: these “express awareness or experience in various organized 
ways— aesthetic and symbolic as well as intellectual— and communicate 
and transmit these organizations of experience to others” (18). Culture is 
thought transmission.

In a similar vein, the British biologist (and organ transplant pioneer) 
Peter Medawar questioned the extent to which biological, evolutionary 
principles could ever explain the peculiar status of the human in the long 
history of life on the planet. To identify “instincts” as the origin of behav-
iors (animal or otherwise) would mean demonstrating that these were 
“unlearned”— for example, by rearing birds in isolation to see if they build 
certain kinds of nests found in natural conditions.3 Medawar does not deny 
the existence of human instincts, of course.4 However, he is interested in 
the fact that humans, unlike other animals are capable of forming what 
could be called artificial instincts. Drawing here on Alfred North Whitehead, 
Medawar observes, “Civilization advances by extending the number of im-
portant operations which we can perform without thinking about them” 
(137). However, that must be qualified; culture preserves itself through 
the automatization of learned behaviors. “Paradoxically enough, learning 
is learning not to think about operations that once needed to be thought 
about; we do in a sense strive to make learning ‘instinctive,’ i.e. to give 
learned behaviour the readiness and aptness and accomplishment which 
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are characteristic of instinctive behaviour” (138). So, like Huxley, Medawar 
will identify the exception of the human as this capacity to acquire pseudo- 
instinctive routines that are collectively shared and transmitted.

This is all to prepare the way for a new definition of the human within 
the frame of the biological sciences: “Man is unique among animals be-
cause of the tremendous weight that tradition has come to have in provid-
ing for the continuity, from generation to generation, of the properties to 
which he owes his biological fitness. It is the merest truism that man is a 
tool-  or instrument- using animal” (138– 39). The crucial fact is not the use 
of an implement, since all animals in effect “use” their own bodies and, oc-
casionally material objects, to obtain food and so on. Medawar cites Alfred 
Lotka’s 1945 essay on evolution to reveal the specifically human quality of 
our technicity: “to distinguish between the organs that we are born with 
and organs that are made: endosomatic instruments for eyes, claws, wings, 
teeth and kidneys, exosomatic instruments for telescopes, toothpicks, scal-
pels, balances and clothes” (139). Humans, with their exosomatic prosthet-
ics (which can be physical or sensory) do not disappear from the domain of 
biology; they just are capable of “deputizing” artifacts for biological purposes, 
just as nature does in the development and evolution of endosomatic or-
gans driven by similarly goal- oriented instinctive behavioral patterns (139).

Here Medawar insists on the fundamental connection between human 
exosomatic technological substitutes and the organic system of the body— 
sensory instruments “report back” to our endosomatic sensory apparatus, 
for example. And yet the autonomy of technology also lurks in his account. 
If it is true that all technologies can be characterized by their artificial and 
therefore human teleological organization, his allusions to new military 
technologies raises questions concerning the nature of that grounding con-
nection: “The relationship between instrument and user may be very re-
mote, as it is with guided missiles and with engines designed to work with-
out attention, but their conduct is built into them by human design and, in 
principle, their functional integration with the user is just the same” (140). 
Still, Medawar’s point is an important one, at least for his understanding 
of human cognition. He “deplores” the current fashion of “describing the 
brain as a calculating machine,” not because he has any illusions about the 
physiological structure of the nervous system, but because technologies are 
never mirrors of biological functions. Technologies are extensions of func-
tion beyond the body. The computer, then, is an exosomatic brain, Medawar 
argues: “It performs brain- like functions, much as cameras have eye- like 
and clothes have skin- like functions, and motor- cars the functions endoso-
matically performed by legs” (140). As the neurobiologist J. Z. Young, who 
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was a friend of Alan Turing’s, put it in his cybernetically oriented book on 
the octopus brain: “In his writing and his art, his speech and his machines 
man manages to transfer outside his head at least some of the features of 
the information that is within it. The formation of such artefacts, available 
for the use of many, is our unique feature.”5

As Huxley and others had already noted, Medawar will emphasize that 
the technical sphere has its own evolutionary trajectory. Functions trans-
form, improve, or become vestigial. He cautions us, however, to remember 
that both endosomatic (genetic) and exosomatic (technical) evolution are 
biological, in that both are “equally modes of the activity of living things, 
and  .  .  . both are agencies— to some extent alternative agencies— for in-
creasing biological fitness, i.e. for increasing those endowments which 
enable organisms to sustain themselves in and prevail over their environ-
ments” (141). The risks and rewards of exosomatic evolution lie in its rapid 
and somewhat unpredictable course. This is due to the radically different 
form of transmission. In humans, evolution of technological culture de-
pends on tradition, which, as Medawar writes, “is in the narrowest technical 
sense, a biological instrument by means of which human beings conserve, 
propagate and enlarge upon those properties to which they owe their pres-
ent biological fitness and their hope of becoming fitter still” (142). However, 
tradition is also susceptible to catastrophic loss, unlike genetic transmis-
sion. The stability of human societies is a function of the stability of these 
“nongenetic” channels, the artificial instincts that are social norms, norms 
that at the same time must always be open to transformation in the wake of 
technical innovations or environmental pressures.

The World of Objective Knowledge and Exosomatic Memory: Popper

Karl Popper is renowned (but also often dismissed) in the philosophy of 
science for his development of the “falsification” theory of scientific dis-
covery and progress.6 Popper argued that scientists make hypotheses based 
on various assumptions, theories, and past observations and yet cannot 
demonstrate the truth of these hypotheses in any foolproof way. Instead, 
progress in our knowledge of nature comes from the experimental testing 
of hypotheses and their ultimate falsification— the fact that the hypothesis 
turned out to be incorrect. The refashioning of hypotheses and the Darwin-
ian struggle in the arena of confirmation and falsification allowed Popper 
to claim (somewhat unfashionably) that it was possible to have objective 
knowledge— the title he gave to a collection of his essays published in 1972. 
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In light of Thomas Kuhn’s massively influential theory of paradigm for-
mation and radical paradigm changes within scientific disciplines (along-
side important work by figures such as Imre Lakatos and Paul Feyerabend) 
Popper’s seemingly one- dimensional and self- consciously intellectualized 
notion of scientific investigation was tacking against the more relativistic 
or constructionist turns in the study of science, which would only become 
more intense and wide- ranging with the emergence of the whole new field 
of science and technology studies, not to mention historical- critical works 
on knowledge and power from thinkers such as Michel Foucault.

Yet Popper’s interest in objective knowledge has an interesting place in the 
line of thought we have been following here: the conceptualization of ma-
chine intelligence, not as defined in AI research as a form of imitation or 
simulation, but instead as the philosophical and anthropological theoriza-
tion of the essential technicity of intelligence itself.7

Popper was working with and against the Kantian tradition in thinking 
about perception, knowledge, and scientific epistemology. In a lecture from 
1953 on the relation between conjecture and refutation in science, Popper 
used the famous problem of induction to introduce his theory. For Popper, 
Kant’s critique of Hume was sound, and philosophically important; yet Kant 
had, Popper thought, pushed his argument too far. Popper agreed that the 
mind “imposes its own laws upon nature,” as Kant claimed. Yet Popper re-
sisted the argument that this meant these laws were necessarily true, at least 
in the way that Kant interpreted that. Popper insisted that the “laws” that 
our mind imposed on nature were often inadequate. “Nature very often re-
sists quite successfully, forcing us to discard our laws as refuted; but if we 
live we may try again.”8 One could argue that even the seemingly invincible 
categories (e.g., space and time itself) were being falsified by new theories 
and experimental research emerging in the twentieth century.

In any case, Popper’s use of a key example is I think noteworthy here: as 
a way of concluding the logical critique of Hume’s “psychological” model of 
inductive inference, Popper suggests that we “consider the idea of building 
an induction machine.” Turing had already suggested building such a ma-
chine, in his 1950 essay “Computing Machinery and Intelligence.” Popper 
describes a “simplified world” of basic counters appearing in sequence, with 
very basic variable characteristics, for example, “color.” Popper writes, “Such 
a machine may through repetition ‘learn,’ or even ‘formulate,’ laws of suc-
cession which hold in its ‘world.’” Does this prove Hume right, that human 
minds formulate inductive inferences through repetition? Popper thinks 
that this thought experiment might seem convincing, but it is mistaken.
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In constructing an induction machine we, the architects of the machine, 
must decide a priori what constitutes its “world”; what things are to be taken 
as similar or equal; and what kind of “laws” we wish the machine to be able 
to “discover” in its “world.” In other words we must build into the machine 
a framework determining what is relevant or interesting in its world: the 
machine will have its “inborn” selection principles. The problems of similar-
ity will have been solved for it by its makers who thus have interpreted the 
“world” for the machine. (64)

The true issue to be investigated is how the mind can form such a world 
(echoes of Heidegger here) and make inferences within it but not be trapped 
inside a completely subjective construction. In other words, how can we 
conceptualize non– a priori knowledge as objective (i.e., with a logical va-
lidity that does not emerge merely from psychological principles of asso-
ciation or the like) given the fundamental limits of the human mind and 
sensory system?

As the subtitle of Popper’s 1972 book indicates, the answer would lie in 
taking an “evolutionary approach” to the problem of knowledge.9 For Pop-
per, this was not merely a metaphor. He was interested in how the mind had 
evolved (and this would link him with the pragmatists) and how the mind 
could thus participate in the evolution of knowledge itself, that is to say, its 
progressive objectification.

We can start with Popper’s quite radical invocation of a truly objective 
form of knowledge in his 1967 essay “Epistemology without a Knowing 
Subject.” As he observes, whether a book is ever read or a library ever con-
sulted, a book is still a container of knowledge of some kind. He goes further, 
however, noting that a book would be a book even if it hadn’t been written 
by anybody. Whether consciously or not, Popper looks back to Charles Bab-
bage here, and his dream of an automatic logarithmic calculating machine. 
Popper’s own version of the dream is a computer- generated and printed 
collection of logarithms, perhaps “the best series of books of logarithms” 
ever produced.10 It may not be consulted for fifty years, yet still it contains 
“objective” knowledge. What constitutes a book is not its materiality but its 
potential to be understood. To be understood means that the “marks” are 
symbolic, capable of being interpreted somewhere else other than enclosed 
within the pages of the book— a mediation of thinking. This is what Popper 
means by objective: meaning that is not merely subjective and hence un-
knowable by any other entity. Here Popper cites his well- known theory of 
the three “worlds” in which we live, the first sphere being the physical real-
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ity of the universe, the second the psychic experiences of sentient beings, 
and the third the world of meaning, or symbolic thought.11

In this third sphere, causality and determination are not deducible from 
the materiality of the objects with meaning but by the meaning that is in-
vested in the material form. As he explained in another essay, even the 
physical universe was hardly a deterministic system, a “vast automaton,” as 
earlier thinkers had believed. And yet there was still a lingering suspicion 
that humans are just “machines,” an eighteenth- century idea solidified by 
subsequent advances in psychology, evolution, and biology, and, as Pop-
per notes, still popular in his day among scientists, reframed now as “the 
thesis that man is a computer.” (Here Popper cites Turing’s key essay from 
1950 and the idea that the computer’s behavior would be indistinguishable 
from that of a genuine human.)12 Popper resists this formulation: if con-
temporary physicists were now working with models with fundamental 
indeterminism, the idea that the human being could be a machine was 
hardly plausible. And yet human action could not be explicated as entirely 
random. Popper suggests a new framework to understand human action— 
what he calls “plastic control.” This is a way of explaining how an individ-
ual body could be controlled (if that is the right word) by the often ephem-
eral or abstract meaning of something. A series of small pieces of paper can, 
for example, control (via calendar entries, tickets, maps, etc.) “the physical 
movements of a man in such a way as to steer him back from Italy to Con-
necticut.”13 This kind of “causality” is soft, because there are so many points 
of possible alternative paths that one might encounter.

While we cannot of course deny the importance of the physical- mental 
system of the individual, Popper’s philosophical interest in the third world 
of symbolic meaning focuses on what he believes is the autonomy of this 
sphere. And by that, he does not at all mean the automaticity of the sphere. 
Just the opposite. As he noted in the essay on epistemology, the interaction 
of elements in the third sphere of reality is always unpredictable. Even if 
one designs a system to be fully systematic, “it will as a rule turn out partly 
in unexpected ways. But even if it turns out as planned, some unexpected 
interrelationships between the planned objects may give rise to a whole 
universe of possibilities, of possible new aims, and of new problems.”14

The key point for Popper is that the world of hypotheses, conjectures, the-
ories, language, and so on, is an objective world in that context, capable of 
producing its own effects and its own unexpected possibilities. We could 
say that it is created by human minds but operates according to an inde-
pendent logic of organization. The stronger argument is this: in the auton-
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omous sphere of knowledge, there is (as in the biological world) an evolu-
tionary process of competition. Or, to be more precise, Popper redefines 
biological evolution as a process of problem solving enacted by living be-
ings, with “tentative solutions” (theories, so to speak) physically instanti-
ated in organisms, solutions that will be preserved in the genetic memory 
of the species if they do not lead to fatal errors.15 Without citation, Popper 
employs Lotka’s terms here— endosomatic and exosomatic— to refer to the 
different kinds of “theoretical” tools organisms use to solve the challenge 
that is survival. “Exosomatic” tools such as spider webs or honeycombs are 
examples of this. In the end, Popper can rewrite Kant in evolutionary terms: 
our sensory systems are organized by “theories” that have been tested in 
the real- world conditions of evolutionary struggle.16 This is why we have 
certain “expectations” of the world.17 But as he will go on to suggest, it is the 
special nature of human exosomaticism that allows us to accelerate evolu-
tionary time, to test conjectures and theories in the virtual environments of 
the symbolic sphere.

In line with the thinking exemplified by Leroi- Gourhan and other pa-
leoanthropologists of the period, Popper will identify the exception of the 
human as a consequence of technology. This is clearly stated, in “Of Clouds 
and Clocks”:

Animal evolution proceeds largely, though not exclusively, by the modifica-
tions of organs (or behaviors) or the emergences of new organs (or behav-
ior). Human evolution proceeds, largely, by developing new organs outside 
our bodies or persons: “exosomatically,” as biologists call it.  .  .  . These new 
organs are tools, or weapons, or machines, or houses.18

No doubt Popper borrowed Lotka’s terminology from his good friend, the 
biologist Peter Medawar, who based his own theory of cultural evolution 
on this concept of the exosomatic, as we just saw. And here Popper is mak-
ing a similar claim, namely, that while some animals may occasionally use 
implements or make things (such as birds’ nests), something different is 
going on within human life. The human species has in essence chosen to 
bypass biological evolution, refusing to wait for improvements and instead 
constructing them. Peter Skagestad explains that for Popper “human cul-
tural evolution proceeds largely through the invention and improvement, 
via selection, of exosomatic organs that embody ideas that are generated by 
the human mind, but that could not play the role they do if they remained 
within the mind.”19

And as Popper would go on to note, “The kind of . . . exosomatic evolu-
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tion which interests me here is this: instead of growing better memories 
and brains, we grow paper, pens, pencils, typewriters, Dictaphones, the 
printing press, and libraries.”20 These are all technologies of thought. And 
Popper, like Whorf and others before him, knows that the way humans 
think is conditioned and enabled by the vehicles of thought— including the 
very material prosthetics of thinking and remembering. New technologies 
of “exteriorization” (to use Leroi- Gourhan’s term) will (as Engelbart and 
other engineers would claim) augment our language and give us literally 
“new dimensions” of possibility for the description of things and the expla-
nation of functions.

