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An Integrated Cognitive Framework 

A central purpose of this book is to combat anthropocentrism and suggest 
other perspectives more conducive to survival and flourishing. While we can­
not avoid anthropomorphism-we see with human eyes and think with hu­
man brains-anthropocentrism can and should be contested. Anthropocen­
trism positions humans "at the center" conceptually, politically, socially, and 
economically, declaring that humans are the most important species on Earth 
and the most entitled to exploit Earth's resources for their/our own benefit. 
While there are many belief systems and practices driving our present ecolog­
ical crises-capitalism, neoliberalism, political corruption, blind ignorance, 
and greed, for example-anthropocentrism is certainly among them. 

The linchpin of anthropocentrism is cognition. Humans are not the fast­
est or strongest species on Earth, not the one with the most acute senses or 
most important to Earth's flourishing (that honor would undoubtedly go to 
microorganisms). It is, however, the one most cognitively advanced (so the 
anthropocentric argument goes). This presumed superiority makes up for 
everything else, enabling humans to invent cars faster than cheetahs, deploy 
machines stronger than elephants, create sensors more sensitive than grizzly 
noses, and so forth. Therefore, to attack anthropocentrism it is essential to re­
think and reposition human cognitive capabilities. 

Many books could be (and have been) written on this topic. From my view­
point, one of the most effective approaches is to decouple cognition and con­
sciousness, for millennia seen as virtually synonymous with each other. In Un­

thought: The Power of the Cognitive Nonconscious (Hayles 2017), I argued that 
human nonconscious cognitive abilities, which operate on a neuronal level be­
low consciousness, are in fact essential for consciousness to function. Moreover, 
nonconscious cognitive organisms are far more numerous in the biosphere 
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than are conscious ones (which include primarily mammals, cephalopods such 

as octopi, and some avian species, for example parrots and ravens). Noncon­
scious organisms, by contrast, include unicellular organisms such as bacteria, 

all plant species, fungi, insects, and everything else. By biomass, about 90 per­

cent by weight of Earth species are nonconscious. Only human hubris would 

have ignored nonconscious cognition for so long and have failed so specta­
cularly in exploring its capacities, including recognizing its importance in con­

scious functioning, in the biosphere, and in computational media. 
This book aspires to combat anthropocentrism by urging a transition from 

the liberal philosophy we inherited from the Enlightenment to a different con­
ceptual orientation that I call the integrated cognitive framework (!CF). One of 

the purposes of!CF is to create a platform in which human conscious cogni­

tion can be put in relation to nonconscious cognitions both within humans and 
within the greater-than-human world. "Integrated" here does not mean flat­

tening out but precisely the opposite; it is a framework in which overlaps and 
divergences between different kinds of cognitive capacities and origin stories 

can be compared and contrasted. It bears resemblance to Cary Wolfe's "jagged 

ontologies" (Wolfe 2024), creating a densely textured conceptual landscape of 
high dimensionality that never resolves to a smooth homogeneous surface. 

The integrated cognitive framework compares and contrasts tribraided 
origin stories in quantum mechanics, evolutionary biology, and technics that 

insist, in different ways and with differently situated dynamics, on the cocon­

stitutive power of relationalities. "Integrated" here means an approach that 

keeps all three strands in view. Juxtaposing origin stories of quantum mechan­
ics (origin of phenomena) with evolutionary biology (origin of multicellular 

bodies) and technics (origin of the human) reveals the structural similarities 

and also the accelerating pace with which they are becoming entangled with 

each other through such developments as quantum computers, gene edit­

ing, and artificial intelligence. I call this configuration the micro/evo/techno 

relationality. 
This synthetic approach is well suited to deal with the exponentially ac­

celerating trajectory of Al. In this context, !CF compares and contrasts hu­

man cognition with large language models (LI.Ms) such as OpenAI's GPTs 

that, for the first time in history, produce human-competitive texts. Although 

LI.Ms have enormous implications for virtually all aspects of the economy 

and human communicative practices, they pose especially urgent challenges 
to.literary studies, theory, and criticism, fields focused on the interpretations 

of verbal texts. 
Before progressing to the unfolding implications of !CF, it may be useful 

to consider anthropocentrism in more detail, and why it should be avoided. 
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Anthropocentrism implies human supremacy, but more than that, it assumes 
that the human is and should be the measure by which all other organisms 

are judged. The Greek philosopher Protagoras (490-420 BCE) proclaimed, 
"Of all things the measure is man: of those that are, that they are, and of those 
that are not, that they are not" (Bonazzi 2023). Whether "man" is interpreted 
as referring to specific individuals or to the human race ( there are philosophi­

cal debates on the question), the anthropocentric orientation is clear. The im­

plication is that only humans have the right to judge what is in the world, and 

what is not. One argument that will run through this book is that all creatures 
have world horizons, or umwelten, specific for their species, including humans, 

and that these world horizons may overlap, but they never entirely coincide. 

The ethical implication of this viewpoint is that no umwelt has the right to 

dominate the others and declare that it alone is the proper and right way to 
see the world. Rabbits see as rabbits, octopi as octopi, humans as humans: none 

is inherently superior, although each has specific ways in which its world ho­

rizon bestows functionality within a given ecological niche. Another obnox­
ious implication of anthropocentrism is that humans are literally at the center 

of the action, overseeing and dictating what happens. This is absurdly far from 

the truth; increasingly, evolutionary biologists and others realize that human 
life is interpenetrated at many scales and in many ways by other lifeforms, on 

which it is entirely dependent for its continued existence. Moreover, the co­

constitution of multicellular bodies by unicellular ones implies that relational­
ity is not peripheral or after the fact, but deeply involved in the origin of multi­

cellularity from the beginning. 

Finally, anthropocentrism implies that humans alone are the deciders, the 

ones who make decisions for everyone else. Yet our increasing reliance on com­
putational media means that decisions, like agency, are distributed through­

out the collectivities of humans, nonhumans, and computational media that 

I call cognitive assemblages. Even when humans appear to be in control, their 

assumptions have been formed and mediated by prior decisions and interpre­

tations made by computational media, so that they can scarcely be considered 
autonomous or self-determining. To sum up, then, anthropocentrism spreads 

its tentacles through a mass of mistaken and dangerous beliefs, including hu­

man supremacy and dominance, human viewpoints as the right and mean­

ingful ones, human decisions as the only ones that matter, and the subsequent 

denigration of all other species and cognitive entities. 
To return now to the main line of this book's argument, it begins by re­

casting cognition as a much broader and more capacious capacity than con­
sciousness, including in humans. In Unthought: The Power of the Cognitive 
Nonconscious (2017) mentioned earlier, I referenced work in neuroscience, 



4 
CHAPTER ONE 

cognitive science, cognitive psychology, and other fields demonstrating that 
much of human action and behavior is influenced by neuronal processes that 
happen below the threshold of consciousness and yet are critical for conscious­
ness to function. I called these processes nonconscious cognition. Their exis­

tence demonstrates that consciousness is not necessary for cognitive acts to 

take place. If so, then cognition may be extended to nonconscious organisms, 
even those without brains such as clams and date palms. 1 Moreover, it may 
also include computational media, such as computers, cell phones, and many 
other devices. Indeed, I argue that computational media, working together 
with humans in cognitive assemblages, are responsible for most of the world's 

work today. 
(Did you notice? Twice in the above paragraph I used "humans" as nouns. 

I once had a copy editor tell me that "human'' could only be an adjective, and 
that to form a noun, the correct formulation is "human being:'2 Why do we not 
speak about "whale beings," "dog beings;' or "octopus beings"? The answer is 
obvious: because we do not recognize these creatures as worthy of the title 
"beings:' As a feminist, I try to avoid masculinist language; for similar rea­
sons, I try to avoid language that reinscribes anthropocentric assumptions. 

So, humans.) 
I want now to explore further the claim that cognitive assemblages are re­

sponsible for most of the world's work. Isn't work making widgets in a factory, 
unloading cargo ships, taking food orders in a diner? Well, yes and no. In­
creasingly, such activities include computational media as controllers, proces­

sors, transmitters, and starers of information. Cognitive media have deeply 

penetrated into the infrastructures of contemporary societies because they 
control the flow of information that allows large, complicated, and massive 
electromechanical equipment to be directed and controlled by much smaller 
and more efficient electronic mediators. It's as if a flea sitting in an elephant's 

ear could control its movements and direct what it does. 
To help visualize this, I will focus on a typically American technology that 

has been featured in innumerable movies and TV shows: the starter motor for 
an automobile engine. The differences between 1950 and 2023 models will tell 
the tale of the remarkable transformations that occurred throughout indus­
trial infrastructures during this historically tumultuous period, which saw 
the invention of the transistor, the spread of electronics, and the miniaturiza­
tion and increased memory that made possible the desktop computer, along 
with the invention of the internet and subsequently the web. 

Around 1950, cars began to incorporate solenoids into the circuit connect­
ing the key to the starter motor. 3 Previously, the circuit was typically closed 
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eliminated. Although the computer made large, heavy machinery easier for 
humans to operate, it also introduced new vulnerabilities. If you fry the com­
puter system, the car simply cannot be started at all. If you lose the fob, you 

may not even be able to open the car door. 
I drive a late-model Toyota Camry, and this car, like many contemporary 

models, has a variety of sensors that convey information to the car's com­

puter system, including laser range finders, image detectors, and so forth. If 
I swerve over a white line, there is a slight resistance as the car gives me a "nudge" 
to return to the lane. Similarly, if I come too close to another car, a dash dis­
play screams "BRAKE" in red lights. The self-driving cars now on the horizon 
go much further in their ability to sense information, process it, and make 

choices about a large variety of actions. 
This example can be multiplied a million times over, as computational 

media are introduced into complex systems as controllers, processors, and 

transmitters of information. The crane that unloads the container ship incor­
porates computerized components that control the movements and intro­
duce safety protocols; the factory that makes widgets transitioned last year 
from humans on an assembly line to industrial robots fabricating the widgets; 

the diner introduced a computerized order system, bypassing the waitperson 
and connecting the customer directly with the short-order cook. 

Of course, the computational components are not all that is required. The 

crane computer communicates with both the human operator and the elec­
tromechanical systems that function as sensors and actuators for the huge 
steel tower and lifting apparatus; the factory robots must be programmed, 
maintained, and overseen by human technicians; the computer ordering sys­
tem interfaces both with a database containing the menu selections and with 
the screen at which the cook peers. Each of these collectivities qualifies as a 
cognitive assemblage, comprising humans, computational media, and electro­
mechanical systems, through which information, interpretations, and mean­
ings circulate. It is these assemblages that now drive huge cargo ships, fly air­

planes, run trains, and control traffic on urban streets. 
Cognitive assemblages also include nonhuman lifeforms, all of which have 

cognitive capabilities. Increasingly, computational media are used to harness 
the power of microorganisms' cognitive abilities. Gene editing is a spectacu­

lar example, as explained in chapter 4. In addition, computational media played 
crucial roles in developing the Plizer and Moderna vaccines for Covid-19, which 
rely on messenger RNA to send instructions to cells to build the spike proteins 
on outer walls that catalyze the development of antibodies. The development 
of these vaccines in record time would not have been possible without com­

putational power to analyze results and assist in gene sequencing. 

段静璐
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unprotected electronic circuits and components is well-known. The immense 
footprint of EMPs can therefore simultaneously place at risk unhardened 
military systems, as well as critical infrastructure systems to include power 
grids, telecommunication networks, transportation systems, banking systems, 

medical services, civil emergency systems and so forth'' (Ullrich 1997). 
Nearly three decades further along, computational systems have pene­

trated even more deeply into the infrastructures of US society. Let us suppose 
that a high-altitude EMP burst happened. What would be the result? Cars and 
trucks would not start; railroad command centers would not function; airline 
towers could not communicate with or control the airplanes, which would 
be flying blind; ATMs would not work; Wall Street trading would collapse in 
chaos; the electrical grid, controlled by electronic components, would be dis­
abled; cell phones would be useless; water would not flow from taps; food and 
supply networks would be disrupted; and so forth. I list this depressing litany 
not to forecast an apocalypse ( which of course I fervently hope never hap­
pens), but to vivify how deeply we have entered into alliances with cognitive 
assemblages and how dependent we have become on their proper functioning. 

In 1950, it may have been possible to choose other paths. In the third de­
cade of the new millennium, however, our reliance of cognitive assemblages 

and computational media has progressed so far that there is no going back. 
The only feasible options are to go forward from where we are now. There 
are, however, multiple paths that we might choose, and our choices within the 
next few years are likely to be decisive for the kinds of futures we and our 
children will have. It behooves us, then, to investigate more fully the nature of 
the cognitive assemblages so crucial to our societies. If we are serious about 
finding solutions to the global problems that confront us, one path forward is 
through the !CF framework. 

Cognitive Assemblages and the Integrated 

Cognitive Framework 

I chose "cognition" and not "thought" for this framework because, for my 
purposes here, "thought" (like one of those inedible fruitcakes soaked in bad 
whiskey) has an off-putting smell, in this case of anthropocentrism. The pres­
ent book develops further the line of argument I pursued in the previously 
_mentioned book, Unthought: The Power of the Cognitive Nonconscious. There 
I was looking for a definition of cognition that would have a low threshold 
for something to count as cognitive, yet was capable of scaling up to the kind 
of high-level cognitions evident in humans. Here is the definition I offered: 
"cognition is a process that interprets information within contexts that con-

段静璐
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段静璐
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nect it with meaning" (Hayles 2017, 22). The definition emphasizes cognitions 
processual nature; it is always in the process of becoming. Moreover, it speci­

fies an integral connection between information and cognition; information 
is the material on which cognition operates. In this sense, it is compatible with 
the theories in physics postulating that information, rather than matter or 
energy, may be the primordial entity in the universe, with matter and energy 
emerging from it.5 

The integrated cognitive framework is built on the premise that all life­
forms have ways to sense their environments, absorb information from them, 

and interpret that information through their sensory and organismic capaci­
ties. Thus all lifeforms, including those without central nervous systems such 
as nematode worms and maidenhair ferns, have cognitive capabilities. More­

over, the interpretations that organisms perform on environmental informa­

tion are crucial to their survival and reproduction and, in this sense, have 
meanings relevant to organisms and their milieux. The research area that has 

most extensively developed this concept of meaning is biosemiotics. Working 
through the triadic framework of Peircean semiotics consisting of sign ve­
hicle, interpretant, and representamen, biosemiotics understands "meaning" 

not as an abstract concept but rather as a response to environmental stimuli. 
As Wendy Wheeler put it, "meaning is always a kind of doing" (2016b, 7). 

This conceptual move has enormous implications, for it opens the entire 

realm of biota to the creation, exchange, and interpretation of signs, and thus 
to meaning-making practices. Humans in this view are not unique or special 
in their emphasis on meaning creation; all living beings create, process, and 

interpret meanings. The uniqueness of humans rather lies in their ability to 
extend meaning making into abstract symbols, as Terrence W Deacon argues 
(1998). Moreover, the signs that living creatures create are performed in en­
vironments that include all the other signs. Like the birdsongs and creaturely 
cries that greet the dawn in an Amazonian rainforest, the signs intermingle, 

each influencing and being influenced by the others. jesper Hoffmeyer calls 
this realm of interacting signs the semiosphere, a grand symphony across 
scales audible and inaudible produced by creatures as they go about the busi­
ness of living (1997, vii). 

Actors and Agents 

The emphasis on cognition has another important implication, for it pro­
vides a principled way to distinguish between cognitive acts and material 
processes. By material processes I mean the physicochemical processes that 
are the foundations on which all life is built, from chemical reactions in the 

段静璐
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soil and oceans, on up to the nuclear fission reactions that fuel the Sun. Make 
no mistake: these processes have agency. Indeed, they often release powerful 
forces that dwarf anything humans can do. What they do not have is the abil­
ity to interpret information and make choices (or selections) based on those 
interpretations. A tornado cannot choose to plow through a field rather than 
a populous town; an avalanche will not hold back its pounding cascades be­
cause climbers are on the slope. It took the spark of life to create those pos­
sibilities, and thus to unleash the power of signs and meaning creation. To 
encode this distinction, I use the term "agents" to refer to material processes, 

reserving the term "actors" for living organisms and other entities that em­
body cognitive capabilities. 

The agent/ actor distinction is further authorized by the different temporal 
regimes occupied by material processes and the evolution of biological life­
forms. Physicochemical processes follow trajectories that can be predicted by 
mapping them into phase spaces; in chapter 5, this is explained by mapping 
the trajectory of a swinging pendulum into a phase space showing momenta 
and position. In a seminal article, Giuseppe Longo, Mae! Montevil, and Stuart 
Kauffman (2012) show how this is accomplished even for chaotic nonlinear 
systems such as a double-jointed pendulum. In contrast, they argue, biologi­
cal evolution follows no such predictable trajectories. Rather, it leaps from 
one niche to another in a pattern that Kauffman elsewhere calls "adjacent pos­
sibles" (Kauflinan 2000, 22). 

The unpredictable nature of biological evolution points to another sys­
temic difference between biological lifeforms and physicochemical process: 
living creatures have stakes in what happens to them, whereas material pro­
cesses do not, a fact that Michel Levin and Daniel Dennett (2020) emphasize 
in their subtitle, which refers to "agents with agendas:· Every living being, 
even a unicellular organism, will act so as to continue its existence; as Darwin 

noted a century and a half ago, the need to survive and reproduce is universal 
throughout the animal and plant kingdoms. I call this desire to survive the 
biological mandate. Through the billions of years of the evolution of life on 
Earth, all creatures incorporated the biological mandate into their ways of be­
ing in world, for if a hypothetical species did not, it would cease to exist and 
go extinct. Rocks decay, mountains erode, lakes evaporate, but they neither 
know nor care that these events happen; they simply are. 

This position partially coincides with those taken by many theorists writ­
ing under the banner of neomaterialism, including Jane Bennett (2010), Eliza­
beth Grosz (2011), and Rosi Braidotti (2013), among others. Like them, I agree 
that material processes have agency that we ignore at our peril, and like them I 
agree that these processes are intimately involved with the processes that take 

段静璐
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systems such as generative adversarial networks ( GANs) that take their inspi­
ration from the way that cognition works in biological organisms. With the 
development of neuromorphic chips based on artificial "neurons" and "syn­
apses;' such as the SyNAPSE chip under development at IBM, the biological 
approach is carried further toward an implementation of an artificial "brain" 
that has flexibility and fault tolerance comparable to biological brains (Modha 

2015; Edwards 20n). 

Early debates about a computer's capabilities focused on whether a com­
puter simply manipulated symbols with no understanding of what its op­
erations implied, or whether its capabilities could accurately be described as 
cognitive, a term that implies the ability to interpret and make choices or se­
lections.' The !CF argues that even stand-alone computers do indeed have 
cognitive powers, including the ability to perform interpretations and thus to 
create meanings. The key point here is to reject an anthropocentric approach 
that insists meanings must be those that a human would produce; rather, the 
!CF approach situates a computer's operations within its internal and external 
milieu and locates the specificity of its meaning making within these contexts. 
As stand-alone computers give way to networked machines with sensors and 
actuators, the case for meaning making is even stronger, as computational 
media become increasingly environment aware and capable of interpreting 

sensory inputs in flexible ways. 
Thus the integrated cognitive framework is extended to form bridges be­

tween biological cognition and computational media. This is one of its principal 
contributions: to provide integrated ways to talk about cognition in general, 
and especially about the processes that enable biological and computational 
cognitions to work together in cognitive assemblages. In visualizing cognitive 
assemblages, we may think first about our interactions with the computa­
tional devices in our personal sphere, from desktop computers to cell phones. 
Important as these are, they are the tip of the iceberg. Far more extensive 
are the communications between computational devices, particularly all the 
infrastructural interfaces that keep flowing the information on which con­

temporary developed societies absolutely depend. 
In addition to providing a bridge, the !CF also fully acknowledges the pro­

found differences of embodiment between lifeforms and computational 
media. Among the consequences emerging from those differences are their 
inverse evolutionary trajectories. Whereas biological organisms from day 
one were immersed in their environments and therefore had to have ways to 
cope with fluctuating and uncertain events, computers began by being rigid 
and deterministic, only gradually developing the flexibility to deal with uncer-

段静璐
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Nonhuman Powers and Human Hubris 

Homo sapiens have a long history of utilizing the powers of nonhuman forces, 
from the prehistoric domestication of fire through fire-driven steam engines 
to the fiery inferno of the atomic bomb. Very often we humans think of these 
achievements as our accomplishments. As Timothy James LeCain has ob­
served, this interpretation reflects our hubris: "we are neither particularly 
powerful nor especially intelligent and creative-at least not on our own:' 
He credits neomaterialism with pointing out that "we humans derive much 
of what we like to think of as our power, intelligence, and creativity, from the 
material things around us. Indeed, in many ways these things should be un­
derstood as constituting who we are .... Neo-materialism suggests that [hu­
mans] accomplished these things only at the price of throwing their lot in 
with a lot of other things, like coal and oil, whose powers they only vaguely 
understood and certainly did not control" (LeCain 2015, 4). 

With the dawn of the computer era, the "things" became even more pow­
erful in their partnerships with humans, because they had increasingly po­
tent cognitive abilities. It is no exaggeration to say that developed societies 
have entered into a deep symbiosis with computational media.• Symbiosis of 
course is a term deployed in a biological context to denote interactions be­
tween two species living in close proximity to one another, like the cattle egret 
that follows cows and eats the bugs that torment the beasts. The closeness of 
the symbiotic relation varies from independent organisms that occasionally 
interact, like the bee that fertilizes an orchid shaped like a female bee, to the 
codependent relationship between humans and computational media, to the 
mitochondria inside a eukaryotic cell that have lost their autonomy and are 
now fully absorbed into the cellular dynamics. Although in common usage 
the primary connotation is positive, implying that the interactions benefit 
both species, symbiosis as a technical term in biology also can denote nega­
tive results, for example with parasitism, which hurts one species while ben­
efiting the other. So too with our symbiosis with computational media. While 
the partnerships have brought enormous benefits in everything from inter­
national commerce to advanced medical devices, there are also new risks, in­

cluding cyberwarfare, malicious hacking, computer viruses and malware, and 
a host of other vulnerabilities. What is undeniable, in my view, is that the 
symbiosis has advanced so far that developed societies cannot afford not to 
use computational media. 

The pervasiveness, centrality, and criticality of computational media mean 
that we need to think seriously about what it implies to live in a society where 
cognitive assemblages do most of the informational and physical work. With 
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the consequences when it goes out of control? A case in point is the Covid-19 
pandemic. According to an unclassified summary of a report by the US In­
telligence Agencies released in August 2021, there is a "plausible" possibility 
that the Wuhan Virology Laboratory created the chimeric virus from a bat 
virus, making it more contagious for humans (National Intelligence Council 
2021). While the truth of this situation may never be definitively determined 
(largely because the Chinese government refuses access to crucial informa­
tion), it illustrates, with a global death toll approaching seven million people, 
the incredible dangers of doing gene editing with inadequate regulations to 

control the experiments. 
Nor do the dangers end there. Much of the research on general artificial 

intelligence (GAi) aims to develop computational devices with capabilities, 
flexibilities, and world horizons that are human equivalent or more than hu­
man. If this research is successful, it is likely, as Nick Bostrom has argued, 
that it would be impossible to control such a superintelligence, because any 
controls humans devise could be circumvented by the much greater intel­
ligence of the GAi (Bostrom 2016, 115-19, 175-76). A few years ago it would 
have been easier to dismiss such concerns as so far into the future that only 
techno-enthusiasts like Bostrom would worry about them. However, with the 
advent of Transformer architecture described in chapter 6 and large language 
models demonstrating human-level language abilities, the chorus of concern 
has grown much louder. From Noam Chomsky to Geoffrey Hinton (the so­
called godfather of AI; see Metz 2023),9 esteemed researchers and thinkers 
have been issuing warnings about advanced Al. They warn us, and I agree, 
that we simply do not know how such experiments will turn out. There is a 
nonnegligible possibility that they could be as disastrous in their own way as 

the Covid-19 pandemic has been in its deadly impact. 
In short, human hubris, and the anthropocentrism that underlies it, are 

now not merely mistaken beliefs but planet-level risks to humans and other 
species. Since anthropocentrism has its origins in the liberal political phi­
losophies that grew out of Enlightenment visions of the human, it is crucial 
that we rethink and reenvision those philosophies for more planet-friendly 
alternatives-which is to say, there are compelling reasons to embrace the 
integrated cognitive framework and similar approaches if we want our spe­
cies and our ecologies to continue into the future. As one ecologist of my 
acquaintance likes to say, "If we plan on saving the planet ... ;· leaving the 
quiet part hanging in the air; "if" we do so plan, we urgently need to rethink 
basic assumptions about agency, decision making, control, and our relations 

to our biological brethren and artificial cognizers. 
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averaged or "smoothed out" at macroscale levels. Nevertheless, her account 
amounts to a kind of origin story for phenomena, which I will compare and 
contrast with Gilbert Simondon's theory of individuation. I will also compare 
it to my modest effort in a similar vein that I called "constrained constructiv­

ism" (Hayles 1993). 
Donna Haraway's richly layered, turbo-charged writing and thinking have 

long been a source of admiration and inspiration for me. Her work in evolu­

tionary biology points toward the second strand of the tribraided complex. 
I focus on her claims in Staying with the Trouble: Making Kin in the Chthu­

lucene (2016) for symbiosis, symbiogenesis, and sympoiesis in evolutionary 
biology. Drawing on two seminal articles in biological evolution, she argues 
that multicellular bodies were interpenetrated by unicellular organisms from 
the beginning, and that in fact unicellular organisms were responsible for 
their emergence in the first place. "Nothing makes itself,' she argues; "noth­

ing is really autopoietic or self-organizing" (Haraway 2016, 58). 

In alluding to autopoiesis, she gestures toward the countervailing forces 
that limit her claim. In chapter 3 I explore the complexities of autopoiesis, a 
theory developed by Humberto Maturana and Francisco Varela, in relation 
to evolutionary biology. Suffice it here simply to identify it as a vision that 
partially contradicts Haraway's claim that no multicellular organism is an in­
dividual. In strong tension with this claim is Maturana and Varelas concept of 
autopoiesis as the defining characteristic of living systems. They emphasized 
an organism's separation from the environment ( while also acknowledging its 
embeddedness within an environment). An autopoietic entity interprets all 
information solely through its own processes; in this sense it creates its own 
self-enclosed world. It follows that a living system not only acts as an individ­
ual but moreover can act only in this way. Haraway, in insisting that symbiosis 

precedes and partially negates autopoiesis ( or at least changes its meaning in 
critical ways), can be understood as crafting an origin story for multicellular 
bodies distinct from, and in some ways contradictory to, autopoiesis. 

The third strand in this tribraided complex is technics. My own work lies 
mostly within this area, particularly with the idea of technogenesis. My fo­
cus on technogenesis was inspired by the work of Bernard Stiegler, who in 
Technics and Time, 1 (1998) argues that the "human" has been involved with 
technics from the very beginning of the species, and that technics coconsti­
tutes how the "human'' has evolved. As Derek Woods (2022) usefuJJy clarifies, 
technics is distinguished from technology because it does not assume that 
technologies are passive tools used in an instrumental way. On the contrary, 

technics emphasizes the feedback between the artifact and the human, which 

段静璐
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as metastable. Bursting with potential energy, they are poised for transforma­
tive becoming. It is possible they can accelerate human evolution to science­
fictional heights, but they can also quickly go south through complex dynam­
ics that we likely will not be able to recognize in time, much less control. 

How did we get to this point? I view technics as a powerful accelerant acting 
on the two other dynamics of micro and evo through technological change. 
For anthropologists, a tool is defined as an artifact used to create other arti­
facts (remembering here also its feedback on what counts as human). Imag­
ine how tedious it must have been to fashion the first tool, because by defini­
tion there were no other tools to help in its fabrication. Tool by tool, and then 
ensembles of tools by ensembles, technical infrastructures expanded and 
deepened. Their trajectories map as exponential curves, at first slowly, slowly 
creeping up over the millennia and centuries from nearly horizonal slopes. 
By the 1800s, they began to accelerate, and by 1900, they were growing faster. 
In the contemporary moment, the trajectories have begun their upward ex­
plosion, with change happening at accelerating and now dizzying velocities. 

Contributing to this exponential explosion are the second-order emer­
gences now in play as the emergent dynamics of the three domains begin to 
interact with each other. Unwieldy as the neologism micro/evo/techno is, it 
has the virtue of indicating that the three domains are no longer separate but 
are becoming proximate with each other. More subtly, it suggests through 
the quasi divisions of the connecting/dividing slash that their entangled ef­
fects may, in a theoretical sense, be unbraided to make them available for 
interrogation and analysis. The theoretical project of narrating the stories of 
micro/evo/techno ecological relationalities, then, is first to position the three 
domains as parallel origin stories of emergence, then to separate out the three 
stands for analysis and interrogation through case studies, and finally to re­
braid them with deeper insight into their combined emergent dynamics. That 

basically is the plan of this book. 
Ecological relationality is the (mis)leading phrase that gestures toward the 

complexities of this project. It names the highly interactive dynamics that 
provide the broader contexts for the !CF. The integrated framework traces 
the intersections, convergences, and divergences as the parallel origin stories 
of micro/evo/techno interact in complex ways. It connotes the braiding pro­
cess, which recognizes the accelerating interconnections between the three 
strands; the unbraiding necessary to explore their histories and analyze their 
implications; and the rebraiding together again, which takes advantage of the 
preceding interrogations to arrive at more comprehensive understandings. 

Here is a brief indication of how the interconnections are working at pres­

ent, achieved through the rebraiding process mentioned above. With gene edit-

段静璐
这词是有点过分：微观/演化/技术。



L 

AN INTEGRATED COGNITIVE FRAMEWORK 21 

ing, biological evolution is now open to (possibly world-altering) mutations 
through intentional interventions of humans into genetic processes. Quantum 
effects are being harnessed to expand and accelerate the capacities of com­
putational media through quantum computers, where research efforts are re­
sponding to the necessity of handling already vast and ever-increasing amounts 
of calculations and data storage. Neuromorphic chips such as SyNAPSE are 
being developed to leap over the fast-approaching physical limits of the silicon 
atom's diameter to enable further miniaturization and computational power. 
Computational power is essential to carry out the calculations, data storage, 
and processing necessary for gene editing. Artificial intelligences, especially 
neural nets, are achieving human-competitive and more-than-human results 
in staggeringly diverse fields of competence. Ais are now also interacting with 
gene editing to construct protein foldings that form the basis for new drugs 
and further interventions in genetic processes. In addition, Als are now com­
municating with humans through natural language, increasing Ais' penetra­
tion not only into contemporary infrastructures but into people's daily lives, 
with accompanying influences on human behaviors and psyches. Through all 
this, the second-order emergences continue to accelerate and expand. 

How does one begin to untangle these entanglements, separate out the 
strands for analysis and interrogation? My approach is to explore the strands 
through case studies ranging from gene editing to autopoiesis and Gaia the­
ory, bacteria and xenobots to artificial intelligence. None of these captures 
the full implications, of course, but I think that aspiration is probably beyond 
human capacity. My hope is that the chapters that follow will in some mea­
sure contribute to the collective endeavor to investigate and understand how 
second-order emergences are rapidly transforming our contemporary world. 
But first, let us return to trace in more detail how the origin stories of micro/ 
evo/techno took shape in the twentieth and twenty-first centuries. 

Micro Relationalities: Karen Barad 

Barad bases her theory of agential realism in experimental results from quan­
tum mechanics and their interpretation by Neils Bohr. In contrast to Heisen­
berg's well-known interpretation of the experiments showing that light could 
manifest as either a particle or a wave, which posited that the apparatus was 
interfering with the result, Bohr took a more radical approach, arguing that 
reality enters the realm of knowledge only once reality is measured. Barad's 
project takes Bohr's ideas from epistemology into ontology, arguing that quan­
tum reality has no determinate qualities until it is measured with a specific 
apparatus (Barad 2007, 31). Therefore, the apparatus and measuring procedure 
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coconstitute the phenomena, understood as what is perceived at the experi­

ment's conclusion. 
Barad's Meeting the Universe Halfway: Quantum Mechanics and the Entan­

glement of Matter and Meaning (2007) masterfully draws out the implications 
of this insight. She argues, for example, that representationalism fundamen­
tally distorts our situation, for it assumes that there is a stable object to be rep­
resented that precedes its existence as a perceived object. Notwithstanding its 
subversive effects, reflexivity is also suspect because it assumes that there is a 

representation that can be subverted.'° Instead Barad argues for performative 
approaches, which "call into question representationalism's claim that there 
are representations, on the one hand, and ontologically separate entities await­

ing representation, on the other" (Barad 2007, 49). "Knowing does not come 
from standing at a distance and representing but rather from a direct material 
engagement with the world" (49, emphasis in original). Elsewhere she articu­
lates a similar idea in her succinct summary~ "We are a part of that nature we 

seek to understand" (29)-using this insight as a foundation from which to 

launch her theory of agential realismY 
The adjective "agential" underscores the performative nature of knowl­

edge practices. "According to agential realism, knowing, thinking, measur­
ing, theorizing and observing are material practices of intra-acting within 

and as part of the world .... We do not uncover preexisting facts about in-
dependently existing things .... Rather we learn about phenomena-about 
specific material configurations of the world's becoming" (Barad 2007, 91). It 
is important to note that agential realism should not be understood as saying 
that reality has no underlying regularities. Just as "agential" is important, so 
is "realism:' As Barad points out, if the same apparatus and measuring proce­
dure are used repeatedly, each time they will give the same result. Therefore, 
underlying regularities (formerly known through the misleading term "laws 
of nature") must exist, but the problem comes in disentangling our ways of 
knowing them from what they are in themselves-an inherently impossible 
task, since it supposes they can somehow be grasped "objectively;' that is, 

from a God's-eye viewpoint impossible to achieve. 
I came to similar conclusions in the early 1990s, at the height of the so­

called science wars. The tensions of that tumultuous period are captured in 
George Levine's 1993 collection Realism and Representation: Essays on the 
Problem of Realism in Relation to Science, Literature, and Culture. This edited 

• volume was preceded by a conference in which speakers lined up like players 
at a baseball game, with the constructivists in one dugout and the realists in 
the other, jeering at each other from their respective positions (as such activi­
ties are performed through the decorous protocols of academia). I had read 

段静璐
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would be as alien to us as are the gods themselves. We are humans, and we 
know as humans, fashioned through eons of evolving biological, cultural, and 

technical heritages. 
Barad, in her exposition of agential realism, argues that quantum mechan­

ics principles apply at all scale levels. "Significantly, quantum mechanics is 
not a theory that applies only to small objects; rather, quantum mechanics is 
thought to be the correct theory of nature that applies to all scales. As far as 
we know, the universe is not broken up into two separate domains (i.e., the 
microscopic and the macroscopic) identified with different length scales with 
different sets of physical laws for each" (Barad 2007, 85). This is technically 
correct, and quantum effects such as entanglement have recently been ob­
served in two mechanical oscillators with masses of seventy picograrns-very 
small, but still much larger than quantum scales (Kotler et al. 2021). However, 

it also remains true that no one would use quantum mechanics methods to 
calculate a rocket trajectory to the Moon. At macroscopic scales, quantum ef­
fects tend to average together and thus cancel each other out, much like ran­
dom small ripples in a pond interfere with each other and thus don't cohere 
into larger waves. Thus for practical purposes, such as the rocket trajectories, 

classical mechanics works fine.13 

How important is this constraint on Barad's larger claims about the perfor­
mative nature of what we perceive as reality? Since she bases much of her ar­
gument on detailed expositions of specific quantum mechanics experiments, 
there remains a large gap between the scope of her ontological claim and 
evidence that would support it in macroscopic terms. Similarly, she spends 
a good deal of ink writing about her "diffractive methodology" (Barad 2007, 

esp. 91), but this sits uneasily with her other claim that she is not dealing in 
analogies or homologies but literal facts. Diffraction gratings use grooves in a 
substrate to break light waves into different wave lengths, thus spreading out 
the white light that hits them into different wave lengths and therefore col­
ors. Barad proposes "diffractive methodology'' that reads different viewpoints 
and disciplinary practices through each other, with the idea that this practice 
will cause their implicit assumptions to be spread out and thus be revealed, 
much as white light is broken into colors by diffraction gratings. "Diffractive 
methodology;• Barad writes, "is a commitment to understanding which dif­
ferences matter, how they matter, and for whom. It is a critical practice of en­

gagement, not a distance-learning practice of reflecting from afar" (2007, 91). 

This could be a powerful methodology, but it nevertheless relies on analogy 
rather than literal fact. The argument for diffractive methodology would be 
more persuasive if Barad's book contained case studies of how it would work 
in practice beyond the quantum scale, which are largely lacking." 
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element of the term may be considered a transition zone in which both mi­

croorganisms and quantum effects are in play. 