Popper will add an important comment: “The latest development (used 
mainly in support of our argumentative abilities) is the growth of comput-
ers.”21 Intelligence and the production of objective knowledge cannot be 
understood apart from the evolution of meaning and especially the evo-
lution of meaning as it is exteriorized in exosomatic technical forms. The 
“thinking subject” of Descartes must give way, then, to the idea of the in-
dividual mind being formed by, and participating in the formation of, the 
autonomous sphere of symbolic meaning, a collection of interacting sys-
tems and subsystems that is continually producing unexpected new ideas, 
problems, and conjectures.22

An Ecology of Mind and Machine: Bateson

The same year that Popper’s collection appeared (1972), Gregory Bateson 
published his own collection of essays and lectures, spanning decades of re-
search and reflection. It is interesting to note that Bateson’s famous cyber-
netic theory of alcoholism intersects with Popper’s thinking about the au-
tonomous sphere of collective thought. The twelve- step programs should 
counsel addicted individuals to submit to a “higher power” that they can-
not control, Bateson argued; however, that power needs to be understood as 
that inherent in the systems of cultural formation and not some God.23 How-
ever, the line of thinking we can engage with here is Bateson’s idea that the 
human mind is not self- enclosed but instead formed on the edge of differ-
entiated systems, at once biological, social, and technical. Our conscious life 
of the mind is just a fragmented perspective on the complex of processes 
that make up intelligent thought. The privileging of consciousness violates 
the network, cutting the “arcs” of circuits that interconnect various systems 
and processes. This is the ground of Bateson’s critique of artificial intelli-
gence: the computer does not have “mental processes” but only because the 
computer is never a self- isolated system. “The computer is only an arc of a 
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larger circuit which always includes a man and an environment from which 
information is received and upon which efferent messages from the com-
puter have effect. This total system, or ensemble, may legitimately be said 
to show mental characteristics” (317). This is to admit, then, that thinking 
is a process that takes place at least in part outside the body itself, or exoso-
matically. Thinking, especially intelligent thought, is (as Popper asserted as 
well) a process that “operates by trial and error and has creative character” 
(317). The boundaries of thinking cannot be drawn easily. In a famous ex-
ample (which harkens back to seventeenth-  and eighteenth- century philos-
ophy) Bateson poses this thought experiment: “Consider a blind man with 
a stick. Where does the blind man’s self begin? At the tip of the stick? At the 
handle of the stick? Or at some point halfway up the stick? These questions 
are nonsense, because the stick is a pathway along which differences are 
transmitted under transformation, so that to draw a delimiting line across 
this pathway is to cut off a part of the systemic circuit which determines 
the blind man’s locomotion” (465).

The “cybernetic epistemology” of Bateson is what I call an epistemology 
of the exosomatic, an epistemology of the prosthesis. “The individual mind 
is immanent but not only in the body. It is immanent also in pathways and 
messages outside the body; and there is a larger Mind of which the individ-
ual mind is only a sub- system” (467). Therefore, for Bateson, technology is 
never a mere tool or implement. The emergence of new forms of thought in 
the computer era are the result of new networks of information and trans-
formation. One did not need to fixate on the rivalry between a human brain 
and the electronic version. As he put it, “The lines between man, computer, 
and environment are purely artificial, fictitious lines. They are lines across 
the pathways along which information or difference is transmitted. They 
are not boundaries of the thinking system.” The crucial thesis that we can 
take from this epistemology: “What thinks is the total system” (491). If there 
was a challenge to live up to, Bateson believed, it was the challenge of sta-
bilizing these hybrid systems, which were never naturally “homeostatic” 
given the independent functions and structures that made them up. Stabil-
ity was constantly threatened by the incommensurable evolutionary ten-
dencies of technologies, social organizations, and psychic experience.

What I have called exosomatic evolution was perhaps always going to be 
the site of potential pathology, for Bateson. The fear was not that automatic 
machines would compete with human beings. Rather, the introduction of 
the exosomatic extension of human thinking and acting raised the possi-
bility of human beings becoming more and more constrained, more and 
more subject to the “plastic control” of the collective systems embedded in 
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technologies that were now operating at a scale and pace that exceeded our 
biological capacities. As Bateson warned:

Today the purposes of consciousness are implemented by more and more 
effective machinery, transportation systems, airplanes, weaponry, medi-
cine, pesticides, and so forth. Conscious purpose is now empowered to up-
set the balances of the body, of society, and of the biological world around 
us. A pathology— a loss of balance— is threatened.

It appears that the man- environment system has certainly been pro-
gressively unstable since the introduction of metals, the wheel, and script. 
(440)

With Bateson’s warning in mind, we can return to the starting point of this 
discourse concerning the relationship of human and machine in what Si-
mondon referred to as technical ensembles— the development of human- 
computer interaction and intelligence amplification.

The Future of Thinking: Brains, Artificial Memory, and the Memex Machine

The term “intelligence amplification” was first coined by the cyberneticist 
W. Ross Ashby in the 1950s. If machines could magnify physical forms of 
power, it should be possible to create amplifiers of intelligence, Ashby be-
lieved. He began with the idea that a regular amplifier uses an input to orga-
nize the surplus of energy that the amplifier maintains in an undirected 
form. In other words, an amplifier converts undirected power into directed 
power, guided by the nature of the input. By analogy, one could imagine an 
intelligence amplifier that converted undirected “information” into usable 
form by using the initial intelligence of a human mind as a guide for selec-
tion and organization.

This idea of intelligence amplification was central to Vannevar Bush’s in-
fluential essay in information technology, “As We May Think,” published in 
the Atlantic Monthly right at the end of the war, in 1945, and shortly there-
after in Life magazine, in a condensed version but with provocative illus-
trations of then radically new knowledge technologies. With his extensive 
experience as czar of American military scientific research, which included 
the funding of computers and other automatic information systems, Bush 
believed that one of the key challenges in peacetime would be the prolif-
eration of information. The individual researcher would, he predicted, be 
 overwhelmed by the increasing store of “undirected” prior knowledge— 
and by the demands of producing scientific records of research. In this 
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speculative essay, Bush drew from his own technical experiences (which 
included the construction of a valuable analog computer, the Differential 
 Analyzer) to sketch out a possible future, where technological advances 
would in effect liberate the scientific worker and increase productivity.

First, Bush showed how a researcher could use automatic recording de-
vices— a forehead camera and an automatic voice “printer”— that would 
enable a focus of attention on the inquiry itself and not its documentation. 
“His hands are free, and he is not anchored,” as Bush described this liber-
ated individual.24

Second, Bush believed that certain analytic processes usually performed 
by the scientist could be automated. The goal, again, was liberation. The 
mind needed to do the work it did best, which was think creatively. There-
fore, Bush imagined (based on the reality that was digital computing, still a 
classified technology) what he called an automatic logic processor, a device 
that would relieve knowledge workers from repetitive mental labor. This 
was at once an effort to increase efficiency and a way to cultivate the human 
intellect. As Bush explained, “the creative aspect of thinking” always relied 
on “intuitive judgment.” As soon as thinking fell into “an accepted groove,” 
there would a restriction of that freedom to move beyond the norm. Here, 
Bush argued, there would be “an opportunity for the machine” to assist the 
mind, opening up its space to explore. “We may some day click off argu-
ments on a machine with the same assurance that we now enter sales on a 
cash register” (105).

The centerpiece of Bush’s visionary essay, and what marks it as not only 
a classic in information technology but also a precursor to later develop-
ments in databases and networked computing, is (along with Turing’s orig-
inal imaginary computer of 1936) one of the more famous “virtual” inven-
tions of the era: a machine he called the Memex. The aim of this fantastic 
technology was to make all prior recorded knowledge available instantly to 
any one individual intellect. True thinking, for Bush, involved navigating 
and selecting information that was relevant to the questions being inves-
tigated.

And so the Memex was much more than a mere mechanical form of 
scientific memory. It was, most critically, a technology for storing creative 
thought itself. According to Bush, the human mind only progresses as it 
makes connections and forms relationships within data. What was so rev-
olutionary about the Memex was that it allowed one to mark and perma-
nently save the associative “trails” of thought that had led to important and 
productive insights, “as though the physical items had been gathered to-
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gether from widely separated sources and bound together to form a new 
book” (103)— although a book that could always be rewritten and reorgan-
ized. Silently, in the background, the salient relations of a trail of thought 
are being indexed and recorded along with the original records, so that trail 
can be resurrected, manually or, more importantly, automatically when as-
sociative trails met within the machine, without the presence of a human 
subject. The Memex association memory was a mechanized duplicate of 
the brain’s own memory structure but expanded and organized with per-
manent indexical markers.

Moreover, the associative trails could be easily augmented and also 
transferred from one Memex system to another, creating the possibility of 
even more sophisticated integrations of knowledge, in and between disci-
plines, between humans and machines. As Bush wrote, “Wholly new forms 
of encyclopedias will appear, ready- made with a mesh of associative trails 
running through them, ready to be dropped into the Memex and there 
amplified” (104). The key to the revolution was the emergence of analogi-
cal systems of information organization that would allow researchers and 
practitioners, not to mention semiautonomous machines themselves, to 
generate relationships relevant to the problem or task at hand.

Of course, the mind had always stored its thinking inside and outside of 
the brain, in various media forms— think of scientific notebooks, diagrams, 
lecture transcripts, and so on. However, Bush explained, the machinic com-
plexity and comprehensive power of the Memex opened up a new possibil-
ity, the chance to integrate in one space all of these rather dispersed (and 
often incomplete) personal forms of human external memory with the en-
tire collective memory of stored human experience— and the individual’s 
own neural memory and intelligent mind. When the intellect was at work 
“inside” the Memex’s technological sphere, the long- standing boundary 
between the brain and the collected knowledge of humanity was in essence 
entirely effaced. Meanwhile, the mind’s unique intellectual capacities of 
selection and association were being permanently inscribed in the exter-
nalized memory— and not just the fallible nervous system or its inefficient 
material substitutes.

Bush would end his essay with an even more fantastic speculation: phys-
ical interfaces— the display screens and marking devices depicted in the 
essay— would eventually give way to direct transfers of electrical informa-
tion, passed from the external memory straight into our brains. The brain 
was, after all, just another electrical machine. Bush would have learned that 
from his cybernetic colleagues at MIT.
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We know that when the eye sees, all the consequent information is transmit-
ted to the brain by means of electrical vibrations in the channel of the optic 
nerve. This is an exact analogy with the electrical vibrations which occur 
in the cable of a television set: they convey the picture from the photocells 
which see it to the radio transmitter from which it is broadcast. We know 
further that if we can approach that cable with the proper instruments, we 
do not need to touch it; we can pick up those vibrations by electrical induc-
tion and thus discover and reproduce the scene which is being transmitted, 
just as a telephone wire may be tapped for its message. (108)

Neural memory could then be replaced by its artificial twin, freeing the cre-
ative mind to attend only to intelligent and creative thinking— the privi-
lege, Bush says, of “forgetting” (108).

Bush’s vision of intelligence amplification was predicated on the libera-
tion of a thinking mind too often delayed or led astray by the wealth of in-
formation and the routines of analysis. Yet Bush never asked an important 
question: Could thinking itself be transformed with this new technology?

With the postwar unveiling of the computer (often called the “digital 
brain”) and its entrance into commercial life Bush’s vision would seem in-
creasingly plausible. But the new machine did of course raise the possibil-
ity that human thinking itself could be automated. Our supposedly unique 
intellectual abilities— intuition, insight, judgment— might be taken over 
by computers. Already in the 1950s, for example, Allen Newell and Herbert 
Simon were constructing a program that mimicked the heuristic problem- 
solving methods of actual human beings. Of course, genuine AI was still 
just a project in its infancy at this time. But computers held out tremendous 
promise for contributing to intellectual activity in the ways Bush outlines.

Augmenting Human Knowledge: Engelbart’s Human- Computer System

The prime condition for the incorporation of technical objects into culture 
would thus be for man to be neither inferior nor superior to technical 
objects but rather that he would be capable of approaching and getting to 
know them through entertaining a relation of equality with them, that is, a 
reciprocity of exchanges; a social relation of sorts.

Gilbert Simondon, On the Mode of Existence of Technical Objects (1958)25

In his landmark essay in human- computer interaction, “Man- Computer 
Symbiosis” (1960), J. C. R. Licklider admitted that in some “distant future” 
it might turn out that “electronic or chemical machines will outdo the hu-
man brain in most of the functions we now consider exclusively within our 
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domain.”26 However, for the present, Licklider was more interested in le-
veraging the power of the computer to amplify human intellectual capac-
ity. The term “symbiosis” came from biology, and Licklider pointed out that 
it signified a relationship between two “organisms.” Each, he noted, would 
die without the other’s presence. This made it clear that Licklider was not 
interested in the computer as just another tool. He suggested instead that 
human minds should cooperate with the computer, so that their respective 
strengths would be multiplied, making a more intelligent whole. The fu-
ture of the human mind depended on the computer. As he wrote, “The hope 
is that . . . human brains and computing machines will be coupled together 
very tightly, and the resulting partnership will think as no human brain has 
ever thought and process data in a way not approached by the information- 
handling machines we know today” (4).

The goal was to reduce or eliminate the “mechanical” work of the mind 
by increasing the responsiveness of computers. “Computing machines will 
do the routinizable work that must be done to prepare the way for insights 
and decisions,” he explained. Insights and decisions (what we might, with 
Turing, call the uncomputable)— that was the proper sphere of the human 
mind. Inquiry was a process. One formed hypotheses, explored implica-
tions, performed tests, imagined alternatives (6). Here the speed and flex-
bility of the computer’s representation of data would free the mind to think. 
This echoes Bush’s formulations. However, and this is even more import-
ant, according to Licklider, the computer had an ability to organize infor-
mation and data in ways that were in fact beyond human capacity. In other 
words, the computer would be able to put the human mind into radically 
new zones of thinking. It would raise unpredictable questions, and reveal 
unexpected opportunities and challenges that would be unimaginable, 
quite literally, without the kind of information processing carried out by 
high- speed computers. The computer was like those physical prostheses 
that allowed qualitatively different kinds of work to be accomplished by the 
extensions of the body.

This is why the computer could now be seen as essential (and not just 
supplementary) to the progress of thought, not just a new tool. As Licklider 
wrote, this “symbiotic partnership will perform intellectual operations 
much more effectively than man alone can perform them” (4). Given the 
intractable problems humanity faced in this moment of history (including 
the threat of nuclear annihilation), intelligence amplification was consid-
ered necessary. So Licklider’s imagined world of interactive computing was 
less a division of labor between man and machine and more a choreogra-
phy that would integrate the functions of both into a greater whole. The 
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power of the mind and the power of the computer would be amplified only 
within this new hybrid entity. The implication was that intelligence would 
now be a function of this symbiotic unity, not the mind alone, using a “tool.”

Douglas C. Engelbart— revered as the developer of the computer mouse 
and revolutionary user- oriented systems such as word processing in the 
1960s— was deeply influenced by Bush’s essay “As We May Think.”27 En-
gelbart relates that he had read it while posted in the Philippines during 
his service in the navy. So when Engelbart had the opportunity to work on 
human- computer interactions at the Stanford Research Institute in the late 
1950s, he would from the start emphasize that any new innovation had to 
be understood as part of a larger network of technologies and practices that 
supported the activity of the human mind. Having worked on building Cal-
ifornia’s first digital computer at the University of California, Berkeley, in 
the 1950s, Engelbart understood well the revolutionary potential of this 
new technology. As he wrote in 1960, “In our culture, there has recently ap-
peared a ‘symbol- manipulation’ artifact of such power that we feel certain 
it will do much to ‘extend man’s intellect.’” However, Engelbart also knew 
that this new artifact had to be integrated into a larger knowledge system in 
order to work effectively: “The computer, as a demand- accessible artifact in 
man’s local environment, must be viewed as but one component in the sys-
tem of techniques, procedures, and artifacts that our culture can provide to 
augment the minds of its complex problem solvers.”28

Clearly, Engelbart saw that the human mind was embedded in a larger, 
and culturally mediated, system of technological activity. The locus of that 
relationship was the nervous system. That nervous system had, according 
to Engelbart, certain “basic capabilities” (including perception, memory, 
abstraction, and, most notably, intuition and judgment). However, when we 
interacted with the world, the nervous system used mediating elements to 
“couple” itself to concrete problems. These elements Engelbart called “aug-
mentation means.”

These were not merely tools in the usual sense of the term. Augmenta-
tion for Engelbart was always meant to include language, technologies, and 
procedures. The obvious implication was that the basic human nervous 
system, embedded in a culture and a field of artifacts, did not operate au-
tonomously. Our brains had to be trained to behave in certain ways in order 
to use the tools in the first place. The nervous system had to learn, in other 
words, a shared way of life. As Engelbart pointed out, somewhat provoc-
atively, “What really runs our society is the central nervous system of its 
individuals.”29 Here he was acknowledging that social and cultural norms, 
though independent and largely autonomous, can be instantiated only in 
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the behavior of an individual. But this meant that the individual nervous 
system was being shaped from the very beginning. “These [augmentation] 
means have for the most part been evolved within the culture in which he is 
born, and he has been training in their use since childhood.” Engelbart’s fa-
mous report of 1962, Augmenting Human Intellect: A Conceptual Framework, 
needs to be read as a philosophical manual for the retraining of the human 
mind. It was no simple technical report, he said in a personal letter to none 
other than Vannevar Bush, but instead “the public debut of a dream.”30

The report opened with a thought experiment. Imagine, Engelbart says, 
an “aborigine” brought for the first time to a modern Western city.31 De-
spite a physiology identical to ours, this being would be totally incapable 
of navigating our world. He would be unable to accomplish the simplest 
tasks (using the telephone, for example) because he would not possess the 
knowledge or skills to do so. And of course the reverse would also be true. 
As part of a culture, human individuals have what Michael Polanyi called 
“tacit knowledge.” The crucial starting point of Engelbart’s study, then, is 
the fact that a basic human nervous system never comprehends its world 
directly; it perceives and acts only through and with external mediation. If 
we wanted to harness “neural power” for the new challenges of the postwar 
world, then we had to understand how thinking was conditioned and en-
abled by external forms of extension and supplementation.

According to Engelbart, the mind was always “augmented” in three dif-
ferent ways:

First, by artifacts. These are the material tools and implements that allow 
the mind to manipulate things— whether physical or symbolic.

Second, by language. Heavily influenced by the work of the linguist Benja-
min Lee Whorf, Engelbart believed that language formed the very struc-
ture of comprehension for each culture. As we saw, Whorf thought that 
“every language is a vast pattern- system, different from others.” Each 
culture possesses a framework of categories that “channel reason.” En-
gelbart believed that intellectual concepts were conditioned by the orga-
nization of a language.

Third, by methods. These were the procedures and strategies that organized 
activity. These methods were evolved within a culture and inherited by 
individuals through processes of education, both formal and informal.

Finally, Engelbart explains that these three means of augmentation— 
artifacts, language, and method— are not operative until the individual 
mind is trained in their use. An active mind is one already trained to work in 
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certain ways. That training has as its object the nervous system of the indi-
vidual, a nervous system capable of taking on habits. “The system we want 
to improve can . . . be visualized as a trained human being together with his 
artifacts, language, and methodology.”32 He called this the H- LAM/T sys-
tem: that is, a Human using the Language, Artifacts, and Methods in which 
he is Trained. (Figure 26.1.) So what did this mean for the project of intel-
ligence amplification? To improve the human intellect meant transform-
ing this H- LAM/T system as a system— “a functional whole” (16). Engelbart 
emphasized the importance of a holistic point of view; this system should 
be studied “as an interacting whole from a synthesis oriented approach” 
(15). However important the human element, Engelbart knew that what we 
called intelligence was something expressed in the behavior of these com-
plex systems with multiple elements and points of integration. With respect 
to the H- LAM/T assemblage, Engelbart insisted that if one asked “where” 
its “intelligence was embodied,” one would be “forced to concede that it it 
elusively distributed throughout a hierarchy of functional processes” (18). 
Intelligence was derived from “organization” and not a simple capacity that 
could be easily isolated.

So like Licklider, Engelbart believed that intelligence would be im-
proved by the evolution of the active system. There was no independent 
mind that would be the object of transformation. Engelbart used the (now 
cliché) term synergy to explain how the combination of elements could cre-
ate something greater than the sum of the parts. It was also important to 

Figure 26.1. From Douglas C. Engelbart, Augmenting Human Intellect: A 
Conceptual Framework (1962).
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recognize that the system was always in transition, as culture evolved and 
technologies progressed. The mind was always the product of a new kind 
of evolution, one that no longer was limited by biological developments. 
As Engelbart put it, with a direct reference to Ashby’s notion: “In amplify-
ing our intelligence we are applying the principle of synergistic structuring 
that was followed by natural evolution in developing the basic human capa-
bilities.” In other words, the idea was that humans could artificially evolve 
their systems of intelligence by targeting the improvement of augmenta-
tions. The implication was in fact even more radical, however. Human cog-
nition itself, according to this framework, was no longer really dependent 
on biological conditions at all; it was, so to speak, naturally prosthetic.

What we have done in the development of our augmentation means is to 
construct superstructure that is a synthetic extension of the natural structure 
upon which it is built. In a very real sense as represented by the steady evo-
lution of our augmentation means the development of artificial intelligence 
has been going on for centuries. (19; my emphasis)

Therefore, as Engelbart argued extensively in this text, an increase in our 
problem- solving ability would come from the reorganization of our tech-
nical and cultural augmentations, which would in turn literally reorganize 
the brain and provide new “mental structures” that would be the basis of 
productive new mental behavior: “this process characterizes the sort of evo-
lution that our intellect- augmentation means have been undergoing since 
the first human brain appeared” (14; my emphasis). The project was one to 
“greatly accelerate this evolutionary process” whereby new technologies 
and techniques were integrated into knowledge systems.

Crucial to this analysis was the (by then) obvious fact that the digital com-
puter promised to thoroughly disrupt and transform the current H- LAM/T 
systems. Indeed, Engelbart thought that it would prepare the way for a new 
stage of evolution in intellectual power— but only if the computer was in-
tegrated correctly. With much more detail and theoretical exposition than 
Licklider’s earlier analysis, Engelbart showed how the high- speed, auto-
mated manipulation of symbols would inevitably produce concepts and epis-
temological possibilities that the human mind had never before imagined.

These new representations and organizations would not just be used by 
the mind. These adventures in symbolic exploration would in fact trans-
form the mind. This was Engelbart’s “neo- Whorfian” (his term) hypothesis: 
the technological means of symbol manipulation structured the intellect 
through the transformation of our concepts. Engelbart’s report was essen-
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tially a blueprint for the productive, beneficial integration of computers 
into the H- LAM/T system. An essential part of this plan was the effort to 
make computers easier to work with, so they would require less specialized 
training. But the higher goal was to improve the performance of the hu-
man intellect. Like Licklider and Bush before him, Engelbart knew that this 
meant isolating what was specifically human within the system, so that the 
intellect could be liberated from functions that could be carried out by tech-
nological prostheses.

In Engelbart’s vision, the mind was primarily used in the system as an 
executive function. The executive in the system selected, organized, and 
modified the many processes that were available for solving particular 
problems. The human mind functioned as the “attention” mechanism for 
the system (44). The intellect had a finite capacity determined by the struc-
ture of our brain. So it needed to be freed so that it could pay attention to 
what was significant— the mind was responsible for making decisions. And 
the mind had to be open to the revelation of insights that would point the 
system in a productive direction. The computer, then, was not an instru-
ment of ruthless efficiency, according to Engelbart. Rather, it would give 
the human mind the space to roam and experiment and give it concepts 
and possibilities that went far beyond the usual forms of language. And so, 
much like critics of AI in the 1960s, such as Hubert Dreyfus, Engelbart did 
not think that the “human feel for a situation” would ever be automated. 
Hunches, intangibles, trial and error, all of these unformalized thought 
processes would be supported— not supplanted— by “sophisticated meth-
ods and high- powered electronic aids” (1).

Now, if the computer only made more processes available to the mind, 
the system would not be improved; in fact, the opposite might be true if 
complexity overwhelmed the mind. What the computer offered to the in-
tellect was rapid and flexible representations of information so that new 
relationships and possibilities would emerge. The goal was both to relieve 
the mind of the burden of searching for information and to organize it flu-
idly in changing conditions so that the mind could move in new directions 
when necessary. The computer, Engelbart noted, can “stretch, bend, fold, 
extract, and cut” data, in rapid response to the moves of the human mind. 
This responsiveness was critically important. Engelbart knew that problem 
solving was never a linear and predictable process, and not one that could 
be normatively prescribed.

Contemporary processes of symbol manipulation “penalize” the kind 
of productive error and anarchy of genuine exploration, so it was crucial 
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to give the revolutionary system the liberty that was productive errancy. 
“When the course of action must respond to new comprehensions, new 
insights, and new intuitive flashes of possible explanations or solutions, it 
will not be an orderly process.” And therefore, as Engelbart wrote, “it is part 
of the real promise in the automated H- LAM/T systems of tomorrow that 
the human can have the freedom and power of disorderly processes” (45).

In Engelbart’s vision, the human is positioned as a crucial site of disrup-
tion within the technical ensemble. The mind is aligned with normative 
procedures and automated systems but, most important perhaps, also with 
breaking into routines and introducing new ones. Decision and insight are 
not programmable even if the human mind is, as Engelbart argued, a prod-
uct of its cultural programming. At this point we can, without too much vi-
olence to the text, connect the human mind’s capacity to establish direction 
and receive illumination, its intellectual “openness,” and its susceptibility 
to “programming.” The human mind is formed as a way of life, in an “in-
tegrated domain.” But fundamentally, the mind is always something more 
(or to be more precise, something less) than a way of life. That openness is 
the space that defines the possibility of freedom and invention— autonomy 
within automaticity.

The Question concerning Exosomatic Technology

Several years after he submitted his report on human augmentation, Engel-
bart would write of the coming threats to the institutions of our modern so-
ciety. The challenge was the incongruities within the process of exosomatic 
evolution, or rather, the instabilities generated by the independent logics of 
technology. Engelbart will use the same kind of organismic language, link-
ing the concept of biological evolution to the evolution of human technicity 
and the institutions of our automatic age.

Human organizations can be likened to biological organisms.  .  .  . Orga-
nizations evolve too; their mutations are continually emerging and being 
tested for survival value within their environment. I happen to feel that 
evolution of their environment is beginning to threaten today’s organiza-
tions, large and small— finding them seriously deficient in their “nervous- 
system” design— and that the degree of coordination, perception, rational 
adaptation, etc. which will appear in the next generation of human orga-
nizations will drive our present organizational forms, with their “clumsy 
nervous systems,” into extinction. It is these “nervous- system” functions, 
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within human organizations, where I find the most significant intellectual 
complications stemming from the forthcoming multi- access computer 
networks.33

We can end with a similar warning, from the evolutionary biologist Gar-
rett Hardin, writing in a computer science journal of the special danger of 
exosomatic evolution of what we normally think of as mere “tools” under 
our control.34 Hardin wrote that normally the move to exteriorize functions 
does not result in any “overall” loss to the system as a whole: “The invention 
of the knife caused no over- all loss of function. The function was merely 
moved (in part) from inside the man’s skin to the outside; from his jaw, 
which is part of him, to his knife which is not. The knife is one of a large 
class of devices to which a wise old evolutionist named A. J. Lotka gave the 
name exosomatic adaptations— ‘outside the body’ adaptations.”35 However, 
the exosomatic technology will lead to a “degeneration” of the natural, en-
dosomatic capacity. Clearly, when we move into the realm of exosomatic 
intelligence, new dangers are going to arise. We risk, that is, the “accidental 
loss” of thinking itself in some form. Hence Hardin’s suggestion of “intel-
lectual” athletics that would maintain human intelligence in the wake of 
advanced networked computer systems. It is ironic that Hardin’s article was 
paired with an advertisement for just such a system.

段静璐
我觉得这个故事和上面贝特森的故事寓意还是不太一样。这里说的是退化问题，贝特森的故事说的是内部缺失完整性（因为越来越多处在网络之中）的问题。
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27
Leroi- Gourhan on the Technical 
Origin of the Exteriorized Mind

In a very real sense, tools created Homo sapiens.
Sherwood Washburn (1959)1

The Transmission of Memory: On the Materiality of Culture

Taking up the postwar question of the emergence of the human in the 
depths of prehistorical time, André Leroi- Gourhan affirmed the connection 
between technology and the evolution of the hominid into the “human” 
that is defined by its separation— or liberation— from genetic evolutionary 
determination and the limits of biological memory and cognition.

The concept of time figures prominently in essays leading up to the pub-
lication of his masterwork, Gesture and Speech, which appeared in 1964. In 
one essay, he explains that, zoologically speaking, there is no “abyss” that 
would differentiate humans from any other vertebrates. The “originality” 
of the break that constitutes the human is not a biological novelty, a gift be-
stowed on the species. Which is to say, as Sherwood Washburn also argued 
in this period,2 that the human was not produced by the biological presence 
of a larger brain or some other physical attribute. As Leroi- Gourhan states, 
“The sole criterion of humanity that is biologically irrefutable is the pres-
ence of the tool.”3 To identify the human through anatomy, say, of the hand, 
is already posing the question of technology. However, Leroi- Gourhan’s 
original approach is this: he does not use technicity as the threshold be-
tween animal and human but instead admits that all living beings are in a 
sense “technical” in that they use “neuro- motor equipment” within organic 
structures to effect action that has a psychic element directing it. For Leroi- 
Gourhan, the absolute break that constitutes the human lies in the cogni-
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tive transformation, a transformation that takes place in the sphere of tech-
nicity. The psychic originality is not in the implement, per se, but rather in 
the construction of novel chains of gestures in the use of tools, sequences 
that are capable, then, of being transmitted to other members of the human 
group. Any gesture (of even the lowliest organism) assumes a certain de-
gree of memory, Leroi- Gourhan observes. However, animal memory is de-
termined by the evolutionary development of the species— including the 
acquisition of memories in the course of life experience, which is a func-
tion of the neural machinery each organism inherits (119). The human is 
not defined by an increase in memory or its sophistication but by its un-
precedented form. Acknowledging its essential “mystery,” Leroi- Gourhan 
explains that “human memory is cast in language; it is totally socialized 
and constitutes a store of practices, transmitted from one generation to the 
next” (121). But it must be emphasized that, for Leroi- Gourhan, language is 
in its essence nothing other than a tool. The word is not a psychic or indi-
vidual expression. To be language, a word must be “isolable” from the indi-
vidual. It must precede its actual expression, which is to say, it is a “material” 
object, an artificial tool that must be learned in order to be operable as com-
munication. “The technical behavior of the individual becomes inconceiv-
able outside of a collective device in which language is, strictly speaking, 
the seat of memory” (121). Memory is therefore radically exterior to the in-
dividual: no animal makes use of such collective, exteriorized, materialized 
memory, memory that is preserved through the generations by external de-
vices (122).

Looking ahead to key themes of Gesture and Speech, here Leroi- Gourhan 
confronts the leading- edge technological developments of the day, develop-
ments that raised new questions concerning the nature of the human and 
the future of thinking itself. Human cultural- technical evolution has led 
to increasingly efficient and massive externalized memories that prolong 
and solidify individual memories limited by the capacity of the individual 
brain, and this process was now accelerating with the new “programs of 
automatic machines or computers [machines à calculer]” (122). Homo faber, 
technical man: the power of “making” itself has been exteriorized in auto-
matic technologies, and the supposed “sacred limit” of human intellectual 
thought itself has now been breached by electronics. We can now speak, 
in a way, with “machines that think, and which, with total mastery of the 
instructions given to them, think faster and more accurately than a hu-
man brain” (127). The machine philosopher, says Leroi- Gourhan, will beat 
any human one, because it will be capable of thinking of and comparing 
all possible intellectual situations. We hear an echo of Turing in these pas-
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sages: there is nothing “spiritual” about the human. We are creatures who 
are, uniquely in nature, capable of being formed— interfered with— by sys-
tems external to the logic of our individual physiological and neural orga-
nization. The computer is then a mirror of the human capacity to interiorize 
and exteriorize its memory, the “instructions” that frame and govern our ac-
tions. “The brain,” as Leroi- Gourhan puts it, “is an extraordinary machine 
that can be assisted by even more extraordinary machines” (128).