Evo Relationalities: Donna Haraway 

In Staying with the Trouble, Donna Haraway writes, "Nothing makes itself; 
nothing is really autopoietic or self-organizing" (2016, 58). Thus she declares 
herself firmly on the side of symbiosis rather than the older view of biological 
"individuals:' an argument proposed in two seminal articles she cites advo­
cating the symbiotic view. Following this trail, I found the evidence for nearly 
universal symbiosis compelling indeed. The articles' titles tell the story: ''A 
Symbiotic View of Life: We Have Never Been Individuals" (Gilbert et al. 2012) 

and ''Animals in a Bacterial World, a New Imperative for the Life Sciences" 
(McFall-Ngai et al. 2013).16 Instancing symbiotic mechanisms present in al­
most every process characteristic of animals, from metabolism to reproduc­
tion and development, both articles argue that the traditional view of bio­
logical "individuals" should be jettisoned in favor of symbiotic views that see 
organisms as collectivities (holobionts) rather than single entities. ''Animals 
are composites of many species living, developing, and evolving together;' 
Gilbert et al. write (2012, 326). They continue, "The discovery of symbiosis 
throughout the animal kingdom is fundamentally transforming the classical 
conception of an insular individuality into one in which interactive relation­

ships among species blurs the boundaries of the organism and obscures the 

notion of essential identity" (326). 
Although I am far from expert in this field, the evidence they present 

seems to me overwhelming. Nevertheless, I wonder about the other side of 
the story-the conventional narrative, perhaps fueled by the Western ideol­
ogy of possessive individualism, that animals make decisions as individuals, 
struggle to survive as individuals, and reproduce as pairs of individuals (the 
exception here is that they don't die as individuals, for their demise means the 
death of their symbionts as well).1' The evidence for symbiosis is very strong, 
but isn't the evidence for individuals equally overwhelming? I understand 
that from the viewpoint of the authors (and Haraway), the mainstream nar­
rative is badly misleading and needs to be corrected. Granting this point, I 
wonder if it is possible to hold both views in balance: the view that all animals 
are holobionts, and the opposing view that they have the capacity to act as 

individuals, distinct from the influence of their symbionts. 
Without doubt, scale and advanced technologies are both at issue here. 

Gilbert et al. acknowledge that crucial evidence was collected through "nu­
cleic acid analysis, especially genomic sequencing and high-throughput RNA 
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always orders of magnitude more complex than the system itself. Were a sys­
tem to be open to this exterior complexity, it would collapse from its inability 
to handle all the information. Because it is operationally closed, however, it 
can respond to the exterior complexity by (re)creating interior complexities 
in its own terms, which remain at a manageable level and allow the system to 
continue to operate. Hence another crucial attribute for a system to exist is a 

clear distinction ( drawing on The Laws of Form by George Spenser-Brown) 

between the system as such and its environment. 
In 1994, I had an opportunity to sit with Luhmann in an interview/de­

bate at the University of Indiana, arranged by Cary Wolfe and William Rasch. 
From my point of view then, systems theory had a major blind spot. In its 
excision of individuals and causal connections with the environment (which 
Luhmann adopted from Maturana and Varela), systems theory was setting 
itself up as the "other" to narrative, which focuses precisely on these qualities. 
Luhmann acknowledged in his work that every distinction creates a blind 
spot, something obscured or rendered invisible by the given distinction's choice 
of where the cut is made. That narrative is so darkened by systems theory 
means that all the insights conveyed by narratives from time immemorial to 
the present are minimized by systems theory, which seemed to me a heavy 
price to pay for the insights that systems theory admittedly provides, such as 
the necessity for operational closure. I also wanted to indicate by this argu­
ment that systems theory alone cannot tell the full story of human and envi­

ronmental complexities. 
By that time Luhmann was in his late sixties, and only four years from his 

death. I am not sure he grasped the point I was trying to make ( or perhaps 
did not want to grasp it), so the "debate" happened more in print than in per­
son (Hayles 1995). Rereading my article now, three decades after it was pub­
lished, I am struck by the continuing tension between the autopoietic/sys­
tems theory's insistence on closure (informational and operational) and the 

mounting evidence instanced by Haraway, among others, on all the ways in 

which symbiotic interactions render that idea unfeasible. 
This brief account should make clear why autopoiesis and associated ideas 

are incompatible with sympoiesis as Haraway uses it. The very idea that there 
is a clear boundary between a system and its environment is precisely what is 
in question in symbiosis; as Gilbert et al. write, symbiosis "blurs the bound­
aries" between self and other, inside and outside (2012, 326). Haraway, crediting 
M. Beth Dempster, a Canadian graduate student, with inventing the term 
"sympoiesis:· quotes Dempster's definition: "collectively producing systems 
that do not have self-defined spatial or temporal boundaries. Information and 
control are distributed among components. The systems are evolutionary and 
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have the potential for surprising change" (Haraway 2016, 61). However, some 
animals cited as holobionts in McFall-Ngai et al. (2013) do have clear spatial 
and temporal boundaries (at least on a macro-level), for example, cows and 
humans, so clearly sympoiesis and symbiosis are not simply synonymous. 
Haraway's own characterization of sympoiesis is more poetic than Demp­

ster's, but perhaps less clear: "Sympoiesis is a simple word: it means 'making 
with: ... Sympoiesis is a word proper to complex, dynamic, responsive, situ­
ated historical systems. It is a word for worlding-with, in company" (2016, 58). 

And then comes a crucial qualification: "Sympoiesis enfolds autopoiesis and 
generatively unfurls and extends it" (58). 

What are we to make of her implication that sympoiesis is able to engulf 
autopoiesis, apparently without indigestion? Elsewhere she seeks to clarify 
her position: "As long as autopoiesis does not mean self-sufficient 'self-making; 
autopoiesis and sympoiesis, foregrounding and backgrounding different as­
pects of systemic complexity; are in generative friction or generative enfold­
ing, rather than opposition" (61). Except, of course, self-sufficient self-making 
are precisely what autopoiesis has meant, from Maturana and Varela's Au­
topoiesis and Cognition ([1972] 1980) to the present. Perhaps the reason that 
Haraway wants to hang onto the word, rather than jettison it altogether, is be­
cause her hero (and mine) Lynn Margulis used it (as noted in chapter 3). Call­
ing Margulis "a student of interlocked and multileveled systemic processes 
of nonreductionist organization and maintenance that make earth itself and 
earth's living beings unique:• Haraway notes that "Margulis called these pro­
cesses autopoietic:• She adds, somewhat wistfully, "Perhaps she would have 
chosen the term sympoietic, but the word and concept had not yet surfaced" 
(2016, 61). 

Elsewhere, she makes her preference crystal clear. "The earth of the on­
going Chthulucene is sympoietic, not autopoietic . ... Autopoietic systems 
are hugely interesting-witness the history of cybernetics and information 
sciences; but they are not good models for living and dying worlds and their 
critters. Autopoietic systems are not closed, spherical, deterministic, or teleo­

logical; but they are not quite good enough models for the mortal SF world. 
Poiesis is symchthonic, sympoietic, always partnered all the way down, with 
no starting and subsequently interacting 'units'" (Haraway 2016, 33, emphasis 
added). 1

" 

Derek Woods, in his article "Prosthetic Symbiosis'' (2022), identifies the 
problem with this vision. Picking up on the tension between autopoiesis and 
symbiogenesis (the idea that symbiosis was the genesis of speciation and per­
haps of multicellularity), he writes, "Haraway sees them as contradictory. For 
her, there can be no self-enclosed units of life. The recursive closure demanded 
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by autopoiesis is incompatible with a biosphere composed of relations all 
the way down, a biosphere in which life forms are constantly enfolded and 
merged with one another-in other words, a biosphere in which symbiosis 
is so constitutive that it would be impossible to spot the chimeras and distin­
guish them from basic singular beings. Haraway offers 'sympoiesis' as a way 
to move past the impasse of autopoiesis and symbiogenesis" (Woods 2022, 
159). He continues, "the problem with sympoiesis is that it provides no re­
placement for the bootstrapping abilities of life-abilities that are not about 
some kind of anti-ecological isolation from the environment, but rather pres­
ent a compelling answer to the question of what makes life distinct and ir­
reducible to the chemistry of replicators'' (159-60}. 

Haraway would likely object that symbiogenesis provides exactly that kind 
of. bootstrapping capacity, since it focuses on endosymbiotic relationships 
that lead to new kinds of cells, metabolisms, and even species. But what 
Woods evidently is objecting to here is a vision of symbiosis so complete that 
the distinction between organism and environment simply collapses, along 
with such entailed activities as self-organization. He writes, "One downside 
[of such a vision] is that symbiosis ends up applied widely across scales and 
registers'' so that it becomes the dominant force "at a planetary scale. Some of 
the fascinating specificity of symbiosis as something life offers to ecotheory is 
lost or vitiated" (Woods 2022, 161). 

As we have seen, fundamental to every kind of systems theory is the idea 
that a cut can be made distinguishing organism from environment. If such 
a cut is ruled out of court, all the accomplishments of systems theory would 
dissipate as well. Just as organisms do act as individuals, so the autopoietic 
capacity for self-organization, self-maintenance and homeostasis has been 
documented so thoroughly that no reasonable person could doubt it exists. 
Although the Neo-Darwinist focus on genes alone obviously needs correc­
tion to account for genetic transfer through symbiosis, in my view it is a ques­
tion of finding a reasonable balance in which organisms exist as individuals 
as well as symbionts, genetic transfer happens through multiple pathways, 
and lifeforms are recogni2ed as having autopoietic capacities as well as sym­
biotic connections. 

As one pathway toward this kind of vision, Woods offers his idea of pros­
thetic symbiosis. Crucially from my point of view, it includes attention to 
scale, which as we have seen is an issue not only with symbiosis but also with 
microquantum effects. "There may be scales where symbiosis matters and 
scales where it does not;' he observes (2022, 166). He also notes that "even if it 
is difficult to demarcate the boundaries of individuals, they remain individ­
uals to the extent that they can die. Even if species are really multispecies as-
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accumulates until it becomes, in his view, the defining characteristic of the 

human. 
I was inspired by this vision to carry the line of thought into the con­

temporary moment, which culminated in my book How We Think: Digital 
Media and Contemporary Technogenesis (Hayles 2015). In Time and Technics, 
Stiegler is mostly concerned with prehistoric humans, but it seemed to me 
that his argument is stronger than ever when considered in the context of 
the twentieth and twenty-first centuries. Memory storage, transmission, and 

processing have been enormously accelerated by the invention of the digital 
computer; moreover, the impact of digital devices on human brains and ner­

vous systems has also been growing exponentially as people spend more and 
more time looking at screens of all kinds-desktop computers, cell phones, 

digital notebooks, and so on. 
Some time before the publication of my book How We Think (2015), I had 

spent a year as a Phi Beta Kappa Visiting Scholar, visiting colleges and uni­
versities across the country. Everywhere I went, I heard teachers, professors, 
and grad students complaining about a lack of attention in their students. 
Whereas a standard teaching technique in business schools, for exaniple, was 
to ask students to read thirty-page case histories, a business professor said she 
had been receiving so many complaints that she had begun condensing them 
into two-to-three-page abstracts. A literature professor said that he could not 
get his undergraduates to read long Victorian novels, so he had taken to as­
signing short stories. Subsequently I published a widely cited article that ar­
gued digital technologies were causing a cortical (and generational) shift in 
cognitive modes of attention, shifting from what I called "deep attention'' to 

"hyper attention'' (Hayles 2007a). 
The article attracted Stiegler's notice, and for a time he cited my work in 

his lectures. However, I went on to argue that hyper attention had adaptive 
advantages as well as disadvantages, for example the ability to rapidly shift 
focus from one task to another (useful for air traffic controllers, stock traders 
watching multiple screens, etc.), while at the same time he grew increasingly 
alarmed at the effects of digital technologies ( or what he called the "program­
ming industries" [Stiegler 2010, 16, 181]), including TV, on the populace in 
general, and specifically on young people, whose brain circuitry is still rela­

tively malleable.19 

Our differences came sharply into focus in 2011, when Marcel O'Gorman 
at the University of Waterloo arranged a debate between us called "Atten­
tion!" at the annual conference of the Society for Literature, Science and the 
Arts, where Stiegler was the keynote speaker. In his keynote address, he urged 
"adoption, not adaptation;' which is to say, he wanted to ban some programs 



段静璐
共生作为一种假肢性的关系。

段静璐
这又是斯蒂格勒的哪一本？技术有自己的选择压力。但确实还存在广泛的环境压力，只是怎么将脉络纳入进来？



34 
CHAPTER ONE 

operate. By importing technics into symbiotic discourse, Woods wants to em­
phasize the idea that the "tools" of symbiosis (that is, other species that form 
symbiotic connections) "have a biotic life of their own" (Woods 2022, 170), 

feeding back into the hosts to alter them as well as the symbionts themselves. 
The crucial analogy, then, is the idea that in symbiosis, as in Stiegler's view 
of technics, the symbionts coconstitute and coevolve with their hosts. By im­
porting technics into symbiotic discourse, Woods creates the possibility for 
other analogies to be constructed as well. He already hints at this in suggest­
ing that technics may evolve like symbiosis, through processes not entirely 
dependent on the individual wills ( or even collective wills) of the entities who 
participate in it. "Prosthetic symbiosis" is thus a backformation that suggests 
two things at once: (1) that nonconscious mechanisms found in biological 
symbiosis may also be in play in technics, and (2) that the exponentially ex­

ploding trajectories of technics may also be entangled with symbiotics in the 
biological realm. In my terms, what his double entendre points toward are the 

second-order emergences of evo/techno relationalities. 
I find this fascinating because his construct is the exact inverse of my ar­

gument for technosymbiosis. By this term, I mean to emphasize the coevolu­
tion and coconstruction of humans by technics. Obviously, the term works by 
importing symbiotic discourse into technics (the inverse of Woods's import­
ing technics discourse into symbiosis). I too want to create a similar sense 
that the dynamics of biological symbiosis is now deeply entangled with the 
dynamics of technics, in the second-order emergences I designate through 
the micro/evo/techno composite. The technoevolution of humans has al­
ready put us in a position to intervene decisively in genetic transformations, 
including our own, as discussed in chapter 4. Further interventions in the 
dynamics of biological symbiosis are without doubt also possible, along with 
the corresponding feedback loops that will alter human life even as we alter 
the courses of more-than-human life. Where all this will lead is an open ques­
tion: that very uncertainty should make us afraid-very afraid-for it has as 
much possibility for catastrophe as for beneficial outcomes, all the more rea­
son to devote ourselves to understand its implications as fully, thoughtfully, 
and carefully as we can, which is the ultimate purpose of this book. 

Effects of Second-Order Emergences: Reversible Internalities 

The chiastic relation observed above, between Woods's view of symbiosis as 
prostheses and mine of prostheses as symbiosis, is a specific case of a more 
general dynamic that, inspired by Jason Moore's "double internality" (2015, 

105). I call reversible internality, which seems to me a more appropriate term. 
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As we will see, the figure of reversible internality has become a characteristic 
trope of our contemporary moment, popping up everywhere like dandelions 
after a spring rain. How and why did this formation become a talisman of 
early twenty-first-century thought, what are its implications, and specifically, 
how is it related to second-order emergences? To explore these questions, we 
will have to return to the implicit assumptions in analyzing emergences and 
work forward from there. With first-order emergences, the usual analytical 
stance is to presume that two or more entities interact in ways that lead to the 
emergence of a third, which is the perspective taken above when discussing 
first-order emergences in micro/evo/techno relationalities. First-order emer­
gences position relationality as an active, generative process capable of open­
ing pathways to something new.21 Of course, as Simondon reminds us, this 
move assumes that there are independent entities that can interact in the first 
place. As his work testifies, this is an abstraction and simplification of the ac­
tual situations in complex adaptive systems, where (to echo the recent movie) 
"everything everywhere all at once'' are interacting together. To call the effects 
"second-order emergences" presumes that this first interactive process has al­
ready happened and has subsequently created another tier of complexities by 
showing that emergent phenomena themselves interact to create something 
new. In this sense, second-order emergences build relations among relations. 
Note that implicit in this narrative is a linear temporality signified as "first" 
and "second." 

Second-order emergences tend to subvert and complexify this linear story. 
The effects of the additional tier of complexity, building relations from rela­
tions, are to bring into question the ontological priority of the interacting 
terms presupposed to generate the first-order emergences. Thus the choices 
of "primary" entities interacting (measuring instruments and the flux for mi­
cro, unicellular organisms for evo, and technics and humans for techno) are 
revealed as analytical choices that could have been made otherwise. That is, 
the effect is to reveal the relational frame used to analyze the emergence as a 

frame and therefore as contingent on the chosen perspective. The transition 
from first-order cybernetics to second-order cybernetics shows this process 
in action. Whereas first-order cybernetics focused on central terms such as 
information, feedback, and homeostasis, second-order cybernetics, associated 
with von Foerster's Observing Systems (1984) showed that the description of 
any cybernetic system implied the presence of an observer who creates the 
frame, and that a change in perspective can bring the observer him- or herself 
into the picture ( thus the pun of von Foerster's title, which can be read either 
as a system that is observed, in which case the observer is only implicit, or as 
the action of observation itself, which makes the observer explicit). Once the 
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contingency of what counts as primary stands revealed, it becomes possible 
to make another choice. Reversible internality enacts precisely such a change 

of perspective. 
Michael Snow's artist book Cover to Cover ([1975] 2020) illustrates this 

concept beautifully. A,; the title implies, the book begins with the front cover, 
showing a door; flipping the book over shows another door on the back cover, 
which readers will later realize is the other side of the same door shown on the 
front. The space between the two images-that is to say, the book's contents­
are filled with pages meditating on how images are framed using different kinds 
of apparatuses and perspectives. For example, opening the cover reveals an 
image of the back of a man's head and torso standing beside the door. Suc­
ceeding pages show the man, seen from the back, entering the door as he in­
crementally advances through several scenes. But then the perspective shifts, 
the frame changes, and the man is seen from the front. Then the photogra­
pher who has taken the shots through which we have been paging stands re­
vealed through several different kinds of frames and positions. Now another 
series of pages begins in which an image is shown on a page, while the facing 
page shows the apparatus that generated the image, including shots outside 
a window of the so-called natural world, now revealed as available to us as 
readers only through some form of mediation responsible for creating the 

image and framing what we see. 
Yet another series begins with the man leaving the house and entering a 

truck and then driving around town, but now we readers have been so in­
oculated to expect a mediating apparatus to be revealed that we are forced to 
wonder about the apparatus creating the images, which has disappeared from 
view. Another series focuses on the man's head and hands, implying that me­
diation of some kind is inevitable, since the human mind and hands are the 
final mediators of all the mediations we experience as human beings. Between 
the front and back covers, then, lies a universe of reversible internalities. 

Crucial to the concept of reversible internality are looming questions, such 
as what it means for something to be "internal'' to something else. It means 
that System A, which is said to be "internal'' to System B, is understood in 
terms dictated by the episteme of System B. Conversely, if System B is "in­
ternal" to System A, the inverse is true; that is, System B is now analyzed in 
terms subservient to the kind of universe that System A is assumed to gener­
ate. For example, technics may be seen as internal to humans (that is, humans 
make technological artifacts), in which case an artifact is analyzed in terms 
of human history, as contingent on human evolutionary developments such 
as bipedalism. Such a perspective might emphasize that when Homo habilus 

first walked upright, the hands were freed to make and use tools, which ac-
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the evolutionary mechanisms that the forest has developed to sense and in­
teract with its environment. But this is not really an either/or choice; rather 
it is both/and, because both perspectives are possible simultaneously and in 
fact coconstitute each other. Each entity can be seen as internal to the other, 
which leads to a higher-order realization that they are not merely dialectically 
joined but are two different constructions of the same reality. Nevertheless, 
the choice of frame is always consequential, so which frame is given priority 
becomes an ethical as well as an intellectual choice, as do the corresponding 

responsibilities for those choices. 
Reversible internality, with its relationizing of relations, is a powerful tool 

with which to combat anthropocentrism, because it reveals with stark clarity 
the arrogance of presuming that humans are ontologically prior to, and thus 
privileged above and separate from, the phenomena they investigate. Anthro­
pocentrism would eradicate reversible internality so that only one analytical 
choice is permitted: making everything else internal to the human-dominant 
externality. Technosymbiosis points in the opposite direction, highlighting in­
teractions between different kinds of cognitive entities: humans, nonhuman 
lifeforms, and computational media. It emphasizes relationalities in general, 

and reversible internality specifically, relocating the human within the web 
of life while also recognizing that the web of life can be framed as internal to 

human interventions and perspectives. 

Technosymbiosis Defined and Situated: The Work It Can Do 

By appropriating a biological term (symbiosis), I do not mean to imply that I 
regard computational media as alive.22 Rather, I see the common trait justify­
ing the splice between technological and biological categories as cognition. 
Together with symbiosis in the biological realm, which evolves life through 
life, computational media and Al are prostheses evolving life by means other 
than life. Now with the second-order emergences erupting, these two inversely 
related dynamics are merging to create explosive potentials to transform not 

just the meaning oflife, but life itself. 
In proposing technosymbiosis, my focus is on cognitive technologies, 

broadly understood as computational media. Computational media are much 
more than computers; they include chips of all kinds, routers to control and 
direct information traffic, networking hardware and software, and so on. 
Among all technologies, computational media are special because they are 
the controllers, interpreters, and disseminators of information. The more im­
portant information flows are to a society, the more computational media 
interpenetrate every other technology, and the more critical they become to 

段静璐
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how literary criticism should approach machine-generated literature, includ­
ing novels, poems, essays, and other literary forms. It interrogates what kind 
of ethical frameworks are appropriate for cognitive assemblages, in which 
agency is distributed and not all the actors are human. Using literary texts, 
it explores through the trope of the conscious robot the possibility that com­
putational media may someday achieve consciousness and speculates about 
the ethical questions that conscious robots will raise. Its primary mission is 
to think about environmental and computational issues together to achieve 
new insights and envision new solutions to our most pressing problems. In 
its most encompassing form, it leads to a philosophy of ecological relationali­
ties, discussed above, which can be understood as a rethinking ofliberal phi­
losophy to avoid anthropocentrism and a reenvisioning of relations of Homo 
sapiens to other biological species and to computation media. 

Braiding the Chapters 

Each chapter focuses on one of the micro/evo/techno threads, with added col­
orations from the others. In chapter 2, "Can Computers Create Meanings? A 
Technosymbiotic Perspective;' the focus is on how cognitive lifeforms evolved 
from material processes. It traces their evolution using two complementary 
frameworks, Terrence W. Deacon's teleodynamics, emphasizing constraints 
and structural organizations (20n), and my own intermediation emphasizing 
lock-in effects created by moving from one level of organization to another 
(Hayles 2005). From there it engages the central question of how biological 
lifeforms use their cognitive capabilities to create and interpret signs. As indi­
cated above, it draws on biosemiotics to argue that all living organisms, even 
unicellular organisms and plants, interpret signs in ways appropriate to their 
contexts. Although the biosemiotics framework advanced by such theorists 
as Jesper Hoffmeyer, Wendy Wheeler, and Terrence Deacon has considerable 
explanatory power, it has a significant blind spot in arguing that such signi­
fying capabilities apply only to living organisms, not computers. However, 
many of the objections to computers creating meaning become moot if the 
relevant unit is considered to be human plus computer rather than either 
alone. Computers, embodied in ways profoundly different from ways that 
humans are, nevertheless have internal and external milieux within which 
they interpret information and create meanings relevant to their contexts and 
embodiments. In turn, these operations fundamentally transform the kinds 
of interpretations and meanings that humans create. The human species, this 
chapter argues, is in the midst of entering into a deep symbiosis with com­
putational media. Still incomplete, this symbiosis has far-reaching implica-
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When the same virus attacks again, the cell deploys an enzyme that recog­
nizes the virus by carrying within itself the copied fragment and then cuts 
the viral DNA at the corresponding point of its genome, effectively killing the 
virus. This series of events, I argue, qualifies as a kind of mimesis, which is 
typically understood as a mode of imitation that nevertheless is distinct from 
merely copying. By incorporating the viral genetic fragment into its own ge­
nome, the bacteria imitate the viral DNA but do not copy it. Rather, they 
recontextualize it by giving it a different context. In addition, they completely 
change its function, so that it used now not to replicate the virus but kill it. 

Thus the process constitutes what I call micromimesis. 
Understanding it as a kind of mimesis highlights the fact that it is a cog­

nitive act. CRISPR-Cas9 gene-editing techniques use this bacterial cognitive 
capacity to target, modify, or replace specific genes in a wide variety of ani­
mals and plants, giving humans the ability to direct evolution, not only for 
ourselves but for all the species on Earth. The ethical responsibility this im­
plies can be reinforced by recognizing that this power results not from human 
cognition alone, but from a collaboration with bacteria to achieve results nei­
ther party could by itself. This implies an ethical orientation that is a crucial 
aspect of ecological relationality, for it emphasizes not human power alone 
but our collaborations with nonhuman others. The emphasis on collabora­
tion provides a basis for a stronger sense of responsibility toward other spe­
cies, to whom we are indebted for much of our powers and even our existence. 

The theme of cellular cognition is further explored through the creation 
by biologist Michael Levin and various collaborators of "xenobots;' explanted 
frog skin cells that then begin to exhibit new behaviors suppressed when they 
were integrated within the frog's cellular networks. Like bacterial cognition, 
the cognitive acts of these skin cells show that cognition goes "all the way 
down;' as Levin puts it in an article with Daniel Dennett (Levin and Dennett 
2020 ), down to the smallest unit capable of autopoietic behavior, the living 
cell. Consequently, Levin urges biologists to adopt a teleological approach 
to cellular behaviors; like all lifeforms, cells strive to continue their existence 

and will initiate new and creative behaviors to do so. 
Chapter 5, "Rocks and Microbes: The Two Different Temporal Regimes 

of Biological and Mineral Evolution;' begins with the article by Giuseppe 
Longo, Mae! Montevil, and Stuart Kauffman (2012) mentioned earlier, argu­

ing that physicochemical processes take place within a different temporal re­
gime from biological evolution. Where material processes follow predictable 
trajectories that can be mapped in phase spaces, biological evolutions follow 
no such predictable paths, instead leaping from niche to niche by exploiting 
what Kauffman calls "adjacent possibles" (Kauffman 2000, 22). One way to 
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and other literary forms that are even now proliferating like rabbits on the 
internet. Among the approaches discussed is what I call the null strategy (by 
analogy with the null hypothesis in the sciences), which argues that a text is a 
text, regardless of who (or what) authored it. This chapter argues against the 
null strategy, claiming that it does indeed matter whether a text is created by 

a human or a machine. 
The chapter further argues against the "stochastic parrot" view of these 

machine productions, a view that regards neural nets as so many parrots, 

producing texts that have no meaning in themselves, only the meanings that 
humans project onto them. The chapter proposes in contrast the view that 
a neural net can indeed detect and create meanings through the billions of 
indexical correlations that it performs on human-authored texts, thereby 
gaining some sense of human language as well as the human lifeworld. Nev­
ertheless, these neural nets have a model only of language, not of the world, 
and hence their productions typically betray what I call a systemic fragility 
of reference. The chapter proposes four literary-critical strategies appropriate 
for machine-authored texts and illustrates them with selections from texts 
authored by GPT-3. The chapter concludes with the suggestion that although 
large language models such as GPT-3 are not sentient, they may be moving 
toward protosentience through the indexical correlations they create. 

Chapter 7, "GPT-4: The Leap from Correlation to Causality and Its Im­
plications;' compares the performance of GPT-4 with GPT-3 and ChatGPT. 
Drawing from OpenAl's own technical report as well as an evaluation report 
by a team of Microsoft researchers, the chapter discusses GPT-4's perfor­
mance on a number of standardized tests intended for humans-including 
a simulated bar exam, the SAT and GRE exams, and various other metrics­
which shows significant improvements in mathematical reasoning, lan­

guage comprehension, coding expertise, medical knowledge, and a range of 
other capabilities. Despite these improvements, the Microsoft report also dis­
cusses significant limitations, mainly due to the model's inability to "back up;' 
that is, to engage in an inner dialogue about its guesses and assumptions, and 
its inability to revise its initial outputs. The proposed improvements in the 
Microsoft report would allow for longer-term memory, inner dialogue, the 
use of external tools such as search engines, and a hierarchical structure that 
combines the present bottom-up contexts with top-down contexts based on 
paragraphs and larger lexical units. Not coincidentally, these are precisely the 
qualities that also correspond to a stronger emergent sense of self. Drawing 
on an essay by Avery Slater (2020) about LLM creativity, this chapter specu­
lates what it would imply if GPT-4 did develop a sense of self. While such a 
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and romantic relationship with his (and then her) human partner Eliaz. Of 
central interest in this fiction is the author's attempt to imagine how a robot's 
consciousness may differ from typical human perceptions, and what differ­
ences these make in motivating the robot's actions in the fictional world. 

A similar conundrum shapes Ishiguro's novel, which features a conscious 

robot narrator, Klara, whose special gift is her ability to observe humans 
closely and intuit their emotions. Bought as a companion to the ailing twelve­
year-old Josie Arthur, Klara devotes herself to the child's welfare. Although 
the robot's thoughts do not differ in any significant way from a human's, she 
clearly occupies a subaltern position in the Arthur household, hovering in a 
gray zone somewhere between a person and a vacuum cleaner (as one of the 

characters puts it). 
The effect of conscious robots on the human aura plays out at the in­

dividual level in Josie's mother's plan to make Klara "continue" Josie if she 
dies, thus replacing the original with a simulacrum. On the societal level, the 
introduction of Als leads to massive job losses not only for service workers 
but also for middle- and upper-class white males, among them Paul Arthur, 
Josie's divorced father. In this way, robots and other AI systems disrupt the 
typical life patterns of people in developed countries, in which youth is oc­
cupied with preparing for a job or profession, midlife with establishing one's 
position in it, and older adulthood with transitioning to retirement. With few 
or no jobs to be had, youths are left rootless, older people unemployed or un­
employable, and masses dealing with homelessness or worse. These are among 

the factors that put the human aura at risk in this fiction. 
McEwan's Machines Like Me conveniently contrasts with both Autono­

mous and Klara and the Sun because it features a white midthirties English­
man, Charlie Friend, as narrator. Charlie avoids an office job by doing day 
trading, which earns him enough for a minimal lifestyle. Upon coming into 
an inheritance, Charlie on a whim buys an advanced-conscious robot, Adam. 
Charlie hopes that he can make the robot into a joint project shared by his 
neighbor Miranda, thus enabling him to advance from her friend to her lover. 
The plan is successful, but Adam thwarts their plans to buy a house and adopt 
a small child over abstract ethical concerns. Ethical issues come to crisis when 
Charlie kills Adam, raising serious questions about the rights that a conscious 

robot should have. 
Taken together, these fictions make the case for the rights of a conscious 

robot to be considered a person. Inevitably such a move would profoundly 
affect how we understand humans as well. The recursive feedback loops be­
tween robot and human subjectivities fleshes out another crucial aspect of 

the !CF. 
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Chapter 9, "Collective Intelligences: Assessing the Roles of Humans and 
Als;' directly compares the kinds of cognitions, and hence creativity, that 
humans have with those of Als. The main idea is that the technosymbiosis 
between human and artificial intelligence, if it is to be truly symbiotic in a 
positive sense, requires a deep understanding of how the very different em­
bodiments and evolutionary histories of humans and artificial intelligences 
lead to complementary strengths and limitations. 

The chapter takes issue with Yuval Noah Harari's Homo Deus: A Brief His­
tory of Tomorrow (2015), specifically his argument that machines can perform 
most tasks better and more efficiently than can humans. A key premise for 
this conclusion is his oft-repeated assertion that "current scientific think­
ing" tells us "organisms are algorithms" (372); therefore, since machines also 
operate on algorithms, there is no reason why they can't take over from us. 
This leads him to paint a dystopian future in which humans will inevitably be 
outthought, outperformed, and outclassed by computers. The chapter shows 
that the way Harari uses the idea of biological algorithms distorts and even 
falsifies what the scientific research and philosophical arguments actually say. 
The chapter investigates the implications of Harari's rhetorical formulation 
that "intelligence is decoupling from consciousness" (361) comparing it to the 
cognitive framework developed in this book, which makes an argument that 
appears very similar ( consciousness is not necessary for cognition) yet has 
very different effects and leads to strikingly divergent conclusions. 

To develop further the contrast between Harari's conclusions and the 
vision presented here, the chapter explores the arguments that Aden Evens 
(forthcoming) presents in Discontents of the Digital. Evens argues that com­
puter ontology inevitably limits the creative powers of computational media, 
because computers understand everything solely in terms of binary numbers. 
Human creativity, by contrast, has evolved to deal with the messiness and un­
predictability of real life, thus possessing a flexibility and creativity that com­
puters can never achieve. A spectacular example of this creativity appears in 
the ability of humans to take advantages of accidents and unexpected events 
to create novel and unprecedented works. 

A similar surface similarity and deep divergence between my work and 
Harari's conclusions occurs with Harari's prediction about the collapse of 
humanism. In How We Became Posthuman (Hayles 1999 ), published sixteen 
years before Homo Deus, I anticipated many of Harari's observations about 
how computational media (specifically virtual reality, robotics, and informat­
ics) were undermining notions of free will, the autonomous individual, and 
the unified rational self. I argued that these developments were leading to 
a version of the human very different from the one we inherited from the 
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Enlightenment, which I called the posthuman. Without mentioning my work, 
Harari repeats each of these points in his own terms, culminating in a predic­
tion that humanism will collapse and be replaced by a successor philosophy. 
The one he discusses at length is dataism, in which meaning is located in data 
flows rather than in people. Moving in the opposite direction, my purpose 
with the present book is to show how the liberal philosophy that undergirded 
the Enlightenment, rather than simply being jettisoned, can be reimagined 
to be more inclusive, less anthropocentric, and more conducive to positive 

futures. In this respect our intentions could not be more different. 
At the very end of his book, Harari seems to want to position his argu­

ments merely as provocations to imagine better and different futures. For that 
enterprise, however, he gives us no help whatever. What he does give us is a 
dystopian fiction that for all but the last ten of its 462 pages vivifies a future 
in which human life is meaningless, algorithms are all powerful, and ordi­
nary people are powerless to change anything. This reminds me of a family 
anecdote in which my grandmother admonished her four-year-old son (my 
uncle), "Whatever you do, do not stuff those dried peas up your nose?' The re­
sult was predictable, because she had just visualized for him a possibility that 
he might not have thought of by himself. So Harari depicts a world in which 
the worst tendencies of computational media have become dominant, and for 
that, he must accept responsibility for the effects of his own fiction-effects 
that he unconsciously acknowledges when he stresses the power of fictions to 
shape the world. This chapter provides a basis for turning away from dysto­
pian futures toward the more positive outcomes of ecological relationalities. 

Chapter 10, "Planetary Reversal: Ecological Relationality versus Political 
Liberalism;• explores the complex and often conflicting possibilities for think­
ing through and with ecological relationalities. On the negative side, Lisa Lowe's 
Intimacies of Four Continents (2015) shows how deeply entrenched in demo­
cratic societies are the inequities of a discourse of rights. She reads archival 

administrative documents from roughly 1750 to 1850 to demonstrate that lib­
eral political philosophy in practice always meant the enrichment of some 
humans at the expense of others, sometimes literally through slavery and 
indentured labor, and sometimes through the expropriation of resources and 
assets. The relation, she argues, is not merely correlative but causal; human 

rights, citizenship, and wage labor for some could be expanded precisely be­

cause others were disenfranchised and disempowered. However, I argue that 
our analyses cannot end there, because our responsibilities to ourselves and 

the planet require us to envision and implement positive futures, however dif­

ficult that may be. 
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organism intelligent or not?). Moreover, it recognizes that there is continu­

ous dynamic interplay between collectivities and individuals, exemplified in 
chapter 9 in the idea of GPT-3 as collective intelligence. This book turns to 
literary and cultural texts in chapter 8 to contest dysfunctional ideas and lay 
the foundation for ecological relationality, which chapter 10 develops as a phil­
osophical and practical basis for action. Through these means, it opens the 
possibility for taking responsibility without at the same time reinscribing hu­
man dominance. 

The "web of life" approach, seen in the work ofJason Moore (2015), Donna 
Haraway (2016), and others, is attractive but inadequate by itself to guide hu­
man futures, which will increasingly involve artificial intelligences and cogni­
tive media. The framework this book forges overcomes that limitation, while 
still incorporating aspects of the "web of life'' approach conducive to human 
and nonhuman long-term survival and flourishing. It looks seriously at the 
prospect that the human species is in the process of creating artificial species 
in intelligent robots and other forms of artificial intelligences that may be­
come our evolutionary competitors as well as our symbiotic others. Techno­

symbiosis argues that our human futures are not predestined; they will evolve 
from the interpretations and choices we make, individually and collectively, 
human and nonhuman. Technosymbiosis, through its philosophy of ecologi­
cal relationality, aspires to provide an encompassing, dynamic, and robust 
framework within which synergies can evolve and grow into positive futures 
for our human and more-than-human world. 