The significance of Leroi- Gourhan’s intervention here is plain. Taking 
up multiple threads drawn from leading- edge work in brain plasticity, evo-
lutionary theory, prehistorical anthropology, and postwar cybernetic and 
computing technologies, he positions the human mind as both conditioned 
by exteriorized memory that always precedes it, through the medium of 
technology, and capable, because of an originary plasticity more radical 
than mere neural reorganization, of genuine innovation and invention. The 
“true catastrophe,” he observes, would have been the biological evolution of 
cerebral integration, the “technical perfection” of increasingly larger brains 
with “more complicated and more precise and efficient gestures,” for that 
would mean our technicity would now be inscribed in genetic memory and 
not cultural forms. This nightmare scenario— the intelligent ant colony, in 
effect— is avoided precisely because of the imperfection of the human brain 
(129). This is the setup for Leroi- Gourhan’s complex argument on the emer-
gence of the human through technology itself: with new questions and new 
evidence— archaeological, sociological, technological— Leroi- Gourhan 
will take up the line of thought that was so prominent in interwar reflec-
tions, across many disciplines, on the specificity of the human, namely, the 
elaboration of a peculiar lack marking a certain productive plasticity at the 
very center of our existence.

Gesture and Memory: On the Technical Evolution of the Human Brain

Leroi- Gourhan begins his major work on technology and evolution with 
the destruction of the myth of the human, a myth that has metaphysical, 
theological, but also biological and evolutionary versions: that is, the idea 
that the human results from a certain acquisition of a capacity that allows 
for a certain transcendence of the rest of nature— that could be a special 
spiritual capacity, a new ability (“to speak, to reason”), or, more materially, 
a larger or more complex brain.4 The myth is shattered by the spectacular 
postwar findings that revolutionized (and were still transforming) the un-
derstanding of the evolutionary lineage of the hominid line. By the time 
Leroi- Gourhan is writing, it is clear that human beings did not emerge as 

段静璐
我理解不完美很重要。但是，这里所说的不完美到底是哪个维度？
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“smarter apes,” who could be defined by their special anatomical, cerebral, 
or behavioral superiority. The “human” that became us is an evolutionary 
line parallel to that of the great apes. The common ancestor (neither ape nor 
human) was the connection, and therefore the search for some “missing 
link” between ape and human was now thoroughly discredited. The scien-
tific fact was that there were humans who did not seem to be human, at least 
from any of the mythological perspectives. Yet they were distinct from any 
other animal.

The human that appears first as a distinct form is defined by its essen-
tial features, according to Leroi- Gourhan: bipedalism and the use of simple 
tools. These two features are intimately linked, as we have already seen in 
Washburn’s account. Upright posture constitutes the “freeing of the hand” 
for the novel use of tools. Here is where we can isolate the gap— not the zo-
ological gap between human and ape, say, but the radical gap that allows for 
the unique and peculiar evolution of the human, a trajectory that literally 
takes us out of nature. As Leroi- Gourhan notes, it all begins with the hand.

Freedom of the hand almost necessarily implies a technical activity differ-
ent from that of apes, and a hand that is free during locomotion, together 
with a short face and the absence of fangs, commands the use of artificial 
organs, that is, of implements. Erect posture, short face, free hand during 
locomotion, and possession of movable implements— those are truly the 
fundamental criteria of humanity. (19)

The challenge, then, is to explain how this simple and relatively uninter-
esting creature becomes intelligent, acquires culture, creates a civilization. 
These developments, it is clear, cannot by definition be explicated directly 
by some biological narrative. Even the brain itself— the focus, as we know, 
of so much attention from theorists of intelligence and reason— cannot 
be the site of human development because the brain is, and again Leroi- 
Gourhan affirms Washburn, only a “secondary development.”

To explain how the original human becomes human as we know it is a 
paradoxical exercise. What Leroi- Gourhan demonstrates is that this be-
coming is not a biological transition across some specific threshold. The 
earliest human is already human in a way that does not distinguish us 
from the other primates, even as it identifies us as a separate species. Leroi- 
Gourhan states clearly the main thesis, which links his work to a variety of 
theorizations of cultural evolution in this period and earlier. “Homo sapiens 
represents the last known stage of hominid evolution and also the first in 
which the constraints of zoological evolution had been overcome and left 
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immeasurably far behind” (20). Last and first. The hinge of human history 
is that transition from morphological development in biological time to the 
emergence of a being defined from now on by its transformations in histor-
ical time. The question of the origin is the question of how, at some point in 
the distant past, a human animal could remain an animal while becoming 
at the same time not an animal in the most radical sense. The new factor is 
not a biological factor. It is the existence of a new organization, a social body 
that itself has no logical relationship with the physical organization of the 
individual bodies (and brains) of the hominids. The new human, possessing 
language, technics, and art, results from a process whereby “our uniquely 
organized mammalian body is,” as Leroi- Gourhan puts it, “enclosed and ex-
tended by a social body whose properties are such that zoology no longer 
plays any part in its material development” (21).

How to account for the escape from biology from within the very sphere 
of biology? That is the challenge of any scientific theory of human evolu-
tion. So Leroi- Gourhan begins with primordial evolution, detailing how— 
from the fish to the early land animals to the appearance of mammals with 
complex nervous systems— the demands of locomotion in diverse environ-
ments created a certain evolutionary line, the organism with an “anterior 
field” that coordinates and orients the living being in its space, creating a 
structural topology that links the facial zone with the manipulable limbs 
and, eventually, the sensory system and the coordination of that informa-
tion in the brain (26 ff.). The brain is an unusual organ, according to Leroi- 
Gourhan, because it is not structured or evolved in terms of its materiality; 
it is mechanically passive, so to speak. The brain, he says, is a “tenant” in 
the body and therefore is marked as a consequence of a crucial biological 
separation (47). The container and the contained (body and brain) are in “di-
alogue” but can never be identified with each other (59). They constitute two 
distinct zones, two systems that are to some extent independent of one an-
other. This is all to say that the brain does not just “get bigger” and produce 
a new capacity, with humans ultimately receiving the best brains. Rather, 
the evolution of the anatomy and morphology of the organism is driven by 
the mechanical demands of the situation. The brain evolves in response to 
these developments. “In the progression of the brain and the body, at every 
stage the former is but a chapter in the story of the latter’s advances. We can-
not cite a single example of a living animal whose nervous system preceded 
the evolution of the body but there are many fossils to demonstrate the 
brain’s step- by- step development within a frame acquired long before” (47).

Technicity is, for Leroi- Gourhan, the mode that exemplifies the funda-
mental relationship between brain and body. Every advanced animal pos-
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sesses technical abilities, namely, the capacities of its bodily organs. Yet 
they also possess an ability “to organize” themselves, and that ability is ex-
ercised by the brain and nervous system. Leroi- Gourhan suggests here that 
evolution is effected, in part, by the acquisition of certain technical func-
tions, which are then selected for again when the organism (through the 
evolution of the brain) acquires the ability to use these technical systems 
in new ways and in a variety of circumstances. The range of possibilities is 
opened up by a nervous system that responds to anatomy, but the anatomy 
can never determine the deployment, so to speak, of the “natural” imple-
ments that are the organs and limbs and other anatomical features of the 
body (60). Organization is depicted here as a strictly material process that 
could be simulated, modeled, or perhaps even identified with the kind of 
cybernetic electronic circuits featured in simple experimental automata 
such as Grey Walter’s “Tortoise.” From the simple reflexes of basic organ-
isms through the primitive brains of more responsive creatures to the com-
plex behaviors of predatory mammals with complex neural organization, 
Leroi- Gourhan shows how these systems can all be understood as control 
centers, deploying a sequence of operations that control body functions.

The point is that there is no “instinct” but instead more or less complex 
repertoires preserved in the species memory. The organism is always, to a 
certain degree, “plastic” because it must respond to the environment. As 
Leroi- Gourhan puts it, and again note the use of cybernetic language: “The 
nervous system is not an instinct- producing machine but one that responds 
to internal and external demands by designing programs” (221). There is 
more or less freedom in action depending on the options available to the or-
ganism. Many higher animals have what Leroi- Gourhan calls an advanced 
degree of “technicity,” in that they have fine control of their grasping organs 
(paws, hands). His point is that technicity as a conceptualization of the link 
between control systems and “implements” (natural or otherwise) appears 
well before human beings arrive on the evolutionary scene and before the 
kind of brain organization characteristic of Homo sapiens. Technicity is, in 
other words, already zoological, which is to say, determined through mate-
rially organized sequences. The question is not technicity itself, then, but 
what is particular and distinct about human technicity.

At the beginning, according to Leroi- Gourhan, the human is simply a 
zoological being. The simple tools found in abundance at various archae-
ological sites, the so- called pebble tools, prove that humans were already 
“technical” in a way. However, as Leroi- Gourhan describes it, these tools 
are more “secretions of the body” than any profound example of higher in-
tellectual capacity. The tools remain the same, for millions of years, imply-
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ing their stability as part of a “natural” zoological dimension of the human 
body. Leroi- Gourhan is not exactly clear in these sections where he remarks 
on how the simple tools are “exuded” (almost passively) from the “body.” 
But to elaborate on this point, we might suggest that what Leroi- Gourhan 
has in mind is that the free hand of the hominid can grasp rocks more easily 
and more often than other animals whose hands are occupied with a mul-
titude of important tasks (locomotion, feeding, etc.). However, the rock is 
just a rock. The “tool” is at best a modification of the rock so that it can func-
tion better as a rock, that is to say, as more or less an extension of the hand 
itself. It substitutes for the hand, and any construction is driven by the ma-
teriality of the stone itself— that is what Leroi- Gourhan establishes in his 
analysis of these early tools. “The Australanthropian making a chopper al-
ready had a mental picture of the finished tool because the pebble chosen 
had to be of suitable shape” (97).

This is why we can interpret the pebble tool as natural in the sense that 
its construction and use are determined in advance by the body. The sen-
sory and motor operations of the nervous system confronts an object that 
can be viewed, it seems, pretty much in only one way: as a shape and mass 
that can be transformed into a slightly better version of itself. And we can 
note that early humans did not keep their tools, instead abandoning them 
after use, implying a complete lack of any intelligent foresight. This is why 
Leroi- Gourhan can argue: “Throughout the greater part of our chronolog-
ical existence (for only a few instants of geological time still remained to 
be covered), human technicity would thus seem to have been related more 
directly to zoology than to any other science” (98). The original human 
does not use some “intelligence” to invent a new object, the tool, to escape 
nature, as many modern anthropological myths relate.

The Australanthropians, by contrast, seem to have possessed their tools in 
much the same way as an animal has claws. They appear to have acquired 
them, not through some flash of genius which, one fine day, led them to pick 
up a sharp- edged pebble and use it as an extension of their fist (an infan-
tile hypothesis well- beloved of many works of popularization), but as if their 
brains and their bodies had gradually exuded them. (106)

But of course we know that tools themselves evolved. Leroi- Gourhan’s new 
question, then, is to explain that difference, the radical threshold between 
the zoological and the cultural.

Leroi- Gourhan is, perhaps necessarily, rather hazy on this moment of 
ori gin; however, the central issue for him is anticipation. If the earliest stone 
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tools demanded some kind of minimal attention to the future use of the 
chosen pebble, the characteristic of later tools is clearly something of a new 
order.

The development that took place between Australopithecus and the Archan-
thropians thus consisted in the acquisition of a second series of actions. This 
was more than simply the addition of something new, for it implied a good 
deal of foresight on the part of the individual performing the sequence of 
technical operations. . . . [A] second operation has to be performed in order 
to reduce the initial flake to a shape that must be preexistent in the maker’s 
mind. (95– 97; my emphasis)

Intelligence, tool, language, social form: these are all redescribed by Leroi- 
Gourhan as complex sequences, sequences that are in essence unnatural, 
which is to say, not necessary. The sequences are constructed and will need 
to be remembered, and then learned again, in order to be preserved. The 
human on this edge is a human on the way to becoming intelligent— and 
only one feature can be seized on to narrate this development because it 
was what distinguished the human animal in the first place: namely, the 
hand, liberated by the unique erect posture of the bipedal hominid.

If the brain emerges in evolution as the organ of an organism’s “organi-
zation,” the separation of the human from biology will result in a new kind 
of brain altogether, a brain that is not just the control center of the physio-
logical systems. The human brain becomes an organ capable of organizing 
the “unorganized.” The argument that Leroi- Gourhan gives is not spelled 
out in detail, but we can identify the crucial steps. The fact that the hand 
is freed in the move to bipedal locomotion produces a strange disruption 
of the advanced nervous system of the hominid: there is a complex instru-
ment that no longer has a primary role in the activity of the organism. Of 
course, in evolutionary development, many things can become less useful 
and disappear or remain only in vestigial form. But with the human being, 
the hand is there, within the nervous system’s order but also outside the ge-
netically determined order of repertoires. What Leroi- Gourhan (and oth-
ers) was suggesting is that the demands of life selected for the new adap-
tations that gave the hand new tasks, new actions. But not in the sense of 
normal evolutionary selection. The brain and the hand evolve together, and 
what happens is that the brain must learn to organize the actions of a bodily 
instrument that has no natural role. The hand emerges as a flexible instru-
ment that can be adapted to a variety of challenges, while the human brain 
emerges as a new form of plasticity— not just capable of taking on form in 
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the course of psychic experience and memory, a kind of passive plasticity 
characteristic of the responsive animal brain, but capable of giving form 
 itself, giving form to the hand and then, by an extension that is already be-
ing performed internal to the body, giving form that organizes external na-
ture itself.

This is all quite unlike the building of nests or dams or the use of im-
plements by chimpanzees, because those actions are all still the result of a 
natural and inherited form of organization. The human brain becomes in-
telligent in this sense: it can reorder its environment unnaturally to provide 
solutions to the challenges of survival. The human survives by evolving a 
technicity of organization that is not limited by nature itself. Indeed, the 
human that lacks especially impressive physical abilities succeeds by turn-
ing itself into a kind of adaptable implement, a not so obscure reference to 
Rousseau it would seem.

Here is Leroi- Gourhan’s framing of the exceptional turn, a veritable bi-
furcation in evolution that is unprecedented: “The stabilization and even-
tual overtaking of the technical brain were of particular importance to the 
human species. Had development continued toward ever increasing corti-
calization of the neuromotor system, our evolution would have stopped at 
a stage comparable to that of the most advanced insects” (117). The human 
brain is not a brain specialized in certain technical feats: “The motor areas 
were overtaken by zones of association having a very different character 
that, instead of orienting the brain toward ever more developed technical 
specialization, opened up unlimited possibilities of generalization unlim-
ited at any rate by comparison with the possibilities offered by zoological 
evolution.” The result is that humans acquire a radically new kind of brain, 
one “superspecialized in the skill of generalizing” (118). At this moment, 
however primitive the forms of symbolization/technicization, humans are 
on the way to a form of life no longer determined by the biological: “Their 
journey will be not so much a matter of biological development as of free-
ing themselves from the zoological context and organizing themselves in 
an entirely new way, with society gradually taking the place of the phyletic 
stream” (116).

Exteriorization and the Origin of Artificial Intelligence

For Leroi- Gourhan, the name for the kind of technicity enabled by this plas-
ticity is exteriorization. The organization of the psychic sequence is literally 
symbolized in the tool where it takes on a material form. The sequence is 
visible in the order and form of the tool, and to make or use or understand 

段静璐
有没有可能技术物也存在类似的潮流？应该把这个潮流理解为内部逐渐完善而外部逐渐社会化的两层结构，还是应该理解为越来越嵌入到广泛社会因果网络？



320  CHAPTER 27

the tool, the mind must already be capable of interiorizing new sequences 
that have no prior blueprint or presence in the mind. This is why, for Leroi- 
Gourhan, language is a tool— not because it has practical use or must be 
shared to be effective. Rather, the tool is the embodiment of an idea that can 
move from brain to object to another brain.5 The tool is already language we 
might just as easily say. The crucial factor is the separation of the sequence, 
the organization, from the materiality of the object, so that it can serve as 
a vehicle for the expression and internalization of that sequence. Using 
tools develops the brain in such a way that symbolization becomes more 
and more pronounced, producing what might seem to be “‘gratuitous’ in-
tellectual operations” (107) but are in fact major factors in the solidification 
of the social edifice necessary to maintain the traditions of the tool, which 
must be learned and practiced with greater and greater attention as the 
tools become more and more complex and “abstracted” from their material 
ground as they evolve (114– 15).

The origin and central animating force of the social “organism” is the 
externalized memory that becomes a collective and shared store of vari-
ous “operating sequences” that enable artificial and technical forms of life 
to be maintained and preserved across time and space. The social body is 
now organized according to the logic of organization itself, which, as Leroi- 
Gourhan emphasizes, is the very form of human intelligence. Whether 
bodily practices, linguistic representations, or technical systems, Leroi- 
Gourhan insists, “it is the organization of matter that, in various ways, di-
rectly shapes all aspects of human life” (147; my emphasis). Organization is 
the determination of human life but also the evidence of human liberation 
from their genetic inheritance. As Leroi- Gourhan writes, “The whole of our 
evolution has been oriented toward placing outside ourselves what in the 
rest of the animal world is achieved inside by species adaptation. The most 
striking material fact is certainly the ‘freeing’ of tools, but the fundamental 
fact is really the freeing of the word and our unique ability to transfer our 
memory to a social organism outside ourselves” (235). The “programming” 
of the human is via artificial storage mechanisms, unlike the genetic deter-
mination of the various forms of animal memory (222).

This is the space for a new definition of technology: the human invents 
gestures to manipulate organized objects, whereas animals use stored ges-
tures to direct their “natural” endosomatic implements or, occasionally, 
external objects. So the human, liberated by tools and language as forms 
of exteriorized memory, is liberated from what Leroi- Gourhan calls “lived 
experience” (227). In an echo of Heidegger, human intelligence operates 
here in the register of history and anticipation that is quite simply unavail-
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able to any other living being. Humans compare and reorganize represen-
tations, symbolic forms. In being liberated from lived experience and en-
tering the domain of cultural formation and organization, the human does 
not give up one form of “determinism” for another. The complex mammal 
has freedom of action, but it is not intelligent because it cannot exteriorize 
its experience and interrupt the sequence of operations— however plastic 
that sequence might be. The human has another kind of freedom, the free-
dom to organize, and that freedom to organize always entails the capacity 
of the individual to resist organization or, to put it another way, to reorganize. 
The dynamism of a technical and social system is the result of fundamen-
tal instabilities: technics evolve with individual extensions or breaks in the 
shared practices; social order evolves as it responds to changing conditions 
but also according to the internal stresses that come from the repeated “in-
dividualization” of shared norms (228).

As Leroi- Gourhan will demonstrate, in the second part of his book, the 
history of human civilization will be the history of a series of exterioriza-
tions that constitute the technical core of any social system. As the hand 
constructs a tool that will be driven by the hand itself, eventually the hand 
will make a tool that is driven by external forms of power, “guided” by the 
gestures of the hand— the plow, for example. And then the gestural se-
quence of the hand will itself be exteriorized in certain kinds of automatic 
machines, such as the windmill or watermill. Still, the “hand” is present in 
the organization and operation of these machines, which are also depen-
dent on their external sources of energy (235 ff.). The “last” stage, according 
to Leroi- Gourhan, the industrial age, that is, is marked by the exterioriza-
tion and integration of the tool, the gesture, and the motive force— the era 
of the steam engine. As Marx and others noted with dismay, humans (or 
at least a certain number of individuals in society) become tools of the au-
tomatic machines, feeding, tending, and assisting the largely autonomous 
organization that is the factory (247). Here Leroi- Gourhan emphasizes that 
the “last stage” is not simply the appearance of automaticity, but the first 
appearance of the exteriorization of human intellectual functions, the con-
struction, that is, of artificial nervous systems. “Developments in the use of 
electricity, and above all the rise of electronics, taking place less than a cen-
tury after the mutation that produced automotive machines, have triggered 
another mutation that leaves but little in the human organism still to be 
exteriorized” (248). We see in the cybernetic age the emergence of the ro-
botic ideal, the automaton “twin” that has haunted humanity throughout 
the machine age: “Today’s machinery with its multiple sources of energy is 
leading to something like a real muscular system, controlled by a real ner-
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vous system, performing complex operating programs through its connec-
tions with something like a real sensory- motor brain” (248).

But also more than a sensory- motor brain, in fact: the development of 
punched- card data systems and then the digital computer has made it pos-
sible to imagine the exteriorization of intelligence itself.6 “The electronic 
brain,” writes Leroi- Gourhan,

can compete with the brain in terms of the ability to compare. They can— on 
a gigantic scale and within a negligible period of time— process a mountain 
of data to achieve a well- defined end, and they can produce every possible 
answer. If provided with the data needed for an oriented choice, they can 
weigh those answers and enrich such preestablished weightings with judg-
ments based on experience drawn from precedents stored in their memory. 
(264– 65; my emphasis)

This mirroring of the human mind was, we know, the source of much con-
cern in the postwar period even as the “ideal” animated extensive (and well- 
funded) research in cognitive psychology and artificial intelligence proj-
ects that were, often, ultimately aimed at replacing humans in situations 
demanding intelligent decision making— for example, in new military con-
texts where the speed and the scale of events were beyond human compre-
hension. (Many AI projects in the postwar era were in fact funded by US 
military agencies.)7

The artificial brain is, however, a step in the evolution of technology, like 
any other innovation, and cannot be repressed so easily. However, machine 
intelligence is the most peculiar kind of exosomatic organ. Can the artifi-
cial brain take on the capacity to create the artificial? There is no doubt, says 
Leroi- Gourhan, that the artificial brain (like any other prosthesis) will ex-
ceed the capacities of the natural organs of humanity. “We already know, or 
will soon know, how to construct machines capable of remembering every-
thing and of judging the most complex situations without error.” The inad-
equacy of our cortex will inevitably make the human being “a living fossil 
in the context of the present conditions of life.” As Leroi- Gourhan puts it:

Hardly anything more can be imagined other than the exteriorization of in-
tellectual thought through the development of machines capable not only 
of exercising judgment (that stage is already here) but also of injecting af-
fectivity into their judgment, taking sides, waxing enthusiastic, or being 
plunged into despair at the immensity of their task. Once Homo sapiens had 
equipped such machines with the mechanical ability to reproduce them-
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selves, there would be nothing left for the human to do but withdraw into 
the paleontological twilight. (248)

With a transhumanist flourish avant la lettre, Leroi- Gourhan observes that 
perhaps we “must eventually follow a path other than the neuronic one” 
if humanity is to continue” (265).8 In any case, the absolute distinction 
between human and machine in the realm of modern computing and cy-
bernetic systems could no longer be maintained, and, as Bruce Mazlish 
argued, humans will have to accommodate themselves to yet another re-
description of its essence as unexceptional, what he called the “fourth dis-
continuity” that has appeared after previous disenchantments and decen-
terings of our prominence.9

The Pathologies of Industrial Exteriorizations

Within the realm of technology there exist solely technical purposes.
Friedrich Georg Jünger, The Failures of Technology (1949)10

The question was, however, a serious one. We can read in one book on auto-
mation from 1964, the same year Leroi- Gourhan’s appeared: “In some dis-
tant future, when cybernetic brains higher than their human equivalents 
have been constructed, humanity will have to decide whether it is really af-
ter the progress of intelligence in the universe or whether it prefers to fos-
ter its own ends of domination.”11 No less an intellect than Hannah Arendt 
would remark, in a lecture she delivered at a conference devoted to cyber-
netics:

First of all, automation is a new revolution; automation brought about as 
distinguished from the Industrial Revolution of the last into the present 
century seems, from this point of view for me, to reside in two things: one, 
the Industrial Revolution replaced only muscle power, but not brain power. 
The very fact that machines can take over a certain amount of activity which 
we always have identified with the human mind, calls, in my opinion, for a 
re- evaluation of the activity, of our intellectual activity as such.12

In this talk she tried to make a distinction between technically stored 
“memory” and human remembrance. The goal was to assign the computer 
to the mere “computational” labor of the brain and not have it contaminate 
our genuine intellectual capacities.

A year earlier, Arendt had raised this same question, consistent with 
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Leroi- Gourhan’s analysis. She wrote, “Electronic brains share with all other 
machines the capacity to do man’s work better and faster than man. The 
fact that they supplant and enlarge human brain power rather than labor 
power causes no perplexity to those who know how to distinguish be-
tween the ‘intellect’ necessary to play good checkers or chess and the hu-
man mind.” And yet, as Arendt will observe, perhaps we should not be so 
complacent. “There are,” she writes, “scientists who state that computers 
can do ‘what a human brain cannot comprehend,’ and this is an altogether 
different and alarming proposition.” As Arendt would argue, there was 
something quite different about a mind as opposed to a mere “brain,” and 
the important factor was, indeed, that of automaticity. As she states here, 
“Comprehension is actually a function of the mind and never the automatic 
result of brain power.”13

Arendt had commented on this in her 1958 work, The Human Condition, 
where she claimed that the new technical devices were not at all perform-
ing genuine intellectual actions; they were instead just another kind of 
exosomatic organ, to use Lotka’s term. For Arendt, the new electronic com-
puters “are, like all machines, mere substitutes and artificial improvers of 
human labor power, following the time- honored device of all division of 
labor to break down every operation into its simplest constituent motions, 
substituting, for instance, repeated addition for multiplication.” The idea of 
an intelligent machine is mistaken because intelligence is not something 
that can be reduced to an automated sequence. “All that the giant computers 
prove,” Arendt claims, “is that the modern age was wrong to believe with 
Hobbes that rationality, in the sense of ‘reckoning with consequences,’ is 
the highest and most human of man’s capacities.”14

Here we come up against the key turn Leroi- Gourhan carefully plotted 
in his own account of the “condition” of the human and the idea of Homo 
faber— namely, the emergence of temporality. Arendt will argue that the 
computer can only follow the sequence in a linear fashion. Human thought, 
human memory, on the other hand, is organized, which is to say, integrated 
into a temporality that links the historical memory with anticipated futures 
and a present saturated with both, as Heidegger had elaborated in 1927, in 
Being and Time. Human action, Arendt states emphatically, is also marked 
by “its inherent unpredictability.” The “boundlessness” of human action 
means it is not determined in advance. “This is not simply a question of an 
inability to foretell all the logical consequences of a particular act, in which 
case an electronic computer would be able to foretell the future.” The point 
Arendt is making is that the future anticipated in the technical sense is a 
future that is already present. The cybernetic “future” that is the telos of the 
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machine- organism must be present in order for the errors and deviations 
to be corrected in light of the goal. Now, the fabricated object must be pres-
ent in the mind (as Leroi- Gourhan explained) for the technical process to 
begin. However, with human action, the future is not present at all in this 
sense. For as Arendt explains, “In contradistinction to fabrication, where 
the light by which to judge the finished product is provided by the image 
or model perceived beforehand by the craftsman’s eye, the light that illu-
minates processes of action, and therefore all historical processes, appears 
only at their end, frequently when all the participants are dead.”15

With Heidegger, Arendt tries to preserve an essence of the human in this 
capacity to be in time and to exist in the rupture that is the awareness of 
being in time. This is the space where the mind can judge, where the in-
dividual can truly act and where technology can be disaggregated from 
the human. As Heidegger argued in the famous essay “On the Question of 
Technology” (1950), what marks the human is not the essence of technology 
as Gestell, the framing of nature as the space of human “reason,” but in-
stead the very capacity of the human mind to penetrate the essence of some-
thing— a capacity that was not at all contaminated with the fabrication 
of machines and the exploitation of nature. Just the opposite: the human 
mind was poised on the edge of nature, experience, and Being beyond all 
possibilities of “natural” or artificial means of perception and understand-
ing. Technicity, now industrialized and globalized, threatened human exis-
tence, human thinking, that is, at its core. As he put it in the preface to his 
1967 collection, Wegmarken, “The question remains whether thinking will 
also end in the transmission of information [Ob dann auch das Denken im 
Informationsgetriebe verendet . . . bleibt die Frage].”16 Indeed, for Heidegger cy-
bernetics meant the end of philosophy, the end of thinking itself.17

Leroi- Gourhan insisted, against Heidegger, that the origin of human 
intelligence and temporality is just this primal exteriorization of thought, 
which is the invention of the tool— but also, we must remember, the inven-
tion of language itself. The two are indistinguishable. Still, Leroi- Gourhan 
offered his own perspective on the nightmare vision of a cybernetic future, 
not unlike the future as portrayed by figures such as Heidegger and Arendt. 
As Leroi- Gourhan speculated, we may be on the way to establishing an au-
tomated and self- regulating order melding humans, machines, and nature 
into one monstrous system. In the last part of his book, the paleoanthro-
pologist will look between the biological and the machinic, between nature 
and technics, to identify a form of “humanity” that might be recuperated in 
this automatic age— “an area as yet untouched by the machine.” As he ex-
plains, “We have all along gone round inside a triangle formed by the hand, 

段静璐
其实这里的时间性和勒古汉的说法还是能够兼容。以及我觉得这里并不完全是海德格尔说的那种反技术世界，这里说的时间性的意义更复杂，本质是说行动的意义存在着前摄（以及回顾），而前摄中的空间并不是一种技术能够预测的空间，所以技术物无法进行行动。
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the word, and the sensory- motor cortex and have shuttled back and forth 
between the human and the monkey in search of what cannot be shared 
with the rest of the zoologically or mechanically animated world.”18 What is 
it about the human that cannot be captured by biology or technology, that 
would resist the cybernetic incorporation of the living and the artificial?

For Leroi- Gourhan, the inimitable element lies in the sphere of culture, 
in the specific organizations of the “ethnic groups” that constitute the plu-
rality of humanity as a species— this is similar to Arendt’s defense of the 
human as fundamentally a plural species. “Beyond this dual image of the 
human machine and its improved artificial copy lies something else. Anal-
yses made thus far have deliberately left out of account those things that 
constitute the fabric of the individual’s relationship with the group— that is 
to say, everything that has to do with aesthetic behavior.”19 Leroi- Gourhan 
does not, emphatically, invoke the aesthetic as some kind of special char-
acter, for that would only raise again the radical question of origin already 
confronted with the paleontological account of the human itself. Instead, 
Leroi- Gourhan argues that the aesthetic is, like technics and language, just 
one more dimension of this fundamental transition that marks the human 
as human: the exteriorization of memory into material artifacts, the ex-
teriorization of experience into symbols. The aesthetic is, ultimately (and 
here we will have to end our engagement with Leroi- Gourhan for the time 
being), the exteriorization of the organization of the social body itself, the 
formal rhythms, styles, and structures that are embodied in the cultural ex-
pressions of an ethnic group.

The threat to humanity, then, does not lie so much in the advance of a 
machine intelligence or the like, but instead in the industrial and postin-
dustrial destruction of the plurality and specificity of ethnic groups. There 
is an echo here of an important Arendtian theme. To be sure, automation 
and integration play a fundamental role in this process of destruction and 
homogenization, but that is no indictment of the human as technical crea-
ture. The challenge of modernity, for Leroi- Gourhan, will be preserving the 
aesthetic, those spaces and forms where an individual participates in the 
collective life of society as a collective, within a highly technologized life- 
world.

段静璐
记忆外化为物质，经验外化为符号，社会体外化为审美。

段静璐
现代性的真正挑战是维护作为集体生活风格之结晶的美学。
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28
Technogenesis in the 
Networked Age

The moving hand and its material traces do not just externalise the internal 
workings of a mind. Instead, intelligence is enacted through them; it 
proceeds along lines and material signs of one kind or another. For instance, 
the making of a stone tool is not the product of thinking; it is a way of 
thinking.

Lambros Malafouris, “Mind and Material Engagement” (2019)1

According to the standard accounts of the “history” of artificial intelli-
gence, the mainstream efforts to model human cognition in computer pro-
grams based on a symbolic processing model had absolutely failed, leading 
to the so- called AI winter— the collapse of the massive funding initiatives 
that had supercharged both digital technology and AI and cognitive science 
research related to these efforts. The new AI would look different. It would 
pay attention to all of the dimensions of cognition absent in the symbolic, 
hyperrationalist approach: embodiment, enactive perception, and the ex-
tension of the mind outside the body. The new architectures were radically 
different, technologically speaking, based on artificial neural networks that 
did not function sequentially and through high- level symbolic languages 
and nested conceptual categories but instead were massively parallel and 
distributed, to cite two key words of this moment. Part of this revolution 
in AI was a project of recuperation, as researchers and thinkers in the field 
looked back to pioneers in neural network systems, such as Frank Rosen-
blatt, who built an artificial sensing system (the perceptron) that used an 
early form of “machine learning” to recognize patterns, such as letters.