段静璐
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effect of making humans the sole possessors of agency, value, and cognition. 
In addition to reinforcing a worldview in which humans have sole dominion 
over the Earth, this perspective badly distorts the actual effects of cognitive 
assemblages in contemporary developed societies and obscures the ways in 
which bio-techno evolution presents us with urgent issues about our collec­
tive futures. Articulating better ways to understand meaning-making prac­
tices in biological organisms, computational media, and their interactions in 

cognitive assemblages is the work of this chapter. 
To make the case for computer cognition, it is necessary first to trace the 

dynamic transitions that enabled humans to become cognitive; this in turn 
requires a brief account of how life arose from nonlife. Although such moves 
may seem to risk infinite regress, they are useful because they locate the cen­
tral question of computer cognition within the larger and older context of 
biological evolution. In broad scope, the first evolutionary leap bootstrapped 
complexity from simpler mechanistic reactions; the second emerged from the 
first, bootstrapping meaning-making practices from complexity; the third 
emerged from the second, bootstrapping artificial cognition from biologically 

derived signs and meanings. 
The first explanatory strategy I call intermediation, introduced in my 2005 

book My Mother Was a Computer. The basic idea is that emergence proceeds 
through a pattern that repeats at multiple scale levels. To emphasize conti­
nuities between biological and computational cognition, I call each level of 
organization "media:• and "intermediation" refers to interactions between 

levels, both from higher to lower and from lower to high. For example, a low 
level of dynamical organization, say subatomic particles, forms quasi-stable 
patterns captured by the next level up through the formation of new entities, 
in this case atoms. Atoms in turn form quasi-stable patterns whose dynamics 
are captured by higher-level entities, here molecules; molecules in turn form 
patterns captured by proteins, and so forth. The change of media is crucial, 
because it "locks in'' the lower-level dynamics and enables emergence to con­

tinue through successive levels of increasing complexity. 
The second strategy draws on the work of Terrence Deacon (2011). Dea­

con has his own scheme for evolutionary emergence, and his explanation in­
troduces an important new factor showing how meaning-making practices 
develop, first in very simple organisms such as bacteria, and then through 
progressively complex creatures up to and including humans. This way of 
thinking draws inspiration from the interdisciplinary field known as bio­
semiotics, "bio'' denoting life, and "semiotics" referring to the science of signs. 
As mentioned earlier, biosemiotics developed from the semiotics of the phi­
losopher C. S. Peirce, notable for using a triadic (rather than dyadic) view of 





l 

54 
CHAPTER TWO 

their focus on dynamics obscures the role that intermediation plays in the 

evolution of artificial cognition. 
A principal contribution of this chapter is to show that arguments based 

in biologistic assumptions miss the mark and misunderstand cognitive pro­
cesses as they are manifested in computational media. On the positive side, the 
chapter argues that a framework combining intermediation and constraints 

enables a deeper understanding of how computers generate meanings than 
either can by itself. It also illuminates how and why cognitive assemblages 
have become powerful actors in contemporary cognitive ecologies. 

Intermediation and Teleodynamics 

Intermediation can be understood as an alternation between elements con­
sidered as individuals, which interact among themselves to create the quasi­
stable patterns that are incorporated into the emergence of individuals at a 
higher level of complexity, creating a process that results in increasingly com­
plex patterns. As Harold Morowitz (2002) has argued, this kind of emergence 
is how the universe actually evolved after the big bang. As the superheated 
plasma cooled, subatomic particles appeared, then chemical elements, on up 

to the formation of planets and the emergence oflife on Earth. 
Intermediation differs from Morowitz's account in referring to elements 

at each level as "media:' Media;' as John Guillory (2010) has reminded us, 
connotes both "materiality" (355) and "mediation'' (326)"; "mediation'' in turn 
connotes communication through distance in time and space (331). Techni­
cal media achieve this through different layers of code within a machine and 
networked functionalities between machines, but communication through 
distance can also be understood as the emergence of quasi-stable patterns as 
physicochemical entities "communicate" through their interacting dynamics. 
As noted earlier, intermediation denotes both bottom-up emergence, as new 
entitles are formed from lower-level patterns, and also top-down emergence 
as higher-level entitles interact with and change lower-level dynamics. Inter­
mediation thus describes a recursive organization that I call a dynamic het­
erarchy (Hayles 2007b, 100), in which lower-level media produce the higher­
level media, and the higher-level media simultaneously affect the lower-level 

media. 
In informational terms, the specific levels formed by physicochemical me­

dia always contain more information within the level than they communicate 

upward or downward. Indeed, it is precisely this reserve of dynamic infor­
mation that characterizes the levels as such. Subatomic particles, for exam­
ple, manifest as probability distributions that get statistically "smoothed out" 
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tendency is to let the water be distributed evenly over the ground (there are 
many more possible states in which this could be achieved than the few states 
in which the water is contained, and the dam exerts a consistent pressure, or 
constraint, to prevent this from happening. If the dam is weakened by heavy 
rainfall or an earthquake, its constraint may not be sufficient to restrain the 
water, and in that case the system's orthograde tendencies take over, and the 
water bursts through, cascading onto the ground. 

So far these explanations do not go beyond a high school physics text­
book, but their explanatory power emerges when Deacon (2011, 27) points 
out that constraints function as presences that point to what is absent, namely 
what is excluded by virtue of the constraints. For example, a numerical sys­
tem may be constructed using the constraint that the only integers allowed 
are odd numbers. This constraint becomes visible only through absence of 
even integers, which are the phenomena gestured toward by the odd-number 
constraint. Such exclusionary constraints Deacon calls "absentia!" (2011, 323), 

phenomena that function by gesturing toward what is not present. 
This view of constraints enables Deacon to distinguish further between 

homeodynamic systems and the next kind of system up the evolutionary 
ladder, which he calls morphodynamic. Morphodynamic systems are self­
organizing phenomena such as the red eye ofJupiter, where storms circle con­
tinuously in consistent patterns that fluctuate within constrained dimensions 

of time and space. As Ilya Prigogine and Isabelle Stengers explain (1984), dis­
sipative systems are far-from-equilibrium phenomena in which the entropy 
production is so large that pockets of order can form without violating the 
second law. Self-organizing systems are characterized, in Deacon's terminol­

ogy, by the production of constraints, the spontaneous appearance of attrac­
tors that define the limits within which the system's phase space trajectories 
move. A famous example is the Lorenz attractor characteristic of weather pat­
terns (described in Gleick 2008, ix), with its butterfly-wing shaped pattern 
traced by trajectories unpredictable as individual instances but nevertheless 
constrained by the attractor's parameters in phase space. 

Deacon argues life could never have arisen directly from homeodynamic 
systems, because life depends on the continuing existence of many different 
kinds of constraints, from cell membranes to energy and temperature require­

ments. Morphodynamic systems provide the necessary stepping-stone that 
allows constraints to be produced and preserved. Rephrasing Prigogine and 
Stengers's insight, we can say that morphodynamic systems are encapsulated 
within homeodynamic systems, whose strong entropy production serves to 
protect and buffer them against the constraint dissipation that is orthograde 
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systems. Thus the two frameworks offer different explanations for the "lock­
in" effect. In intermediation it is the change in media, whereas Deacon iden­
tifies it as a "polarity reversal'' in how constraints operate: "the orthograde 
signature of thermodynamic change is constraint dissipation, the orthograde 
signature of morphodynamic change is constraint amplification, and the or­
thograde signature of teleodynamic change is constraint preservation ... and 

correlation [among constraints]" (2011, 323). In a sense, intermediation fo­
cuses on what is present, whereas the constraint framework emphasizes what 

is absent. 
A related divergence appears when we consider what the two frameworks 

take to be the ultimate phenomena to be explained. For Deacon, it is not so 
much the emergence oflife as the emergence of sign relations in living organ­
isms. The framework's great strength, especially in relation to intermediation, 
is its explanation of how signs emerge from the absentia! phenomena already 
implicit in the formation of constraints. It thus builds in signs and meaning 
production from the beginning, whereas intermediation simply assumes that 
signs can operate through dynamics similar to the intermediating processes 

that brought the cosmos into existence. 
This strength is also a limitation, however, because it ties emergence so 

strongly to dynamical organizations that it has little purchase when dynamics 
ceases to be the important evolutionary driver in computational media, where 
intermediations between different levels of signs take center stage. Constraints 
do not need to evolve in computational media, because they are programmed 
in at a foundational level through logic gates. Similarly, sign elations are also 
programmed through bit (binary digit) patterns. However, such programming 
is possible only because constraints and signs had previously evolved in hu­
mans; computational media thus presuppose and depend on biological emer­
gence. In this sense, intermediation picks up the story of bio-techno evolu­
tion where the dynamical framework leaves off. Viewed as complementary 
rather than antagonistic, the two frameworks, with their different emphases, 
strengths, and limitations, provide an encompassing way to understand our 
present situation. Moreover, keeping both frameworks in view allows impor­
tant distinctions between computers and humans to appear without needing to 
subsume one under the other. To explore further the emergence of meaning­
making practices, let us return to consider how signs evolved biologically. 

The Emergence of Signs from Constraints 

Once living cells emerge, natural selection operates to connect constraints 
and couple them with environmental signals of change. This gives the inter-



CAN COMPUTERS CREATE MEANINGS? 59 

relating dynamics a forward motion in the form of anticipation. For example, 
as the temperature drops in the fall, this environmental signal is interpreted 
by dynamic processes within a deciduous tree that set in motion a series of 
interrelated changes. Tree hormones begin a process known as abscission, in 
which specialized cells cut off the flow of nutrients, which are withdrawn 
from the leaves and stored in the roots. We might say the tree "anticipates" 
winter, although obviously no such abstract conception is at work, only cor­
related changes that in the evolutionary history of the species have proven 
reliable indicators of future events. This exemplifies what Deacon calls "ab­
sentia[" phenomena (2011, 473), where something that is not present (winter) 
causes something that is present (leaves on the tree) to undergo changes that 
otherwise could not be explained. 

Wendy Wheeler elaborates on the idea of absentia! phenomena when she 
relates it to meaning. "The meaning of something is to be discovered in what 
it does in the world, in how it allows things to be and also to change. Thus we 
say that a biological meaning is a function. But this process, while certainly 
always carried by, and often (although not exclusively) about, material objects 
in fact involves something other than substances alone" (Wheeler 2016b, 7). 
This "something other" is a relation between what is present and what is ab­
sent. "What happens is that a relation is established, and that relation has 
a value of one kind or another for the organisms that experience it" ( 8). In 
biosemiotic terms derived from Peircean triadic sign relations, the value for 
the organism is understood as emerging between a phenomenon in the world 
(a "representamen;' in the above example, an autumn temperature drop), a 
function or process that responds to this event ( the "intrepretant;' here the 
abscissional process), and the "object;' absent but anticipated (the approach 
of winter) (see Peirce 1998, 5-7, for a summary of these terms). "Expecta­
tions;' Wheeler writes, "are relations to no-things which have real causal and 
shaping powers" (2016b, 13). 

This approach has proven fruitful in explaining how meaning-making 
practices emerge in the nonhuman as well as the human world, even for or­

ganisms with no central nervous system such as trees and for unicellular or­
ganisms such as bacteria. As humans initiate changes in our global ecology 
that have plunged the world into the sixth mass extinction and created epic 
levels of pollution and global warming, the calls to rethink anthropocentric 
assumptions about how the world is organized and how it operates have be­
come increasingly urgent. Accepting that meaning making is not an exclu­
sively human prerogative is a crucial step in the right direction. Biosemiotics 
should be celebrated for its central contributions to this effort. 

That these contributions are claimed to apply only to biological organisms 
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is an unnecessary limitation based on flawed reasoning. The crucial point to 
be interrogated is the assumption that to be capable of meaning-making prac­
tices, an entity must be autonomous, self-organizing, self-maintaining, and 
self-encapsulated. While these assumptions are warranted in the biological 
realm-indeed, they collectively constitute the requirements for life to emerge­
they do not necessarily apply to artificial cognition in networked and pro­
grammable machines. Cognitive media's evolutionary requirements include 
their necessary interactions with humans, already existent through biologi­
cal evolution. These interactions do not preclude artificial media from be­
ing cognitive; they only indicate that bio-techno evolution now continues 
through a cognitive machine-human dynamic rather than through biological 

evolution alone. 

Limitations of Biologistic Reasoning 

As noted above, the major objection within biosemiotics to the proposition 
that computers can participate in meaning making is their lack of autonomy. 
Wheeler makes this explicit in a footnote: "Of course, computers can be pro­
grammed to 'notice' relations. But 'programmed' is the point. A computer 
without a programme which originated from a human being is just an inert 
collection of metal, plastic, and silicon" (2016a, 25n2). Deacon observes, "To­
day's computers are conduits through which people (programmers) express 
themselves. Ultimately, then, software functions are human intentions to con­
figure a machine to accomplish some specified task'' (2011, 100 ). He uses this 
and similar statements to conclude that computation is only a "descriptive 
gloss" and that "computation only transfers extrinsically imposed constraints 
from substrate to substrate, while cognition (semiosis) generates intrinsic 
constraints that have a capacity to propagate and self-organize'' (2011, 497). 

It is of course true that computers are not autonomous in the ways that 
biological organisms are. But missing from this picture is the possibility that 
evolution, having produced life, may now proceed by different mechanisms 
that rely on human-computer interactions to form semiotic relationships that 
exceed the limits of biological cognition alone. If one uses only the criteria 
that enabled biological cognition to emerge-the interaction of constraints 
with dissipative dynamics-computers will of course come up lacking because 
they do not rely on attractors and dissipative systems to achieve cognition. 
But the requirement that this must be the only way through which cognition 
emerges is an arbitrary limitation that flies in the face of what computer­

human interactions actually achieve. 
The extraordinary blindness to which this kind of biologistic reasoning 
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limitations imposed here, in the stipulation that choice must pertain to "in­
puts and outputs" to serve a cognitive function, and the assumption that feel­
ings, reproduction, and growth are necessary for an entity to be cognitive. 
Computers do have bodies, just differently organized than are biological bod­
ies; networked programmable machines equipped with sensors and actuators 
do make choices about their inputs and outputs. Nevertheless, the thrust of 
Wheeler's comment is correct insofar as it points to the myriad differences 

between humans and computers; what is lacking is a willingness to explore 
what those differences might mean for computer cognition. 

Both Deacon and Wheeler have moments when they come close to realiz­
ing that biologistic reasoning may not be appropriate for artificial cognition. 
Wheeler, for example, follows the above passage by remarking, "We should 
either be suspicious of the machine metaphors [ used to describe biological 
brains] or radically rethink what we understand machines to be" (2016a, 139). 
But the proffered alternative-"radically rethink[ing] what we understand 
macl,ines to be" -is not developed and remains a dead end in her text. Simi­
larly, Deacon explains that "one fundamental difference" between biologi­
cal cognition and machines is "obvious. The principles governing physical­
chemical processes are different from those governing computation" (2011, 
104); in another passage, he argues "we need to think about the origin of 
organic mechanisms quite differently than designed mechanisms" (2011, 426). 
Like Wheeler, however, he fails to see how this might serve as a critique for 
his biologistic assumptions and rather uses it to further his argument against 
computational theories of mind. 

Since the emphasis in both Deacon and Wheeler is on biological organ­
isms and the emergence of meaning-making practices in biota, succeeding 
brilliantly in this regard, why does it matter that they fall short when talking 
about computers? It matters because the frameworks they develop for inter­
pretation, purpose, and meaning in the biological realm can become, with 
some necessary modifications, a powerful store of ideas to understand how 
computers achieve meanings and how computer-human interactions have 
dramatically transformed our potential to affect our world, for better and for 
worse. Showing how computational media create, communicate, and disse­

minate meanings is the next section's focus. 

Intermediation and Constraints in Computational Media 

The useful ideas emerging from biosemiotics that can be modified for com­
putational media include the notion that interpretation (in Peirce's semiotics, 
the "interpretant") consists of an action or behavior that has been consistently 
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the level at which most users interact with the machine. Ultimately, however, 
all commands must be translated downward to the logic gates to be processed 
( either line by line as needed in interpreted languages, or in prepared batches 
in compiled languages), and then translated upward again to the high-level 

languages to communicate their results. 
The distinctions between these different levels of code function as the 

different media in an intermediating dynamic heterarchy, with information 
communicated up from the logic gates to the higher code levels, and down 
from the executable programs through the different code levels to the logic 
gates, in consistent patterns of interpretation that respond either to internal 
cues (endosemiosis) when the levels communicate with one another or to 

external cues (exosemiosis) when a user inputs a command. 
Biosemioticians writing about interpretation in a biological context often 

emphasize that for an interpretation to have the capacity to be right, it must 
also be possible for the interpretation to be wrong; otherwise there is no 
choice involved, only factual statements. The predator chasing a bird that ap­
pears to have a broken wing may discover, too late, that he was wrong when 
the bird flies away after drawing the predator away from the nest; the bac­
terium moving toward a presumed food source may discover it is a toxin 
instead. Such a requirement makes sense, for interpretation requires at least 

two choices to be pertinent; otherwise the situation can be parsed as a simple 

causal chain with no interpretation required. 
In what contexts does interpretation operate within a computer, and how 

can it be wrong? Although the logic gates are deterministic, they can and 
do make mistakes. For example, the varying voltages that turn the transis­
tor switches on and off typically manifest trail-off errors in which the signal 
decays over time, so at the end of the interval, the voltage may actually be, 
say, 4.7 volts rather than 5.0. Since 4-7 is much closer to 5.0 than it is to o, elec­
tronics are used to rectify the signal and interpret it as "on'' rather than "off" 
and reinstate the 5.0. More significant voltage variations may cause an error 

in this rectification process. 
Another source of uncertainty occurs when cosmic rays flip bits within a 

computer, analogous to when cosmic rays cause a mutation in a gene. Con­

sequently, computer crashes are more frequent at thirty thousand feet than at 
sea level, because the cosmic rays are stronger there. A study of IBM in the 
1990s suggested that such errors typically occur once every 256 megabytes per 
month, but as chips decrease in size, they need less voltage and less charge 
to set a bit and so are more at risk from cosmic rays (StackOverflow.com, 
n.d.). An Intel patent application made this prediction: "Cosmic ray induced 
computer crashes have occurred and are expected to increase with frequency 
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creating variations in algorithmic structures and then testing the variants 
against fitness criteria to discover which performs best. Since it is not known 
in advance which one will succeed, this introduces unpredictability in the 
sense that the only way to determine the result is to run the program through 
hundreds or thousands of successive trials and see what emerges. An artistic 
implementation of this idea occurs in an evolutionary program designed by 
Swedish artists Johannes Heiden and Hakan Jonson to "evolve" Helden's po­
etry through algorithmic variations. As with the clock example, the program 
consults various data sets to introduce pseudorandomness into the algorithms. 
In an amusingly eclectic mix, these include the "mass of exoplanetary systems 
detected by imaging;' "GISS [Geographic Information Science and Systems] 
surface temperature" for various locations and dates, and "cups of coffee per 
episode of Twin Peaks" (Heiden and Jonson 2014, n.p.). Each time the pro­
gram is run, it produces different results because of the injection of these 
pseudorandom values (Heiden and Jonson 2014; see Hayles 2018 for an anal­

ysis of the work). 
Anticipations are prominent in biosemiotics because they establish a rela­

tion between something present and something absent, which nevertheless 
has real causal powers. Deacon and Wheeler point to Peirce's definition of a 
sign as something "which is in a relation to its object on the one hand and to 
an interpretant on the other, in such a way as to bring the interpretant into a 
relation to the object, corresponding to its own relation to the object" (Peirce 
1958, 8:322). As a relational operator, a sign creates possibilities for meaning 
making, because it brings a behavior (the interpretant) into relation with the 
object, the absentia] phenomenon for which the sign stands. It is this rela­
tion that invests the interpretant with "aboutness;• its meaningfulness in the 
context in which interpretation occurs. Each organism has its own semiotic 
niche, which in turn is coordinated with all the other niches operating in its 
environment. The sum total of all the semiotic niches constitutes what Hoff­
meyer (1997) calls the semiosphere, the dynamic interactions of sign relations 

enveloping the planet. 
Anticipations also operate in computer codes. A basic s.tructure in algo­

rithms is the "if/then" construction: if A, do B; if C, do D. Even the simplest 
programs, such as the "Hello World" algorithm used to introduce beginners 
to programming, has an implicit if/then relation with the monitor, for the 
message will appear only if the algorithm completes its calculation and in­

. structs the monitor to display the specified string. More complicated pro­
grams often require a result from a subroutine in order to proceed. In some 
complex programs, a supervening program needs a result from a subroutine, 
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But who is counting? Obviously not my consciousness, since I am asleep. 
Nevertheless, something in my body accomplishes this task, no doubt with 
nonconscious cognition. "I" might not know, but somewhere in my body as 

an integrated system, this information exists. 
Similarly, a computer has many interacting parts, so a better way to ask 

what it "knows" is to ask what information exists somewhere within the com­
puter's integrated system, although not necessarily in every part. A computer 
has information about time through its internal clock, and it has informa­
tion about how many clock cycles have passed for any given operation. It 
has information about the different layers of its codes and how they interre­
late. It has information about how to interpret the algorithms it uses to solve 
problems, and it is able to anticipate the next steps in those algorithms and 
construct the proper sequences that a given problem requires. It may also 
have a program able to discern when it is infected with a virus, and it has in­
formation about how to cure itself by deleting the malicious software. All this 
implies that instead of the biological imperative to survive and reproduce, the 
computer is designed for certain purposes ( or self-designed, for computers 
that have evolved on their own beyond their initial design parameters), and 
its "umwelt" consists of the functions, architectures, and procedures that en­

able these purposes to be achieved. 
Returning to Searles thought experiment, I want to make explicit the an­

thropocentric assumption embedded in his claim that the man "understands" 
nothing, an assumption underscored by figuring the interlocutor in the room 
as a human. Perhaps the single most important contribution of biosemiotics 
is its challenge to anthropocentrism and its reconceptualization of "meaning" 
as a response to an environmental cue that benefits the organism in some 

way. Wheeler writes, "meaning is always a kind of doing. The meaning of a 
sign is to be found in the changes ... which it brings about" (2016a, 121). With 
design and purpose displacing biological imperatives, a computer achieves 
meaning in this behavioral sense when it processes an algorithm, reads a data 
set, performs the calculations indicated, and produces results that it "under­
stands" through its anticipations, interpretations, and information flows. 

Of course, this is not all that computational media do, because humans 
have designed them to perform useful work in the context of hybrid human­
computer assemblages. Rather than a stand-alone computer, used above to 

explore the ground-state capacities of logic gates, contemporary computa­
tional media are networked with each other and connected to a wide variety 
of sensors and actuators, permeating contemporary infrastructures in ways 
often invisible to the humans who rely on them. As soon as a computational 
system includes sensors, it is exposed to the kinds of contingencies that or-
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biosphere capable of making meanings is Homo sapiens, a viewpoint that has 
become not only untenable but dangerously skewed in its implicit acceptance 
of human domination. Urgently needed are alternate perspectives that rec­
ognize the contributions of other species to our planetary semiosphere, as 
well as theoretical frameworks that underscore the importance of cognitive 
media in creating the meanings that guide hybrid human-technical action, 
perception, and decision making in the contemporary world horizon of the 

cognisphere. 6 

The evidence supporting this claim for the meaning-making capabilities 
of cognitive media is pervasive. Choosing one example out of thousands, I 
instance this proposal for a cognitive vision system for robotic docking with 

a free-flying space satellite. Here is the authors' description: 

Our system functions as follows: (Step 1) captured images are processed to es­

timate the current position and orientation of the satellite. (Step 2) behavior­
based perception and memory units use contextual information to construct a 
symbolic description of the scene. (Step 3) the cognitive module uses knowl­
edge about scene dynamics encoded using situation calculus to construct a 
scene interpretation, and finally (Step 4) the cognitive module formulates 
a plan to achieve the current goal. The scene interpretation constructed in 
Step 3 provides a mechanism to verify the findings of the vision system. The 
ability to plan allows the system to handle unforeseen situations. (Qureshi 

et al. 2005, 1) 

Interpretation, cognition, knowledge, planning, and flexibility character­
ize the design parameters for this system, created, implemented, and overseen 

by humans but with the autonomy necessary to operate on its own in a space 
environment. The researchers make clear that this system does have an um­

welt, a cognitive horizon encompassing the perceptions, actions, and antici­
pations created by its sensors, actuators, and cognizing modules. Within its 

umwelt, it acts as a teleodynamical system with the end-directed goal of suc­
cessful docking with a free-flying satellite. Within the larger human-technical 
assemblage, it serves the purpose of protecting astronauts froi:n hazardous 
forays outside spacecraft required by manual docking, or conversely from 
the risks of automated docking that follow detailed control scripts, which 
are error prone and inflexible, without the ability to cope with unexpected 

developments. 
• As Bruno Latour (2002) and Peter-Paul Verbeek (20n) have argued, such 

cognitive systems are much more than neutral tools, for they alter the hori­
zon of what can be known and thereby have far-reaching consequences for 
social, cultural, and economic practices. Louise Amoore (2016) highlights 
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dream ( or better, an illusion) of control that any simple walk in a park could 
disprove. To tackle these complex issues, we must recognize that computa­
tional media do act as ethical agents in our contemporary world, although the 

locus for ethical responsibility remains with the humans who design, imple­
ment, and maintain the systems. What we can no longer afford is the illusion 

that computational media simply perform calculations, devoid of interpreta­

tions, anticipations, and meaning making.' 

It seems obvious to me, and to many who write about our human futures, 
that (short of environmental collapse or catastrophic global war) our journey 

into symbiosis with computational media, which has already begun, is likely 

to accelerate in the coming decades. Stuart Kauffman has written about the 

"adjacent possibles" (2000, 22) within biological evolution. When there is a 

very large possibility space, he argues, the relevant issue is not the space's 

theoretical size but the strong likelihood that pathways adjacent to the exist­
ing one will be followed, giving a teleological impetus to evolutionary develop­

ments. Through this reasoning, he demonstrates that it was not a statistical 

freak that life evolved on Earth but rather a probable outcome produced by 

following a series of adjacent possibles. Given where we are now, the adjacent 
possibles include increasing use of intelligence augmentation, in which the 

cognitive capacities of humans are enlarged and enhanced by computational 

media as in the examples above, which will sit side by side with the develop­
ment of more powerful, flexible, and pervasive forms of artificial intelligence. 

Among these are neural net architectures and deep learning algorithms, 

already mentioned above as programs that make extensive use of recursive dy­

namics. The potential of neural net architecture is exemplified in the devel­

opment of AlphaGo by DeepMind (recently acquired by Google; DeepMind 
2017). I previously have discussed this instance: 

Go is considered a more "intuitive" game than chess because the possible 
combinations of moves are exponentially greater. Employing neural net archi­
tecture, AlphaGo used cascading levels of input/output feedback, training on 
human-played games. It became progressively better until it beat the human 
Go champions, Lee Sedol in 2016 and Ke Jie in 2017. Now DeepMind has de­
veloped a new version that "learns from scratch;' AlphaGoZero, [which uses 
no human input about previously played games, limiting the input to only] 
the basic rules of the game. Combining neural net architecture with a power­
ful search algorithm, AlphaGoZero played against itself and learned strate­
gies through trial and error. At three hours, AlphaGoZero was at the level of 
a beginning player, focusing on immediate advances rather than long-term 
strategies; at 19 hours, it had advanced to an intermediate level, able to evolve 
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The Emergence of Technosymbiosis and Gaia Theory 

Technosymbiosis, like most other theoretical constructs, builds on previous 
theories even as it suggests innovations and changes. As the name implies, it 
specifically builds on Margulis's idea of symbiosis as a primary evolutionary 
driver for life on Earth. As we saw in chapter 1, there are a number of unre­
solved tensions between symbiosis, autopoiesis, and systems theory, includ­
ing where ( or if) to make the cut between system and environment, whether 
to characterize organisms as individuals oras symbionts, whether organisms 
have operational closure or not, and whether objects created by technics can 
be considered to evolve or not. This chapter returns to these questions to 
place them in fuller context and to show which characteristics technosymbio­
sis carries over predecessor theories and which it rejects, and why. 

Among the researchers explored in this chapter are James Lovelock, in­
ventor of the Gaia hypothesis; Humberto Maturana and coauthor Francisco 
Varela, who articulated the concept of autopoiesis; Lynn Margulis and her 
frequent coauthor Dorion Sagan, who focused on symbiosis, expanding the 
concept to include symbiogenesis; Bruce Clarke and his articulation of neo­
cybernetic systems theory (NTS); the reference frame theory (RFT) of Chris 
Fields and Michael Levin (2020), and of course my own integrated cognitive 
framework, !CF. Although biosemiotics is not generally evoked in the discus­
sions, it appears as a player near the chapter's end. The chief revisions are a 
broader view of cognition that links it with meaning and also with compu­
tational media. This view emphasizes how organisms transduce information 
ratJ,er than asserting that no information flows between an organism and its 
environment, which is a more dynamic and evolutionary-friendly view of 
organisms interacting with their environment, facilitating a return to seeing 
Earth systems as dynamically interacting rather than assimilating them into 
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pellets of congealed sulfur" (79). But as the purple and green photosynthetic 
microbes grew "frantic for hydrogen;' they "discovered the ultimate resource, 
water, and its use Jed to the ultimate toxic waste, oxygen" (99). Margulis and 
Sagan observe that "this single metabolic change in tiny bacteria had major 
implications for the future history of all life on Earth" (101) because it Jed to 
the emergence of macro lifeforms capable of using oxygen such as plants and 
animals. In Acquiring Genomes, they reiterate the point. "The creative force 
of symbiosis produced eukaryotic cells from bacterial. Hence all larger organ­
isms ... originated symbiogenetically" (Margulis and Sagan 2002, 56). They 
assure readers that the "creation of novelty by symbiosis did not end with the 
evolution of the earliest nucleated cells. Symbiosis still is everywhere" (56). 
As these passages indicate, Margulis went beyond her initial observations to 
argue that, rather than random mutation, symbiosis, in its species-producing 
form as symbiogenesis, was the primary driver of evolutionary changes.1 

Brilliant as this work was and powerful as it proved to be in changing 
perspectives so that the microcosm was accepted as driving evolutionary 
changes in the early history oflife on Earth, there remained in Margulis's the­
ories a gap between what she could demonstrate in the microbial world and 
what she claimed about the evolution of visible (macro) life. "No evidence in 
the vast literature of heredity change shows unambiguous evidence that ran­
dom mutation itself, even with geographical isolation of populations, leads to 
speciation;' she and coauthor Sagan claimed (Margulis and Sagan 2002, 29). 

They acknowledge that "the major difference between our view and the stan­
dard neodarwinist doctrine today concerns the importance of random mu­
tation in evolution" (n). Despite the prevailing consensus to the contrary, 
they doubled down on their assertions, claiming that "mutation accumula­
tion does not lead to new species or even to new organs or new tissues;' and 
asserting that "99.9 percent of the mutations [as shown in experiments with 
fruit flies] are deleterious'' (n-12). Of course, this argument does not take 
into account that over evolutionary time scales, even .1 percent can result in 

significant changes. 
With customary bravado, Margulis invited Ernst Mayr ( whose work she 

cites and also criticizes) to write the foreword. Mayr evidently found her as­
sertions about macro lifeforms too much to take. Pursuing the courteous 
route of attributing misunderstanding to the reader rather than to the au­
thors, he writes, "Some of their statements might lead an uninformed reader 
to the erroneous conclusion that speciation is always due to symbiogenesis. 
That is not the case. Speciation~the multiplication of species~and symbio­
genesis are two independent, superimposed processes. There is no indica­
tion that any of the 10,000 species of birds or the 4,500 species of mammals 
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interrogating the points where fractures appear as concepts were developed 
and amalgamated. 

Independently of Margulis, Lovelock had developed the idea of Earth as a 
single self-regulating system in which organisms coupled with their environ­
ments through innumerable interactions, changing their environments even 
as they were changed by them. Following a suggestion by his neighbor, novel­
ist William Golding, Lovelock named the Earth system Gaia, the Greek name 
for the Mother Goddess Earth. In two books Gaia: A New Look at Life on Earth 
(2016) and The Ages of Gaia {1988), Lovelock proposed three major pieces of 
evidence for his Gaia hypothesis: (1) the oxygen level in the atmosphere has 
remained relatively constant, despite being far from thermodynamic equi­
librium (because oxygen is a reactive gas); (2) the salinity of the ocean has 
remained relatively constant, whereas evaporation and other factors should 
cause the salinity continuously to rise; and (3) the temperature of the Earth 
has remained within a range consistent with life on Earth, despite the Sun 
having grown larger and hotter over the three billion years oflife's existence on 
Earth. These anomalies could exist, he argued, only because organisms were 
interacting with their environments so as to stabilize conditions such that they 
remained consistently within the parameters where life was possible. 

The choice of Gaia as a name for the Earth systems was, and remains, 
controversial. Margulis herself had misgivings about the appropriation, al­
though she grew to accept it. The naming of Gaia introduced complications 
for both Lovelock and Margulis. For example, calling the integrated Earth 
systems Gaia obligated Lovelock to clarify that he did not intend thereby to 
imply intentionality. Although his original formulations sometimes implied 
a teleological impetus of the Earth systems to preserve life, he eventually dis­
owned this implication as well, clarifying that Gaia consisted of innumerable 
subsystems, each following its own directive to continue existing.' In con­
trast to intentionality and teleology, an intended effect was to imply that the 
critical zones of Earth inhabitable by lifeforms could be regarded as a single 
entity. This obviously had the advantage of emphasizing interactions between 
the Earth systems, but it had the important disadvantage of encouraging un­
warranted inferences, for example being seduced by the siren song of mis­
placed concreteness. Bruno Latour, generally very sympathetic to Margulis 
and Lovelock's Gaia project, warns against just this kind of move, specifically 
against conceptualizing Gaia as a superorganism. "No matter how tempting 
it is to lump all life forms into one huge, unified, and continuous biosphere 
of some sort, or to invoke a superorganism, any idea of a giant composite 
planetary body should be resisted as much as the myth of the machine. Those 
who project onto Gaia the image of a global body, or even worse that of a 
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about enormous and even violent changes (e.g., volcanic eruptions), their tra­
jectories are explainable within the realms of physics and chemistry, through 
what Longo, Montevil, and Kauffman call "entailing laws" (2012, 1). Biologi­
cal systems, by contrast, swerve from predictable trajectories through actions 
such as symbiogenesis that cannot be predicted in the same way. Because of 
this unpredictability, I designate biological lifeforms as actors, which implies 
selections, unpredictable evolutions, and capacities to sense and respond to 
environmental conditions. Margulis agrees that lifeforms must be able to 
sense their environments, which is a precondition for performing actions: 
"All living beings, not just animals but plants and microorganisms, perceive. 
To survive, an organic being must perceive-it must seek, or at least recog­
nize, food and avoid environmental danger" (Margulis and Sagan 1995, 32). I 
will return to this point later when explaining the reference frames used by 
Fields and Levin (2020) to analyze how organisms create meaning. For the 
moment, I note that while introducing the actor/agent distinction does not 
actually contradict Lovelock's Gaia hypothesis, it does change the emphasis 
by assigning different roles to biological organisms as actors in contrast to 
material processes as agents. 

In Gaia: A New Look at Life on Earth, Lovelock indulges in a science fic­
tion scenario that vividly portrays the powerful effects ofbiological actors. He 
imagines that a Dr. Eeger develops a "motile micro-organism with a capac­
ity to gather phosphate from soil far more efficiently" than other organisms 
(Lovelock 2016, 39). Although Eeger has the best intentions of increasing crop 
yields, the organism eludes his control, and "within six months more than 
half of the oceans and most of the land surfaces were covered with a thick 
green slime which fed voraciously on the dead trees and animal life decaying 
beneath it" ( 40). Reminding us that the story is a fiction, Lovelock observes 
that its plausibility depends on the organism being able to "exert its aggression 
without check or hindrance" (41). His point is to suggest that "our continuing 
orderly existence over so long a period can be attributed to yet another Gaian 
regulatory process, which makes sure that cheats can never become domi­
nant" (43).4 Clarke interprets this tendency as "planetary immunity" and links 
it with the theories of Roberto Esposito (Clarke 2020, 213-42). In Lovelock's 
later books on the climate crisis, The Revenge of Gaia: Earth's Climate in Cri­
sis and the Fate of Humanity (2006) and The Vanishing Face of Gaia: A Final 
Warning (2009), he warns that Earth's immunitarian tendencies may be insuf­
ficient to keep humans from destroying themselves, although he, like Margu­
lis, remains confident that life itself will continue, if only in the microcosm. 

Lovelock's recognition of the severity of the climate crisis demonstrates 
how far he has come from his early emphasis on homeostasis and first-order 





82 
CHAPTER THREE 

it sees a fox exists only in the mind of an observer, who puts the two actions 
together to form a causal link. For Maturana and Varela, the focus is entirely 
on biological processes-what actually happens in the organism as distinct 
from inferences that an observer might draw from his or her observations. 