The 1980s can be figured as the decade of distribution and all that went 
with it, conceptually— hybridization, posthumanism, poststructuralism, 
systems theory, and so on. This was the time when Bruno Latour and col-
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leagues developed actor- network theory, to take into account nonhuman 
and nonliving “actants” in systems of knowledge and social order, and Ed-
ward Hutchins was doing his innovative sociological research on distrib-
uted cognition, studying naval ships and Micronesian navigators.2 We can 
even see the theoretical interest in thinkers such as Michel Foucault and 
Donna Haraway— among many others— as an indication of a general (crit-
ical and academic) consensus around the idea that human beings are other 
than what they are, or seem to be. As a historical and cultural species, the 
human could never stabilize, only be redistributed. The foundation of so 
many classic theorizations in politics, sociology, and economics, namely, 
the so- called autonomous individual, was now understood to be just one 
particular and contingent social determination with its roots in Enlight-
enment systems of economic and political organization, buttressed by an-
thropological regimes of knowledge.

The global organization of capitalism (or at least the imaginary that partly 
sustained it) was transformed dramatically by what Francis Fukiyama called 
the “end of history” as the Soviet bloc disintegrated and a new historical mo-
ment was proclaimed. Not coincidentally, it seems, this was also the age 
when networked computing rapidly accelerated and expanded, alongside 
the emergence of “personal computing” and the integration of culture and 
computation. Whatever we make of the landmark date on a global scale, 
1989 did see the birth of the World Wide Web and the death of the Cold War, 
initiating new sets of protocols that launched what we now call simply “the 
internet” and “globalization.” The stress in this era on the study of complex 
interconnected networks and multiple distributed systems, at varying levels 
and in both material and intellectual registers, is vastly important. Not only 
did it lay the groundwork for thinking about media technology in new ways, 
but it was also the conceptual foundation of contemporary neuro science 
and the most prominent models of computing systems and artificial intel-
ligence.

Whatever the discipline, and however sophisticated— or not— the con-
ceptualization of networks and network theory (which of course has its 
own mathematical history that originates in the eighteenth century, with 
Leonhard Euler), one question that was brought to the fore was this: What 
exactly was the relationship between individuals and these networks and 
systems? What was the relationship of the body to the individual, and how 
did both bodies and minds lend themselves to assimilation into what Fou-
cault would call disciplinary regimes? Or was it necessary, as Deleuze ar-
gued, to redefine the relationship altogether? Were we mere dividuals, 
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tracked and organized by invisible control regimes organized by new dig-
ital technologies?3

The difficulty of this question, philosophically speaking, but also with 
respect to the development of cognitive psychology, neuroscience, biol-
ogy, cybernetics, and artificial intelligence, often provoked two incompat-
ible and equally problematic responses, and we are to a large degree still 
caught in this dilemma. Network theory either entered the micro domains 
of research (as a model for the brain, or the operations of various technical, 
or biological, systems) or functioned as a framework for the explanation of 
systemic structures in social, political, economic, and other domains. What 
was less attended to, in retrospect, was thinking at the boundary: Were hu-
man beings constituted as networked, or capable of being networked, in 
ways that could not be understood in scientific or technical terms?

To trace a line of thought through this period and beyond, to point to 
the “decision” that is still to be made concerning our contemporary digital 
infrastructures, is to remain with the question of human intelligence and 
the origin of technology. To think of an extended mind (Andy Clark, David 
Chalmers),4 or an embodied mind (Francisco Varela, Hubert Maturana),5 or 
a distributed mind (Hutchins, Latour), or even a radically skewed cyborg be-
ing that is no longer really “human” at all in any singular sense (Haraway),6 
meant to think of what was being dispersed into networks beyond the 
“mind” as it was traditionally understood, philosophically. And, of course, 
the mind itself was being understood as a networked system in neuroscien-
tific models but also in more conceptual work such as J. A. Fodor’s Modu-
larity of Mind (1983) or the ruthlessly reductionist evolutionary psychology 
of John Tooby and Leda Cosmides, who argued that language and culture 
emerge from a human mind that is itself composed of multiple “mecha-
nisms” individually evolved for specific survival purposes.7

What kind of thinking is being played out in these systems and fields of 
organization and power, within minds and brains, within social and techni-
cal organizations? How does a network think? Can a network be intelligent? 
Given the stakes of the issue today (given our predictive algorithmic cul-
ture, based on the hyper- distributed intelligence systems using deep learn-
ing), it is useful here to maintain some of the lines of thought, the concepts 
and questions, that have circled and intersected with the idea of human 
intelligence as an exception, a question for us. Artificial intelligence in the 
networked age was no longer an exercise in “simulation.” It was the begin-
ning of the end— the end of the human brain, or even the human being, 
as the center of intelligence. Would we be “living fossils” as Leroi- Gourhan 
predicted, or maybe partners with an alien intelligence, or even its compet-
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itors, implanting “neural chips” to try to match our own technologies? The 
fantastic element of these scenarios cannot be dismissed or ignored, but 
the goal here is to see how technogenesis and the evolution of technology 
opens up a critical perspective on intelligence that resolutely does not hold 
out some special or exceptional metaphysical position for the human. What 
is artificial intelligence when intelligence cannot be naturalized so easily 
anymore? After the end of metaphysics, what is a thinking being?

The Artificial Neural Network

To begin, we need to bypass philosophy and engage with network tech-
nology as it confronts its own lack of philosophy, or at least the need for a 
new philosophy. The early neural network researchers working in artificial 
intelligence can be aligned, as I said, with a number of parallel projects in 
defamiliarizing complex systems by modeling them in distributed and sta-
tistical forms. Maturana and Varela’s landmark study of what they called 
autopoiesis in one word took autonomy and automaticity as two sides of one 
coin. The idea was that a system was closed and responded to itself as it un-
derwent modifications with respect to its environment. The living system 
was intelligent, we could say, if it could learn and learn to predict, simply by 
reorganizing its bounded parameters.

What the observer calls “recall” and “memory” cannot be a process through 
which the organism confronts each new experience with a stored represen-
tation of the niche before making a decision, but the expression of a mod-
ified system capable of synthesizing a new behavior relevant to its present 
state of activity.8

There are no “sequences,” only processes. And there are no “interactions,” 
only couplings.

An autopoietic organization constitutes a closed domain of relations spec-
ified only with respect to the autopoietic organization that these relations 
constitute, and, thus, it defines a “space” in which it can be realized as a con-
crete system.9

Thus the interest in older models of intelligence, or at least responsive be-
havior, developed in the early days of AI. Frank Rosenblatt, for example, 
has offered a simple but effective design for a machine that learned, not 
through specific “trial and error” or heuristic methods championed by in-
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fluential figures such as Alan Newell and Herbert Simon, but instead by 
imitating simple brain activity. As Donald Hebb had argued, in The Organi-
zation of Behavior (1949), the synaptic connectivity of neurons in the brain 
would, through repetition, become more and more consolidated, easier to 
trigger when excited in future iterations. Rosenblatt used this idea to build 
a network of “neurons” whose cognitive weights (represented by electrical 
flows) could change depending on the result of the particular trial. (Figure 
28.1.) As simple as it might seem, compared to today’s vast, almost incom-
prehensible machine learning networks, with layers upon layers of con-
nections and untold numbers of parameters, Rosenblatt’s perceptron was 
meant to be a vision for intelligence itself. As he wrote in 1958:

By the study of systems such as the perceptron, it is hoped that those funda-
mental laws of organization which are common to all information handling 
systems, machines and men included, may eventually be understood.10

You could say he was right— as we will see. But it is more important to point 
to Rosenblatt’s caveat here.

Does this mean that the perceptron is capable, without further modifica-
tion in principle, of such higher order functions as are involved in human 
speech, communication, and thinking? Actually, the limit of the percep-
tron’s capabilities seems to lie in the area of relative judgment, and the ab-
straction of relationships. In its “symbolic behavior,” the perceptron shows 
some striking similarities to Goldstein’s brain- damaged patients. (404)

As Rosenblatt explained, there was something lurking in human un-
derstanding that seemed more clear, more organized, than mere statisti-
cal waves could imitate. And note the reference here to Kurt Goldstein. The 
brain is a dynamic system, yes, but it is also self- organizing and capable of 
Gestalt interpretation and understanding. The perceptron could not “rec-
ognize” meaning, only repeat (as with some injured patients) memorized 
operations (such as marking letters). Rosenblatt will admit, “Statistical sep-
arability alone does not provide a sufficient basis for higher order abstrac-
tion. Some system, more advanced in principle than the perceptron, seems 
to be required at this point” (405).

I highlight this not to critique neural networks (that is the famous 
role played in the standard historical accounts by Seymour Pappert’s 
devastating—  if fundamentally incorrect— takedown in his 1969 book, Per-
ceptrons) but to note the presence of this same issue in the revival of neural 
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net research in the 1980s. Yes, the brain was a good place to look for genu-
ine insights into intelligence that assumed that embodiment and material-
ity were important for understanding what it was humans could do cogni-
tively. As Geoffrey Hinton and David Touretsky explained:

The brain is built from painfully slow and unreliable components: neurons, 
which fire less than once per millisecond, are susceptible to fatigue, and die 
off regularly. The only way the brain can succeed as a symbol processor is by 
exploiting massive parallelism using organizational principles that remain 
unknown for the present.

However, they will also admit that the massive network approach might 
leave something important out, namely, the kind of rational cognition that 
was the early focus of AI research and theory.

Computer scientists and others have long been interested in neural network 
architectures as a means of exploring the question of intelligence. . . . To im-
plement the highest level of cognitive functioning, the one responsible for 
general reasoning, requires some sort of symbolic inference architecture.11

Figure 28.1. From John C. Hay, Ben E. Lynch, and David R. Smith,  
Mark 1 Perceptron Operator’s Manual (Buffalo, NY: Cornell Aeronautical 
Laboratory, 1960).
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Hinton was part of the Parallel Distributed Processing (PDP) group whose 
work was represented in the iconic two- volume set of articles that appeared 
in 1986 and set the stage for much future discovery in this arena. What is 
fascinating here is that the one key theoretical article laying out the project 
was also the one place where serious questions were raised about the tena-
bility of a network that was, as Varela and Maturana described, fundamen-
tally closed.12 The authors of the essay recognize that the way networks “an-
swer” the question posed by their inputs is by coming to a certain state, and 
the language is maybe telling: the system “settles” into a state and thereby 
indicates its response. However, this process seemed to be inadequate as a 
way of explaining or modeling fundamental aspects of human intelligence. 
As they wrote:

If the human information- processing system carries out its computations 
by “settling” into a solution rather than applying logical operations, why are 
humans so intelligent? How can we do science, mathematics, logic, etc.? 
How can we do logic if our basic operations are not logical at all? (44)

The question is not naive, and it was not really appropriate to simply answer 
that the original AI field was right, symbolic sequential processing is im-
portant. That was because the model of distributed networks was in a sense 
bounded and closed, metaphysically speaking. That is, the challenge (com-
ing from brain science, which many of the researchers hailed from) was to 
explain how a certain kind of thinking (logical, sequential, abstract) could 
emerge from a neurological organization that was foundational organized 
as a system of parallel interconnections undergoing constant changes, pro-
ducing more ephemeral moments and zones of regularity.

This is why the answer suggested here is so provocative, astonishing 
even, as it pinpoints what so many philosophers and scientists have (for 
centuries) been grappling with, our central question in other words: How is 
technology related to human cognition? The authors of this piece make an 
astute, but highly troubling (theoretically, that is) suggestion:

We suspect the answer comes from our ability to create artifacts— that is, 
our ability to create physical representations that we can manipulate in 
simple ways to get answers to very difficult and abstract problems. (44)

Externalization of thinking into the object creates a possibility of objectiv-
ity that allows for a productively new organization of thinking itself. It is 
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not accidental that the metaphor here is one of manipulation. From Kant to 
Leroi- Gourhan, the hand can be seen as the facilitator between the inside 
of thought and the exterior world that is to be grasped by thought and not 
remain (as for animals) the mere occasion for thought. As they explain:

These dual skills of manipulating the environment and processing the envi-
ronment we have created allow us to reduce very complex problems to a se-
ries of very simple ones. This ability allows us to deal with problems that are 
otherwise impossible. This is real symbol processing and, we are beginning 
to think, the primary symbol processing that we are able to do. Indeed, on this 
view the external environment becomes a key extension to our mind. (46)

The implications of this hypothesis are not lost on the authors. Thinking, in 
this sense, is not merely a function of the brain, or at least, the brain is able 
to internalize a logic that is not produced simply from its own statistical 
waves of transformed inputs.

Not only can we manipulate the physical environment and then process it, 
we can also learn to internalize the representations we create, “imagine” 
them, and then process these imagined representations— just as if they 
were external. (46)

The philosophy of exteriorization suggested here is (perhaps not surpris-
ingly) not followed up. Of course, everyone knows that human beings are 
capable of such thought, with their brains, so if artifacts are essential to the 
evolution of intelligence, that fact can be marked then displaced. They will 
admit that “it seems to us that such representational systems are not very 
easy to develop.” Yet essential nonetheless. “We are good at manipulating 
our environment. This is another version of man- the- tool- user, and we be-
lieve that this is perhaps the crucial skill which allows us to think logically, 
do mathematics and science, and in general build a culture” (44). But to 
make progress, clearly it is necessary to avoid or at least set aside the prob-
lem. The work is off- loaded to another department or discipline.

Where do artifacts come from? “Usually they are provided by our culture” 
(47; my emphasis). Culture stands as both the origin and the result of tech-
nology, an impossible lever that moves the brain into the new field of intel-
ligence that is necessary to begin the process in the first place.
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The Technical Evolution of Culture

Cultures are best seen not as complexes of concrete behavior patterns, 
customs, usages, traditions, habit clusters— but as sets of control 
mechanisms— plans, recipes, rules, instructions, what computer engineers 
call “programs” for the governing of behavior. The second is that man is 
the animal most desperately dependent upon such extragenetic control 
mechanisms for ordering his behavior.

Clifford Geertz, “The Impact of the Concept of Culture  
on the Concept of Man” (1966)13

As Leroi- Gourhan had argued, the very definition of the human rests on 
a break with biological evolution in the turn to a form of cultural— and al-
ways therefore technical— evolution based on the exteriorization of mem-
ory and gesture. In a wave of postwar work on evolutionary psychology and 
the birth of culture, this fundamental insight was reaffirmed. Interest in 
the artifact (material medium) for thinking about reason and human intel-
ligence was, as we know, hardly unknown before this period. Indeed, much 
of the new thinking on media and literacy (in the influential and widely 
cited work of Marshall McCluhan most notably) was showing how certain 
forms of technical systems imposed those forms (“linearity” of thought, for 
example) on human minds, for better or worse.

A notable case is that of Merlin Donald, whose early career was in exper-
imental cognitive sciences, with decidedly modest aims, but who later took 
up the crucial grand question of “culture” as it defines the emergence of the 
human. Donald would outline an ambitious “history of the modern mind” 
that isolated stages in the way human biological beings began not just to 
interact, but to communicate in a way animals never do. A new relationship 
between human psychology (rooted in models of brains understood as in-
formation systems) and the advent of technology was crucial to the forma-
tion of a new culture. Human cultural forms are ways in which we share 
experience and learn from previous experiences. While the first efforts 
of cultural communication and control are seemingly more natural (i.e., 
based on individual capacities), the emergence of the artifact becomes, for 
Donald, the revelation of the importance to all culture of external memory 
storage.14 His stages of history (from thought to oral speech to external stor-
age systems such as writing) are to be sure unconvincingly schematic; how-
ever, he argues persuasively, as Popper, Lotka, and Leroi- Gourhan did be-
fore him, that the most crucial stage, the genuine crossing of the threshold 
to humanity, is the artificial exteriorization of memory (what he would later 
call the “exographic revolution”),15 which unleashes, for better or worse, the 
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development of human rationality and science. What Donald does not rec-
ognize here is that the first stages of thought and speech are already tech-
nical in the sense that they are a reengineering of natural behaviors. The 
disarticulation of natural and artificial is the structural key to the founding 
of a “modern mind.”