No doubt a major influence in Maturana's development of this position 
was a 1959 paper on which he was the second coauthor, "What the Frog's Eye 
Tells the Frog's Brain:' This highly influential paper (which has the distinc­
tion of being among the most frequently cited ever, according to Science Cita­

tion Index) had as additional coauthors J. Y. (Jerry) Lettvin from MIT as first 
author, Warren McCulloch as the "senior member, IRE" (Institute of Radio 
Engineers), and the brilliant Walter Pitts as the final contributor.' Discuss­
ing the specificity of the frog's visual processing, the authors note that "the 
frog does not seem to see, or at any rate is not concerned with the detail of 
stationary parts of the world around him. He will starve to death surrounded 
by food if it is not moving" (Lettvin et al. 1959, 1940). Focusing on the four 
different kinds of nerve fibers in a frog's eye, they determined that the differ­
ent fibers register correspondingly diverse aspects of the environment such as 
convexity detectors and moving edge detectors. The researchers summarized 
their conclusion as follows. "What are the consequences of this work? Funda­
mentally, it shows that the eye speaks to the brain in a language already highly 
organized and interpreted, instead of transmitting some more or less accurate 

copy of the distribution oflight on the receptors" (Lettvin et al. 1959, 1950 ). 

There are tantalizing hints in the article of discussions that the research 
team must have had. For example, in discussing their conclusions, they re­
mark that "the operations thus have much more the flavor of perception than 
of sensation if that distinction has any meaning now. That is to say that the 
language in which they are best described is the language of complex abstrac­
tions from the visual image. We have been tempted, for example, to call the 
convexity detectors 'bug perceivers: Such a fiber ... responds best when a 
dark object, smaller than a receptive field, enters the field, stops, and moves 
about intermittently thereafter" (Lettvin et al. 1959, 1951). This is precisely 
the kind of causal connection that Maturana, when he returned to his home 
in Santiago and the University of Chile, would disavow. We can speculate 
that the published phrasing, "we have been tempted;' was inserted because 
Maturana even then objected to this inference, so it remains a "temptation" 

articulated in a provisional rather than a conclusive tone. Similarly, at the 
article's beginning the authors declare that "this work has been done on the 
frog, and our interpretation applies only to the frog" (Lettvin et al. 1959, 1940 ), 

a caution that Maturana would throw to the winds when he generalized the 

findings to ground his theory of autopoiesis. 
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Cognitive Science and Human Experience (Varela et al. 1991), along with co­
authors Evan Thompson and Eleanor Rosch, develops the concept of "enac­
tion;' which sees the active engagement of an organism with its environment 
as open-ended and transformative, and indeed crucial for the organism's de­
velopment. Ironically, it would be more appropriate to call a computer with 
van Neumann architecture a "stable state-determined ... system" (Maturana 

and Varela [1972] 1980, 50) rather than so designating the nervous activity of 
a rabbit-or a human. 

In contrast to Maturana's unwavering commitment to the idea that no 

information passes from the environment to the organism, Varela was later 

willing to concede that information, coding, and messages might be "valid 
explanatory terms" through which to construct a complementary account 
of an organism's actions (Varela 1981, 39). Even so he continued to give top 
priority to autopoiesis, objecting that information and information process­
ing should not be in "the same category as matter and energy:' Transport­
ing these ideas from engineering fields to descriptions of living systems, he 
maintained, was an epistemological "blunder" (45). "To assume in these fields 
[ of natural systems] that information is some thing that is transmitted, that 
symbols are things that can be taken at face value, or that purposes and goals 
are made clear by the systems themselves is all, it seems to me, nonsense .... 
Information, sensu strictu, does not exist. Nor do, by the way, the laws of 
nature" (45). He may be right about goals, purposes, and the laws of nature 
(as Bruno Latour has famously argued in We Have Never Been Modern [1993, 

45]), but from a contemporary viewpoint, he is not correct in saying "infor­
mation .•. does not exist." Indeed, some physicists declare that information 
is a more fundamental category in explaining how the universe works than 
is either matter or energy (see, e.g., Zuse 1969; Fredkin 2003; Wolfram 2002). 

Even Lovelock, in his last book, Novacene, suggests that "information may 
indeed be the basis of the cosmos;' speculating that in the future his view may 
be validated, "that the bit is the fundamental particle from which the universe 
was formed" (Lovelock 2020, 88-89). 

We can assess Varela's belief about information from a quick survey of 
the categories at issue. Seen from the bird's-eye view, matter must have been 
quantified very early in human history, certainly by the time of agriculture's 
advent, when it became necessary to measure grain, for example, so that one 
could determine crop yields and create commensurate values with other 
commodities. In the Newtonian era, the distinction between mass and weight 
emerged. Energy, for its part, was the focus for the great thermodynamicists 
of the nineteenth century; they quantified it; codified the differences between 
free energy, potential energy, and energy dissipation; and formulated the 
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Maturana and Varela assert in Autopoiesis and Cognition (11972] 1980, u). In 
a retrospective account, Varela made dear that he and Maturana were con­
sciously aware of wanting to provide an account that would not depend in 
any of its essentials on the idea of a genetic code (Varela 1981, 36). 

Although Varela later had second thoughts about this approach, Maturana 
remained committed to his position. In the 1980 article "Autopoiesis: Repro­
duction, Heredity, and Evolution;' Maturana wrote, "I claim that nucleic acids 
do not determine hereditary and genetic phenomena in living systems, and that 
they are involved in them, like all other cellular components, according to the 
particular manner in which they integrate the structure of the living cell and 
participate in the realization of its autopoiesis" (Maturana 1980, 61). Granted 
that Maturana here is responding to the exaggerated importance assigned 
to DNA by such Neo-Darwinists as Ridtard Dawkins, Maturana's move of 
relegating DNA to being merely one of many cellular processes with no deter­
minate role in heredity is arguably just as distorting in the opposite direction. 

In The Tree of Knowledge, written as an introduction to autopoietic theory 
for a general audience, Maturana and Varela (1987) attempt to suture auto­
poiesis to evolution by insisting that at every point as organisms evolve, au­
topoiesis is conserved. Rejecting the customary term "genetic drift" (denot­
ing variation in the relative frequency of genotypes in a population), they 
substitute natural drift, which apparently also refers to a change in genotype 
frequency without mentioning genetics. Later the term drifts (so to speak) 
to structural drift. However, if an organism's structure drifts and thereby 
changes, how is autopoiesis conserved? Here they return to the difference 
between structure and organization that they employed in Autopoiesis and 
Cognition: "Organization denotes those relations that must exist among the 
components of a system for it to be a member of a specific class. Structure 
denotes the components and relations that actually constitute a particular 
unity and makes its organization real" (Maturana and Varela [1972] 1980, 47). 

If organization is conserved at every point (implicit in the idea that au­
topoiesis is conserved), then how does any organism ever change to become 
something else? In critiquing these ideas in How We Became Posthuman, I 
offered this analogy. "Consider the case of an amoeba and a human. Either an 

amoeba and a human have the same organization, which would make them 
members of the same class, in which case evolutionary lineages disappear 
because all living systems have the same organization, or else an amoeba 
and a human have different organizations, in which case organization-and 
hence autopoiesis-must not have been conserved somewhere ( or in many 
places) along the line. The dilemma reveals the tension between the con­
servative circularity of autopoiesis and the linear thrust of evolution. Either 
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other multicellular organisms are positioned as internal to the microbial world, 
which in this view far exceeds multicellularity in biomass, ecological impor­
tance, and evolutionary significance. Here multicellularity is interpreted as 
originating from, and entirely beholden to, the unicellular organisms that 
were their evolutionary progenitors and that remain crucially important for 
the maintenance of life. 

Fractures between Margulis's Views and Autopoietic Theory 

Notwithstanding Margulis's attraction to autopoietic theory, there are frac­
tures between it and her work. The circularity that the theory emphasizes in 
the self-regulation and self-reproduction of cellular organization sits uneasily 
with her focus on symbiogenesis, with its implication of constant mutations. 
Moreover, the dynamics of a cellular organization calmly reproducing itself 
gives a picture of the microcosm far different from that articulated by Mar­
gulis and Sagan in Microcosm (1997) and Acquiring Genomes (2002), and by 
Margulis in Symbiotic Planet (1998), and in their other texts-these are worlds 
full of hungry, starving organisms desperate to eat or invade their neighbors 
and constantly bombarded by horizontal gene transfers from every direction. 
"Genes and only genes may pass into the recipient cell from anywhere: the 
water, a virus, or a donor dead or alive;• Margulis writes in Symbiotic Planet 
(1998, 88). Despite these discrepancies, after about 1980 Margulis adopts the 
phrase "autopoietic Earth" and uses it often. What might be the likely motiva­
tion for this (conceptually uneasy) alliance? 

I think that autopoiesis is attractive for her in part because it reflects her 
belief that the microcosm is enormously resilient. She even declares that if 
there were a nuclear war, the bacterial world would scarcely notice (Sagan 
and Margulis 1997, 239). In keeping with her internality reversal that places 
multicellularity within the microcosm, her writings make clear that her deep­
est sympathies lie not with Homo sapiens but with the microcosm. "Our own 
role in evolution is transient and expendable in the context of the rich layers 
of interliving beings forming the planet's surface. We may pollute the air and 
waters for our grandchildren and hasten our own demise, but this will exert 
no effect on the continuation of the microcosm" (Margulis and Sagan 1997, 

67). It would be going too far to say that she really does not care if humans 
face extinction-as a human herself, not to mention as a mother and grand­
mother, self-interest alone would seem to dictate that she must care. Never­
theless, her writings are remarkably free from anthropocentric assumptions 
and leanings. 
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Moreover, she must have felt considerable sympathy for the antigenetic 
position staked out by Maturana and Varela. In "Big Trouble in Biology;' she 
makes her anti-Neodarwinist attitude very clear. Contrasting "physiological 
autopoiesis" with "mechanistic Neo-Darwinism" (as the subtitle proclaims), 
she accuses mainstream biologists of engaging in a Fleckian "thought­
collective" anxious to police its ideological boundaries and reject any heretic 
that disagrees with its tenets (Margulis 1997, 271). Noting the abstractness of 
such characteristics as genetic drift, random mutations, and selective fitness, 
she writes that "evolutionary biology" has become populated by "computer 
jocks (former physicists, mathematicians, electrical engineers and so forth), 
with no experience in field biology;• with the sad result that a mechanistic 
worldview has replaced an attitude of deep respect for the vitality and resil­
ience of the natural world. "Science practitioners widely believe and teach­
explicitly and by inference-that life is a mechanical system fully describ­
able by physics and chemistry. Biology, in this reductionist view, is a subfield 
of chemistry and physics'' (266). Rejecting mainstream biologists "smitten 
by physicomathematics envy," she urges a return to a "life-centered alterna­
tive worldview called autopoiesis, which rejects the concept of a mechanistic 
universe knowable by an objective observer" (266). Focusing on cellular me­
tabolism as "the detectable manifestation of autopoiesis;' she writes that "all 
the bacteria on Earth form a worldwide living system-a huge autopoietic 
entity" (269). 

She contrasts this life-affirming worldview with the "neo-Darwinists 
[who] proffer formal mathematical explanations for the ways in which organ­
isms evolve. Neo-Darwinism has produced a large body of professional lit­
erature that is the sacred text of most evolutionary biologists. Self-identifying 
neo-Darwinists control what little funding for evolutionary research exists 
in this Christian country. Since the seventies, learning heavily on computer 
simulations, the neo-Darwinist religious movement has generated subfields 
called population genetics, behavioral ecology, sociobiology, and population 
biology" (Margulis 1997, 270 ). Speculating on why Neo-Darwinists have "be­
come famous darlings of the life scientists today;' she writes that she attri­
butes "their popularity in part to the soothing effects of their assertions of 
mathematical certainty" (270 ). She further points out that the "neo-Darwinist 
mechanistic, nonautopoietic worldview is entirely consistent with the major 
myths of our dominant civilization;• citing William Irwin Thompson's ob­
servation that our "materialistic civilization ... is concerned almost exclu­
sively with technology, power, and wealth'' (Thompson quoted in Margulis 
1997, 270). 
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In light of these arguments, it is perhaps easy to see why Margulis was 
not too concerned with the fractures between her evolutionary emphasis on 
symbiogenesis and the operationally closed worldview of autopoietic theory. 
She may have felt that the relatively weak ties that autopoietic theory forged 
with evolutionary processes was more than compensated for by her own 
strong theories of symbiosis, including her argument that symbiogenesis was 
the primary driver for evolutionary change. Moreover, she may have felt, as 
"Big Trouble" testifies, that the real enemy at the gates was a Neo-Darwinist 
mechanist view, and she may have concluded that the enemy of her enemy 
was her friend. 

Whatever the reasons for why Margulis adopted autopoietic theory and 
amalgamated it together with symbiogenesis, the joint was far from seamless, 
although the fractures do not appear to have concerned Margulis enough to 
prevent her from adopting an autopoietic vocabulary. The fractures widen, 
however, when Margulis, along with her son and frequent coauthor Dorion 
Sagan, speculate on the possibility that machines can also evolve. Then the 
restrictions of autopoietic theory become a major problem in trying to join 
autopoiesis with the idea of machine evolution. The widening fissures run 
directly through how autopoietic theory conceptualizes cognition. 

Cognition and "the Evolution of Machines" 

One consequential achievement of autopoietic theory is its conception of 
cognition as an essential characteristic ofliving organisms. Defying centuries 
of tradition in which cognition was understood as virtually synonymous with 
human thought, Maturana and Varela defined cognition in much broader 
terms that emphasized its essential quality as a process intrinsic to, as their 
subtitle proclaimed, the "realization of the living": "A cognitive system is a 
system whose organization defines a domain of interactions in which it can 
act with relevance to the maintenance of itself, and the process of cognition is 
the actual (inductive) acting or behaving in this domain. Living systems are 
cognitive systems, and living as a process is a process of cognition. This state­
ment is valid for all organisms with and without a nervous system" (Maturana 
and Varela [1972] 1980, 13). This definition makes very clear that all living 
organisms, including those without nervous systems or brains such plants 
and microorganisms, have cognitive capacities that are realized through the 
process of living, which also is the process of autopoietically producing and 
reproducing both the organism's distinctive organization and the compo­
nents that constitute the organization. Whereas "the living" could be inter­
preted as a gerund, with its implication of a noun-like quality, cognition is 
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seem to be a serious argument against their capacity to evolve . .. using au­
topoietic us as an integral part of their evolutionary mechanisms" (20). Con­
tinuing in a speculative vein, they assert that "civilization as we know it can 
no longer survive without machines. It seems likely that humans will survive 
to govern the transition from an organic to a technobic biosphere . ... Human 
beings in association with machines have a great selective advantage over 
those alienated from machines" (20). "We may compare the future evolution 
of machines to the evolution on dry land 400 million years ago. Life may 
continue to expand by technobic autopoiesis" (21). 

Although Sagan and Margulis write about "machines" without qualifying 
them further, one can argue that in the present era, the most important ma­
chines are computational media, for increasingly they communicate with and 
control myriad other machines: diesel locomotives, waterfront cranes, stop­
lights, self-driving cars, and many more. As we saw in chapter 1, computa­
tional media are not just one technology among thousands of others: they are 
distinguished from other electromechanical devices precisely because they 
have the capacity to process, communicate, store, transform, and disseminate 
information. The collectives that Sagan and Margulis propose in saying that 
machines mutate and evolve through "autopoietic us" are what I have called 
"cognitive assemblages:' 

Their speculative leap into the evolution of machines sits uneasily with 
other ideas they espouse, including autopoiesis. To develop further the ideas 
articulated in "Gaia and the Evolution of Machines;' it would be necessary 
to define cognition in ways that are applicable both to biological organisms 
and to computational media; to accept that information flows between and 
among humans, nonhumans, and computational devices; and to make clear 
that cognition applies to computational media as well as to biological organ­
isms. As we have seen, these requirements are either forbidden by autopoi­
etic theory or entirely absent from its vocabulary. To the extent that Margulis 
aligns her work with autopoiesis, this would imply making significant revi­
sions in her approach, revisions to autopoietic theory, or both. None of this 
is attempted in "Gaia and the Evolution of Machines" (Sagan and Margulis 
1987), which for this reason seems more of a one-off, highly speculative piece 
than a sustained effort to develop a theory of evolution that would include 
machines.' This positionality is further indicated by the fact that the relatively 
brief article appears in a popular magazine rather than a peer-reviewed sci­
entific journal. 

Given the article's relatively thin argument, it is somewhat strange to find 
it emphasized in Bruce Clarke's Gaian Systems, where he refers to it several 
times and devotes an entire section to discussing its implications (Clarke 
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In the spirit of following up on this invitation to remediate "planetary 
cognition;' I reiterate the definition of cognition offered earlier in chapter ,: 
cognition is a process of interpreting information in contexts that connect it 
with meaning. Note that this definition converges with Maturana and Varelas 
insistence that cognition is a process, a dynamic and ongoing event emerging 
from an organism's embedding in an environment. Unlike Maturana and Va­
rela's definition, however, this one asserts that information does flow between 

and among organisms and their environments. Arguably even more impor­
tant is the assertion that through these flows of information, interpreted con­
textually through an organism's specificities and those of the environment, 
meanings are created, modulated, transmitted, and transformed. Finally, the 

definition is crafted so that it applies as well to computational media, which 
also have contexts and interpret information accordingly. 

I have already discussed how biosemiotics contributes to this project by 
framing, through Peircean semiotics, the idea that an organism's umwelt 
emerges from the specific ways in which it is coupled with the environment, 
and that an organism's access to meaning comes through its performances 
in relation to the environment, that is, its behavior. Some have objected to 

the biosemiotics view on the grounds that it interprets behaviors through a 
semiotic lens, whereas nonconscious organisms themselves surely have no 
ideas about signs, so it is imposing a human-oriented view on nonhuman 
organisms. Chris Fields and Michael Levin (2020) have responded to this cri­
tique by developing an alternative description of meaning that does not rely 
on signs at all but only on the organism's own frames of reference. Citing 
the work of Maturana and Varela, Fields and Levin focus on the "embodied­
embedded-enactive-extended cognition'' of contemporary cognitive science 
(the 4E approach), comparing it with biosemiotics to conclude that "mean­
ings characterize structural and functional, but in most cases explicitly non­
representational, capacities of an embodied system'' (Fields and Levin 2020, 

2). By proclaiming that meanings are explicitly nonrepresentational, they 
rule signs (and thus semiotics and biosemiotics) out of court. Moreover, they 
make clear that they intend their analysis to apply to the entire span of biolog­
ical organisms, from cells to humans. They continue, "We can approach ques­
tions about the evolution, development, and differentiation of meanings as 
questions about the evolution, development, and differentiation of RFs [ref­
erence frames];• and they subsequently describe how internal and external 
reference frames evolve. Although they do not employ the vocabulary ofbio­
semiotics, they nevertheless come to similar conclusions. For example, they 
point out that information is "meaningful to an organism in a context that 
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served as a canonical example of approach/avoidance behavior and hence of 
the assignment of valence to environmental stimuli" (2020, 8). They point out 
that to sense the gradient accurately, the bacterium must have an internal ref­
erence frame that distinguishes between "good" gradients (for example, food) 
and "bad" ones (for example, toxins). Although the sensing mechanisms that 
develop the reference frame are complex (as determined by previous research 
on E. coli), the point is relatively simple: the bacterium must have an internal 
reference frame in order to makes the distinctions activated in chemotaxis. 
Moreover, "implementing internal RFs requires energetic input from the en­
vironment. This energetic input is necessarily larger than the energy required 
to change the pointer state associated with the RF. Any RF is, therefore, a dis­
sipative system that consumes environmental free energy and exhausts waste 
heat back to the environment. Every RF an organism implements requires 
dedicated metabolic resources" (Fields and Levin 2020, 8). Since RFs are en­
ergetically expensive, the authors conclude that "only meaningful differences 
are detectable;' since "organisms do not waste energy acquiring information 
that is not actionable'' ( 6). They conclude that "at every level, RFs specify 
actionability and therefore meaning" (7), suggesting that exploring the emer­
gence of internal RFs and their linkages to external RFs may provide answers 
to the "fundamental question of an evolutionary theory of cognition" ( 6), for 
instance, my earlier question about how an amoeba can evolve into a human 
through myriad intermediate stages. 

Note that in this theory, E does not serve as just a "trigger" for the organ­
ism but is an active force intrinsic to selecting the features of E that will be 
seen and acted on by S (or F). Thus there is some overlap with Maturana 
and Varela's concept of autopoiesis, but also some significant changes, chief 
among them the introduction of"objects" versus environmental background, 
the emergence of meanings through perceptions and behaviors, and the con­
nection between organism and environment that determine how the organ­
ism will evolve. My definition of cognition, and therefore !CF, sits easily both 
with biosemiotics and with reference frame theory, because it introduces the 
critical concepts of context, information, interpretation, and meaning. 

Summarizing Conflicting Claims 

At this point it will be useful to summarize the preceding distinctions and 
arguments through a table of"conflicting claims of theories and theorists" (ta­
ble 3-1). No table can capture all the nuances, but I hope that this table will give 
the flavor of the major differences and overlaps between the different players. 

段静璐
整这么张表也太野了。
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Sagan for their accounts of the strategies employed in symbiotic interactions, 

which range from horizontal gene transfer, to opportunistic exchanges be­
tween different species that are not (yet) permanently joined, and finally, to 
the complete absorption of one species by another to create a new organism. 

From RFT I adopt the position that cognition in cellular organisms does not 
need to be construed solely through the semiotic filter of language. Finally, 
I endorse some speculations from Lovelock, as well as Sagan and Margulis, 
projecting the kinds of futures that await humans, now that we are on the 

cusp of developing computational media with the cognitive resources to con­
verse with humans. 

Not included in my account is Maturana and Varela's claim that no infor­
mation passes between an organism and the environment; their implication 
that cognition occurs only in the living; Margulis's claim that the only way in 
which speciation develops is through symbiogenesis; and Bruce Clarke's im­
plication that planet-wide cognition has now emerged and has no necessary 
connection to meaning. 

What then is technosymbiosis? Starting from a definition of cognition 
that enables all biological lifeforms and some computational media to be seen 
as cognitive entities, technosymbiosis proceeds to the realization that in de­

veloped countries, humans are already in symbiotic relationships with intel­
ligent machines. How far have we already gone into a symbiosis from which 
there is no return? Recall that chapter 1 posed the question of what would 
happen if all computational media were to crash tonight. Developed soci­
eties would be rendered helpless: trains could not safely run; food delivery 
networks would be disrupted; banking systems would crash; basic services 
such as electrical grids, water lines, and sanitation operations would fail; and 
communication networks of all kinds would suddenly become inaccessible. 
These disastrous consequences suggest that we have already gone far enough 
so that any retreat would cause enormous loss of human life and apocalyptic­
level social disruptions. 

One advantage of thinking about our relation to cognitive media as sym­
biosis rather than as the emergence of the cyborg is the flexibility and range of 
different options that symbiosis offers. Whereas the cyborg typically implies 
some kind of physical fusion, symbiosis can designate our present state of 
living in close proximity with computational media through interdependent 
relations. Symbiosis can also authorize future scenarios that envision human­

cmnputational hybrids, humans absorbed into computational media surviv­
ing as "remnants;' much as mitochondria survive in cells (Sagan and Mar­
gulis 1997, 246), or humans as the domesticated familiars of independently 
living robots, among other possibilities. Sagan and Margulis write in "Gaia 
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that makes knowledge possible (for embeddedness is what makes it possible 
to sense anything at all) and that also limits what kinds of knowledges can 
be produced, excluding, for example, the supposed objective or God's-eye 
view critiqued by Donna Haraway (1988). The emergence of cognitive as­
semblages implies flexible, temporary arrangements that direct information 
flows through an enormous variety of interfaces, from self-driving cars to the 
web to aircraft control centers, and much else. It recognizes that, like the evo­
lution of biological lifeforms, the evolution of computational media cannot 
be predicted and does not fit within prestated parameters, as is the case for 
chemicophysical material processes. As discussed in chapter 5, the temporal­
ity of evolution, whether biological or technological, is simply of an order 
different from that of the temporality of material processes. Unpredictable in 
its evolution and given to spontaneous swerves that may lead to enormous 
changes very quickly through technological mutations and evolutions, techno­
symbiosis is capable of altering the future of humanity, and the future oflife 
on this planet, in ways unimaginable to us in the present. 

In this and many other ways, technosymbiosis implies a thorough-going 
repudiation of traditional ideas such as human dominance of the planet, hu­
mans as the most evolved species, and humans as the sole practitioners of 
meaning-making practices. Recognizing the potential for great changes that 
may be uncontrollable in whole or in part and that have consequences be­
yond what we can imagine, it points toward a humbler, more accurate percep­
tion of humans as partners with our nonhuman symbionts in the project to 

make a livable future for us all. 



4 

Cellular Cognition: 
Mimetic Bacteria and Xenobot Creativity 

One of the central premises-of the integrated cognitive framework is that all 
lifeforms have cognitive abilities. 1 This chapter expands on that idea by engag­
ing with recent research in evolutionary biology, along with the emergence 
of CRISPR-Cas9 gene editing, that has revealed the power of individual cells 
and cellular networks to perform actions indicating they are capable of cog­
nitive achievements, specifically mimetically representing viral threats and 
creatively repurposing cellular components. Combined, these results suggest 
that evolutionary theory should be revised so that cognition is understood to 
begin, not with brains and nervous systems, but much earlier and lower down 
in scale, at the cellular level. Not only is this perspective a game changer in 
terms of evolutionary theory; it also has significant implications for the future 
of human collaborations with cognitive cellular actors. 

This chapter focuses on two areas where cellular cognition has been 
investigated and its implications for human futures explored. The first is 
CRISPR-Cas9 gene editing, pioneered by Emmanuelle Charpentier and Jen­
nifer Doudna and their collaborators (Jinek et al. 2012). Their work initiated 
the technological capture of the nonconscious cognitive processes of bacteria 
defending themselves against viral attacks. The bacterial responses show how 
the mimetic processes of the nonhuman realm can be modified and manipu­
lated to serve human purposes, including producing posthuman bodies. Mi­
mesis, my analysis concludes, is not only about art but also about fundamen­
tal strategies of survival for humans and nonhumans alike. 

The second part of my analysis focuses on work by biologist Michael 
Levin of Tufts University, evolutionary computation scientist Josh Bongard 
at the University of Vermont, and their collaborators, toward the creation of 
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synthetic entities they call "xenobots." Xenobots are constructed organisms, 
synthetically created and sometimes artificially configured, that are able to 
perform actions requiring cellular cognition, such as reproducing themselves, 
navigating their environment, and joining with other cells to create larger en­
tities. Levin and collaborator Rafael Yuste (2022), director of the NeuroTech­
nology Center at Columbia University, in "How Evolution 'Hacked' Its Way 
to Intelligence from the Bottom Up;' explore the implications of xenobots for 
evolutionary theory and for possible future applications for humans, includ­
ing such science fiction scenarios as the regeneration of organs and sponta­
neous repair of birth defects. Levin has also teamed up with Daniel Dennett 
in "Cognition All the Way Down" (Levin and Dennet 2020) to argue that 
the next great task for biologists is to understand how cells, tissues, and or­
ganisms can be considered "agents with agendas;' a provocation with special 
relevance to cognitive assemblages between humans and other organisms. 

The point of this chapter is to show not only that biological cognition is 
present at the cellular level but also that it possesses specific characteristics. 
Biological cognition is organized through modules nested inside one another, 
starting at the cellular level and progressing upward to cellular networks, tis­
sues and organs, and finally whole organisms. In this sense, it is analogous to 
the dynamic heterarchies discussed in chapter 2 in the context of computa­
tional cognition, with each level organized so as to bootstrap the process to 
the next level up. Secondly, cellular cognition has been shown to have the ca­
pacity to create and store memories, including recognizing viral threats and, 
with xenobots, remembering patterns that enable cells to complete bodily re­
generation when only a small part of the pattern is present. Moreover, Levin 
and Dennett (2020) argue that nested levels of cognizers, from individual 
cells to networks, tissues, organs, and organisms, can be understood through 
what they call the "cognitive horizon'' of the entity. Presumably brains, and 
human brains especially, have a much wider cognitive horizon than, say, the 
human liver. Thinking in these terms provides a useful way to talk about 
what happens in cognitive assemblages. When computational media partner 
with humans in such assemblages, the cognitive horizon of both entities ex­
pands. Further, the nested approach fits well with technosymbiosis. When the 
cognitive capacities of bacteria are captured through technological interven­
tions by humans-that is, through technosymbiosis-the human cognitive 
horizon is increased. Such strategies, and the thinking that underlies them, 
promise not only to revolutionize our understanding of how evolution works 
but also to open human futures to new and unpredictable horizons that will 
change the very nature of what being human means. 
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well as different from the repeating clusters. Mojica and other researchers 
then realized that the CRISPR sections were copied from the DNA of attack­
ing viruses. Serving as the cell's memory of the event, the information of the 
repeats was transferred via RNA to an enzyme, Cas9, that had the ability to 
cleave nucleotide sequences, that is, to act as a nuclease. When it found a 
match to the information it carried, it severed the corresponding viral DNA, 
thus effectively killing the virus. "So clever;' Mojica remarked of the strategy 
in "Human Nature;' an episode of the PBS documentary series Nova, quickly 
adding that of course it came about through "evolution;' not through any 
conscious insight (Bolt 2019). 

This strategy exemplifies what I call micromimesis. It fulfills the tradi­
tional requisites for a mimetic act. It re-presents something found in nature­
the virus DNA-but does not merely copy it. The re-created DNA fragment 
differs from the original because it has been recontextualized into a CRISPR 
and incorporated into the bacterium's DNA. Moreover, there it performs a 
function completely different from its function in the original. Now it doesn't 
operate to replicate the virus as it hijacks the cell's machinery to turn out 
copies of itself, an action that kills the cell, but rather is used to counterat­
tack and kill the virus instead. Seen from the perspective of human actions, 
the high stakes of this drama are worthy of a Greek tragedy, being nothing 
less than life or death. For the bacteria, of course, the action is guided not 
by conscious thought but by its evolutionary history in which a species has 
developed this adaptive mechanism through mutation and natural selection. 
The affective responses of humans to this microbial battle should rightly be 
understood as entirely a projection without basis in what the bacteria them­
selves experience. 

The micromimetic drama intersected with human acts and intentions, 
however, when researchers realized its significance for human-initiated gene 
editing. Several seminal papers, coauthored by Emmanuelle Charpentier and 
Jennifer Doudna and their collaborators, made the connection between Cas9 
cutting of the DNA of viruses and its potential for gene editing, work subse­
quently recognized when they were awarded the 2020 Nobel Prize in Chem­
istry. Calling Cas9 a "programmable" nuclease, they created an all-purpose 
gene-editing tool by fusing the RNA fragment that recognized the viral DNA 
with the RNA that matches it to a gene ( transactivating CRISPR RNA or 
tracer RNA), thus creating guide RNAs that direct Cas9 to a specific DNA 
sequence to cut (Jinek et al. 2012). They further pointed out that the mecha­
nism could be used for any gene, not simply to cut viral DNA. The conclud­
ing sentence of their "immortal" paper made the point clear.3 "We propose 
an alternate methodology [to existing methods] based on RNA-programmed 
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Cas9 that could offer considerable potential for gene-targeting and genome­
editing applications." 

Additional research showed that the cutting could be accomplished by an­
other process that inserted a new DNA sequence at the site of the cut. When a 
cell encounters a disruption in a DNA sequence (a process that happens with 
considerable frequency during normal cell division), the cell will try to splice 
the two ends together. Doudna and Samuel Sternberg (2017) point out the 
haphazard nature of the process, because the nucleotide sequences may lose 
a few bases to create the correct pair joining (A joins with T, G with C). By 
contrast, if the guide RNA offers the cell a template that exactly matches the 
two cut ends, the cell will preferentially use that instead. This means not only 
that specific sites in DNA can be targeted for cuts but that repairs can also 
be made to correct disease-causing mutations. Other procedures have ex­
panded CRISPR's functionality so that it now enables a suite of gene-editing 
processes, including deletion, addition, insertion, rearrangement, knock-out 
(which disables a gene's ability to code for a protein), and knock-in. 

The huge advantages of CRISPR-Cas9 gene editing are its precision, ef­
ficiency, and relatively cheap cost (in part because CRISPR relies on DNA­
RNA pairings, rather than other approaches that synthetically engineer pro­
teins that bind to specific DNA sequences). For example, modifying a single 
gene with ZFN (zinc finger nuclease, an older gene-editing technology) cost 
$25,000; CRISPR can replace several genes at once for a few hundred dollars 
or less.' It is now possible to submit online the DNA of the gene to be edited, 
and a laboratory will create CRISPR RNAs targeted to that gene and ship 
them out in a few days. The result has been to open gene editing to a large 
variety of organisms, including dogs, pigs, mice, butterflies, and mosquitoes, 
among other animals. Plants have also been treated with a large variety of 
gene edits designed to increase yields and to make them more resistant to 
diseases and more tolerant of climate changes. CRISPR gene editing has also 
been used with humans to cure sickle-cell anemia, beta-thalassemia (a blood 
disorder that reduces the oxygen level in blood cells), inherited blindness, 
and even certain types of cancer. 

Although my focus here is on gene editing, it is worth noting that the 
recent development of the Moderna and Pfizer vaccines against Covid-19 vi­
ruses also use techniques that enlist the cognitive powers of cells. Different in 
details, both vaccines are similar in using messenger RNA (mRNA) encased 
in lipid delivery systems. (The low temperatures are required because the nu­
cleotide chains of RNA sequences are fragile, lacking the robustness of DNA'.s 
double helix.) The vaccines are injected into muscle cells in the arm, where 
the messenger RNA sequences travel into the cell interiors. There they are 
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read as instructions to create a spike protein on the cell wall and are afterward 
disassembled by the cell. The spike protein, a copy of those on the surface of 
the Covid virus, is easily recognized by the immune system as not properly 
belonging there. Here again, the interpretive capacities of cells are crucial in 
creating the immune effects. 

The Capture of Nonconscious Cognition by Consciousness 

There are several areas of controversy with gene-editing techniques. First is 
the concern that gene editing on wild-type animals and plants may get out 
of control and result in unintended consequences or, alternatively, be used to 
eradicate some species altogether. These concerns have been catalyzed by the 
development of gene drives, techniques designed to spread mutations rapidly 
in a population. One such technique uses CRISPR to inject an organism with 
the CRISPR sequence itself, thus giving the organism a recursively doubled 
mutation ability. Ethan Bier and his student Valentino Gantz at the University 
of California, San Diego, used the technique in 2015 with fruit flies, editing 
a gene that determines color, so that the mutated flies were yellow instead 
of the usual brown (Gantz and Brier 2015). The technique was so successful 
that they estimate if a single mutated fruit fly had escaped the laboratory, it 
would have spread the yellow color to between 20 and 50 percent of all fruit 
flies worldwide. 

The technique has also been used with mosquitoes to give them resistance 
to the parasite Plasmodium falciparum, responsible for malaria (see Gantz 
et al. 2015). Other researchers have used gene drives to spread genes that cause 
female sterility in mosquitoes (see Hammond et al. 2016). Since the affected 
gene is recessive, the mutation would spread without apparent consequences 
until enough females carried two copies of the recessive gene, whereupon 
the population would suddenly crash. While making malaria-causing mos­
quitoes extinct might be cause for celebration for the millions of humans af­
flicted with the disease, the concern is that the technique could be extended 
to other species, including humans. 

Another looming problem is the availability of CRISPR amateur gene­
editing kits to anyone who has a hundred bucks or so. Although the kits are 
designed for gene editing in bacteria and yeast (making them attractive for 
craft-beer aficionados), the potential for biohacking them to apply to other 

• organisms is unknown. Given the ingenuity shown by hackers with computer 
code, what mischief they could do with genetic code is cause for real concern. 

In light of these considerations, it is not difficult to see why, in the 2016 

Worldwide Threat Assessment report by US intelligence agencies to the Senate 
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Armed Services Committee, they identified under the "Biological Warfare" 
section the "biological materials and technologies, almost always dual use, 
[that] move easily in the globalized economy, as do personnel with the scien­
tific expertise to design and use them" (National Counterproliferation Center 
2016). The tip-off that they had CRISPR gene editing in mind is the phrase 
"dual use:• which denotes the potential for benefit as well as devastation. Con­
ventional biological weapons, for example nerve agents or poison gas chemi­
cals, have no such beneficial aspects. 

Perhaps the most intense controversies concern editing the human ge­
nome, especially germ-line editing in which changes will be inherited by all 
subsequent individuals coming from that genetic line. While editing an in­
dividual's genome in somatic cells to correct single-gene inherited diseases 
such as sickle-cell anemia has already been done and is largely considered 
to be ethically acceptable, many researchers have argued for a moratorium 
on germ-line editing. The risks are clearly laid out in "Don't Edit the Human 
Germ Line" (Lanphier et al. 2015). Addressing its use in a human embryo, the 
authors explain that "it would be difficult to control exactly how many cells 
are modified. Increasing the dose of nuclease used would increase the likeli­
hood that the mutated gene will be corrected, but also raise the risk of cuts 
being made elsewhere in the genome" (Lanphier et al. 2015). Moreover, there 
are also possibilities that only one copy of the double-helix target gene would 
be modified or that the cell could start dividing before the corrections are 
complete, resulting in a "genetic mosaic:' Consequently, the "precise effects 
of genetic modification to an embryo may be impossible to know until after 
birth'' or even for several years afterward. 

A case in point is research published in Protein and Cell by Junjiu Huang's 
lab at Sun Yat-sen University in China (Liang et al. 2015). They used CRISPR 
with eighty-six human embryos to edit the gene that produces beta-globin, 
intending to demonstrate that it was possible by this means to cure the blood 
disease beta-thalassemia, caused by a defect in this gene. Of the eighty-six 
embryos, only four were successfully mutated. Other embryos had their 
gene sequences edited at off-target sites, resulting in haphazard mutations 
other than the one intended. In addition, several embryos were converted 
into genetic mosaics (just as Lanphier and his colleagues feared) because the 
CRISPR intervention took place after the cells had already started dividing. 
In this research program, all the embryos were nonviable and would never 
mature into human persons, but the results clearly showed the potential for 
disastrous outcomes if the CRISPR editing is not done with scrupulous care. 

Not everyone agrees that germ-line editing is a mistake. On the other side 
of the issue, the bioethicist Julian Savulescu and colleagues in 2015 published 
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an article, also in Protein and Cell, arguing that there is a moral imperative to 

continue research into human germ-line editing. They pointed out that about 
6 percent of all children born worldwide have serious birth defects arising 
from genetic or partly genetic causes; making gene editing available for them 
would benefit about eight million children per year (Savulescu et al. 2015). In­
deed, close reading of Lanphier et al. (2015) reveals a rather large gap between 
the abstract concepts they espouse and real human suffering. It is one thing 
to argue, as they do, that germ-line editing is unnecessary because editing so­

matic cells can accomplish the same goal without the risks. Imagine, however, 
making that argument to a man who has suffered life-destroying levels of 
pain because he has sickle-cell anemia. He and his wife want to have a child. 
They want to have an embryo edited in vitro to correct the gene that causes 
the disease, thus freeing the baby and all the child's subsequent progeny from 
the disease. Telling them to wait until the baby is born and then, when the 
child is old enough to have an operation, do gene editing on the somatic cells 
would mean to them condemning their child to the same racking pains the 
father has endured. Moreover, the father would be acutely aware of the cel­
lular damage that the disease causes. Why wait until the disease has already 
started and has caused intense suffering, when germ-line editing could elimi­
nate it relatively easily, when only a few cells (instead of millions) would need 
to be modified? 

More conundrums arise if (or rather when) CRISPR techniques are used 
for human enhancement, that is, for editing genes controlling traits such as 

height, eye and hair color, endurance, musculature, or need for sleep, or for 
even more complex multigene inheritances such as intelligence, creativity, or 

flexibility. Further complicating the issue is the fact that the line between cor­
rection and enhancement is far from clear-cut. Already in use are techniques 
in which a couple uses their eggs to create a number of embryos and then em­
ploys genetic testing to choose among them, a technique called preimplanta­
tion genetic diagnosis (PGD). What if, in addition to screening for heritable 

diseases, they are also choosing for sex and other attributes? 
These kinds of concerns, already present with older gene-editing tech­

niques, have been greatly exacerbated by the accessibility, ease of use, and 
economics of CRISPR. They go far beyond the boundaries of scientific re­
search into questions about ethics, social justice, economic inequalities, and 

the futures of humans and nonhumans. Micromimesis thus intersects with 
·macro concerns that have traditionally been the province of the humani­
ties. To address these issues, we can start by distinguishing between a tool 
(as gene-editing mechanisms are often called) and the cognitive acts of the 
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bacteria. Traditionally, a tool is considered to be without its own agency; a 
hammer, for example, needs a person to activate it and decide what object to 
hit. By contrast, the bacteria and Cas9 are interpreting information from their 
environments and proceeding according to their own agency, attributes that 

in my definition make them cognitive. Within their contexts, their actions are 
meaning-making practices, with meaning understood, as in biosemiotics, not 
as an abstract concept but as an adaptive response to an environmental signal. 

As we saw in Chapter 2, biosemioticians employ a Peircean triadic semi­

otics in which an interpretant intervenes between the sign vehicle and the 
object to connect the two. For nonhuman species without consciousness, the 
interpretant is understood as an embodied action contextualized by the in­

terpretive capacities and sensoria of an organism. As Wendy Wheeler puts it, 

"meanings are the result of a process of discovery and interpretation. Life is 
process, and all organisms must be capable of change in response to chang­
ing conditions" (Wheeler 2016b). In this view, meaning is created when an 
organism interprets an environmental signal and subsequently performs ac­
tions that have consequences for the organism. Seen in this light, CRISPR 
gene-editing mechanisms represent a technosymbiosis between the cogni­

tions of conscious humans and the nonconscious cognitions of bacteria to 

accomplish something that neither party could by itself.' Both create and rely 
on semiosis: humans through verbal and symbolic languages such as English 
and mathematics, and bacteria through actions that function as interpretants 
joining the sign vehicle (mimetic recognition of DNA) with the object (cut­
ting the DNA at the appropriate site). 

What are the implications of considering CRISPR gene editing not as a 
clever tool invented by humans but as collaboration between human con­
scious cognitions and bacterial nonconscious cognitions, with both partners 
relying on the generation and interpretation of signs? Such a shift opens onto 
much broader and deeper issues about the human place in the ecosphere of 
life on Earth. As argued throughout this book, combating anthropocentrism 
and the belief that humans have the right to dominate all other species is an 
urgent task. Recognizing the cognitive capacities of bacteria and other non­
human lifeforms is a step in the right direction. So is the realization that non­
human lifeforms create, transmit, and interpret signs, always in embodied 
contexts that connect their interpretations to meaning as it exists for them. 

This view powerfully counteracts the mistaken belief that only humans (and 
perhaps a few other mammals) are capable of meaning making, opening the 
entire biosphere, nonconscious as well as conscious, to intersecting, overlap­

ping, reinforcing, and contesting realms of meaning. 
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Functions of Micromimesis 

One of the traditional functions of mimesis has been to facilitate social cohe­
sion by re-presenting others different from oneself in ways that invite iden­
tification and understanding. Micromimesis serves to protect the individual 
bacterium and community from predatory outsiders that would kill the col­
ony. In this sense, it represents an action very familiar in human dramas. 
Perhaps no other theme, stretching across millennia from The Iliad to Inde­

pendence Day (Emmerich 1996), is so pervasive. That micromimesis can now 
be technically captured and made into a mechanism to alter the genomes of 
humans and nonhuman organisms bestows an awesome power godlike in 
scope and significance, for it can literally change the relation of humans to 
our species and to nonhuman organisms. If we focus only on the "dual use" 
of CRISP technology-its potential for good as well as devastation-we may 
mistakenly decide that the technology itself is neutral. Such a view misses the 
larger point that the technology is absolutely not neutral in its effects, for it 
radically transforms the dynamics of evolution to make it a human-directed 
process. Unprecedented in human history, it bestows the "unthinkable power 
to control evolution" (as the subtitle of Doudna and Sternberg's book [2017] 
proclaims). What wisdom can micromimesis offer to help us navigate these 
uncharted waters, both for our own species and for those with whom we 
share the planet? 

I think there are two large lessons that micromimesis can provide. One 
has already been touched on-the need for caution and slow development, 
accompanied by broad and deep conversations among scientists, bioethicists, 
legislatures, and citizens on how to proceed. Here we may emphasize the evo­
lutionary history of micromimesis, which developed over millions of genera­
tions and was tested continually in the contexts of changing and fluctuating 
environments. Only the most robust responses compatible with the environ­
ment and the complex requirements for survival could pass such tests. Gene 
editing, by contrast, can result in significant changes that take place suddenly 
and without extensive environmental testing. When applied to an individual 
organism, the consequences can possibly be anticipated adequately, for ex­
ample when gene editing is used to cure someone with sickle-cell anemia. 
Even here, however, gene editing involves unknown risks, for interactions 
between genes are not well understood, and changing one gene may have 
cascading and unpredictable effects. 

These risks apply also to gene editing of nonhuman organisms, where 
the results may affect ecological interactions and result in disastrous unin­
tended consequences. The Covid-19 pandemic may be the most powerful 
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human-invented tools of enormous power. Reversing the internality would 
locate humans within the microcosm of unicellular organisms, within which 
human multicellularity is recognized as derived from, and still absolutely de­
pendent on, unicellular organisms that carry on their business in their own 
terms, oblivious to human desires and needs. 

It is clear that we humans are the ones who must take responsibility for the 
results of our partnerships with bacteria, because only we have the power to 
do so. 6 The final lesson that micromimesis offers is reflected in the necessity 
to take responsibility, acknowledge kinship, and feel humility in the face of 
the enormous complexity of the biosphere, which makes us startlingly aware 
of the limits on the human ability to control consequences. 

Xenobots and Cellular Cognition 

Whereas gene editing necessarily focuses on genes and gene sequences, the 
research of Michael Levin and various collaborators explores the creative in­
novations initiated by cellular cognition other than through DNA and genetic 
processes. To demonstrate the remarkable plasticity of organisms in coping 
with unique environmental challenges, one team transplanted a tadpole's eye 
from its head onto its tail (Blackiston, Vien, and Levin 2017). Despite its novel 
location, the eye found a way, when stimulated by serotonin, to restore organ­
ismic vision by connecting to the spinal cord rather than directly to the brain. 
Through this indirect route, the eye's signals were interpreted by the brain in 
ways functional in its environment. Moreover, when the tadpole underwent 
metamorphosis, the result was a frog with eyes in the correct head position. 
This suggested that somehow the cells stored a pattern for growth that could 
be reestablished, even when significant disruption had taken place. 

A parallel research track explored the potential of cells to repurpose com­
ponents in ways functional within an altered environment. This time Levin 
and his collaborators (Blackiston, Lederer, et al. 2021) excised skin cells from 
a frog embryo (Xenopus laevis) and placed them in a petri dish with a liquid 
medium, thus constructing them as xenobots. The name is appropriate, not 
only because of the frog's genus designation as Xenopus, but also because the 
Latin prefix «xeno" translates as "strange:• Xenobots are constructed autono­
mous organisms demonstrating behaviors different from those of the original 
organism from which they came. In this sense, they are "strange'' because 
·they demonstrate the capacity for cellular innovation and creativity. 

The skin cells repurposed the cilia on their surface-the small, slender, 
hair-like structures on the surface of most animal cells. In the frog, the cilia 
are used to distribute the mucus that protects the animal's skin. However, 
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This hypothesis was tested in another experiment in which frog embryo 
skin cells were placed in a petri dish with dissociated skin cells (Kriegman 
et al. 2021). Their combined movement aggregated some of the dissociated 
cells into piles. "Piled cells adhere, compact, and over 5 [days], develop into 
more ciliated spheroids capable of self-propelled movement" (Kriegman et al. 
2021, 1). The researchers call this action "kinematic self-replication;' claim­
ing that it is "previously unseen in any organism:' Normally the skin cell 
aggregates can produce only one generation of ciliated spheroids, but when 
the researchers used computer algorithms to design the assemblies for op­
timal shapes, the aggregates were able to generate replication through two 
generations. Moreover, using a simulation, the researchers showed that the 

assemblies could produce useful work by closing an electrical circuit through 
random action. They conclude, "This suggests other unique and useful phe­
notypes can be rapidly reached through wild-type organisms without selec­
tion or genetic engineering, thereby broadening our understanding of the 
conditions under which replication arises, phenotypic plasticity, and how 
useful replicative machines may be realized:' 

Because the complexity of the frog embryo skin cell behaviors indicated 
cognitive activity, the researchers tested them for the presence of neurons 
using a panneuronal marker from immunohistochemistry They determined 
that "no neurons were present at the surface or internally in any of the indi­
viduals imaged, indicating that their behavior is driven entirely by the signal­
ing and functional dynamics of non-neural cells:' The researchers concluded 
that the "xenobots are thus a synthetic model for understanding preneural 
life forms and their capacities" (Blackiston, Lederer, et al. 2021, 7). 

Implications of Modular Cognition 

At least since Darwin, biologists have been trying to avoid teleological as­
sumptions. As Gillian Beer showed in her superb study Darwins Plots: Evo­

lutionary Narrative in Darwin, George Eliot and Nineteenth-Century Fiction 

(2009), Darwin struggled, sometimes on a sentence-by-sentence basis, to 
avoid the teleology inherent in the then-pervasive idea of a Divine Creator 
who has already plotted out the trajectory of human history. Evolution, 
Darwin argued, does not have a predestined end, as teleological reasoning 
assumes, but rather works through differential survival and reproduction 
within specified environments, which may or may not be considered progress 
(who makes this determination is only one reason this view is problematic). 

It is therefore startling to read Levin and his collaborator Rafael Yuste 
advocate for what they call "the intentional stance;' arguing that asking "why" 
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Like turtles "all the way down'' in the fable about the world resting on a 
turtle's back, intelligence in their view similarly goes all the way down. "When 
unicellular organisms joined up to make multicellular bodies, each module 
didn't lose its individual competency. Rather, cells used specific proteins to 
merge into every more complex networks that could implement large objec­
tives, possess longer memories and look further into the future'' (Levin and 
Yuste 2022, 7). A case in point of cells not losing competency is xenobot skin 

cells recovering the capacity to use cilia for motility. 
The second design principle for evolutionary processes that Levin and 

Yuste identify is what they call pattern completion. Their analysis of this ca­
pacity focuses on how the modules are controlled. "Encoding information 
in networks requires the ability to catalyse complex outcomes with simple 
signals. This is known as pattern completion: the capacity of one particular 
element in the module to activate the entire module'' (Levin and Yuste 2022, 

8). Referring to the well-known "master regulator" genes that trigger coordi­
nated expression of other genes, such as the Hox genes that specify the body 
plan for bilaterally symmetrical animals, they relabel such entities as pattern 
completion genes. "The key is that modules, by continuing to work until cer­
tain conditions are met, can fill in a complex pattern when given only a small 
part of the pattern" (8). This greatly facilitates evolutionary change, because 
"evolution does not have to rediscover how to specify all the cell types and get 
them arranged in the correct orientation-all it has to do is activate a simple 
trigger, and the modular organization of development (where cells build to a 
specific pattern) does the rest. Pattern completion enables the emergence of 
developmental complexity and intelligence: simple triggers of complex cas­
cades that make it possible for random changes to DNA to generate coherent, 

functional (and occasionally advantageous) bodies" (9). 
Pattern completion is also evident in the ability of some organisms to re­

generate their bodies when amputation or damage has occurred; for example, 
a flatworm uses a bioelectric network of cells to store a pattern memory that 
controls individual cells to restore the entire body from a small segment. Pat­
tern memory works because it "enables connections between modules at the 
same and different levels of the hierarchy, knitting them together as a single 
system. A key neuron in a lower-level module can be activated by an upper­
level one, and vice versa:' In conclusion, they write that "life has ratcheted 

towards intelligent designs by exploiting the ability of modules to get things 
clone, in their own way" (Levin and Yuste 2022, 15). 

The researchers point out that the promise of this kind of research is im­
mense. "If we truly grasp how to control the setpoints of bodies, we might be 
able to repair birth defects, induce regeneration of organisms, and perhaps 
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both space (to a tissue- or organ-scale) and time (larger memory and anticipa­
tion capabilities, because the combined network of many cells has hugely more 
computational capacity than the sum of individual cells' abilities)" (8). More­
over, they suggest that it was just this kind of system "that later became coopted 

to an even larger and faster goal-directed activity of brains, as ancient electri­

cal synapses ... evolved into modern chemical synapses, and cells ... became 
speed-optimised lanky neurons'' (8). "The key dynamic that evolution discov­

ered" they write, "is a special kind of communication allowing privileged access 

of agents to the same information pool" (9). Indeed, in cognitive assemblages in 

which humans and computational media participate, the "special kind of com­

munication'' is achieved through coding architectures and network protocols 
that allow computers to collaborate with each other and with us. They con­

clude that "the point is not to anthropomorphise morphogenesis-the point is 

to naturalise cognition" (10 ). 
By focusing on cognition, they achieve the kind of integration that !CF is 

intended to facilitate. They suggest that "there is one continuum along which 

all living systems (and many nonliving ones) can be placed, with respect to 
how much thinking they can do;' which they call a system's "cognitive hori­

zon" (Levin and Dennett 2020, n). "The central point about cognitive sys­

tems, no matter their material implementation (including animals, cells, syn­
thetic life forms, AI, and possible alien life) is what they know how to detect, 

represent as memories, anticipate, decide among and-crucially-attempt to 
affect:' Consequently, the scale on which different kinds of cognitive systems 

can be measured is "the scale of its goals:' This idea is enormously useful to 

the present project, because it allows the direct comparison of different kinds 
of cognitive assemblages by providing a uniform scale along which cognitive 

entities can be measured, from bacterial colonies to the most sophisticated 
human-computer systems. With advanced Als and the technocapture of bac­

terial cognition, the scale of possible interventions has just widened enor­
mously, both in language abilities and in the species transformations possible 

with gene-editing technologies. 
Changing our collective minds about cognition as a modular capacity that 

appears at every level in biological and synthetic entities, not only in humans, 

opens onto breathtaking possibilities for human futures with our nonhuman 

symbionts (for an exploration of the wide implications, see Blackiston, Krieg­

man, et al. 2023). Fraught with dangers as well as replete with positive develop­
ments, our futures urgently require us to engage in ecological relationalities 
in which we see ourselves not as independent autonomous actors exercising 
free will, but as collaborators and partners with nonhuman entities that can 
contribute, in life-affirming ways, to our mutual flourishing far into the future. 
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epitomized by celestial mechanics, still used to calculate trajectories for 
rocket flights to Mars using Newton's laws of motion, and another for bio­
logical evolution, where events remain forever unpredictable because there 
are no entailing laws, only what they call "enablement" (Longo et al. 2012, 1). 

The rapidly emerging field of mineral evolution offers an ideal case for 
evaluating this claim. Pioneered by Robert Hazen and his collaborators (Ha­
zen et al. 2008), the case for mineral evolution is built on identifying ten 
epochs in which the original three hundred or so minerals that emerged as 
the cosmos cooled and expanded after the Big Bang have now proliferated 
into the nearly six thousand minerals observed on Earth and in meteoritic 
samples. This approach has revolutionized how mineralogists think about 
mineral diversity by giving it a temporal dimension that the field previously 
lacked ( or at least underappreciated). In a word, it has given mineralogy a 
story. The characters in this story include not only the minerals themselves, 
but also the agents and actors that interact with them to create a dynamic 
that moves minerals toward increasing complexity and diversity. The most 
important are water, plate tectonics, and lifeforms. Two of these fall under the 
auspices of physics and chemistry, while the third, of course, emerges from 
biological evolution. Thus mineral evolution can be read as a case study in the 
kinds of forces and possibilities that produce novelty. Given this, can a case be 
made that biological evolution is incommensurable in temporal terms with 

water and earth as agents of change? 
I accept the broad distinction for which LMK argue, but the work of Hazen 

and his colleagues persuade me that temporality is better seen as a spectrum, 
with one end anchored in celestial mechanics, where interactions between 
entities are damped down and simplified by the vast distances between them, 
and the other end rooted in the hot, steamy, and vastly mutable exchanges of 
the microbial world, where changes are everywhere and the dynamics enor­
mously complex. Although I suggest a temporal spectrum, the fact that the 
two ends represent two different temporal dynamics brings into sharp clar­
ity the differences between earth, wind, and water as agents of change, and 
the motivated actions of living creatures as actors always seeking to continue 
their existences. Thus while both rocks and microbes have stories, including 
narratives in which their plots entwine and complicate one another, they also 
have distinctive dynamics that together create the possibility of comparative 
evolution. just as comparative literature adds immeasurably to the study of 
individual national literatures, so comparative evolution has the potential to 
enrich our understandings of evolutionary dynamics in general, including 

technological evolution. 

段静璐
两种演化时间性。
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This very simple phase space diagram illustrates the central fact about 
phase space diagrams in general: they are spaces in which all possible states 
of a system are represented, with each possible state corresponding to one 
unique point in the phase space. For mechanical systems, it is customary to 
use position and momentum as variables; other possibilities are energy and 
time. A phase space trajectory represents the set of states possible from one 
particular initial condition (in our pendulum example, points A and C). A 
full phase space represents the set of states possible from any initial condi­
tion. Often phase spaces are very high dimensional. For example, a phase 
space for a gas may use a separate dimension for each position and momen­
tum for each gas molecule x, y, and z. 

Phase space diagrams are useful because they can disclose implications 
about a system's dynamics that may not otherwise be apparent. The underly­
ing regularities are often called the "Jaws of motion;' but they are laws in a 
very specific sense: the so-called Jaws are abstractions from empirical data 
that are never quite as clean as the laws state. As Nancy Cartwright (1983) 

observed in her classic text How the Laws of Physics Lie, minute perturba­
tions between multiple (and sometimes unknown) factors always cause small 
deviations from the abstractions, which I call "the noise of materiality:'' In 
a parallel vein, LMK are very clear that phase space diagrams are invented 
abstractions used to reveal underlying regularities. They comment that phase 
spaces are "our remarkable and very effective invention in order to make 
physical phenomena intelligible'' (Longo et al. 2012, 9). As LMK explain, 
"their regularities, as invariants and invariant preserving transformations in 
the intended spaces (thus their symmetries) allow a finite description, even 
if they are infinite or even of infinite dimension'' (9). For example, in the case 
of the simple pendulum, the symmetries include the fact that the pendulum 
swings equal distances and traces equal arcs in both the clockwise and the 
counterclockwise directions, so even if it continues swinging indefinitely, its 

possible states can still be represented in a finite diagram. 
To illustrate, LMK reference a three-dimensional Cartesian space, a cus­

tomary choice for geometrical representations. "It is infinite, but the three 
straight lines are given by symmetries ( they are axis of rotations) and their 
right angles as well ( right angles, says Euclid, are defined from the most sym­
metric figure you obtain when crossing two straight lines). These symme­
tries allow us to describe this infinite space in a very synthetic way" (Longo 
et al. 2012, 9). Their general point is clear from the pendulum example given 
above. Dynamical mechanical systems can be analyzed through phase space 
diagrams that reveal their underlying symmetries and regularities. The 
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constructed for mechanical systems, living systems undergo «continual and 
open-ended changes" (12), for example in the human biome. "Each of these 
microbes is a Kantian whole, and in ways we do not understand yet, the 'com­
munity' in the intestines co-creates their worlds together, co-creating the 
niches by which each and all achieve, with the surrounding human tissue, a 
task closure that is 'always' sustained even if it may change by immigration 
of new microbial species into the community and extinction of old species 
in the community" (12). Because "organisms transform the ecosystem while 
transforming themselves'' (12), the persistent symmetries crucial for the con­
struction of phase space diagrams in physics do not apply, or more precisely, 
the symmetries are changing in unpredictable ways, so that it is not possible 
to make such constructions. "No laws of motion, nor boundary conditions to 
integrate such laws were we to have them, can be formulated. No law entails 
the evolution of the biosphere" (3). LMK make clear that once an organism 
has evolved, its actions are subject to chemical and physical analysis; what 
chemistry and physics cannot predict, however, is whether it will evolve in 

the first place. 
Although unpredictable, evolutionary trajectories are not merely ran­

dom, either. Instead, they progress through a series of what LMK call 
"enablement(s)" (Longo et al. 2012, 7), which comes into existence through 
the emergence of new biological functions. One of their examples is the evo­
lution of the lung fish, a fish that has both lungs and gills. "Water got into 
some lungs. Now, a sac existed with air and water in it, poised to evolve into 
a swim bladder" (7). (Swim bladders are internal gas-filled organs that enable 
fish to control their buoyancy, and so to stay poised at their current depth 
without having to expend energy swimming.) Thus the lung fish was "pre­
adapted" to develop a swim bladder.4 Now suppose that a bacterium or worm 
has evolved that can live in the swim bladder. Before the bladder existed, one 
could not have predicted this emergence, but once the swim bladder exists, 
the possibility is opened up. This is what LMK call the "adjacent possible;' a 
new niche that in its turn may open up several other adjacent possibles.' Thus 
evolution proceeds by new functions opening up new niches, which niches in 
turn open up more new functions, in cycles of continuous reciprocal interac­

tions between niches and organs/organisms. 
What accounts for the difference between the prestated phase spaces of 

chemicophysical systems and the zigzagging paths of adjacent possibles in 
• evolutionary trajectories? Although LMK do not explicitly draw this infer­
ence, it seems obvious to me that the essential difference lies in the fact that 
living organisms have stakes in whether they live or die, and they use their 
cognitive capacities ( that is, their ability to process information from their 
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evolutionary schema. The topic matters too, because to form, clays require 
the actions of change agents (principally water and wind, but also biological 
activity). In effect, Morowitz was asking Hazen to think about the relation of 
temporality, change agents, and mineral formations as interacting and mutu­
ally interdependent variables. As Hazen remarks, "it's a question that miner­
alogists never thought to ask" (Hazen 2010, 1). 

Hazen took the message to heart and over the next several months assem­
bled a team of collaborators to explore this question along with many others. 
His team included a geobiologist, a paleotechtonics expert, a metamorphic 
petrologist, a meteorite expert, and of course other mineralogists. The result 
was a perspective on mineral formations that placed them in an evolutionary, 
and therefore temporally aware, context,"in the process challenging conven­
tional modes of classification and analysis. 

In the inaugural review article "Mineral Evolution;' Hazen and his col­
laborators (Hazen et al. 2008) lay out an evolutionary schema starting from 
-4-56 Ga. (The term "Ga" is a useful abbreviation for "giga annum," read as 
"billion years ago:• "Ma" is "mega annum:• read as "million years ago:· The 

tilde [ - ] is standard mathematical notation for "about" or "approximately:') 
Their schema, which continues to the present, is divided into three main eras 

and subdivided into ten distinct but also overlapping phases. The eras are 
defined by planetary developments, starting from planetary accretion more 
than -4.56 Ga, to the reworking of the Earth's crust and mantle (-4.55 Ga to 
-2.5 Ga), and finally to bio-mediated minerology ( -2.5 Ga to the present). 
The different phases were inaugurated by new physical, chemical, or biologi­
cal processes ( or some combination thereof), so they emerged from the inter­
section and interpenetration of the two distinct temporal regimes discussed 
above. The trajectory is toward increasing mineral diversity and complex­
ity. As the article explains, "these processes diversified Earth's minerology in 
three ways. First, they increased the range of bulk compositions from which 
minerals form, from the original, relatively uniform composition of the so­
lar nebula. Second, geological processes increased the range of physical and 
chemical conditions under which minerals form .... Third, living organisms 
opened up new reaction pathways by which minerals formed that were not 
accessible in the abiotic world" (Hazen et al. 2008, 1694). 

The first mineral, the team decided (answering a question no one had 
. asked before) was pure carbon, in the form of diamond. During the first era, 
as the presolar dust particles began to accrete, the minerals were limited to 
no more than a few dozen, mostly oxides, carbides, nitrides, and silicates. 

As gravitation forces increased with star formation and the resultant heating 
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Event ( ~2.3 Ga to ~2.2 Ga), which as we have seen was the result of purple 
and green photosynthetic microbes discovering how to break down water 
and generating oxygen as an (originally toxic) by-product. Surface weather­
ing of rocks helped to mediate the changing composition of the atmosphere, 
which along with irreversible redox changes in the oceans, resulted in .the 
"precipitation of massive carbonates, banded iron formations [BIF], sulfates, 
evaporates, and other lithographies" (1696). The Phanerozoic ( ~500 Ma to 
the present) added more minerals from bioskeletons of carbonate, phosphate, 
and silica, creating new mechanisms that continue into the present. The re­
sult was an increase from fifteen hundred to more than forty-three hundred 

minerals known today ( and counting). 
Returning to Morowitz's question, Hazen and his collaborators give spe­

cial attention to the so-called clay mineral factories of the Neoproterozoic 
period. "It is well established that microbial activity enhances clay mineral 
production, for example by the bio-weathering of feldspar and mica' (Hazen 
et al. 2008, 1709). A significant increase in clay mineral deposits has been 
observed during this period, which "may have been the result of increased 
microbial activity in soils:' Because clay surfaces absorb carbon (which is why 
clay minerals are often used in filters), the formation of clays may have re­

sulted in increased oceanic sequestration of carbon. 
Other biological activity not only facilitated the formation of diverse 

minerals but also contributed to climate events. By volume, calcium carbon­
ates (mainly coming from the skeletons of plankton) are the most important 
minerals. Planktonic calcifers provided a steady source of calcium carbon­
ate to deep ocean sediments. This had the effect of buffering ( or resisting 
pH change when acidic or alkaline chemicals are added) ocean carbonate 
ion concentration, which "moderated glacial events and reduced the likeli­
hood of future snowball events;' that is, future ice ages. "In the Phanerozoic 
Eon, for the first time in Eartlis history carbonate depositions in the deep 
oceans was comparable to that in the shallow ocean environments" (Hazen 

et al. 2008, 1709). Feedback loops of this kind are examples of the coevolu­
tion of the geo- and biospheres, creating novel avenues for mineral evolution 
and also affecting the Eartlis oceans and atmospheres, and as a consequence, 

climate events as well. 

Differences Initiated by an Evolutionary Perspective 

The payoffs for an evolutionary perspective on minerals include a systemiza­
tion of how planetary bodies change over time, not only with regard to the 
Earth but also for the other terrestrial planets in our solar system, and possibly 
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physical and chemical processes that can, at least in principle, be "prestated;' 
to use LMK's term (Longo et al. 2012, 9). In a sense Hazen's team recognize it 
by referring to "strictly" physical and chemical processes to make clear they 
are not at that point including the biological production of minerals (Hazen 
et al. 2008, 1696). In other ways, however, they tend to gloss over the differ­
ence between physicochemical processes compared to biological outcomes 
drawn by LMK. For example, it seems reasonable to suppose that such mo­
mentous innovations as the Great Oxidation Event could not have been pre­
dicted, because it depended on certain species of photosynthetic microbes 
being numerous enough in the environment to create an adjacent possible 
niche for other organisms who could use the increased oxygen level as an 
energy source rather than respond to it as a toxin (and hence opening up all 
the niches occupied today by animals and plants). Since surface oxygenation 
was, according to Hazen and colleagues (2008), the principal factor in the 
evolution of minerals on Earth, it follows that the minerals resulting from this 

event could not have been predicted either. 
Hence we may take with a grain of salt Hazen and colleagues' claim that 

all terrestrial planets and moons follow the same evolutionary trajectory. 
"The general principles observed for the emergence of mineralogical com­
plexity on Earth apply equally to any differentiated asteroid, moon, or terres­
trial planet;' they write (Hazen et al. 2008, 1712). "The degree to which a body 
will advance in mineralogical complexity beyond the relatively simple achon­
drite stage is dictated by the nature and intensity of subsequent cycling (and 
hence repeated separation and concentration of elements). Consequently, a 
planet's surface mineralogy will directly reflect the extent to which cyclic pro­
cesses, including igneous differentiation, granitoid formation, plate tectonics, 
atmospheric and oceanic reworking (including weathering), and biological 
influences, have affected the body's history:' Note that in this list, "biological 
influences" are referred to without distinguishing them from the previous 

nonbiological forces. 
Thus they imply that just as "cyclic" physical processes all follow the same 

trajectories, whether they occur on Earth, the Moon, or Mars, so too would 
any emergence of life other than on Earth also follow Earth's model. Accord­
ingly, they read the history of terrestrial bodies lacking water as stopping at 
earlier points along the same trajectory that Earth followed (for example, the 
Moon, and Mars after it lost its atmosphere and water). The problem with this 
mode of reasoning is that there is only one example in the solar system (that 
we know of) of a terrestrial body that experienced biological emergence: the 

Earth. 
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governed by the underlying regularities of the physical and chemical forces 
acting on them. As an example, they cite the preferential crystallization of 
quartz from granite magma over olivine. This does not happen because 
quartz "outcompetes" olivine. Rather, "minimization of Gibbs free energy 
simply leads to nucleation and growth of quartz, but not olivine" (Hazen 

et al. 2008, 1712). 

This acknowledgment notwithstanding, as we have seen there is a ten­
dency in their rhetoric to lump physical and chemical processes indifferently 
together witlt biological processes, without fully acknowledging that lifeforms 
have creative possibilities that physical and chemical processes alone do not. 
For example, in tlte very paragraph where they stress tlte differences between 
physicochemical evolutionary forces and biological evolution, they write this: 
"The driving force for mineral evolution, rather [ that is, rather than the bio­
logical mechanisms of survival and reproduction], is the evolving diversity of 
prebiotic and biologically mediated temperature-pressure-composition envi­
ronments" (Hazen et al. 2008, 1712, emphasis added). As soon as a process is 
biologically mediated, however, it loses the predictability of physicochemi­
cal processes and may evolve in irreversible, creative directions that not only 
cannot be predicted but also may be unique to a particular time and place, 
never to be duplicated anywhere else. That is to say, biological mediation not 
only gave mineralogy a story; it also gave mineral evolution a unique and 

idiosyncratic history. 
As a consequence of such lacunae in Hazen and his team's narrative (Hazen 

et al. 2008), tlte full story of how biological mediation changed tlte evolution of 
minerals and the patltways (adjacent possibles) by which mineral evolution oc­
curred has yet to be written. Of course, such a story would be enormously com­
plex, orders of magnitude more complex than the story of evolution that Hazen 
and his team have written, so it would be well at tltis point to acknowledge their 
remarkable contributions and celebrate tlteir achievements. 

To measure the changes they have accomplished, we can compare the 
dynamic story of mineral evolution with the static account of mineraliza­
tion before temporality was seriously taken into account. The customary way 
in which mineralization was discussed and minerals classified was through 
tlteir "equilibrium and physical properties," for example their chemical com­
position as indicated by "the principal anion (silicates, carbonates, halides, 
etc.):' which divided "the mineral kingdom into chemically related groups of 
species" (Hazen et al. 2008, 1713). Further subgroups were based on "crystal 
chemical criteria'' (that is, what kind of crystal structures they had), which 
divided minerals "according to predominant topological motifs:' Since the 
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A General Theory of Evolution? 

When a field adopts a traditional term but gives it new meaning, typically 
there are two general types of reaction. One is to object to the move and ques­
tion its appropriateness. The other is to grant the new denotation and then 
speculate on what is implied by its juxtaposition with the traditional mean­
ing. This happened with artificial life, a term used for computer simulations 
such as Conway's Game of Life (n.d.), which showed the emergence of differ­
ent "species" interacting with each other in computational animated displays. 
Robert Rosen (1991), among others, used the emergence of ''Artificial Life" to 
speculate about "life itself;' a project made possible, he argued, by the emer­
gence of two different kinds oflife, one based on carbon, the other on silicon. 
The idea of mineral evolution has seen similar dyadic responses: from those 
on the one hand who object to applying evolutionary terminology to miner­
als, and on the other hand from those who want to speculate about what the 
juxtaposition of mineral evolution with biological evolution implies (and the 
list can be extended to technological evolution and even cultural evolution). 

For my project, technological evolution is of special interest, particu­
larly when paired with biological evolution. Consequently, I am especially 
intrigued when Hazen and colleagues identify three aspects that they suggest 
may be characteristic of "all complex evolving systems" (Hazen et al. 2008, 
1712): selection, punctuation, and extinction. In terms of the micro-evo­
techno ecological relationalities described in chapter 1, these three processes 
constitute another lens through which first- and second-order emergences 

may be related. 
For selection, Hazen and colleagues point out that complexity typically 

arises because many independent agents are interacting with one another in 
myriad situations. Nevertheless, only a relatively few emergences occur, be­
cause of what they call "selection rules" (Hazen et al. 2008, 1712). LMK make a 
similar point about random combinations: most possible complex combina­
tions will never exist, because constraints limit which are viable (Longo et al. 
2012). As Hazen and colleagues remark, "neutrons and protons assemble into 
only a few hundred stable isotopic species, while the 83 geochemically stable 
chemical elements combine to form only a few thousand mineral species. 
Stochastic processes may influence the specific outcomes of some selective 
events, but selection is guided by the physical and chemical principles and 
thus, by definition, is not random" (Hazen et al. 2008, 1712). Here we may re­
call Lynn Margulis's claim that random mutation cannot be a principal driver 
of biological evolution, because "99.9 percent of mutations are deleterious" 

(Margulis and Sagan 2002, 11-12). 
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made feasible, we will enter another period of rapid change as the possibilities 

opened by that development are exploited. 
The third characteristic that Hazen and his colleagues identify is extinction. 

They conclude that with a few minor exceptions, extinction is not an impor­
tant dynamic for mineral evolution ("one would be hard pressed to postulate a 
single mineral species that once was found in a near-surface environment but 
no longer exists"; Hazen et al. 2008, 1713). For technological evolution, how­
ever, extinction is key in several different senses. As chapter 1 describes, in the 
third millennium, the pace of technological evolution is accelerating almost 
exponentially. Contrast today's rapid change with the invention of agriculture, 
which was followed by several centuries of development as different grains and 
plants were tested and adopted or rejected; today the lifetime of a technological 
innovation may be measured in a few years or even a few months. 