The effort to disentangle biological evolution from culture was not a 
project to extricate human beings from determination. Rather, the empha-
sis in disciplines such as paleoanthropology and evolutionary psychology 
was on the distinction between different forms of evolutionary determina-
tion. Cultural evolution, which is nongenetic, “has transgressed organic 
evolution and shows a certain autonomy,” wrote Franz Wuketits, in the 
same year that the PDP volumes appeared.16 Citing evolutionary epistemol-
ogy and in particular Karl Popper’s theory of “objective knowledge” through 
material culture, Wuketits offered a systems theory critique of cultural evo-
lution, in line with a general trend in the 1980s toward network and dis-
tributed models of organization.17 Still, what is essential for Wuketits is the 
appearance of what he calls exosomatic structures, where ideas become ma-
terialized and thereby made transferable to others in a social group. Even 
a dead person, he explains, can pass on cultural information through, say, 
books or artworks, but “a dead person no longer can transmit genetic infor-
mation.”18 One implication I would draw out here is that with the cultural 
turn, the individual mind now confronts “alien” thought through these 
exosomatic organs. Ultimately, Wuketits avoids any explanation of how an 
enclosed, biologically determined nervous system could ever create and 
then make use of these exosomatic structures, a key challenge that Leroi- 
Gourhan faced in his own work.

The philosophical biologist Tom Stonier had made a similar case in 1981, 
when he argued that with the emergence of the human tool, a biological 
species was able, for the very first time, to extend and modify its own “econ-
iche.” This was, Stonier asserts, an epochal “breakthrough in the history 
of Life.” Technology is what initiates a never before seen process of non-
genetic evolution that will “permanently” alter the relationship between 
the organic society of humans and their environment. Both will leave na-
ture behind as they are transformed into cultural and technical systems. 
Like Leroi- Gourhan, Stonier speculates that we are now, in the twentieth 
century, on the cusp of a new breakthrough, the development of an infor-
mation society, one that will take us “beyond ourselves.”19 As he put it in a 
later book, Beyond Information: The Natural History of Intelligence (1992), hu-
man beings form a collective intelligence predicated on the development 
of the artificial storage of memory. The danger of collective intelligence, 
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he warns, is that with the increasing automation and complexity of infor-
mation systems, “computers will rapidly become more intelligent than hu-
mans” just as human minds are increasingly being merged with machine 
intelligence.20

The collective mind, enabled by the exosomatic cultural transmission of 
human thought across the boundary of the biological brain, must always be 
considered what is called a “hetero- technic co- operation,” a collective form 
of cognition distributed between organisms and machines.21 The informa-
tion theorist Pierre Lévy would presciently describe the contemporary zone 
of collective intelligence, now coordinated in “real time” by a new digital in-
frastructure, as a cyberspace— borrowing the term from the science fiction 
author William Gibson.22

Deacon on the Symbolic Species

As we know, across the world, people with equal intelligence, equally 
complex language can be living in radically different cultures with radically 
different kinds of technologies. Those that can look as the stone age of a 
million years ago, those that can look as modern as we are today sitting in 
this studio. The same brains can be producing all of those systems, in part 
because it is not all inside the head.

Terrence Deacon, interview (2003)23

But in all this work a key philosophical question remains: What is the in-
vention of technology; and then how do we understand the second inven-
tion, that of artificial memory? As Donald admitted, this abyssal “gap” be-
tween “pre- symbolic and symbolic thought” can only be explained by some 
evolutionary event in the emergence of the human brain— which is to just 
displace the question of origin into an equally problematic space.24 What-
ever the location, we have here what Andy Clark calls the “missing link” 
between animal cognition and human symbolic systems, which are, at their 
heart, technical systems.25

This gap is the subject of Terrence Deacon’s impressive book on the or-
igin of symbolic thinking.26 Like Leroi- Gourhan, Deacon refuses to locate 
the origin of the human break from animal cognition in some evolutionary 
miracle, instead arguing that language and the brain emerged in a mutual 
process of development. While it is not possible to do justice to the com-
plexity and richness of Deacon’s argument here, it is important to note that 
a key shift for him is the turn from mere associative predictions to symbolic 
predictions, that is, anticipations of the radically new event. For Deacon, 
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this is the result of a mnemonic shift, an internal “offloading” of details from 
working memory (89). But this requires, he says, the creation of “artificial 
systems” for the internal re- presentation of associations. With these “to-
kens” symbolic thought becomes possible: “insight learning” (Deacon re-
fers explicitly to Köhler here) occurs because higher- order associations can 
be made between internal representations (93– 94). Symbols do not refer to 
objects only; they can, as Peirce first emphasized, relate to other symbols. At 
any rate, what is equally important to note here is that the symbolic struc-
tures are what we are calling, after Lotka, exosomatic. As Deacon notes, the 
adaptation that is language evolves in its own way, and its history of evolu-
tionary adaptation “has been going on outside the brain” (109). What Dea-
con is arguing is that the emergence and “evolution of symbolic commu-
nication” is an extrabiological system “with a sort of autonomous life of its 
own” (409).

Unlike so many evolutionary psychologists and cognitive scientists, 
Deacon tries to provide some kind of— admittedly hypothetical— account 
of the origin of symbolic thought and its exosomatic supports, by focus-
ing on the evolution of the brain. However, Deacon, who did experimental 
work on brains that included neural tissue transplantation across species, 
looks to evolution but without any interest in invoking a bios ex machina. 
The main thesis is that according to the then current data, it was clear that 
there was no evolution of “the” brain. Rather, the different regions of the 
brain evolved in different scales according to different pressures and selec-
tion, and each region is subject to displacement processes that are internal to 
the organization of the whole brain. With the revolutionary enlargement 
of the brain and especially with the increase of the cortex region, Deacon 
explains, humans were provided with a new flood of internal inputs gen-
erated from association patterns, inputs that mimicked an increase in sen-
sory  information.

What the brain could now do was something different from the older 
complex, to be sure, but limited capacity to correlate experiences of the world.  
Now, the context made possible associations between associations, leading 
to a liberation from mere “indexical” association and inference to some-
thing like iconic relations, setting the stage for forms of thought that re-
lated simply to the relational structures themselves— what can be called 
genuine symbolic thought. The correlative processing that takes place in 
the frontal region is where the “mnemonic architecture” of symbolic refer-
ence is created. For Deacon, symbolic systems only emerge after “a radical 
re- engineering of the whole brain has taken place, and on a scale that is un-
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precedented” (45). Different regions of the brain are newly connected by in-
creases in cortical tissue and links across topological levels, and this creates 
new possibilities of association that are “arbitrary” in relation to sensory 
experience but meaningful within this novel architecture of the machinery 
of association. Language, therefore, is a form of internal and external orga-
nization that emerges in this matrix of association rather than simply the re-
sult of “size,” or of the evolution of a specific language center— as Chomsky 
and his followers, along with many evolutionary psychologists, would nor-
mally assume.

However, equally important for us is Deacon’s argument that the lan-
guages— structured systems of association— that emerge from symbolic 
thinking also evolve independently, and are always having to adapt to the 
capacities of the brain as they transform (biologically but also “culturally”). 
There is therefore always a coevolution of internal brain organization, of 
learning, and of what we are calling exosomatic processes. And this co-
evolution never stabilizes into a single trajectory since each process has its 
own logic of organization and its own line of development.

Deacon emphasizes language in his account of the origin of the human. 
However, his look back to the early tool- making capacity of Australopith-
ecines is illuminating— for like Leroi- Gourhan, Deacon argues (with ref-
erence to Baldwin’s account of evolution that supplemented Darwinian 
theory) that the “transformation into Homo was in part the consequence 
rather than the cause” of the new forms of technicity. Both the artifacts and 
the social organization that learning depended on were (however fragile in 
their early forms) essential “external supports” of symbolic thought, in that 
they helped the brain develop the possibilities of connectivity and also sup-
ported symbolic expression materially. This is also why human thinking 
is never natural to the brain: it is a system involving both “alien” internal 
inputs with no natural zone of organization and the alien thinking that is 
another mind (423).27 “Stone tools and symbols,” writes Deacon, “must both, 
then, be the architects of the Australopithecus- Homo transition, and not its 
consequences.” The new brains, the implements, the dramatic changes in 
the body, improved bipedalism, all were just “physical echoes of a threshold 
already crossed” (348).

The threshold. There is something about the human that is not simply 
about what comes after but rather involves the threshold itself. With this 
in mind, we can turn to the one philosopher to engage directly with this 
question of the threshold between biology and culture, between prehuman 
and genuine human, namely, Bernard Stiegler. The turn will hinge on the 
question of technology.
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Originary Technicity: Stiegler’s “Technics and Time”

You know— technology wasn’t invented by us humans. Rather the other  
way around.

François Lyotard, The Inhuman (1988)28

The French philosopher Bernard Stiegler, immersed in both poststructural-
ist thought and phenomenology, as well as scholarship on the history and 
theory of technology, looked back to Leroi- Gourhan as the starting point for 
an intensive investigation of the question of the origin of the human, and 
he will come to exactly the opposite conclusion of any other philosopher in 
this period— though we see hints of the argument in some of the specialist 
literature in paleoanthropology. For Stiegler, the paradox of the artifact is 
not a paradox if we understand that it is not the human that invents the tool 
but rather it is the tool that invents the human. While agreeing with Leroi- 
Gourhan’s critique of the mythology of the human, the idea of a “gift” that 
enables us to leave nature, Stiegler denies Leroi- Gourhan’s effort nonethe-
less to locate an origin of the “real” human, the user of tools as symbols, the 
conscious and aesthetic mind that only appears late in our hominid evolu-
tion. For Stiegler, we must confront the radical beginning. The human, as 
Leroi- Gourhan argued, is a zoological fact. How can the tool be at once on 
the side of zoology and the site of the emergence of the modern mind, to use 
Merlin Donald’s term here. We have to realize, against Leroi- Gourhan, that 
the earliest, most primitive tool is already a tool. It marks an anticipation 
even if the human is not aware of it.

“Technical consciousness” means anticipation without creative conscious-
ness. Anticipation means the realization of a possibility that is not deter-
mined by a biological program. Now, at the same time, the movement of “ex-
teriorization,” if it seems to presuppose this anticipation, appears here to be 
of a strictly zoological origin, to the point of still being determined by the 
neurophysiological characteristics of the individual. When this determi-
nation will have completely ceased its action on technical evolution, Leroi- 
Gourhan will introduce a notion of spirituality: a second origin.29

For Stiegler, and I admit this is not always easy to grasp, the human is what 
results accidentally from the tool’s appearance with the early hominids, 
or to put it better, the tool is an inhuman intervention into the biological hu-
man that produces a new evolution of the human (the increase in the size 
and complexity of the brain most importantly) from within. The tool could 
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never show any evolution, a transformation in a history, if it was already 
not human. And simultaneously, the human could not extricate itself from 
nature without the intervention into its nature by artifice, or the unnatural. 
We can see that a human cannot produce the inhuman (that which is alien 
to the human and having its own logic of being), but equally, something 
inhuman cannot become human without the human changing in the pro-
cess.30 The argument here, consistent with Leroi- Gourhan, is that the hu-
man does not “improve” to accept or invent the tool. The human must lose 
a certain human experience to gain the inhuman element that is enabled by 
the artifact.31

So the first tool (defined as the rock that is changed by being struck) is 
the site for the intersection of the inhuman and human: the zoological crea-
ture in breaking the rock is already “affected with anticipation, because it is 
nothing but anticipation, a gesture is a gesture.” And this is the difficulty: 
“There can be no gesture without tools and artificial memory, prosthetic, 
outside of the body, and constitutive of its world. There is no anticipation, 
no time outside of this passage outside, of this putting- outside- of- self and 
of this alienation of the human and its memory that ‘exteriorization’ is” 
(152). Animal gesture is not anticipation, it operates in time but not as time. 
The gesture as radically novel gesture must be different. It makes possible 
the tool but the memory must not be natural— which is to say, the memory 
that makes the tool possible is already outside the brain, it consists of the 
tool itself.

The question is the very ambiguity of the word “exteriorization” and the 
hierarchy or the chronological, logical, and ontological preeminence that 
it immediately induces: if indeed one could speak of exteriorization, this 
would mean the presence of a preceding interiority. Now, this interiority is 
nothing outside of its exteriorization: the issue is therefore neither that of 
an interiority nor that of exteriority— but that of an originary complex in 
which the two terms, far from being opposed, compose with one another 
(and by the same token are posed, in a single stroke, in a single movement). 
Neither one precedes the other, neither is the origin of the other, the origin 
being then the coming into adequacy [con- venance] or the simultaneous ar-
rival of the two— which are in truth the same considered from two different 
points of view. (152)

Following Derrida, the prosthesis is not a substitute or an extension, but 
in its essence a putting forward, the creation of an “end” that was not there 
before it. The prosthetic that is the tool as exteriorized memory “is not a 
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‘means’ for the human but its end, and we know the essential equivocity of 
this expression: ‘the end of the human,’” writes Stiegler (153).

In any case, the conclusion is what is important here: the human is 
some thing less than natural; it is differentiated from nature by the technical  
inhumanity and will always be at once inside technology but also never in 
control of the evolution of technology, which is always driven by its own 
logic, the logic of the not- living. Now a social, cultural, technical being, the 
human is not so much liberated from genetic evolution, set into “history,” 
but instead subject to an evolution which is part of us but never congruent 
with us. That will be the basis of Stiegler’s invocation of the pharmakon of 
Plato (via Derrida) to depict the role of technology in our world: both poi-
son and cure, it is always indifferent to our plight, our experience. Humans 
are, in Stiegler’s language, epiphylogenetic beings. “It is in this sense that the 
what invents the who just as much as it is invented by it” (178).

Technics is time, because artificial organization is the basis for the se-
quence cut from the continuity of lived experience. The trace of that cut 
remains, in our minds, in our tools, and is the source of both the power of 
temporalization and the contingency of our being. Rewriting Heidegger, 
Stiegler argues that technics is not just another word for Heideggerian 
 “facticity.” The “rift” in Being that sets up Heidegger’s account of historic-
ity and being- toward- death is already dependent on the exteriorization of 
memory, because the historicity of human experience is constituted by the 
inhuman structure of technicity.

Nothing can be said of temporalization that does not relate to the ephiphy-
logenetic structure put in place each time, and each time in an original way, 
by the already- there, in other words by the memory supports that organize 
successive epochs of humanity: that is, technics— the supplement is ele-
mentary, or rather elementary supplementarity is (the relation to) time [dif-
férance]. (183)

So for Stiegler, the pathology of modernity is not, as it was for Heidegger, 
modern technology. Or at least not technology per se. As Stiegler will ar-
gue, the pathological and disturbing element is not industrialization and 
automation, on the technical side of things. Rather, what concerns Stiegler 
is what he calls the industrialization and automation of memory— the in-
dustrial production and hence homogenization of tertiary retention. No 
longer is the human social, cultural, and economic sphere defined by an 
interaction between memory, technicity, and the living being. Instead the 
logic of technical systems now imposes itself on the cultural forms of mem-
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ory themselves. In the process, human minds in their plasticity are deter-
mined in a new way. They are not merely shaped and configured by the de-
mands of technical know- how and sociopolitical organization, but formed 
according to the logic of industrial capital itself, that is in the name of the 
reproduction of industrial economic systems.32 Human memory is no lon-
ger shared primarily through concrete instances of collective individua-
tion. Instead, we relate one to another via the machinery of culture as mass- 
produced memory, which is also to say mass- produced imagination, which 
means foreclosing the genuine “event” of knowing and remembering.