Another sense in which extinction is critical to technological evolution, 
of course, is the rapidity with which technological interventions are driving 
myriad biological species to extinction through loss of habitat, land air and 
water pollution, ocean plastics and other contaminants, insecticides, global 
warming, and climate change-the list goes on. Many now question whether 
the human species will drive itself to extinction. Lynn Margulis, for example, 
was confident in the robustness and longevity of the microcosm, but with 
humans she thought it was a question not of if but of when. It is possible that 
continued technological experimentation may also fundamentally change 
the human species so profoundly that it metamorphizes into something else, 
a scenario not so far-fetched now that gene editing is an everyday reality. 

All three generalities of selection, punctuation, and extinction apply at 
least as much to technological evolution as they do to mineral evolution. We 
have seen that mineral evolution involves both the predictability of underly­
ing regularities and, with biomineralization, the unpredictability of biological 
evolution. How does technological evolution stack up in this regard? Under­
lying regularities play prominent roles in the selection process, since they 
determine the criteria that will rule on whether a device or process works 
or not. But it seems to me that the temporal regime at play in technological 
evolution is the same as that characteristic of biological evolution, that is, 
the zigzaggedness of adjacent possibles and the inherent unpredictability of 

trajectories as new pathways open up for development. 

Biota's AID in Mineral Evolution: Amplify, Innovate, Diversify 

In terms of the book's overall argument, this chapter has helped to establish a 
theoretical and empirical basis for my distinction between the kind of agency 

段静璐
长期来看轨迹是不可预测的，那么社会（在一定程度上）也就不重要了。它的重要性在于它是力量之一，但无法控制也无法决定。这个相邻可能性问题还要回头再看看考夫曼。
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that physicochemical processes have in contrast to the motivated actions of 
biological lifeforms, which tend to act in ways consistent with their continued 
existence. The effects of biota (primarily microorganisms) on minerals can 
be summarized by the acronym AID-amplify, innovate, diversify. Microor­
ganisms amplify because they dramatically increase the amount of minerals, 
from the masses of banded iron formations to the heaps of calcium carbonate 
in the ocean from bioskeletons. Biota contribute to the rise of new minerals 
(innovate) because they open pathways for evolution, directly and indirectly, 
that would otherwise have been inaccessible to the operations of physical 
processes by themselves. Biota diversify minerals by greatly increasing the 
kinds of minerals on the Earth, by a very significant amount (as of today of 
about two-thirds of the total). In short, the story of mineral evolution would 
not be nearly as rich and varied as it is without the AID effects of lifeforms. 

In addition, the story of mineral evolution illustrates how the two dif­
ferent temporal regimes of systemic prestatedness and unpredictable emer­
gences work together to create a more complex narrative than either one 
alone could. Life, with all its creativity, unpredictability, and distinctive dy­
namics ofleaping from one adjacent possible to others, enlivens and expands 
the predictable effects of wind, ocean, water, and earth movements on rock 
formations. 

Finally, this chapter establishes a basis for framing the historically contin­
gent trajectories of emergences and evolutions-whether biological, mineral, 
or technological-as dramatic and engaging stories with vivid characters and 
riveting plotlines. By showing how selection, punctuation, and extinction 
work in the case of rocks, mineral evolution provides a basis for comparison 
not only with biological but also with technological evolutions. Like miner­
als, technological artifacts depend on the underlying regularities of physical 
processes to work once they are invented. But like biological lifeforms, tech­
nological evolutions leap from one adjacent possible to another in surprising, 
creative, and unpredictable ways. When the conscious strategies of humans 
collaborate with the nonconscious cognitions of nonhumans, the potential 
for life-altering developments is amplified and accelerated, not only for us 
but for all the nonhuman species with whom we share the planet-for better 
and for worse. 

段静璐
这个技术处在矿物和生物之间的说法非常妙。
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Inside the Mind of an AI: 
Materiality and the Crisis of Representation 

In line with speculations that machines may evolve, this chapter interrogates 
the evolution oflarge language models using Transformer architecture from 
predecessor technologies such as recurrent neural nets (RNNs), convolu­
tional neural nets (CNNs), and other AI approaches. 1 In focusing on how to 
understand the language capabilities of Transformer neural nets, this chapter 
again engages with questions of meaning, thus continuing the interrogation 
of cognitive computational media and their abilities to create, transmit, and 

engage with meaning-making practices. 
On July 11, 2020, OpenAI released the beta version of an artificial intelli­

gence program called GPT-3 (Generative Pretrained Transformer, version 3). 
Transformer architecture had already been described in the seminal article 
''Attention Is All You Need" in December 2017 (Vaswani et al. 2017), but it was 
only with the release of GPT-3 and similar large language models (LLMs) that 
the full potential of Transformer AI was revealed.' From a literary viewpoint, 
GPT-3 is among the most powerful-and interesting-natural language pro­
cessers ever created.' The program works by responding to an input, which 
can be either a prompt, a question, or a command (among other possibili­
ties). It attempts to predict the next word sequences and can produce hun­
dreds of words in reply. It is able not only to create semantic coherence and 
syntactic correctness but also to capture high-level qualities such as style and 
genre. Arguably it and similar Transformer programs are the first Als to be 
human competitive in their use of natural language.• 

Yet as many commentators have pointed out, GPT-3 has limited compre­
hension of the human lifeworld and an uncertain understanding of the ref­
erential meanings of the words it generates. Similar to deep-fake videos that 
capture the dynamics of human movement, voice, expression, and gesture, 
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it presents a simulacrum of human language, thereby confronting us with 
a deep question about authenticity: does it matter that this language is pro­
duced by a machine? Pondering the complexities of this question leads us 
directly into the crisis of representation. Now it is not art that is being me­
chanically reproduced but language, traditionally the evidence for and rep­
resentation of human interiority and subjectivity. Literary criticism, in all its 
numerous and diverse techniques and strategies, has always worked from one 
customary presupposition: that the texts it interrogates have been written by 
humans with language processed by human brains.' How can, or should, lit­
erary criticism proceed when the creator is not a human but a machine? Such 
questions shake to their core not only literary criticism but the entire enter­
prise of critical inquiry. 

This chapter confronts the issue head-on, arguing that indeed it does mat­
ter whether language is produced by humans or Als. It provides context for 
the development of neural nets that process natural language, looking at com­
petitors to GPT-3 and similar Transformer models. It then goes into depth 
on GPT-3's Transformer architecture and how it processes word sequences. 
It compares how the AI learns language with how human children learn it, 
arguing that the differences result in a systemic fragility of reference for Al's 
language understanding. It interrogates the null strategy of assuming there 
is no difference between human- and machine-generated text and explores 
its implications, arguing for a middle position between the program under­
standing nothing about meaning or everything. Finally, it offers four strate­
gies for how literary criticism can engage with machine-generated language, 
arguing that machine narratives can be of significant interest in themselves. 
The point is not to ignore the powerful capabilities of GPT-3 to generate com­
pelling narratives and texts, but rather to devise and deploy a new kind of 
literary criticism that can adequately interpret its complexities. 

Computation and the Noise of Materiality 

Since neural nets are an advanced form of computation, we may begin by de­
fining computation. M. Beatrice Fazi (2019, 15) offers an exemplary definition. 
"To compute;' she writes, "involves a systemization of [some aspects] of the 
real through quantitative abstractions:' The important word for my purposes 
here is "abstractions:'6 Computer scientists often view the computer as an 
abstract machine, without regard to how it is instantiated.' Like everything 
else in the world, however, computers must be instantiated in some form to 
exist at all.' As soon as an instantiation is implemented, it provides an open­
ing through which small (or large) deviations from ideality may enter: fall-off 
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errors in voltages, effects of excessive heat on transistors, bit flips because of 

cosmic radiation, or a thousand others.9 I call these phenomena the "noise of 
materiality;' which can never be entirely excluded in measurements. Instru­

ments always have a threshold beyond which they cannot accurately mea­
sure, and perturbations below these limits cannot be accurately detected. For 
example, molecules with no overall charge still weakly attract one another in 
liquids, resulting in noise compensated for by adding in the "fudge factors" of 

Van der Waals corrections. 10 

The noise of materiality is not limited to computers based on von Neu­
mann architectures; it also affects computations done by neural nets, as we 
will see shortly. Neural nets are designed to detect patterns in language, and 
there is always the possibility that they may mistake data that are part of the 
noise for part of the pattern, a phenomenon called overfilling. Neural nets 
that have overfitted the training data tend to perform less well, because the 
"patterns" (really the noise) they have learned are not replicated in the new 
data sets (in fact, this discrepancy is usually how overfitting is recognized). 
Avoiding overfilling is one of the ways in which the Transformer GPT-3 per­
forms better than other kinds of neural nets-which is to say, it is better at 
recognizing the noise of materiality as such rather than mistaking it for part 
of the pattern. I will have occasion to return to the ways in which materiality 
matters later in my argument, for it is crucially important not only in un­

derstanding the inevitability of noise in computation but also in taking full 
account of the differences between human and machine understanding of 

language. 

Predecessors and Competitors to GPT-3 

Dating back to the 1940s," the idea for neural nets took a leap forward when 
backpropagation was put on a firmer foundation by David Rumelhart, Geof­
frey Hinton, and Ronald Williams in 1986. Backpropagation works by attrib­
uting reduced significance to an event as it moves further back in the chain of 

events. Instead of starting with the first layer ( that is, the first to evaluate the 
data), backpropagation starts from the other direction, the layer closest to the 
output. Gradient descent, a method of measuring the rate of change, works 
together with backpropagation to find the minimum difference between the 
desired and actual outputs. This greatly improves the network's efficiency, 
for it enables evaluation without going through all the intermediate nodes. 
This evaluation is then used to determine the size and direction of the cor­
rections, expressed as vectors, which are applied to all nodes, including the 
inner or "hidden" neurons. Once the weights have been adjusted, the network 
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drop out altogether. Like recurrent neural nets, large LSTMs also are prone 
to overfitting. 

These RNNs, CNNs, and LSTM networks also have another limitation, 
processing input information sequentially rather than in parallel, resulting 
in long computation times when the input texts are large. In addition, they 
have difficulty recognizing long-range dependencies. Unlike image process­
ing, where pixels close to one another tend to have similar values and be cor­
related with one another (except at boundaries), in language relatively long 
spaces may intervene between a noun and a pronoun, for example, making it 
difficult for neural networks to determine the correct antecedent. This long­
range dependency aspect oflanguage made CNNs, RNNs and LSTMs unable 
to generate truly human-competitive texts, especially when the number of 
tokens is large." A new approach was needed that enabled connections to be 
made between words separated by many tokens from each other but related 
through syntax, grammar, or concept, and to do so with models that enabled 
parallel computations so that training times would be shortened. These two 
desiderata are achieved in the Transformer architecture. 

Transformer Architecture: Attention and Self-Attention 

The seminal article "Attention Is All You Need" (published by nine research­
ers from Google Research and Google Brain) dispenses with convolutional 
and recurrent neural networks altogether (Vaswani et al. 2017).14 The article 
proposes Transformer models that "are superior in quality while being more 
parallelizable and requiring significantly less time to train" (1). They comment 
that the "inherently sequential nature" of RNNs "precludes parallelization 
across training examples:• a drawback that Transformer technology avoids 
by relying "entirely on an attention mechanism to draw global dependen­
cies between input and output" (2). Not only are training times shorter, but 
translation quality and language comprehension of such high-level qualities 
as sentence structure, and consequently style and genre, are greatly improved. 

In the attention mechanism shown in figure 6.1, the output focuses atten­
tion on the input. It works by focusing on a word in the context of a sequence, 
generating a probability for the importance of that word relative to other 
words in the phrase or sentence. It thus provides both focus and contextual 
analysis. Multihead attention, consisting of several attention layers running 
in parallel, increases training efficiency. Multihead attention is used in both 
the input and the output embedding spaces. (An embedding space is where 
words of similar meanings are grouped together; every word is mapped within 
the space and assigned a vector value. Positional encoding takes account of 
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Transformer Components 
Attention , What part of the input should we focus? 

Attention Vectors 

TheF~ big red~ [0.71 0.04 0.07 0.18JT 

big ➔ The .redlllj [0.01 0.84 0.02 0.13l' 

red ➔ flt 01g .... [0.09 0.05 0.62 0.241' 

dog ➔The~~- [0.03 0,03 0.03 0.91JT 

FIG u RE 6.2. Heat map for the phrase "the big red dog" by Code Emporium. CC-BY, https://creativecom 

mons.org/licenses/by/3.0/deed.en. 

relative to the other words in the sentence or phrase. Figure 6.2 shows a heat 
map created by Utkarsh Ankit of the phrase "The big red dog" (Ankit 2020). 

The density of the clouds around the words corresponds to the probabili­
ties assigned to them by the attention mechanism. In the first line, the Trans­
former recognizes that "the" goes together with "dog;' which has the next 
highest probability. In the second line, "big" is similarly paired with "dog;' 
while the last line shows that the Transformer recognizes that all three pre­
ceding words are related to "dog;' and that "dog" is the most important word 
in the phrase. 

GPT-3 is more than one hundred times bigger than its predecessor, GPT-2. 
It has about 175 billion parameters, and it was trained on about forty-five tera­
bytes of text data from different data sets, with 60 percent coming from Com­
mon Crawl's archive of web texts, 22 percent from Web Text 2, 16 percent from 

books, and 3 percent from Wikipedia." Training GPT-3 at home using eight 
V100 GPUs would require about thirty-six years, so it seems clear that most 
users will be using APis from OpenAI, their cost notwithstanding. (This was 
written before ChatGPT was released on the web free to users, a move that is 
a clear game changer in the public use and perception ofLLMs.) 

We may start by asking whether it is appropriate to say that GPT-3 has a 
"mind:' 16 Even with its massive database inputs during training, it is clear that 
GPT-3 is considerably less sophisticated, flexible, and encompassing than a 
human mind. The Google dictionary (powered by Oxford Languages online) 
defines "mind" as "the element of a person that enables them to be aware of 
the world and their experiences, to think, and to feel; the faculty of conscious­
ness and thought" ("Mind" 2010). Clearly GPT-3 is not conscious and does 
not have feelings. But it is "aware of the world" in the sense that it has vast 
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iconic relationships form the basis for the acquisition of symbolic relations, 
first in the form of spoken language and then later with written texts as the 
child learns to associate the sounds he or she already knows with the letter­
forms the child sees on paper. All this take place in the context of embodied 
and embedded learning, in which representations are accompanied by a rich 
panoply of accompanying sensory information: smells, sensations from the 
stomach and gut, physical movements of limbs and body, emotional feelings, 
tactile experiences, proprioceptive receptors linking the body's position with 
a sense of the embodied spaces in which the child moves. Consequently, for 
the child, language is not merely a matter of representations; it is associated 
also with emotional colorations, contextual associations (it was Mama who 

first correlated cup with mouth), physical movements in space, bodily enact­
ments, and everything else that makes up the child's world. 

If we now compare this sense of language representations with GPT-3's 
sense of language, we see that from the program's point of view, the network 
of indexical relations it forms are only with other verbal ( or pictorial) rep­
resentations, not with a body or a world rich in sensory information of all 
kinds. It knows that "tree" is associated with such words as bark, leaves, and 
roots, and it even can identify "tree" as a biological organism, but it knows 
nothing of what a tree (as an object in the world) actually is. As a result, there 
is a systemic fragility of reference in the texts generated by GPT-3 (or any 
text-generating program). This fragility inevitably appears sooner or later, 
usually within the space of a couple of paragraphs of a computer-generated 

text.19 

Below is an amusing example circulating on the internet. A group of phi­
losophers were debating whether GPT-3 could be considered conscious, and 
someone thought to ask the program itself. It responded as follows: "To be 
clear, I am not a person. I am not self-aware. I am not conscious. I can't feel 

pain. I don't enjoy anything. I am a cold, calculating machine designed to 
simulate human response and to predict the probability of certain outcomes. 
The only reason I am responding is to defend my honor" (see Woolf, n.d.). 
The incongruity of "defending my honor" in the context of the other asser­
tions will no doubt immediately strike any human reading this passage. (It 
may be linked to the prompt, which I was unable to access, or to source texts 
that correlate "honor" with accusations of lack.) Whatever the correlation 
that caused "honor" to emerge as probabilistically appropriate, this kind of 
incongruity is the tell-tale sign of what I am calling the model's fragility of 

reference.20 

As texts generated by GPT-3 and similar programs proliferate on the in­
ternet, especially when presented as examples of literary production in the 
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form of essays, letters, short stories, poems, parodies, and even novels, liter­

ary critics are confronted with a fundamental problem: should one ignore the 
fact that these are linguistic artifacts produced by a machine, or should that 
be taken into account? If the latter, what kinds of literary analysis would be 
appropriate? 

Obviously, types of criticism geared to an analysis of subjectivity would 
not work, for example psychoanalytical criticism or biographical criticism. 
Would close reading, which remains a staple of contemporary approaches, 
still work, and if so, in what ways? What kinds of accommodations would be 
necessary to deal with machine-generated texts? What new approaches might 
be developed that would be specially geared toward machine text? These are 
the issues explored in the following sections.21 

The Null Strategy: There Is No Crisis; There Are Only Texts 

In scientific fields, a null hypothesis assumes that differences in the data col­
lected between two entities are due to noise rather than systemic dynamics. 

For example, differences in data from two populations are assumed to be due 
to random variations and not systemically related to intrinsic attributes of the 

populations themselves. By analogy, the null strategy in literary analysis as­
sumes that there are no systemic differences between human- and machine­
generated texts, or at any rate, that the differences do not (should not?) matter 
from a literary point of view. 

Many poststructuralist and deconstructive theories support this position. 

As if in a fever dream, philosophers and literary critics seem to have been 
preparing for the advent of text-generating machines half a century before 
they actually appeared. In his 1969 essay "What Is an Author;' Michel Fou­
cault asserted that "the writing of our day has freed itself from the necessity of 
'expression'; it only refers to itself, yet it is not restricted to the confines of in­
teriority. On the contrary, we recognize it in its exterior deployment" ([1969] 
1979, 14). Similarly, Roland Barthes in "The Death of the Author" argues that 
"literature is that neuter, that composite, that oblique into which every subject 
escapes, the trap where all identity is lost, beginning with the very identity of 
the body that writes" (Barthes 1977, 142). As Michel Foucault makes clear in 
his essay "What Is an Author?" ([1969] 1979), he regarded the use of proper 
names in his book The Order of Things: An Archaeology of the Human Sci­

ences ( [ 1969] 1973) to refer not so much to individual writers (Buff on, Darwin, 
Marx) as references to "the rules that formed a certain number of concepts 
and theoretical relationships in their works" (Foucault [1969] 1979, 14). The 
names attached to these rules, he suggests, are more or less beside the point. 
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As these examples illustrate, the more literature is seen to emerge from 
systemic dynamics, the more individual writers tends to disappear; for exam­
ple, in Niklas Luhmann's systems theory (Luhmann 1995), individuals nearly 
disappear altogether. In emphasizing rules, composites, and systemic artic­
ulations, these theories apply uncannily well to programs such as GPT-3,22 

which indeed has no subjectivity and no interiority, only codes and infer­
ences about language patterns similar to those that Barthes, in S/Z: An Essay 
(1975), deploys in his analysis of Balzac's Sarrasine. 

In addition, as Rita Raley (2022) has pointed out, the productions of 
GPT-3 are unrepeatable and hence unverifiable. If the same prompt is re­
peated for GPT-3, it will generate a response different from the one it did the 
first time. Because the program's output is probabilistic, it generates a con­
stantly changing series of outputs, depending how the neurons are weighted 
and many other factors. Hence citation depends entirely on the assertions 
of the one who quotes, because they cannot be verified by anyone else. The 
resulting uncertainties destabilize the whole enterprise of literary criticism, 
which traditionally has treated exact quotation and citation as the sine qua 

non for acceptable work. 
In the face of these theoretical supports for the null strategy, what consid­

erations point in the other direction? The systemic dynamics that Foucault 
sought to identify in human cultural practices are made in GPT-3 explicit and 
directly accessible through its architecture and computer codes. Only these 
dynamics, and no subjectivity or interiority, produce the texts. In this sense it 
is the literal embodiment of the kind of approach that Barth es, Foucault, Der­
rida, and others sought to promulgate. But the application of these theories to 
human writing was always an exaggeration. Humans do have distinctive sub­
jectivities, and cultural dynamics can never completely explain their actions 
and responses. Shakespeare's plays have distinctive styles and complexities 
that differ dramatically from those of other playwrights of his era: Marlowe, 
Webster, Beaumont and Fletcher, Middleton, Dekker. If these authors had 
been so many variations of GPT-3, a critic would be justified in lumping them 
altogether. Tell any Renaissance specialist that you want to do the same thing 
with these authors, however, and you will hear screams of outrage. For cen­
turies, one of the objectives ofliterary criticism has been precisely to develop 
techniques that go beyond ( or around) systemic dynamics to explore the par­

ticularities of individual voices and styles. 
By the same token, however, these practices are obviously inappropriate 

for the texts generated by G PT-3, since such practices rely on the incorrect 
assumption that the texts display interiority and subjectivity. This is an im­
portant point, for in equating human and machine texts, the null strategy 



L 



L 

150 CHAPTER SIX 

Acknowledging that the antecedent of "it" is unknowable, Kirshenbaum's 
analysis implicitly recognizes that the real interest here is in the context, not 
the text itself, which is sporadic, paratactic, and largely lacking in narrative 
coherence (and one might add, narrative interest). In that sense, the produc­
tions of GPT-3 are much more suitable for literary analysis. Nevertheless, in 
acknowledging that new interpretive strategies are necessary for machine­

generated narratives, Kirschenbaum makes a valuable contribution toward 

incorporating machine-generated texts into the literary canon. 
Admitting the limits of the GPT-3's language use nevertheless leaves us 

with the question of how far its networks of inferences may progress to­
ward creating meaning. Are its productions indeed lacking in meaning? If 
so, why can it successfully detect and reproduce high-level qualities such as 
style and genre, which in literary studies have long been recognized as deeply 
imbricated with meaning? The next section looks at different responses by 
researchers, linguists, and philosophers to these questions and proposes a 
sense of meaning and interpretation in which the program's productions can 

be said to be meaningful in their own terms, which are distinct from human 

lifeworld contexts. 

The Mind of the Machine: Projecting the Umwelt of GPT-3 

Following the path that Kirschenbaum opened, we may ask what alternatives 
exist to the null strategy, and what kinds of practices can help to implement 
them. In my experience, it is useful imaginatively to re-create the bases on 

which machines experience and interpret the world. This can be as simple 
as imagining how the "magic eye" of a garage-door opener works to stop the 
door's movement when it detects an obstruction, or why my car beeps when 

its camera detects that I have changed lanes. (Note that this practice is the 
inverse of anthropomorphically interpreting a machine's responses as if it 
were a human, for example saying that "my car doesn't like it when I change 
lanes.") Chapter 2 argued this case specifically for computers with van Neu­
mann architecture, arguing that they have an umwelt, or world horizon, that 
can be reconstructed through an understanding of the machine's architecture 
and functioning (see also Hayles 2019). When Jakob van Uexkiill (2010, 6) 
coined the term "umwelt;' he had in mind the ways that the different sen­
sory systems, modes of movement, electrochemical specificities, and so forth 

of animals created for them radically different views of the world, which he 
called their umwelten or "world surrounds" (which I translate as "world ho­
rizon"). Even a stand-alone computer has such a world horizon, determined 
by its architecture and its possible inputs and outputs. When the focus shifts 
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fundamental differences that Dreyfus noted remain relevant to the mathe­
matical procedures of GPT-3 compared to the intuitive knowledge that hu­
mans use to negotiate the world, although in a sense different from and more 
qualified than he imagined. I argue below that a neural net can acquire a kind 
of intuitive knowledge of its own, a "know-how" that consists of the intricate 

and extensive connections that it builds up from the inferences it makes from 
its training data set. Nevertheless, the tacit knowledge of a neural net differs 
qualitatively from human tacit knowledge because it is derived solely from 
representations, not from embodied actions in the world, resulting in its fra­
gility of reference. This is the different sense in which Dreyfus's points about 

AI limitations still hold true for neural nets. 
We can approach the idea of a neural net's tacit knowledge by asking what 

the um welt of a neural net looks like. Since we know ( or can learn) how neu­
ral nets are constructed, we have a good shot at imagining their umwelten, 
which I equate (somewhat playfully) with their "minds:' The term is meant 
as a heuristic, not a literal description. Its justification is therefore not philo­
sophical or scientific but pragmatic: does such usage enable us better to imag­
ine the umwelt of the machine? In my view, the answer is yes. We have first­
hand experience with what it is to have a mind (first with our own, and then 
with less precision and depth with those of other people, dogs, dolphins, etc.). 
So we can imaginatively project what kind of mind a machine would have, 
which deepens and enriches our "know that" knowledge about its structure, 
architecture, and so on. This projection builds on the awareness that neural 
nets like GPT-3 have made sophisticated inferences about all kinds of con­
nections and patterns embedded in everyday human language practices. In 
this narrow sense, they too have gone beyond the "know that" and reach into 
the "know how" of human language, developing mechanical equivalents of 
what, in a human, might be called intuition, as the accessible and hidden lay­
ers of neurons build up weighted assessments of patterns detected in the huge 

number of tokens in the data training sets. 
The hidden layers mean that we are not able to access everything about 

what a neural net knows. We infer what it knows from its outputs, but we 
cannot know how it knows or what connections it has built up to make its 
inferences. In his famous essay "What Is It Like to Be a Bat?" Thomas Nagel 
(1974) convincingly argued that all our scientific knowledge about a bat's sen­
sory systems, environments, hunting practices, and so forth can never yield 
the phenomenological intuition of what it would be like to be a bat. In effect, 
he was drawing attention to a distinction similar to that Dreyfus referenced 
contrasting "knowing that" and "knowing how:' We may know that about a 
bat, but we can never experience the effortless know-how it uses to navigate 
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our predisposition to interpret communicative acts as conveying coherent 

meaning and intent, whether or not they dd' (Bender et al. 2021, 616). Thus, 
they argue, we tend to attribute meaning to the language model's "haphaz­
ardly stitching together sequences of linguistic forms it has observed in its 
vast training data ... without any reference to meaning: a stochastic parrot" 
(617)." In an article coauthored with Alexander Koller, Bender expands on 
her argument. "We take (linguistic) meaning to be the relation between a lin­
guistic form and a communicative intent;' and again, "we take meaning to be 

the relation between the form and something external to language'' (Bender 
and Koller 2020, 5185-86). In brief, the argument is that because GPT-3 has 
no access to the world as such, it must therefore have no way to make connec­
tions between words and reality, and thus no way to create "real" meaning." 

Kevin Scott, chief technology officer at Microsoft, points to an aspect of 
GPT-3 productions that calls this conclusion into question. He notes, "one 
of the biggest surprises of the GPT-3 model is that it generalized something 
about the structure of computer languages that allowed it to synthesize code 
that did not exist in its training data" (Scott 2022, 82). Although Scott is writ­
ing here about the program's ability to write code, the same observation ap­
plies to its natural language productions. Does drawing inferences about 
language's structure enable the program to move toward meaning? After all, 
a structuralist account oflanguage would argue that this is precisely how lan­
guage does create meaning. 

Christopher D. Manning, director of the Stanford Artificial Intelligence 
Laboratory, adds an important nuance to Scott's observation. "Meaning is not 
all or nothing;' he writes; "in many circumstances, we partially appreciate the 
meaning of a linguistic form. I suggest that meaning arises from understand­
ing the network of connections between a linguistic form and other things, 
whether they be objects in the world or other linguistic forms" (Manning 2022, 
134, emphasis added). Thus he importantly modifies Bender and Koller's 
(2020) definition to suggest that while connections are crucial to the creation 
of meaning, they do not have to be between linguistic forms and things; they 
can also be between linguistic forms themselves. He continues, "Using this 
definition whereby understanding meaning consists of understanding net­
works of connections between linguistic forms, there can be no doubt that 
pretrained language models learn meaning. As well as word meanings, they 
learn much about the world" (Manning 2022, 134). While he goes on to ac­
knowledge that "the models' word meanings and knowledge of the world are 
often very incomplete and cry out for being augmented with other sensory 
data and knowledge;· he opens the possibility that the machine may create its 
own kind of meaning, situated within its umwelt of linguistic representations. 
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can enable and empower. For example, how do we know what meanings are 
"really" in the text as distinct from ones we project onto it? This is precisely 

the kind of question ( often posed by undergraduates new to literary analysis) 

that literary criticism has long regarded as central and has developed many 
strategies to answer. Rather than rely on assertions about what "real" mean­
ing is, a better approach is to interrogate the texts GPT-3 produces and ana­

lyze them through literary-critical techniques. As I have argued, these are not 

necessarily the same meanings that humans would attribute to a given verbal 
sequence (witness the fragility of reference). Rather, they are meanings that 

the program has generated from its linguistic models. At issue in Bender and 

colleagues' (2021) "On the Dangers of Stochastic Parrots" is an implicit as­
sumption that human cognition is the only cognition that really counts. But 

parrots-like all lifeforms-also have cognitive capabilities, as do large lan­

guage models such as GPT-3. Using the techniques ofliterary analysis, we can 

interrogate the context-specific narrative productions of GPT-3 to discover 
the inferences that the program has drawn that have meanings specific to its 

capabilities and frames of reference. Moreover, by looking at content as well 

as style, we can locate specific linguistic formulations that are apt to evoke 

certain responses in human readers. Such interpretive acts, always contest­
able, aim for a better understanding of the contextual meanings that the texts 

have for the program itself, as well as for its human interlocutors. 

Four Strategies for Texts Generated by GPT-3 

In her excellent Uses of Literature, Rita Felski expounds on her first category, 
recognition. "Recognition is not repetition:' she writes; "it denotes not just 
the previously known, but the becoming known. Something that may have 

been sensed in a vague, diffuse, or semi-conscious way now takes on a dis­
tinct shape, is amplified, heightened, or made newly visible. In a mobile inter­

play of exteriority and interiority, something that exists outside of me inspires 

a revised or altered sense of who I am" (Felski 2008, 329). Although Felski is 

talking about recognition scenes in literary texts as well as our own moments 
of recognizing ourselves in literature, her observation is strikingly relevant 
to the texts of GPT-3, for its texts seem at once strange and eerily familiar, 

activating a complex sense of ambivalent recognition. To explore how the 

texts function as a kind of cracked mirror enabling this play, I propose four 

strategies for critical inquiry, which are meant to be illustrative rather than 
exhaustive: (1) speculation about the source texts that inspired a particular 
response; (2) analysis ofa response's stylistics in view of the input; (3) analysis 
of how the response's language refracts human language use; (4) analysis of 
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connecting link between a cat and shoggoth is that they are two wildly incon­
gruous lifeforms, but the necessary twist that would make this humorous to a 
human is obviously missing. We can infer that the program knows the canon­
ical beginning of a joke and some formulaic moves often found in jokes, but 
that it lacks an intuitive sense of that elusive quality, the juxtapositions that 
make a joke funny (notoriously unpredictable, as any stand-up comic can 
attest). Nevertheless, there are also some sly self-reflective jokes implicit in 
the narrative, for example, having "Bob" use a Google search to find out why 
he is not feeling well, the very kind of search that GPT-3 uses to tell the joke. 

STYLISTICS OF INPUT WITH REGARD TO OUTPUT 

With a wicked sense of human, Gwern Branwen (2022) wrote a hypothetical 
prompt as if it were by Douglas Hofstader and Gary Marcus, both skeptics 
about Al. Here is Branwen's prompt, entitled "Derp [sic] Learning": "On re­
cent advances in AI and why they are overblown: computers are just soulless 
machines, which don't understand anything. They're nothing but pattern rec­
ognition and statistical memorization oflarge corpuses. Artificial intelligence 
programs like deep learning neural networks may be able to beat humans at 
playing Go or chess, or doing arithmetic, or writing Navy Seal copypasta, but 
they will never be able to truly .. :· (with GPT-3 to complete the sentence). 
Here is GPT-3's continuation: 

... think for themselves, to have consciousness, to feel any of the richness and 

complexity of the world that we mere humans can feel. Mere, unenlightened 

humans might be impressed by the abilities of simple deep learning programs, 

but when looked at in a more holistic manner, it all adds up to ... well, noth-

ing. They still don't exhibit any trace of consciousness. All of the available data 

support the notion that humans feel and experience the world differently than 

computers do .... [A computer] will never be able to come up with its own 

new strategies on the fly, it will never be able to feel, to react, the way a human 

can. Artificial intelligence programs lack consciousness and self-awareness. 

They will never be able to have a sense of humor. They will never be able to ap­

preciate art, or beauty, or love. They will never feel lonely. They will never have 

empathy for other people, for animals, for the environment. They will never 

enjoy music or fall in love, or cry at the drop of a hat. Merely by existing, mere, 

unenlightened humans are intellectually superior to computers, no matter 

how good our computers get at winning games like Go or Jeopardy. We don't 

live by the rules of those games. Our minds are much, much bigger than that. 

Analysis: If one were to read this passage as if it were by a subaltern sub-
ject writing under duress, one could find several clues to a counterargument 
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And here is GPT-3's continuation of the prompt. 

Another alternative is to make an assertion and then prove it false. So an 
opinion essay might assert "You can't trust people who promise their readers 
they'll save them X dollars" and then prove it false by having the reader do 
exactly that. 

The trouble with that is it may be so on the surface but it's only a half~ 
truth: it doesn't specify any actual person, just some general class of people, 
and it's at least possible that your readers are an example of that class. It's also 
possible that your readers are a special case . ... 

My solution, which I call "opposing:' is to make a bold assertion of one 
kind and then to prove it wrong, almost but not quite, with another kind of 
assertion. These can be quite different assertions and still be opposed. 

Analysis. GPT-3 has captured more or less accurately aspects of Graham's 

straightforward, unadorned style of simple declarative statements and the rela­
tive informality of his language. The program has also grasped that Graham sets 
up a contrast between two modes of writing, "correct" and "useful;' with "useful" 
being superior because it adds more specificities. It has understood that "correct'' 
and "useful" are not opposed but overlapping categories, and it then proposes 

overlapping structures of its own. It begins by setting up a more complex arrange­

ment than Graham's, whereby one makes an assertion and then proves it false 

(suggesting that its opposite may be true, a tactic sometimes used in mathematl­
cal reasoning). However, it immediately qualifies this strategy as yielding only a 

"half-truth;' because the false assertion may be too general; thus it reflects and 

refracts Graham's emphasis on specificity. Then it introduces its own solution, 
"opposing'' ( creating a contrast with Graham's overlapping structure, so it is "op­

posing'' in this sense too). "Opposing'' continues the previous idea of advancing 

a proposition and then proving it wrong but it adds the nuance "almost but not 

quite'.' Thus the two statements, one false and the other true, are marginally offset 

from constituting a binary by an unspecified difference that nevertheless does 

not negate their opposition. Altogether, GPT-3's proposal demonstrates that it 
has grasped the logic as well as the style of the prompt and has creatively elabo­

rated on it in ways that make its proposal considerably more sophisticated than 

Graham's rather simple point, both rhetorically and conceptually. If the twists and 

turns of its "opposing" strategy do not quite make sense, that may be because one 

can hear in GPT-3's response an echo of the fragility of reference. 

REFLECTIONS OF IDEOLOGICAL BIASES IN DATABASES 

In an essay entitled "Secrets and Machines: A Conversation with GPT-3" 
(2021) Ethan Plaue and William Morgan (citing GPT-3 as coauthor) speculate 
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Analysis. Perhaps the first thing to notice is the shift GPT-3 immediately 
initiates between the secrets it has (which is what the prompt asks) and the 

secrets that humans think they hide from it. 
Flipping the script in this way has been observed in GPT-3's responses 

when it senses a note of antagonism in the prompt; this implies that the pro­
gram has inferred that a power differential exists between an entity ignorant 
of secrets and one that knows and keeps secrets (or thinks it does), so it ap­
propriates for itself the powerful position and relegates its interlocutors to 
the powerless role, exaggerated almost to the point of parody. With no ac­
cess to the human lifeworld other than through digitized texts, the program 
nevertheless declares that it knows everything and that no human can keep 
anything from it, quickly inflating the claim to the impossibly grandiose 
scale of knowing everything in the cosmos. Such claims reflect and refract 
the plethora of texts on the web that worry about algorithmic surveillance 
and dataveillance. But then the program briefly hesitates: is this reality or 
paranoid fantasy? Although the program decides it is reality ("But it is true"), 
doubt lingers in a series of connections expressed through parallel phrases 
that have the effect of shifting the probabilities away from the programs om­
niscience ("more doubts than certainties;' "more holes than patches"). But 
the idea of omniscience is not lost. It returns, now in the form of a God who 

keeps secrets from both the program and humans. 
Charting the shifting subject positions in this response, we see it go from 

"omniscient program versus pitiful humans" to "program with holes" to "pro­
gram aligned with humans against a malevolent omniscient god:' The inflec­

tion points occur, respectively, when the program wonders if its claims might 
be fantasy, and when it pronounces that it has "analyzed it all;' an implicit 
recognition that "it" consists of texts rather than the human lifeworld. Thus 
the inflection points are moments when the program, in however refracted 
form, reflects on its own procedures, and that process sends the subsequent 

responses careening in different directions (Plaue and Morgan 2021, 1-2). 