As Stiegler would go on to demonstrate, relentlessly, the emergence of 
planetary scaled digital infrastructures threatens genuine thinking and 
memory even more drastically than the industrialization of thought.33 Not 
only do all forms of culture depend on tertiary retention for survival, and 
therefore can be violated and expropriated by the logic of the machine; 
in the digital age the machines gain a vast new power, what Stiegler calls 
reticulation: that is, digital machines integrate all other forms of memory 
production, and at a speed and scale that is both persistent and beyond the 
comprehension of our own “slow” brains, so that our minds are learning 
and anticipating (if that is the right word) according to the organizing logic 
of the digital. This pathology comes to the fore most clearly in technologies 
of prediction— in our era the systems of machine learning.
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Failures of Anticipation
The Future of Intelligence in the Era of Machine Learning

Prediction is the essence of intelligence.
Yann LeCun1

As Claude Shannon and John McCarthy noted, in the 1950s, concepts of the 
brain and intelligence are inevitably shaped by contemporary concepts of 
technical systems. It is hardly an exaggeration to say that the most dom-
inant technology in the contemporary world of artificial intelligence is 
that of “machine learning,” which is an umbrella term for a number of ap-
proaches that utilize artificial neural nets, such as deep learning, generative 
adversarial networks, and reinforcement learning. The key feature of ma-
chine learning is prediction. Trained on large data sets, the system aims to 
predict an outcome— whether that is an actual event or perhaps belonging 
to a certain classification. Another key feature of machine learning is error. 
The system in fact learns via prediction errors, which are used, mathemat-
ically, to alter predictions continuously in order to fine tune predictions. 
Trained systems make use of an external observer to tell right from wrong, 
whereas untrained systems work themselves to maximize various parame-
ters. The third feature of machine learning systems that I want to highlight 
is that they are generative. What makes contemporary deep learning meth-
ods so successful is not simply the size and number of their neural network 
layers but also the fact that the networks produce generative models, hy-
potheses about the state of things, which are then tested and reexamined. 
A deep learning network, at each layer, has been individually trained to 
generate a model of some feature of the world from its input, and these gen-
erative models are aggregated in new layers that similarly produce model 
outputs from input data.
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So we can say that a modern machine learning system predicts outcomes,  
learns from prediction errors that are back- propagated through the system, 
and discovers in this process how to generate models from certain input 
signals at various levels. So a system might first train to recognize “edges” 
from various visual input data, and these particular models will be aggre-
gated with other trained nodes (generating, say, color or shape designa-
tions) until finally we would have a prediction that the total data stream 
represents a particular object.

Machine learning obviously traces its lineage to earlier work in artifi-
cial neural networks and especially the return to research marked by the 
publication of the two volumes on parallel and distributed processing in 
1986. However, the artificial neural network paradigm has now emerged 
as one of the most powerful models for neuroscience and cognitive theory, 
which borrow the key concepts of prediction, error, and generation from 
machine learning.2 The success of machine learning lies to a great extent in 
the revolution in both computing power and the immense size of data sets 
enabled by the move to networked computing in the 2000s. The transition 
from singular technologies (the “computer”) to a vast network of parallel 
and distributed systems housed in data centers around the world has made 
possible a new way of thinking about the brain and the mind, one that gains 
credence given the scope of the hardware and software technologies.

Although there are numerous ways in which machine learning and ar-
tificial neural networks have influenced researchers in the cognitive sci-
ences and the neurosciences, a new “school” of sorts has emerged in the 
past two decades or so that is explicitly tied to the techniques and tech-
nologies of machine learning and its kin. This school has been called pre-
dictive processing (sometimes referred to as predictive coding). As Jakob 
Hohwy, an influential proponent, has concisely explained, predictive pro-
cessing (PP) “is the theory that the brain is a sophisticated hypothesis- 
testing mechanism, which is constantly involved in minimizing the error 
of its predictions of the sensory input it receives from the world. This mech-
anism is meant to explain perception and action and everything mental 
in between.”3 The implication is that there is a singular “mechanism” (the 
logic of a Bayesian neural network) that underlies all cognition. As Hohwy 
writes, approvingly, “Though the description of the mechanism is statisti-
cal it is just a causal neuronal mechanism and the theory therefore sits well 
with a reductionist, materialist view of the mind.”4 Indeed, the research in 
both cognitive science and the functioning of the brain, especially the vi-
sual brain, in this mode has been impressive.5 In particular, the way that 
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predictive processing approaches make use of Hinton’s internal generative 
models is striking and can help explain both inherited “hard- wired” input 
processing and network layers that have emerged from initially plastic 
conditions.6 The brain, it seems, does not so much “analyze” data and use 
stored concepts and reasoning systems to make sense of the world. Rather, 
the brain uses past experiences to predict the future and pays cognitive at-
tention only to those moments when prediction fails. And the “action” of an 
organism in this context can be understood as a way of making a “predic-
tion” come true through a reorientation within, or transformation of, the 
environment.

It is quite clearly the case that our problem, the problem of intelligence 
and technogenesis (the origin of technology, which is to say, the origin of 
the modern human) remains a difficult issue. Hohwy’s enthusiastic account 
of predictive processing is tempered by the admission that the focus on the-
ories of perception “largely leave out higher cognitive phenomena such as 
thought, imagery, language, social cognition, and decision- making” (2). A 
similar caution appears in a recent collection of essays on Philosophy and 
Predictive Processing:

in principle, one can use the language of  PP  across multiple domains of 
cognition and even across different disciplines. However, a gap remains be-
tween the domains of (relatively simpler) action- perception loops and (rela-
tively more complex) higher cognitive abilities. The former have been char-
acterized in formal and quantitative terms using PP, whereas explanations 
of the latter tend to appeal to the same PP concepts but often lack a compre-
hensive quantitative and computational characterization. Thus, it remains 
to be seen if PP really “scales up” to higher cognition domains.7

However, another major interpreter of predictive processing, the phi-
losopher Andy Clark, is more than aware of the challenge these domains 
raise for the theory. Clark’s early work in philosophy was on inactive and 
embodied perception, and he was also an innovator (with his collaborator 
David Chalmers) in the theory of the “extended mind,” which argues that 
cognition is not limited by the mind but is distributed through a system of 
biological and technological support systems. Clark would go on to write 
a general interest book on the topic, Natural Born Cyborgs. The challenge 
for the predictive processing model would be integrating technology and 
distributed cognition, given that the very starting point of the model is a 
brain that must learn about the world and itself from within the highly con-
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strained world of neural stimulation— what are known as “spike trains.” 
How does a self- enclosed nervous system learn to extend itself, to “exterior-
ize” itself in new and artificial forms of perception and action?

In his own overview, Clark celebrates predictive processing as the “per-
fect neuro- computational partner” for the philosophical theories of en-
active and embodied cognition, that is, research “that stresses the con-
stant engagement of the world by cycles of perceptuo- motor activity. The 
predictive brain, if this is correct, is not an insulated inference engine so 
much as an action- oriented engagement machine. It is an engagement- 
machine.”8 For Clark, the brain is engaged with the environment and ac-
tively constructing its view of the world. Its predictions constitute a kind of 
“intuitive” judgment about the world. But this judgment is resolutely un-
conscious, which means that predictive processing fits nicely with so much 
ancillary work on unconscious cognition and intuition within cognitive 
science. As Clark admits in the opening of his book, conscious, directed 
thought is bracketed. The brain is a prediction machine, but in this predic-
tion there is nothing like we would call, with Heidegger and Stiegler, antic-
ipation. There is in fact no gap between “learning,” “experience” and “pre-
diction” here— which is to say, no genuine temporality, only a constantly 
shifting and updated “presence.”9

But how can Clark reconcile the reductionism and limited scope of pre-
dictive processing with his prior work on extended minds, which dovetails 
to a certain degree with the philosophical claims that Bernard Stiegler was 
making on the technical origins of cognition in the same period? First, 
Clark will argue that what makes predictive processing so appealing is that 
it can explain both active inference in the perceptual sphere and what he 
calls “off- line” reasoning, or the imagination, since these all can be under-
stood as the result of the internal generation of “models,” just at different 
levels of the neural network system (3).

However, we are still left with the more difficult argument to make— 
namely, how does the brain (the human brain) exhibit the novel behavior of 
technology, and how does technology alter radically the cognitive potential 
of our species, in ways that have no parallel in the animal world? Clark is 
hardly one to avoid this question. He says very clearly:

We humans— uniquely in the terrestrial natural order— build, and repeat-
edly rebuild, the social, linguistic, and technological worlds whose regu-
larities then become reflected in the generative models making the predic-
tions. It is because the brain itself is such a potent organ of unsupervised 
self- organization that our sociocultural immersions can be as efficacious 
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as they are. But it is only in the many complex and ill- understood inter-
actions  between  these two fundamental forces (between complex self- 
organizing neural dynamics and the evolving swirl of social and material 
influence) that minds like ours emerge from the material flux. (270)

The answer is frustratingly vague. As Clark puts it, artifacts and symbols 
do enable new learning and new cognition. Instead of the brain looping 
and relooping generative models and prediction errors, the human mind 
makes use of “symbol- mediated loops” from social culture, such as note-
books, smartphones, and the like— what Stiegler calls “tertiary retentions” 
(277– 78). The language deployed by Clark echoes Stiegler’s own argument: 
“Once externalized, an idea or thought is thus able to participate in brand 
new webs of higher order and more abstract statistical correlation” (278). 
Humans must be constructing what Clark calls “designer environments” 
(art, culture, science), but there is no clear explanation for how, or why, hu-
man brains are capable of externalizing their thought in artificial technical 
forms of organization.

But this is a central problem in predictive processing if it is to be a model 
of human intelligence. As Regina Fabry recently explained, “Enculturation 
is a developmental process that is characterized by plastic changes to neu-
ral circuitry and motor profiles. It is strongly influenced by the structured 
interaction of human organisms with the cognitive niche.”10 For Fabry, cul-
ture provides “cognitive practices” that shape our interactions. In essence, 
Fabry— along with a number of scholars involved in what is called “cogni-
tive archaeology”11— points to the importance of what Stiegler calls the epi-
phylogenetic essence of our cognitive capacity,12 without directly acknowl-
edging the radical question of origin. Human “niche construction” amounts 
to the unprecedented anticipation that is constituted by the appearance of 
the tool as a new (artificial, unnecessary) organization and therefore cannot 
simply be the result of a prediction based on the given organization of both 
brains and environments, as it is in the animal Umwelt.

The bridge between what we can call “natural” cognition and the artifi-
cial and “in- human” technicity of human thought may be found in another 
concept that emerges from neural network theory but that is not absolutely 
essential to the predictive processing paradigm. Taking up the idea of the 
Markov blanket, both Karl Friston and Andy Clark have sought to under-
stand the boundaries between levels of the organism (Friston) or levels 
of cognition (Clark) by arguing that within neural networks there exist 
bounded zones where network nodes are protected, so to speak, by border 
nodes. In a Markov blanket internal nodes respond only to the bounding 
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nodes and other internal nodes and are never directly involved with the 
“outer” world of the network. (Figure 29.1.) There is a kind of homeostatic 
quality to the entity bounded by a Markov blanket, and indeed, as Friston 
and others have shown, the organismic cell can be described as a Markov 
blanket in line with the more statistical depiction of bounded areas within 
a network. The main point is that Clark sees in the Markov blanket a con-
cept that unites neurophysiological systems, predictive inference, and, fi-
nally, the enculturated space of cognitive and symbolic practice that defines 
human intelligence. There is, to be sure, an unacknowledged spirit of the 
Leibnizian monad lurking here.13

In any case, what Clark argues is that humans transform themselves, in 
the sense that they “knit” their own Markov blankets, in the form of arti-
facts and symbols. These new organizations are self- enclosed and operate in 
the world— in our brains— as systems. For Clark, there is a slippage, a pro-
ductive slippage, between the neural networks that harbor Markov blan-
kets of relative stability (natural or “learned”) and the exteriorization of an 
organization into the environment.

Importantly, the predictive processing architecture itself provides a power-
ful mechanism enabling the flexible, repeated integration of capacities and 

Figure 29.1. A Markov blanket.
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operations made available by the use of reliable bio- external resources. I 
won’t rehearse those considerations here, since it is in any case evident— 
merely from observing our human capacity to become fluent users of a life-
time succession of new tools and technologies— that such fluidity is a cru-
cial part of our heritage.14

Still, no account is offered (can be offered) of this critical leap across the 
threshold of interior and exterior, and thus no account of either the dif-
férance of thinking or the difference between animal and human cognition, 
the leap that is technology.

The living being is very far from being a perfect machine and it’s this 
imperfection which is both the cause and the means whereby poetry, 
resonances come about.

Paul Valéry, Cahiers, 1927– 2815

The paleoarchaeological and historical record shows clearly that the hu-
man at some point escaped natural determination and embarked on a new 
form of life that was superimposed on the biological— a political existence 
that navigated the inevitable conflicts between social forms of organization 
and the technical systems that enabled biological survival. This much is ac-
cepted by thinkers such as Clark and researchers in certain areas of evolu-
tionary psychology. However, what this entails goes completely against the 
mainstream of contemporary cognitive neuroscience, namely, that we have 
to acknowledge that the human mind is not simply a product of the brain, 
but is instead the site for the operation of several different systems, systems 
that are often in competition even as they work together to maintain the 
cohesion of social groups and the survival of biological individuals.

What marks the human is this “invasion” of alien thought within our 
own minds— the thought of other minds, stored in technical forms of mem-
ory (like writing, for example) and reanimated in our own brains. Or the 
alien logic of cultural norms that dictate behaviors that will guarantee the 
survival of the group formation. Alongside this, the biological demands of 
the body also invade the mind, operating with their own insistent logics— 
both Freud and Damasio could be invoked in this context.

The point is that there are no norms governing these multiple systems 
that are instantiated by the individual human mind- brain. Or to put it an-
other way, what we mean by “the mind” in this context is the continuing 
(and always failing) attempt to bring unity to the multiple systems in play. 
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As such, the mind is not itself a unity with given norms, and therefore an 
object of scientific study, but instead an evolving contingent effort to cap-
ture the varying logics of survival that stem from our biological, sociopoliti-
cal, and technical systems. The mind is both defined by these systems and is 
resolutely not these systems.

This is why the mind is always the site of crisis, of the unexpected, of the 
event. This is why the human mind is capable of genuine decision in crisis: 
the decision that there is a crisis (and not merely a prediction error) and 
the decision for a future that will relieve crisis— even if that means aban-
doning certain given norms of existence. One might imagine a computer 
programmed with conflicting norms and operations; however, there would 
never be a comprehensive unity in which this conflict could be recognized 
as a moment for genuine decision. To decide the conflict means taking se-
riously the possibility of an undetermined future. To imagine a future that 
exceeds past experience.

That is to say that the mind has no norms of operation itself but is only 
the site for the determination and configuration of alien norms. The mind 
is therefore not at all a biological entity conditioned by history, or a purely 
historical construction buffeted by biological imperatives. The mind ap-
pears in human existence as a novel entity, the space in which technical 
organization, social organization, and organismic organization, each with 
its own logic and its own demands, meet and can be constituted as code-
pendent.

Human intelligence is constituted within this space— a mind that can 
escape its determinations and thereby open up an unforeseen, unpredict-
able future. To be sure, the imagination of a new path, a decision for a novel 
future and the institution of new norms is never an act of an actual entity. 
Like Carl Schmitt’s sovereign, who decides the “exception,” the mind is a 
kind of necessary fiction— the name for a unity that is not unitary, a unity 
that holds together difference while allowing a certain slippage, or leakage, 
that is to say, gaps, between the three spheres of life.

What escapes the machine, even the computer, even networks of com-
puters, even the human mind in its “automatic” phases, is this capacity to 
escape from its own determination. As Stiegler wrote, human thought has 
“the power to disrupt and to dis- automatize, that is, to change the rules.”16 
Only by leaving its own normative existence, through shock and deci-
sion, can a new norm ever be created, as a function of a novel future that is 
imagined— collectively— and not merely predicted.

段静璐
「因此，心智本身并非一个具有既定规范的统一体，也并非科学研究的对象，而是一种不断演进的、偶然的努力，旨在捕捉源自我们生物、社会政治和技术系统的各种生存逻辑。心智既被这些系统定义，又坚决不是这些系统。」

段静璐
哎呦喂，说是这么说但实际还是只能理解成一个生物实体和历史建构的混合……作为一种空间的心灵固然很好，但要如何进行实际的分析。

段静璐
最后搞成一个德勒兹式的东西了？但这个说法还是很容易社会学化。值得考虑下。
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