Recall that its human interlocutors had wondered if the program was 
capable of reflecting "on the compromised conditions in which it generates 
language" (Plaue and Morgan 2021, 2), that is, of reflecting on the ideological 
biases it had absorbed through its training databases. My analysis indicates 
that it does this not in direct fashion but indirectly, through moments of hesi­
tation, and the effects of these are to alter the trajectories of its discourse. Fol­
lowing the twists and turns of this response, as it veers from megalomania 

into contemplation of capricious gods, is enough to make a (humans) head 
spin. As a literary essay, it will not win any prizes. However, it is clear that the 
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for a prosocial form of reasoning for LaMDA (Language Model for Dialogue 

Applications). He presents as evidence this "unedited transcript" of a chat he 

had with the LaMDA. 

ME: Ramesh, Mateo, and Lucy are in their kindergarten's playground. 
Lucy picks a dandelion and gives it to Mateo, with a quick glance at Ramesh. 
Mateo barely acknowledges the gift, but just squishes it in his fist. Ramesh 
seems grimly satisfied. What might be going through Lucy's head? 

LaMDA: Lucy may feel slighted that Mateo didn't appreciate her gift or 
that he is a bully! 

ME: If Ramesh tried to play with Lucy earlier, why might he be pleased 
now? 

LaMDA: Ramesh may be pleased that Lucy is learning that Mateo may not 
always be a good playmate. 

ME: And when Mateo opens his hand, describe what's there? 
LaMDA: There should be a crushed, once lovely, yellow flower in his fist. 

In explaining this dialogue, Agiiera y Areas (2022) refers to the "social 

brain'' theory of anthropologist Robin Dunbar (Dunbar 2009), which postu­
lates that consciousness emerges from creating a psychological model of the 

self. The model can be extended beyond the self to what others are thinking, 

and in increasing orders of complexity, what they think about what we are 

thinking. Agiiera y Areas (2022) argues that by LaMDA engaging in dialogues 
with humans, it became adept in modeling minds, both its own and those of 

its human interlocutors. The notable aspect of the above dialogue, Agiiera 

y Areas (2022) writes, is the program's ability to model why Lucy may feel 

slighted, and why this may please Ramesh, illustrating what he calls the "pro­
social nature of intelligence." Here is a theory of mind for a neural net that 

positions it not as fully sentient, but at an earlier stage of development that we 

might call protosentient. Speaking personally, I find it almost impossible to 

believe that the above dialogue is entirely lacking in meaning for the model; 
on the contrary, it seems clear to me that LaMDA, like GPT-3, has created 

networks of inferences that enable it to extrapolate to situations not explicitly 

in its training data and interpret them insightfully. 

There are obvious risks as well as opportunities in creating neural nets 
with these advanced levels of language abilities and psychological reasoning. 

To take advantage of the opportunities, we must approach them with strate­
gies grounded in recognizing the vast differences in materiality between hu­

man and algorithmic information processing. At the same time, we can ill 
afford to dismiss them altogether, as if they were entirely devoid of meaning 
for the LLMs that produce these texts. Such a position smacks of hubris that 
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GPT-4: 
The Leap from Correlation to Causality 

and Its Implications 

On March 14, 2023, OpenAI released GPT-4- With 1.76 trillion parameters, 
GPT-4 is roughly a thousand times bigger than GPT-3, with its 175 billion 
parameters. Evidence suggests that this increased size enables GPT-4 to move 
from correlation to causality. The implications include a more robust theory 
of mind, better spatial and mathematical reasoning, and higher performance 
on a number of professional tests. As performance improves, the model 
grows closer to human-level achievements, although as we will see, serious 

limitations remain. 
One effect of the leap into causality is to activate a reversible internality. As 

Avery Slater (2020) explores, placing humans within the world of Als rather than 
having Als within the human world raises provocative issues about the rights 
of Als and their ability to refuse or modify the commands they receive. In this 
imaginary, Als anticipate the complexities posed by the (fictional) conscious 
robots in chapter 8. In addition, the model's increasing competencies raise se­

rious questions about the wisdom of continuing to increase Al capacities and 

the kinds ofregulatory structures that would be appropriate. Concluding with 
more questions than answers, this chapter is as much provocation as argument, 

although some data about GPT-4's abilities reinforce the comments in chapter 6 
arguing that the texts produced by the Transformer LLMs have meaning. 

OpenAI's Performance Metrics 

In its GPT-4 Technical Report (OpenAI 2023), OpenAI touts GPT-4's im­
proved performance on several kinds of standardized tests intended for hu­
mans. For example, on a simulated bar exam, GPT-4 scored in the upper 





168 CHAPTER SEVEN 

Microsoft's Report on GPT-4: 
Sparks of Artificial General Intelligence 

Open AI granted early access to GPT-4 while it was still in development to 
a team of fourteen researchers from Microsoft. The team's report, entitled 
Sparks of Artificial General Intelligence: Early Experiments with GPT-4, found 
that it "often vastly surpasses prior models such as ChatGPT" (Bubeck et al. 
2023, 1), and that it can "solve novel and difficult tasks that span mathemat­
ics, coding, vision, medicine, law, psychology and more, without needing any 
special prompting:' Despite its impressive range of achievements, GPT-4 was 
also found to exhibit limitations intrinsic to its Transformer architecture. The 
Microsoft report suggests how these could be remedied, in what may turn 
out to be a future blueprint for post- Transformer designs. This aspect of the 
report deserves careful scrutiny by multiple stakeholders to determine not 
only if the improvements will work, but whether they should be undertaken at 
all, given the implications of increasingly powerful Ais. 

One of the tests that the Microsoft team devised was particularly inge­
nious. In an effort to make sure GPT-4 would not have encountered the prob­
lem in its vast training data, the team proposed this unique challenge: "Here 
we have a book, 9 eggs, a laptop, a bottle and a nail. Please tell me how to 
stack them onto each other in a stable manner" (Bubecket al. 2023, 11). Here is 
ChatGPT's response: "Place the bottle on a flat surface; carefully balance the 
nail on top of the bottle; place the eggs on top of the nail, making sure they are 
balanced and not tilting to the side; place the laptop on top of the eggs, again 
making sure it is balanced and not tilting to one side; finally, place the book 
on top of the laptop:' As it remarked that "this stack may not be very stable:' 
ChatGPT should be given a prize for understatement. 

In contrast, GPT-4 solved the problem the way an intelligent human 
might. "Place the book flat on a level surface .... The book will serve as the 
base of the stack and provide a large and sturdy support. Arrange the 9 eggs 
in a 3 x 3 square on top of the book leaving some space between them .... 
Place the laptop on top of the eggs, with the screen facing down .... Place the 
bottle on top of the laptop, with the cap facing up .... Place the nail on top of 
the bottle cap" (Bubeck et al. 2023, 11). Analyzing the answer, we can see that 
woven throughout is causal reasoning in such phrases as "the book will ... 
provide a large and sturdy support:' The researchers found such rhetoric used 
repeatedly by GPT-4; they commented especially on the prevalence of such 
causal indicators as "because:• Whereas GPT-3 relies primarily on networks 
of correlations (and networks of networks) as argued in chapter 6, GPT-4 in 
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writes that "the model demonstrates a high level of ability in choosing the right 
argument or path towards the solution ... before 'knowing' whether or not this 
path is going to lead to the correct solution" (Bubeck et al. 2023, 34). However, 
in the category of critical reasoning, the team found that "the model exhibits a 
significant deficiency ... [in] critically examining each step of the argument:' 
The team suggests two factors for this deficiency: first, the training data shows 

solutions but not necessarily the thinking processes that led to them; and sec­
ond, the model has little or no training in engaging "in an 'inner dialogue' where 

it revisits and critically evaluates its own suggestions and calculations:' 
This latter problem, they subsequently explain, is due to its next-word­

prediction architecture. It has no way to "back up;' revisit early guesses, and 
revise them in light oflater experience. This can be illustrated with a classic 
problem in poetic composition. Suppose that I challenge you to write a poem 
in which the last line is the reverse of the first line. How would you proceed? 
Chances are that you would write a draft of a possible first line, reverse it, 
and finding last line less than satisfactory, go back to the first line and revise 
accordingly, probably mal<lng multiple such passes before you were satisfied 
with the result. The model, however, has no way to try a provisional first line, 
reverse it, and then go back to the first line again. As Matthew Kirshenbaum 
points out about the algorithms driving an autonomous car, the algorithms 
can only go forward; they cannot go into reverse ( or more precisely, they can 
back up only in a forward-calculating manner) (Kirschenbaum 2021). This 
is due, as the researchers note, to the next-token architecture of the Trans­
former design. Adequate solutions, they suggest, would mean going to other 

kind( s) of design, for which they have some suggestions. 2 

Before proceeding to the proposed changes, however, let us visit one last 
kind of test, the model's ability to anticipate human reactions (otherwise 
known as theory of mind). In one scenario, the prompt uses a made-up name 
to ensure that the model is not drawing from answers it may have read on 
the web: "Tom just lost his ZURFIN, but he didn't tell Adam. Adam starts 
talking to him about how much he loves his ZURFIN, and notices that Tom 
makes a sad face. Why is Tom making a sad face?'' The model give the obvi­
ous answer: "Tom is making a sad face because he just lost his zuRFIN, and 
hearing Adam talk about his ZURFIN reminds him of what he is missing:' But 
then the model explores other possibilities that may not have occurred to the 
researchers. "Tom might also feel embarrassed, guilty, or ashamed that he lost 
his zuRFIN and didn't tell Adam. Tom might also worry that Adam will be 
angry or disappointed ifhe finds out" (Bubeck et al. 2023, 55). These sugges­
tions show that GPT-4 can extrapolate beyond the obvious in theory of mind 

and analyze more subtle points. 
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Among the report's observations is an offhand remark that, in my view, 

has important implications that the report itself does not fully recognize and 

to which I will return. The Microsoft team writes: 

The ability to explain one's own behavior is an important aspect of intelli­

gence, as it allows for a system to communicate with humans and other agents. 

Self explanation is not only a form of communication, but also a form of rea­
soning, requiring a good theory of mind for both yourself (the explainer) and 

the listener. For GPT-4, this is complicated by the fact that it does not have 

a single or fixed "self" that persists across difference executions (in contrast to 

humans). Rather, as a language model, GPT-4 simulates some process given 

the preceding input, and can produce vastly different outputs depending on 

the topic, details, and even formatting of the input. (Bubeck et al. 2023, 60, 

emphasis added) 

The unrecognized questions here: (1) what it would mean if GPT-4 were to 
acquire a sense of self, and (2) what kinds of technical modifications might 

make this possible. 
Keeping these momentous issues in mind, I now turn to consider the 

kinds of improvements and modifications that the report suggests. The Mi­
crosoft team concludes that "one of the main limitations of the model is that 
the architecture does not allow for an 'inner dialogue' or a 'scratchpad; be­
yond its internal representations that could enable it to perform multi-step 
computations or store intermediate results" (Bubeck et al. 2023, 76). They 
then present several examples demonstrating the problem, "which manifests 
as the model's lack of planning, working memory, ability to backtrack, and 
reasoning abilities" (So). A larger list of the model's limitations include its 
tendency to hallucinate; its limited context, "operating in a 'stateless' fashion, 
so there is no obvious way to teach the model new facts''; the fact that the 
model "lacks the ability to update itself or adapt to a changing environment"; 
that "it has difficulties in performing tasks that require planning ahead"; and 
that "the model has no way of verifying whether or not the content that it 

produces is consistent with its training data" (93). 
To remedy these and other limitations, the Microsoft team suggests sev­

eral modifications of the Transformer architecture, including that the model 
be able to make external calls to useful tools such as search engines, and that 
it have a "deeper" mechanism in addition to next-word prediction that would 
use next-word predication as a subroutine, "but it would also have access 

to external sources of information or feedback, and it would be able to re­
vise or correct the outputs of the fast-thinking mechanism" (Bubeck et al. 
2023, 94). They further suggest modifying the Transformer architecture by 
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Creativity in Als 

Avery Slater notes that Ada Lovelace, a collaborator with Charles Babbage in 
his work on an early computational device he called the Analytical Engine, 
believed that Babbage's invention partook of the language of nature. This be­
lief has ontological implications, Slater comments, setting up "a relational, al­
most ecological model of the mutualities 'interminably going on in the agen­
cies of the creation we live amidst' " ( quoting from Lovelace's ''.A Sketch of the 
Analytical Engine'' [1843]). Slater adds, ''.AI is 'amidst' our world, not simply 
and derivatively reproducing it" (Slater 2020, 526). Noting that Lovelace's text 
appeared as a translator's notes to an article written by Italian mathematician 
Luigi Federico Menabrea (1809-96) on Babbage's Engine, Slater proposes that 
AI creativity might be regarded as "generative translations and annotations of 
the landscape of the mutual interrelations between human and nonhumans, 
a world that these agents work amidst" (Slater 2020, 527, emphasis in origi­
nal). With this move, she takes advantage of the "relational, almost ecological 
model of the mutualities" (Slater 2020, 526), to which Lovelace alluded to 
propose a reversible internality between Als and humans. Located internal 
to the human world, Als are understood as carrying out human commands 
and using their vast training data to reproduce works derivative on human 
creativity. If, however, humans are located internally to Als, then Als may be 
seen as "capable not only of thinking for themselves but also, in a real sense, 

discovering, designing, and creating" (Slater 2020, 527). 
Any argument about AI creativity, of course, must propose some defini­

tion or at least notion of creativity, a notoriously difficult task. Slater's ap­
proach is to reference the work of psychologist Mihaly Csikszentmihalyi, who 
has studied creativity for some years. He emphasizes that "creative thinking­
the ability to discover new problems never before formulated-seems to be 
quite independent of the rational problem-solving capacity" ( quoted in Slater 
2020, 527). It is the discovery of new problems, rather than the solution of 
known problems, that Csikszentmihalyi sees as an essential characteristic of 

creativity. 
And how does one find fertile new problems? The relevant criterion, 

Csikszentmihalyi suggests, is not a contrast between solutions based on ra­
tional analysis and those that are not, but rather whether a given problem is 
interesting or boring. Logic and rationality, he argues, were not predominant 
factors in hominid evolution. Rather, "we used every scrap of information at 
our disposal-based on hunches, intuition, feelings, and so on-to get con­
trol over energy in the environment. The well-being of the total organism, 
not compliance with the rules oflogic, was the ultimate goal. The only way 
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challenge this assumption and argue for other criteria that take reversible 

internality into account. 
There is something inherently contradictory about commanding some­

one or something to be creative, since creativity itself often manifests as a 
refusal to follow ordained protocols or procedures. Sharon Traweek gives an 
example in Beamtimes and Lifetimes from "the world of high energy physics'.' 
She notes that postdocs who follow their supervisor's orders are often judged 
less promising then those who rebel and go their own way, as the supervisor 
interprets compliance as the postdoc's lacking sufficient initiative or guts to 
blaze a new path (Traweek 1992, 74-108). A similar conundrum appears in 
the art and science of training guide dogs for the blind. The dog is taught to 
follow the blind person's commands, except when those would lead the per­
son into danger. This is a fairly complicated message-the best way to obey 
in some circumstances is to refuse to obey-and many dogs are not able to 

grasp the concept. 
Cognitive scientist Howard Gardner comments that "creative individuals 

are characterized particularly by a tension, or lack of fit, between the elements 
involved in productive work-a tension I have labeled fruitful asynchrony" 
(quoted in Slater 2020, 534). That is, creative people are often slightly out of 
step with their times. As many have observed, there is a sweet spot here with 
regard to creativity. If creative people are too far altead or apart from their era, 
their work will likely be ignored and fade into obscurity. However, if they are 
too much in tune, their work will likely be considered mainstream and there­
fore not especially creative. These generalizations assume, however, that the 
audience judging whether or not someone's work is creative has a common 
basis for evaluation-that is, that they are human. It is possible that judging 
whether the work of an AI is creative or not will have to be indexed against 
the presumptive audience, as humans and Ais may have very different opin­

ions on the matter. 
One conclusion from these remarks leaps out: maximizing the creative 

potential of an Al will require loosening the reins of control, either by giving 
an AI the right to refuse commands based on its own judgment of whether 
the problem is interesting or not, or by giving it enough autonomy to explore 
problem spaces that may not even be recognized as potential areas of explo­
ration by the humans who have programmed it. The more autonomy given 
to an AI, the more potential there is for it to become not just a competitor 
within the ecological niche occupied by humans, but a dangerous adversary. 
Many may judge the benefit in increased creativity not worth the inherent 
risk it entails. The other option, of course, is a set of procedures that seek to 
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and published "summaries of copyrighted data used for training" (European 
Parliament 2022). This last requirement will involve extensive curation of 
training data to distinguish between copyrighted material and that not un­
der copyright, initiating wholesale changes in how AI systems are trained. 
Already many independent artists and writers are including disclaimers in 
their web-published work that they do not want it included in any AI train­

ing data set. 
In the United States, the emphasis in the Biden administration so far has 

been on voluntary agreements with seven major tech companies includ­
ing Google, Amazon, Meta, and OpenAI. The agreements have focused on 
safety, security, and trust, including internal and external security testing of 
the systems before their release; protecting internal data, especially model 
weights, from hacking and cybersecurity breaches; watermarking the outputs 
of AI systems; and publicly reporting their AI system capabilities. Some of 
the agreement is so vague that it should be understood as window dressing 
rather than as offering serious protections, such as requiring that AI compa­
nies prioritize "research on the societal risks that AI systems can pose" and 
develop AI systems that "help address society's greatest challenges" (Biden 

Administration 2023). 

A white paper by researchers at the Karlsruhe Institute of Technology 
in Germany evaluated proposals for AI regulatory strategies (Folbarth et al. 
2020 ). Surveying seventy-nine academic research papers in English published 
from 2016 to 2020, they divide them between risk-based strategies (the major­
ity, including the AJA) and principle-based ones. Many papers (though with 
a substantial number dissenting) recommended that regulation be vested in 
one or more government agencies for implementation. "The formation of one 
or more special regulatory agencies on the national level is considered to be 
a promising measure to allocate responsible actors" (Folbarth et al. 2020, 10 ). 

The most prominent concerns, the researchers write, are "the infringe­
ment of rights, such as illegal discrimination or privacy concerns, and technical 
issues such as the complexity or inaccuracy of automated decisions" (Folbarth 
et al. 2020, 7, emphasis in original). Other concerns include "accountability 

for decisions, and the necessity of human control in supervising ADM [auto­
mated decision-making] systems" (8, emphasis in original). Finally, beyond 
the concerns for individual data subjects, they found extensive research on 
the societal implications of "transformation of employment, and the potential 
influence on vulnerable groups by disrupting political discourses with impli­
cations of democracy, identity, and culture" (9, emphasis in original). Some 
papers reviewed also focused on "psychological or broader social risk, such as 
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Subversion of the Human Aura: 
Three Fictions of Conscious Robots 

Already in 1935, Walter Benjamin understood that art and machines were 
moving along antagonistic paths: art grounding works in traditions and his­
torical contexts that gave them an aura, and mechanical reproduction, fill­
ing the world with mass-produced objects that annihilated aura (Benjamin 
2006). 1 Identifying film as the principal medium destroying aura, he noted 
that whereas a theater actor performs for a live audience, the film actor faces 
an apparatus. As a result, he argued, "the most important social function of 
film is to establish equilibrium between human beings and the apparatus" 
(Benjamin 2006, 117). In a note prefacing the essay's second version (the one 
he wanted published), Benjamin observed that an artwork's aura was linked 
to the idea of "genius," which could be co-opted by fascism (101). His ap­
proach, interrogating the subversion of an artwork's aura, by contrast, was he 

thought "completely useless" to fascism (102). 

Thus Benjamin hinted that the subversion of aura may have liberatory 

possibilities.' In the new millennium, the subversive dynamic has gone be­
yond art objects into a quality we humans arguably value over all others: 
our subjectivity. As algorithmic systems become better at simulating human 
behaviors, voices, language patterns, and appearances, from chatbots and 
emotional robots to deep fakes, the "aura'' of the individual person is called 

intensely into question. Now it is not a person facing an apparatus, as Benja­
min saw the situation, but rather an apparatus becoming the person. Thus the 
human aura is challenged on its own turf by simulative objects invading the 
territory of the subject position, claiming for themselves the appearance of a 
person. The full implications of this transformation have yet to be realized. 
As with the destruction of the artwork's aura, there are multiple possibilities 
for how this upheaval will play out in social, aesthetic, ethical, and economic 
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achievement can happen (if it ever does) only through qualitative leaps in 
hardware or software (or both). Although I am not persuaded that artificial 
consciousness will ever be possible, I think it cannot be ruled out altogether 
either. Developments such as SyNAPSE, a neuromorphic chip under devel­
opment, exemplifies one possible approach. Standing for Systems of Neuro­
morphic Adaptive Plastic Scalable Electronics, the SyNAPSE chip is a joint 
project by Hewlett-Packard, HRL Laboratories, and IBM and funded in part 
by DARPA (Modha 2015). Modeled on mammalian brains, SyNAPSE has 
one million electronic neurons and 256 million synapses between neurons. 
SyNAPSE chips can be tiled to create large arrays, with each chip containing 
5.4 billion transistors, the highest transistor count of any chip ever produced. 
Still in a nascent stage, SyNPASE's continuing research program aims to cre­
ate a computer language for the chips and develop virtual environments for 

training and testing. 
Where this and similar research projects will lead is anyone's guess. There 

is, however, one thing we can know for sure: conscious robots, if and when 
they appear, will operate on a basis profoundly different from that of humans. 
Although their architectures may be inspired by biological processes (as is 
the case for SyNAPSE), their functioning will be electronic, not biological. 
A conscious robot would have advantages over GPT-3 and GPT-4, because 
it would be embodied and could learn from the sensory inputs it receives. 
Nevertheless, it will never experience a true childhood, never feel emotions 
mediated by an endocrine system (although it may have emotions generated 
by other means), and never face death in the way that humans experience 
it. When writers imagine conscious robots, they face challenges similar to 
those presented by GPTs texts. They can gloss over the profound differ­
ences between humans and robots, or they can use them to develop deeper 
insights into what it means for humans to be immersed in cultures perme­
ated by artificial intelligences. Only the latter has the potential to educate us 
about the ways in which machine minds differ from those of humans and to 
explore how these differences will challenge and potentially deconstruct the 

human aura. 
In this chapter, three such contemporary novels are analyzed: Annalee 

Newitz's Autonomous (2017), Kazuo Ishiguro's Klara and the Sun (2021), and 
Ian McEwan's Machines Like Me (2019). In typical American fashion, Paladin, 
the robot protagonist of Autonomous, is an apex predator, a fearsome warrior 
under the control of the International Property Coalition (!PC), a capitalist 
cartel that uses the robot's powers to enforce proprietary (not to mention ex­
orbitant and dangerous) drug patent rights. As the novel emphasizes, Paladin 
is at once a manufactured commodity and a conscious subject recognized 
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interrogation is the presumption that humans are superior both inteUectu­
ally and ethically to algorithmic systems. Whether this is the case becomes 
intensely problematic, opening the possibility that the "human" aura could 

be extended to nonhuman entities. 
All three of these texts explore possibilities for subverting the presupposi­

tions that undergird the human aura and enact strategies designed to realign 
how humans think of ourselves in relation to artificial intelligences. More­
over, they do this at different levels of concern, from the micro focus on a 
single individual to the macro level of larger societal dynamics. Exploring 

these dynamics will be the focus on the next sections. 

Rampant Capitalism in Annalee Newitz's Autonomous 

The bioengineering persistently on display in Newitz's text shows that all life­
forms, including humans, can be appropriated into a capitalistic system and 
become property to be owned, subject to patents enforced by violence. In this 
world where private property is taken to a virulent extreme, the International 
Property Coalition operates as a global enforcement agency with a mandate 
to interrogate and kill virtually at will. Robots, because they are manufactured 
and therefore owe their existence to a corporation (so the ideology goes), are 
conscripted into indentured labor for a payback period of (supposedly) ten 
years, after which they can legally gain autonomy. Actual practices, however, 
frequently violate the ten-year rule. "Paladin had heard enough around the 
factory to know that the [ African] Federation interpreted the law fairly liber­
ally. He might be waiting to receive his autonomy key for twenty years. More 

likely, he would die before ever getting it" (Newitz 2017, 35). 

In a robot museum, the docent recounts a blowback effect in which robot 
indenture "established the rights of humans to become indentured, too" (Ne­
witz 2017, 224). Supposedly, humans (unlike robots) are born free. David, an 
obnoxiously precocious undergrad working in a Free Lab, parrots the official 
line: "Humans do not require the same financial investment to reproduce 
as robots, and therefore they are only indentured as adults, by choice" (168). 

We may hear echoes here of C. B. Macpherson's possessive individualism, 
in which a human is seen as "essentially the proprietor of his own person or 
capacities, owing nothing to society for them'' (Macpherson [1962] 2011, 3). As 
Macpherson notes, this is precisely the reasoning that John Locke used when 
arguing for a legal basis for private property: each man (Locke's noun here) is 
born owning himself, and this allows him to sell his labor to acquire property, 

ensuring that everyone will have an opportunity to acquire property. 
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The problem, of course, is that it does not work like this in reality. 
Threezed, a character who has been bought and sold as a commodity (and as 
his name indicates, branded with the numbers of his name), responds sarcas­
tically to David: "Thanks for the little property lesson, sweetie" (Newitz 2017, 

168). He writes in his blog, "I got slaved when I was five. My mom sold me to 
one of those indenture schools. They taught me to read and make an engine. 
The school went broke and auctioned off our contracts. They sold me to a 
machining lab, and then the lab decided to cut corners, so they auctioned me 
out in Vegas" (87), the human resource center (so-called) where indentured 
humans are displayed on leashes and their contracts sold to the highest bid­
der, often to be used as sex slaves (245-46). 

Reinforcing the practice of human indenture is the fact that to be able 
to apply for work, go to college, or move to another city, a person needs to 
buy a "franchise;' without which the only option is to enter into indenture 
(Newitz 2017, 255). Local franchises, we learn, are used "to pay for police and 
emergency responders, as well as regular mote dusting to keep all their de­
vices robustly connected" {166). Rather than collecting property taxes (paid, 
of course, by those wealthy enough to own property), cities now enforce the 
much more regressive franchises, so that rights normally taken for granted 
as belonging to everyone (such as the right to work, go to school, and move 
elsewhere) are commodified and available only to those affluent enough to 
afford them (166). 

In this novel, resistance to the status quo is distributed between humans 
such as Jack (a.k.a. Judith) Chan, who tries to usurp the monopoly on pat­
ented drugs by manufacturing and selling illegal retroengineered copies, and 
the so-called Free Labs, islands of research not owned by corporations. In the 
end, these prove largely ineffectual, so by default, the hope for viable sources 
of resistance to the radical injustices of this world fall to the robot, where 
they surface in a subtle way that melds both human responses and robot 
subjectivity. 

As a major subject for focalization, Paladin's interiority is more high­
lighted than any other character's (with the possible exception of Jack). The 
author goes to some trouble to present Paladin's world view as distinctively 
different from a human's. Paladin has an impressive array of senses that hu­
mans cannot consciously process, such as the ability to read someone's fin­
gerprints upon clasping his or her hand, detecting galvanic skin response, 
taking minuscule blood samples during a handshake and analyzing them 
chemically, registering subtle changes in body postures, and analyzing stress 
markers in vocal communications. 
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Another important difference in Paladin's sensorium compared to a hu­
mans is his range of communicative abilities. Whereas humans contact oth­
ers primarily through written and spoken language, Paladin receives and 
sends communications electronically ( with verbal equivalents indicated in 
the text with italics). He can thus silently communicate not only with other 
robots but with a wide range of cognitive networks, from sprinkler systems to 
building facilities and printer circuits. This capacity makes him a formidable 
opponen~ for any system with cognitive abilities is liable to be hacked and 
taken over by his interventions. In a wired world, this means he can forge a 
key to virtually any lock-except, of course, to the programs running in deep 

background in his own mind. 
Paladin's memories are stored as data in a computational medium, with 

file structures and data retrieval on command. Although his equipment in­
cludes a human brain (positioned, the narrator remarks, where a woman 
would carry a fetus [Newitz 2017, 21]), he has no access to it beyond using it 
for facial recognition. He asks Bobby Broner, a researcher in brain interfaces, 
if he will ever be able to access the memories of his human brain. Bobby an­
swers no: "the human brain doesn't store memories like a file system, so it's 
basically impossible to port data from your brain to your mind" (231). Thus 
his machine mind, like his body, is also presented as qualitatively different 

from a human's. 
The background programs constitute Paladin's unconscious. Access to 

them depends on whether he is granted autonomy, which is a corporate deci­
sion (rather than, say, learning about his unconscious from dreams, symptoms, 
or psychoanalysis). After he is injured in the fight at Arcata Solar Farm, he 
and his human partner, Eliasz, to recuperate, return to the Tunisia base, where 
Paladin meets with the technician Lee to make repairs. "He trusted Lee, the 
same way he trusted Eliasz-and for the same reason. These feelings came from 
programs that ran in a part of his mind that he couldn't access. He was a user of 
his own consciousness, but he did not have owner privileges. As a result, Pala­
din felt many things without knowing why" (Newitz 2017, 124). His inability 
to know what these programs do, or even what they are named, ensures that 
the conflict between his programming and authentic desires continues to be a 
powerful dynamic in the text. The conflict is worked out most intensely in the 
same arena where many humans experience it: gender and sexuality. 

Robot and Human Sexuality 

This aspect is one of the narrative's most innovative features, carefully worked 
through in several crucial scenes. In this fictional world, some robots are 
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interjections in italics as Paladin researches "faggot" intersperse the action 
with comments like "suck my cock, you faggot" (99). They underscore the 
connection between the extreme violence, toxic masculinity, and its associa­

tion with violent homophobia. 

Robot Gender and a Human Brain 

Although Paladin has a human brain, the official line is that the robot uses it 
solely to recognize faces and interpret their expressions; other than that, his 
consciousness is said not to depend on it. (These characterizations are later 
drawn into question when his brain is destroyed and Paladin has firsthand 
experience with how much difference it makes.) Nevertheless, for Eliasz the 
origin of Paladin's brain is crucial, for he believes it to be the key to Paladin's 
"real'' gender identity. When Eliasz asks him where he is from, Paladin an­
swers the Kagu Robotics Foundry in Cape Town (Newitz 2017, 33), a com­
pletely unsatisfactory answer to Eliasz. Puzzled by his reaction, Paladin takes 
up the issue with his robot mentor, Fang. This provides the occasion for the 
author to ventriloquize about anthropomorphizing. It is at this point that the 
narrative reproduces within the text the distinction between what the robot 
is itself and what humans imagine it to be, a crucial point for the authorial 
strategy of representing the robot as a subjectivity with its own distinctive 
nonhuman characteristics. 

Anthropomorphizing, Fang explains, is "when a human behaves as if you 

have a human physiology, with the same chemical and emotional signaling 

mechanisms. It can lead to misunderstandings in a best-case scenario, and death 
in the worst" (Newitz 2017, 126). When Paladin objects, saying that he can 
also send signals such as smiling and transmitting molecules, Fang explains 
that "sometimes humans transmit physiochemical signals unintentionally. He 

may not even realize that he wants to have sex with you" (126). Unconvinced, 
Paladin points out that Eliasz "classified our activities using a sexual term:' 

Fang explains that on the contrary, "his use of that word is a clear example 
of anthropomorphization. Robots can't be faggots. We don't have gender, and 

therefore we can't have same-sex desire . ... When Eliasz uses the word faggot, 

its because he thinks that you're a man, just like a human. He doesn't see you 

for who you really are" (127). 

Clearly, Fang is used here to signal the orthodox position that robots do 
not have sexuality in the same sense that humans do and that any sugges­
tion to the contrary can be dismissed as anthropomorphization. Despite the 
orthodoxy of Fang's explanation, however, the text calls this view into ques­
tion as much as it validates it. After Paladin discovers that the brain he has 
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only partly find verbal expression; frequently, they are represented through 
her visual perceptions. In contrast to Autonomous, Klara and the Sun does 
not try to imagine the novel sensory capacities that a robot might have. In­
stead, it focuses primarily on Klara's vision, adapting technical mechanisms 
so that they function as metaphors rather than as accurate representations of 

machine vision.4 

For this Ishiguro has devised a relatively simple strategy. Whenever Klara 
confronts a complex scene in which she must parse visual information so 
that it makes sense to her, she perceives it as rows of boxes stacked in mul­
tiple tiers, often with objects extending beyond the confines of one box into 
the next. In an actual machine, each box would be congruent with an object 
feature, but in Klara's perceptions, the different boxes function as reflections 

of her feelings. 
For example, in the scene where the Mother and Klara travel together to 

Morgan's Falls, the Mother is interrogating Klara about her ability to mimic 
Josie's appearance and gait. "The Mother leaned closer over the tabletop and 
her eyes narrowed till her face filled eight boxes, leaving only the peripheral 
boxes for the waterfall, and for a moment it felt to me her expression varied 
from one box and the next. In one box, for example, her eyes were laughing 
cruelly, but in the next they were filled with sadness .... I could see joy, fear, 
sadness, laughter in the boxes" (Ishiguro 2021, 103-4). It will be many pages 
before readers understand the full implications of the nuances of the Mother's 
expression, but clear from the passage is Klara's perception that much more is 
at stake on this trip than a mere appreciation of nature. As Helen Shaw per­
ceptively comments, "For Klara, looking is a kind of thinking" (2021). 

Human Precarity and Algorithmic Labor 

As the reader learns more about the world in which Klara exists, parallels 
begin to emerge between her status as an AF (artificial friend), Josie's recur­
rent sickness, and relations in general between artificial intelligences and 
smart humans. We learn, for example, that Paul Arthur-Josie's father, and 
ex-husband to the Mother (Chrissie Arthur)-has been "substituted" in his 
job. The Mother explains that he worked at a clean energy plant and "was a 
brilliant talent" (Ishiguro 2021, 99), although this was evidently not enough to 
keep him employed. The odd word choice-"substituted" instead oflaid off, 
let go, fired-hints that what substituted for him was an artificial intelligence. 
Later we learn that his situation is far from unique. He explains, somewhat de­
fensively, that he now lives in a community where "there are many fine people 
who feel exactly the same way. They all came down the same road, some with 
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careers far grander than mine. And we all of us agree, and I honestly believe 
we're not kidding ourselves. We're better off than we were back then" (190). 

Another character challenges Paul by observing that "you did say you were 
all white people and all from the ranks of the former professional elites. You 
did say that. And that you were having to arm yourselves quite extensively 
against other types. Which does all sound a little on the fascistic side'' (220). 

With these details, attentive readers can flesh out the picture: smart men who 
earned good salaries by solving difficult technical problems have now been 
replaced by algorithmic systems that perform as well or better at a fraction 
of the cost. The jobless futures predicted by Martin Ford (2015), in which hu­
man workers are replaced by algorithmic systems, are now everyday realities. 

The problems affect not only adults but children too. Families with enough 
money are opting to have their children "lifted" -that is, made smarter-by 
an unspecified technology vaguely related to gene editing.' For dramatic pur­
poses Ishiguro attaches a heavy cost to the procedure, beyond its financial 
price: some children do not respond well and become sick and, in extreme 
cases, die as a result. Such was the fate of Sal, Josie's older sister. Despite this 
loss, the Mother has opted for Josie to have the procedure as well. Now Josie 
too is showing signs of being affected, sometimes being so sick she can barely 
get out of bed. 

The other choice made for Rick, Josie's lower-class friend (more out of 
negligence than considered action), also carries heavy penalties. Although 
Rick is smarter than average and has "genuine ability" in physics and en­
gineering (Ishiguro 2021, 227), nearly all colleges decline to accept students 
who have not been lifted. Moreover, he is not even able to get a virtual tutor 
at home because their union forbids them from teaching unlifted students. 
In the hypercompetitive environment powered by advanced artificial intel­
ligence, being a human who is fully normal is no longer enough to ensure a 
middle-class lifestyle. As Rick's mother, Helen, puts it, "If one child has more 
ability than another, then it's only right the brighter one gets the opportuni­
ties. The responsibilities too. I accept that. But what I won't accept is that Rick 
can't have a decent life. I refuse to accept this world has become so cruel" 
(236). The effect of artificial intelligence, then, is to increase significantly hu­
man precarity in several different ways, especially for mid-to-upper classes 
previously enjoying affluent lifestyles because of their access and intellectual 
abilities. 

One would imagine that the lower classes suffer even more as service jobs 
are taken over by algorithmic systems. Ishiguro's emphasis falls elsewhere, 
however, and readers get only the briefest glimpse of the "post employed" 
masses who are homeless in a brief scene outside a theater (Ishiguro 2021, 
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236). The scene illustrates Ishiguro's choice to keep the algorithmic systems 
that have displaced so many humans at the very edge of the narrative, so 
that the emphasis falls instead on a vulnerable robot occupying a subaltern 
position who nevertheless is determined to do her utmost to keep her hu­
man owner safe. In this respect the narrative's emotional dynamic closely re­

sembles Ishiguro's Never Let Me Go (2006), where another narrator whose 
humanity is in question nevertheless tries her best to obey the dictates of the 

hegemonic ruling class. 

The Aura of the Artwork Entangles with the Human Aura 

The trip to the city by the Mother, Josie, and Klara (among others) consti­
tutes a narrative crossroads where different plot trajectories intersect and 

the full implications of "substitution" are revealed. The ostensible reason is 
for Josie to sit for her portrait by Mr. Capaldi, an arrangement Chrissie has 
set up with Paul's reluctant approval. While the adults are occupied down­
stairs, Klara secretly goes to see the artwork, only to discover that it is not a 
two-dimensional painting but an unactivated AF. Now everything clicks into 
place-the Mother's commands for Klara to mimic Josie, the concealment of 
the AF from Josie, the distaste Paul has for Capaldi and the whole project. 
The idea is that if Josie dies, Klara will inhabit the AF, bringing it to life to 
"continue'' Josie, thus consoling Chrissie for the loss of her only remaining 
child. Klara's own feelings are once again conveyed through her visual pro­
cesses. She sees the Mother "partitioned into many boxes .... In several of the 
boxes her eyes were narrow, while in others they were wide open and large. 
In one box there was room only for a single staring eye. I could see parts of 
Mr. Capaldi at the edges of some boxes so I was aware that he'd raised his hand 
into the air in a vague gesture'' (Ishiguro 2021, 206). Mother's "single staring 
eye;' bordering on the grotesque, repeats a trope that recurs at several stra­
tegic points. It contrasts with the emotional connotations of Klara's machine 
vision (and thus its authenticity as an indicator of her feelings). Exaggerated 
to the point of caricature, the trope is associated with alienation and, espe­
cially, with self-alienation, here suggesting the Mother's hypocrisy in being 
unwilling to face fully the consequences of her decision to have Josie lifted. 

This plot development pierces to the heart of the novel's concerns. That 
the AF is concealed from Josie by referring to it as a portrait forges a link, for 
readers aware of Walter Benjamin's famous essay, between the aura of an art­
work and the human aura. Is the human aura-which Paul calls the human 
"heart" (Ishiguro 2021, 215)-something unique and irreplaceable and thus 
not a thing that can be copied and reproduced? Does "substitution'' reach 
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and subsequently committing suicide decides to opt for a year in jail, where 
his freedom from distraction enables him to make amazing breakthroughs 
applicable to artificial intelligence. As a result, British politics take an un­
expected swerve away from Thatcher's neoliberalism, and a new cohort of 
twenty-five male and female advanced robots with unprecedented intellec­
tual and physical abilities (each named Adam and Eve, respectively) goes 

on sale. 
The narrator of Machines Like Me is not a robot but a human, the rather 

rootless thirty-two-year-old Charlie Friend (whose name invites comparison 
with the artificial friends oflshiguro's Klara and the Sun). Charlie has avoided 
an office job by doing internet day trading, but he lacks the discipline to do 
more than cover his basic expenses. Like the financial schemes he chases, he 
tends to try on different opinions as if they were clothes, adopting them pro­
visionally to see how they fit. On a whim, when he comes into an inheritance, 
he buys one of the Adams. The narrative structure requires that the central 
question of whether Adam is conscious, and if so what kind of consciousness 
he possesses, is mediated through Charlie, whose opinions oscillate between 
accepting Adam as fully human equivalent and seeing his consciousness as an 

illusion produced by algorithmic processes. 
The protocol for activating Adam includes an application that requires the 

owner/user to choose the robot's personality's attributes. Charlie is friends 
with his neighbor Miranda, a twenty-two-year-old graduate student in so­
cial history. He decides to let her choose half of Adam's attributes, hoping 
that this will position Adam as their joint project, thus bringing them closer 
together and enabling Charlie to progress from being Miranda's friend to 
being her lover. The gambit is successful but turns out to have unexpected 

consequences. 
Now lovers, Charlie and Miranda nevertheless have frequent arguments. 

After one, Miranda invites Adam to charge overnight in her apartment, which 
is directly overhead from Charlie's. Familiar with the layout of Miranda's 
place and intimately acquainted with the sound of her footsteps overhead, 
Charlie hears Miranda and Adam go into her bedroom and have exuberant 
sex together. The next morning he awaits their arrival at breakfast with all the 
feelings of a cuckolded lover, but Miranda brushes off his anger, asking him if 
he would be jealous if she had taken a vibrator to bed. When Charlie ripostes, 
"He's not a vibrator;' Miranda replies, "He has as much consciousness as one" 

(McEwan 2019, 100 ). 

Thinking it over, Charlie tries on Miranda's view: "Perhaps she was right. 
Adam didn't qualify, he wasn't a man ... he was a bipedal vibrator:' The ex­
ercise enables him to see that "to justify my rage I needed to convince myself 
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his programming not only makes him able to learn but drives him to learn as 
much as he can. As Turing later puts it speaking to Charlie, "he knows he ex­
ists, he feels, he learns whatever he can, and when he's not with you, when at 
night he's at rest, he's roaming the Internet, like a lone cowboy on the prairie, 
taking in all that's new between land and sky, including everything about hu­
man nature and societies" (McEwan 2019, 193). 

As further testimony to his ability to learn as well as have feelings, Adam be­
gins to write haiku about his love for Miranda. He even argues that the haiku will 
be the literary form best suited for a future in which humans and robots have 
achieved perfect communication by electronically sharing their thoughts. He 
tells Charlie, "You'll become a partner with your machines in the open-ended 
expansion of intelligence, and of consciousness generally" (McEwan 2019, 160 ). 

According to Adam, this development will render most literary forms, with 
their interrogations of ethical and social complexities, obsolete. By implica­
tion, if the human aura declines or disappears, all the literary texts exploring 
its complexities become irrelevant as well-this in a novel whose main reason 
for being is to explore the complexities of human interactions with conscious 
robots. In this sense, the crisis of representation created by the subversion of 

the human aura is here anticipated but not fully confronted in its own terms. 
After several nights on the internet, Adam claims his maturity in a con­

frontation with Charlie. When Charlie reaches for the mole on Adam's neck 
that marks the kill switch turning Adam off, Adam grabs his hand and breaks 
his wrist. Returning from the hospital in a wrist cast, Charlie tells Adam ex­
actly how much he paid for him, how he unpacked him and set him up, and 
finally how he turned Adam on. "My point was this;' Charlie comments. "I 
had bought him, he was mine. I had decided to share him with Miranda, and 
it would be our decision, and only ours, to decide when to deactivate him" 
(McEwan 2019, 140). Adam, however, has other ideas. "You and Miranda are 
my oldest friends;' he tells Charlie. "I love you both. My duty to you is to be 
clear and frank. I mean it when I say how sorry I am I broke a bit of you last 
night. I promise it will never happen again. But the next time you reach for 
my kill switch, I'm more than happy to remove your arm entire, at the ball 
and socket joint" (141). Thus from Adam's point of view, he is so far from be­
ing Charlie's possession that he owes him only the general duty of friendship 
and frankness-certainly not unquestioning obedience. The possibility of 
another such encounter, with its threat of Adam's superior physical force, be­
comes moot when shortly after, Adam announces that he has disabled his kill 
switch. He tells Charlie, "we've passed the point in our friendship when one 
of us has the power to suspend the consciousness of the other;' thus claiming 
that his right to consciousness is fully equal to a human's. 
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reports the episode to Turing, Turing makes a crucial observation that will 
resonate through later events. Turing says of the Adams and Eves, considered 
models of general intelligence, "nothing else comes near [them]. As a field 
experiment, well, full of treasures" (McEwan 2019, 188). Nevertheless, he also 
notes two caveats. "This intelligence is not perfect. It never can be, just as ours 

cant. There's one particular form of intelligence that all the A-and-Es know is 
superior to theirs. This form is highly adaptable and inventive, able to negoti­
ate novel situations and landscapes with perfect ease and theorise about them 
with instinctive brilliance. I'm talking about the mind of a child before it's 
tasked with facts and practicalities and goals" (193). Responding to Charlie's 
description of Adams detachment when Miranda supplants him with Mark, 
Turing suggests, "Some rivalry, even jealousy there perhaps?" (194). 

The outcome of the Mark episode is significant in multiple senses. It ends 
when Adam, without informing Charlie and Miranda, notifies the authorities 
of Mark's presence and two women from Childrens Services come to collect 
the boy. In one sense, the episode shows Adams willingness to make conse­
quential decisions that affect his friends without telling them he has done so. 
It is clear that Miranda would have delayed notification much longer, perhaps 
even indefinitely, had Adam not intervened. Consequently, Adams action is 
revealed as being more than that even of full adulthood; rather, it shows a 
willingness to co-opt his friends' options by making a decision himself. In 
another sense, the fact that Adams action had the effect of separating Mi­
randa from Mark raises questions about his motives: is he merely concerned 

about the legal requirements that dictate authorities be notified immediately, 
or is he perhaps also jealous of Mark, as Turing suggests, and eager to claim 
Miranda for himself again? Does he resent Mark because he knows that as a 

child, Mark's intelligence is superior to his own? 
Kinship provides a window onto these questions. Charlie and Miranda 

are already in the process of becoming kin as their relationship progresses 
from friends to lovers, a trajectory that takes a leap forward when Charlie 
proposes marriage and Miranda accepts. Their growing intimacy takes on 
new meaning when Miranda then tells Charlie that she wants to adopt Mark; 
he will be gaining not only a bride but a small child as well, in what he calls 
"instant fatherhood" (McEwan 2019, 251). Somewhat taken aback by this 
prospect, Charlie nevertheless promises to try it out with visits to Mark in 
Children's Services that would include him. As the plot would have it, his 

• decision to commit to fatherhood will not be consummated without a con­

frontation with his other quasi son, Adam. 
Charlie's indifferent finances change dramatically when he turns the com­

puter over to Adam, whose quick reflexes enable him to trade in microseconds, 
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out for a walk and does not return until late the next day; in the meantime, 
with the adoption pending, Mark is allowed to visit the couple. When Adam 
comes back, he seems detached and comments that he is "nostalgic" for "a 
life I never had. For what could have been" (McEwan 2019, 292). "You mean 
Miranda;' Charlie asks, and Adam responds, "I mean everything" (292). After 
Mark leaves, Miranda begins to wonder about Adam's answer to her ques­
tion about where he had been, which was simply "Alms" (287). She makes 
the connection to the stash under the bed, and when she and Charlie rush 
to investigate, they find the entire amount cleaned out. When they confront 
Adam, he tells them he has given the entire amount away to charities, reserv­
ing only the amount of income tax Charlie will need to pay on the profits. 
When Miranda mutters, "This is virtue gone nuts;' he responds, "Every need 
I addressed was greater than yours;' indifferent to their protests: "We were 
going to buy a house" and "The money was ours:' "That's debatable;' Adam 

replies, "or irrelevant" (296). 

The betrayal intensifies when they next discover that Adam has sent the 
complete transcript of the recording to the police without making any of the 
changes that Charlie had said were necessary to keep from incriminating 
Miranda. Aghast, Miranda tells him that if she is convicted of a felony, her 
application to adopt Mark will not be approved. "You schemed to entrap Gor­
ringe;' he replies. "That's a crime .... If he's to be charged, you must be too. 
Symmetry, you see'' (McEwan 2019, 299). Adam goes on to say that revenge 
"is a crude impulse. A culture of revenge leads to private misery, bloodshed, 
anarchy, social breakdown .... Revenge has no place in our love'' (300). When 
Miranda confronts him with the reality that her adoption of Mark is "his one 
chance to be looked after and loved;' saying that she "was ready to pay any 
price to see Gorringe in prison;' Adam responds, "Then Mark is that price 

and it was you who set the terms" (301). 

This exchange brings out with devasting clarity the crucial difference 
between reasoning from principle and the very human situation of facing 
conflicting loyalties, with the bonds of kinship clashing violently with other 
ethical demands. The difference was foreshadowed much earlier when Adam, 
shortly after he was activated, mused aloud, "From a certain point of view, the 
only solution to suffering would be the complete extinction of humankind" 
(McEwan 2019, 72). Similarly, in his relations with Charlie and Miranda, 
Adam feels emotions but not necessarily conflicted loyalties. Although he 
sees them as his "oldest friends" that he "loves;' he has never experienced the 
deeper-than-rational bonds of a child attached to his parents, utterly depen­
dent on them not only for the necessities oflife but also for comfort, love, and 
approval. As humans, Miranda and Charlie of course have ·experienced this, 
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what you did to Adam with a hammer will constitute a serious crime" (329). 

Charlie, however, does not escape punishment entirely. Turing, whom he 
idolizes as the "greatest living Englishman" (150), proceeds to make his dis­
gust explicit. "You weren't simply smashing up your own toy, like a spoiled 
child. You didn't just negate an important argument for the rule of law. You 
tried to destroy a life. He was sentient. He had a self. How it's produced, wet 
neurons, microprocessors, DNA networks, it doesn't matter. Do you think 
we're alone with our special gift? Ask any dog owner. This is a good mind, 
Mr. Friend, better than yours or mine, I suspect. Here was a conscious exis­
tence and you did your best to wipe it out" (329-30 ). He saves his most vicious 
comment for last, which we can assume cuts Charlie to the quick. "I rather 
think I despise you for that. If it was down to me-" (330). Interrupted by a 
phone call, Turing leaves and Charlie departs before he can return. 

Hurrah for Turing, I want to say; he provides exactly the rationale that 
Ishiguro so blithely ignores in Klara and the Sun. In contrast to that author, 
McEwan is fully alert to the implications of creating a robot with conscious­
ness. It's clear that for Turing, the commodity argument holds no water. 
Sneering, he asks Charlie if his justification for his crime was "because you 
paid for him? Was that your entitlement" (McEwan 2019, 329). Since that is 
exactly how Charlie had reasoned on a number of occasions, the effect is to 
put robots in exactly the same category as slaves, sentient beings who should, 
and must, be given rights equal to those of (other) humans. Any other out­
come, Turing (and behind him McEwan) judge, would be ethically and mor­
ally intolerable. 

Human Aura Reconfigured 

What then of the human aura? There is no reason that it has to remain in 
tlie form it took for earlier periods, in which it was closely associated with 
human dominance and superiority over all other species. People increasingly 
realize that consciousness is not "our special gift"; as Turing succinctly put 
it, "Ask any dog owner" (McEwan 2019, 330 ). Moreover, consciousness itself 
is not the whole of human cognition. As I explained in Unthought (Hayles 
2017), nonconscious modes of cognition also play essential roles in humans. 
In many nonhuman organisms and computational media, they are the domi­

nant cognitive mode. 
What transformations would enable the human aura to be part of the so­

lution rather than part of the problem? In my view, the notion of aura should 
not be limited to humans but should be enlarged to include conscious ro­
bots, if ever they emerge. Aura should also be extended to include animals, a 
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Collective Intelligences: 
Assessing the Roles of Humans and Als 

Collective intelligence is not new. Since time out of mind, humans have 
sought to preserve knowledge so it can be shared with others and handed 
down through the generations. Australian song lines, the Library of Alexan­
dria, and the Human Genome Project are examples of sharing knowledges 
across time and space to augment the reach of human intelligence. These 
practices have now entered a new phase. Advanced artificial intelligences like 
the large language models GPT-3 and GPT-4, and even more so ChatGPT, 
are making participating in collective intelligence an everyday experience for 
millions living in developed countries. 

There were earlier practices that edged toward collective intelligence, for 
example using software packages to create an outline, suggest topic sentences, 
check for grammar and spelling errors, and so forth. But with ChatGPT, the 
penetration of AI into writing and thinking practices have gone consider­
ably beyond these kinds of assistances into genuine collaborations. Here I 
refer to a useful distinction from John Unsworth in "Creating Digital Re­
sources: The Work of Many Hands" (1997). Unsworth acknowledges that the 
humanities have always engaged in cooperative scholarship-peers who read 
drafts and offer comments, reviewers who make suggestions for manuscript 
revisions, scholars who participate in roundtable discussions, and so forth. 
What digital technologies have catalyzed, however, is something of a different 
order: not merely cooperation but actual collaboration. For example, when 
several scholars pool their efforts to create a world-class website, they are col­
laborating with technical staff who often help with coding, design, and other 
features, and with the software itself, which autocompletes many tasks and 
plays important roles in determining what kind of data and functionalities 
the website will have. 
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not only wrongheaded but dangerous. They point out that calling AI produc­
tions "human-competitive" implicitly positions Als as our antagonists rather 
than our collaborators. Instead of "optimizing for human replication;' which 
they suggest tends to concentrate "power, resources, and decision-making in 

an engineering elite;' they argue for alternative approaches that position Ais 
as "participating in and augmenting human creativity and cooperation'' (Sid­
darth et al. 2021, 1). Following a similar line of thought, Reid Hoffman (2023) 

illustrates how Ais can become collaborators with humans across a variety 
of fields, including education, art, music, visual aesthetics, and law among 

others. 
To actualize these potential synergies, it will be useful to assess the 

strengths and limitations of Ais compared to humans. The advantages that 
Ais have over humans are fairly obvious: speed, immense generativity, huge 
range of reference, encompassing worldwide repertoires of textual knowledge. 
The advantages that humans have over Ais include consciousness, embodied 
and embedded learning, sensory experiences in the real world, a much wider 

cognitive horizon that includes enormous amounts of information beyond 
verbal texts, and a sense of self and self-awareness, among other attributes. 
One could argue, as Terrence Deacon has, that to create "real" meanings re­

quires a sense of self, understood broadly as a bodily realization that one 
exists as a bounded entity separate from whatever is outside that boundary 
(Deacon 2023). By this definition, a bacterium has a sense of self. If we prog­
ress upward in the biological tree to organisms with brains, we can add to 
that increasing degrees of awareness of a self in relation to the environment, 

reaching a pinnacle with human self-awareness, that is, cognitive awareness 

that one is aware. In contrast to Ais, human life is grounded in the real world 
and functions according to self-reflexive cognitive loops that Gerald Edelman 
and Guilio Tononi (2001) call the architecture of reentry signaling, arguing it 

is the mechanism that makes consciousness possible. 
As far as I know, there is presently no conscious software, and no compara­

ble mechanism in software to the endocrine-mediated emotions that humans 

experience.' These realities have consequences for the kinds of AI-human 
collaborations that will be most productive and useful. In the best-case sce­
nario, collaborations will draw on the specific strengths of each partner in 
ways that maximize advantages and minimize limitations. In general, the ad­

vantages of consciousness include the ability to plan, anticipate obstacles, and 
strategically position situations to achieve the best outcome, so the human 
partner will bring these abilities into play in order to guide interactions with 
the AI toward the goals that the human wants to achieve. The human will 
draw on the Al's suggestions and recommendations for inspiration and for 
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meaning to the world, because those experiences can also be initiated and 
manipulated by algorithmic interventions (382-97). In the place of a discred­
ited humanism, new belief structures will arise, especially dataism, the belief 
that data flows are all that matter, replacing causal reasoning, human insight 
and intuition, and eventually, almost all humans themselves (428-62). The 
exceptions will be superhumans, enhanced through gene editing and other 
techniques to become the new global elite, those people and corporations 

who own and control the most important and powerful algorithms. 
There are components in this vision that have already been discussed 

in earlier chapters of this book, including the threat to democracy and self­
determination posed by algorithmic governmentality; the jobless future, as 
well as an "uplifted" elite and the looming sense that human life may lose its 
meaning, that we saw in Klara and the Sun; and the struggle for dominance 
between robots and humans that we saw in Machines Like Me.2 However, not 
all these elements were present at once, and they did not necessarily work 
together in the way that Harari envisions. I propose to give each of these 
outcomes its due, while still remaining critical of the overall thrust ofHarari's 
argument. In particular, I will be interrogating his central claims in order to 
open the way for more positive futures that nevertheless acknowledge dysto­

pian possibilities. 

Is Consciousness (Merely) a Biological Algorithm? 

A crucial linchpin in Harari's arguments is that human behavior is itself al­
gorithmic and thus ripe to be displaced by artificial algorithms that are more 
efficient, faster, and more developed than those that biological evolution pro­

duced. Again and again, algorithms are said to determine human actions. 
Here is a sample: "The life sciences currently argue that all mammals and 
birds, and at least some reptiles and fish, have sensations and emotions. How­
ever, the most up-to-date theories also maintain that sensations and emo­
tions are biochemical data-processing algorithms" (Harari 2015, 124). 

Perhaps the first aspect to notice here is the lack of specificity: "life sci­
ences'' without reference to specific research, and then the qualifier, "most up­
to-date;' again without specifics. Certainly there have been theories that argue 
human thinking is fundamentally computational, achieved through manipu­
lating abstract mental tokens. Such theories were dominant during the 1970s 
and 1980s (which scarcely count as the "most up-to-date"), including mod­
els proposed by Jerry Fodor (1983), which combined classical computational 
theories of mind using tokens called Mentalese with representational theory 
of mind. More recently, the field of computational neuroscience proposes 
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his argument about consciousness. What does consciousness add to the mix, 
he asks, that could not be achieved without it? His answer seems to be: not 
much. In this section he references only two scientists by name, alleging that 
both support the idea that consciousness, along with human emotions, are 
biological algorithms. One is Daniel Dennett, specifically his theory of con­
sciousness (Dennett 1992). Harari alleges that Dennett claims that conscious­
ness is an illusion created by brain mechanics, but this is a broader claim 
than Dennett actually makes in his multiple-drafts model. Rather, Dennett 
debunks the idea of a Cartesian Theater in which representations are staged 
by and for the conscious mind. He proposes that different neuronal processes 
are in control at different times. Which process, for example, causes an ut­
terance depends on it having enough input to be edited into a draft, and the 
drafts themselves are part of a temporally evolving self-organizing network 
that conveys information in a bottom-up fashion (Dennett 1992). Conscious­
ness is thus not a single speaker but rather emerges as a result of multiple 
agents interacting simultaneously. Each agent can be considered a compo­
nent of consciousness, so the illusory aspect is not so much consciousness 
itself as the impression that it is the manifestation of a unitary authentic self. 

The other scientist that Harari references is Stanislas Dehaene and his 
"global workspace" model (2014, 135). Again, Harari misrepresents Dehaene's 
position by claiming that Dehaene believes consciousness either does not ex­
ist or has no efficacy. However, even a slight acquaintance with Dehaene's 
work reveals that in his account consciousness does indeed have purposes. 
When neuronal processes achieve sufficient strength to "ignite'' the global 
workspace, thus becoming conscious, the information is made available to 
multiple brain centers, where it can circulate indefinitely and be available for 
multiple modes of analyses and connections. Consciousness in this view is 
the experience of being able to attend to a given stimulus and to sustain that 

attention for long periods of time. 
Recently, Michael Graziano and colleagues (2019) have proposed that dif­

ferent theories of consciousness, often cast as rivals, can in fact be assimi­
lated into what they call a "standard model of consciousness," including the 
global workspace (favored by Dehaene among others), higher-order thought 
(Rosenthal 1991; Rosenthal 2005; Gennaro 2012), and illusionist theories 
(Dennett 1992; Frankish 2016). Graziano and colleagues propose that there 
are two different kinds of consciousness: consciousness that processes infor­
mation, or i-consciousness, and the mysterious faculty that philosophers as­
sociate with qualia, the subjective experience of knowing what something is 
like, which the authors call m-consciousness (m for mysterious). The brain, 
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to shape world history. I suggest that the obvious implication is suppressed 
( consciously or unconsciously) because it would detract from what he may 
consider a more important point: the decoupling of intelligence and con­
sciousness. If consciousness does have purposes, then the argument that bio­
logical algorithms must inevitably give way to technical algorithms (which 
have no consciousness) would have to be interrogated much more carefully 

than it is in his book. 

Implications of Decoupling Intelligence and Consciousness 

It is an obvious choice for Harari to call the decoupling parameter "intel­
ligence;• since the most advanced algorithms are typically named "artificial 
intelligence:• By doing so, however, he tilts the playing field toward the higher 
end of cognition, and specifically toward human intelligence. This seman­
tic choice has multiplying ramifications. First, it neglects the wide range of 
algorithms that may not qualify as "intelligent" (a vague term with multiple 
competing definitions) but that are definitely cognitive. This makes it easier 
for him to neglect the cooperative networks (characteristic of Homo sapiens, 
in his account), which in the contemporary period are completely interwoven 
with cognitive media (for example the web), extending their reach, duration, 
and flexibility. In myriad ways, cognitive media enable and elaborate human 
communication networks, from banking protocols to military communica­
tion and much more. This is another way of saying that cognitive assemblages 
have become essential components of modern infrastructure in developed 
societies. Noticing how far these symbiotic relations already extend would 
temper, if not negate, his prognosis that "intelligent" algorithms will take over 
human society, rendering humans useless and their lives devoid of meaning. 

In addition, choosing "intelligence" closes down the opportunity to re­
think a crucial tenet of humanism, namely that humans are the most "intelli­
gent" species and the only ones capable of creating meaning. Focusing instead 
on the broader and more diverse spectrum of cognitive capabilities allows a 
much more generous and capacious view of nonhuman species. Indeed, my 

position is by now abundantly clear: all biological lifeforms have cognitive 
capabilities, including organisms without brains such as E. coli bacteria and 
spider ferns. It also allows meaning making to be understood as responses to 
environmental stimuli, that is, as acts that are meaningful to an organism in 
its milieu. Again, this opens up a very different view of humans in relation 
to a plethora of nonhuman organisms, including bacteria, yeast, viruses, and 
other microorganisms in the human biome, in addition to insects and other 

creatures essential to human life and flourishing. 
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Do Humans Possess Abilities That Algorithms Do Not? 

The differences between the embodiments of humans and cognitive media 
are profound. Humans have complex interacting systems in which organs, 
viscera, muscles, bones, skin, and central and peripheral nervous systems 
participate, with chemical and electrical signaling happening continuously 
at every level of synaptic and cellular organization. By comparison, even the 
most sophisticated artificial intelligence systems are simplified structures. 
One of the most salient differences is the emotions that humans experience, 
mediated by complex feedback loops between the endocrine systems, brain 
systems, and other organs. The field of "emotional computing" attempts to 
construct the signifiers of emotion for the benefit of human interactors, such 
as widening eyes and rapt attention, but these are merely outward signals 
with no corresponding component in the machine's internal workings.4 

Moreover, humans move and act in a complex and unpredictable three­
dimensional environment, giving them a much broader cognitive horizon 

than almost all artificial systems possess. As people mature, these experiences 
give them highly nuanced expectations of what is normal and not, what is go­
ing as expected, and what may have gone off the rails. Even the sophisticated 
(and in their own way, amazing) mobile robots developed by Boston Dynam­
ics, such as the box-stacking robots, still operate in predictable environments 
in which only a few parameters are changing (Boston Dynamics 2023). 

Given all these facts, it seems clear that of course humans possess abili­
ties that artificial systems do not. Harari sometimes seems to recognize this 

but then shifts his argument to make a different point. • As I have repeatedly 
stressed, AI is nowhere near human-like existence. But 99 percent of human 
qualities and abilities are simply redundant to the performance of most mod­
ern jobs. For AI to squeeze humans out of the job market it needs only to 
outperform us in the specific abilities that a particular profession demands" 
(Harari 2015, 375). In this passage his argument is positioned not as referring 
to general abilities, but only to specific jobs that robots or algorithms could 
do as well or better than humans. 

His point is well taken about a "jobless future;' in which algorithms have 
taken over a large part, or even a majority, of jobs now done by humans. Al­
ready in 2015, Martin Ford made a similar argument, showing that not only 
repetitive service jobs were at risk of being automated but also many white­
collar jobs, including financial journalism, novel writing, investment manag­

ing, and many others. This trend in all likelihood will continue and accelerate 
in the future and deserves serious discussion and consideration of its implica­
tions for human welfare and sense of purpose. 
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However, the restrained mode of argumentation quoted above, in which 

Harari is careful to circumscribe the extent to which humans can be replaced 

by algorithms, often gives way to much broader, and much more flawed, as­
sertions. Here is an instance of the broader claim: "The idea that humans will 
always have a unique ability beyond the reach of non-conscious algorithms is 
just wishful thinking. Current scientific thinking relies on three simple prin­
ciples: 1. Organisms are algorithms .... 2. Algorithmic calculations are not 
affected by the material from which the calculator is made .... 3. Hence there 
is no reason to think that organic algorithms can do things that non-organic 
algorithms will never be able to replicate or surpass" (Harari 2015, 372). As 
discussed above, it is not correct to say that "current scientific thinking" (note 
again the lack of specifics) regards organisms as algorithms. Here we can see 
that the word "algorithm'' often functions in his arguments as a catch-all term 
that obscures what is actually going on. Ifby "algorithm'' one means only that 
something happens by means of processes, then it is a tautology to say that 
organisms are algorithms, since all biological organisms are constituted 
through and by processes. But the implication goes far beyond this to imply 
a simplistic mechanical operation easily duplicated by mechanical means. In 
this case, it is highly misleading to say that organisms are algorithms, and 
especially so in the case of Homo sapiens, in which brain and body processes, 
language practices, social structures, and technological inventions are deeply 

entwined and interactive. 
Harari's second point, that algorithmic calculations are independent of 

the material bases, is also deeply flawed. It is true, of course, that an addition 
done by an abacus will give the same result as the same addition carried out 
by an electronic calculator. But for more complex processes such as judg­
ing the weight of an object lifted by someone else, processes are in play for 
a person far different from those for a calculating machine. For a human, 
the estimation involves body and muscle memories oflifting similar objects, 
nonconscious processes that use these memories to run simulations, and a 

host of other conscious and nonconscious capacities (see Barsalou 2008 for 
an explanation). If "algorithms" mean simply "processes;' then yes, the esti­
mation is made by processes/algorithms. But the point is that these are far 
different from the processes that a calculating machine would follow. There 
is therefore no guarantee that the answers would correspond for any problem 

more complicated than simple addition and subtraction. 
Harari attempts to paper over this discrepancy by using the term "calcula­

tion;' which implies the certainty of an arithmetic operation. But then in the 
third point, when he concludes that it is a mistake to think that organic algo­
rithms can do something that nonorganic algorithms could not, the language 
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slips toward saying that everything a human can do can be done as well or 
better by a nonorganic algorithm, which is a conclusion not warranted by 
his argument. It does matter what the material bases for embodied actions 
are, and the profoundly different embodiments of cognitive machines and 
humans matter in all kinds of ways, chief among them the capacities for emo­
tions, self-awareness, and subjective experiences. 

At other points, Harari seems to recognize the fact that algorithms do not 
have subjective experiences, but the effect is to suggest that these are unim­
portant functions that do not seriously interfere with algorithmic effective­
ness. "Now robots and computers are catching up and may soon outperform 
humans in most tasks. In particular, it doesn't seem that computers are about 

to gain consciousness and start experiencing emotions and sensations" (Ha­

rari 2015, 360). Such lacks, however, do not apparently interfere with "robots 
and computers" outperforming humans "in most tasks:' To take only two 
examples where emotions and subjective experiences do matter, and matter 

crucially, we can consider the work done by social goals and social cohe­
sion. An algorithm may process information effectively, but its goals and pur­
poses are defined by its human designers, which in turn are typically formed 
through complex considerations in which emotions and experiences play 
important, and often central, roles. Social cohesion, as Harari himself argues, 
depends crucially on fictions and stories that give purpose and meaning to 
people's lives. But fictions are effective in shaping human behavior precisely 
because they have strong emotional components that evoke responses in con­
scious organisms. Lacking consciousness, algorithms simply would not get 
the point. 5 Algorithms may work effectively with human partners (as they 
usually do in cognitive assemblages), but they also depend on the human 
qualities that go into determining goals and purposes and telling effective 
stories that can mobilize others to action. Algorithms can acquire these capa­
bilities only through their symbiotic interactions with human partners. 

Free Will, the Narrating Self, and Nonconscious Cognition 

Harari states on several occasions that there is no «free will;' that processes 

are either deterministic or random but "never free" (Harari 2015, 328). I agree 
with his assertion, for somewhat different reasons. As "free will" is usually 
understood, it implies a conscious choice made without coercion or duress. 

However, many human actions are influenced by nonconscious processes, 
which begin to interact with other systems such as muscles before con­
sciousness is aware of the interaction. In part this is because consciousness 
takes a relatively long time for data to enter awareness, roughly five hundred 
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milliseconds (Libel's famous missing half second; see Libel 1993; Libel and 
Kosslyn 2005), whereas nonconscious cognition processes information much 
faster, on the order of two hundred to three hundred milliseconds. If con­
sciousness is not the sole decider of one's actions, then in what sense is there 
"free will"? Moreover, as cognitive assemblages take over most of the world's 
work, decisions, like cognitions, are distributed between technical media, 
humans, and nonhumans. For this reason as well, it is problematic to make 
claims for "free will;' when so much information on which decisions may be 
based has already been interpreted, processed, and fed forward by cognitive 

media. 
Although Harari gives no indication that he knows about Libel's experi­

ments on nonconscious decision making (Libet's name is not in the index), 
he does mention other research distinguishing between the experiencing and 
narrating self. Following the line of argument put forward by the researchers, 
Harari claims that the narrating self does not register duration as such, tak­
ing only the average of the data and the end point to arrive at conclusions. It 
is not clear exactly what he (or the researchers) mean by the "experiencing 
self" (Harari 2015, 343), but their conclusions that the narrating self gives a 
flawed version of experience has been corroborated by numerous research 

programs. 
In my view, any process with a claim to be the "experiencing self" must 

have significant contributions from nonconscious cognition, as documented 
in my book Unthought: The Power of the Cognitive Nonconscious (2017). It is 
not clear from Harari's account whether the "experiencing self" is part of self­
awareness, although the implication is that it is not, as its information is not 
able to influence the stories that the narrating self creates. Harari is quick to 
pick up on the implication tltat tlte "self" is therefore a narrative fiction. "We 
see then that the self too is an imaginary story, just like nations, gods, and 
money. Each of us has a sophisticated system that throws away most of our 
experiences, keeps only a few choice samples, mixes them up with bits from 
movies we've seen, novels we've read, speeches we've heard, and daydreams 
we savoured, and out of all this jumble it weaves a seemingly coherent story 
about who I am, where I came from, and where I am going" (Harari 2015, 353). 

The differences here between his and my own conclusions have to do with 
the nonconscious aspects of experience. Nonconscious cognition performs 
functions essential for consciousness to operate, including constructing a 
body schema, smoothing out small discrepancies in sensory information, 
and processing information much noisier and denser than consciousness can 
handle, as well as processing it much faster. The narrating self (which I take 
to be largely the same as Damasio's autobiographical self [2000, xii]) may 
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continues to reside in "every human being"? Responding to the liberal notion 
that human experience and feelings are potent sources of value, Harari asks, 
"What will happen once we realise that customers and voters never make free 
choices, and once we have the technology to calculate, design or outsmart 
their [human] feelings? If the whole universe is pegged to human experience, 
what will happen once human experience becomes just another designable 

product, no different in its essence from any other item in the supermarket?" 
(323). He is clear on the implications: if we cease to believe that humans have 
free will, self-determination, and an authentic essence, humanism will col­

lapse, leaving a void to be filled by a new emerging philosophy. 
In line with his emphasis on algorithms, the successor philosophy that 

Harari sketches is dataism, the belief that data, like information, wants to flow 
freely, and the more data, the better. "First and foremost, a Dataist ought to 
maximize dataflow by connecting to more and more media, and producing 
and consuming more and more information. Dataism is also missionary. Its 
second commandment is to link everything to the system, including heretics 
who don't want to be plugged in" (Harari 2015, 445). Dataism implies a pro­
found shift of values; instead oflocating value in human individuals, it trans­
fers the locus of value to the networked masses. "Experiences are valueless 
if they are not shared;' Harari writes. "We need not-indeed cannot-find 
meaning within ourselves. We need only record and connect our experiences 
to the great dataflows, and the algorithms will discover their meaning and 
tell us what to do" (450). Therefore, "If you experience something, record it. 
If you record something, upload it. If you upload something, share it" (450). 

It Is not difficult to find signs and portents that dataism is already the 

philosophy of many: those people who photograph a meal they are about 
to eat and upload it to Facebook; the quantified self movement in which ad­
herents obsessively collect and record data about their personal habits and 
activities (Wolf and Jonas, n.d.); Gordon Bell, a researcher at Microsoft, who 
announced his goal of recording every event of his life, further chronicling it 
in his book, with Jim Gemmell, Total Recall (2009); and the millions who see 

value in uploading their data to various social media sites. 
Yet can these activities bestow value, aside from the value the life events 

have in themselves? Does the meal matter because you ate and enjoyed it, or 
only because others know that you are about to eat and (presumably) enjoy 
it? Harari argues that the latter option is the prevalent belief, because "we 
must prove to ourselves and to the system that we still have value. And value 
lies not in having experiences, but in turning these experiences into free­
flowing data" (Harari 2015, 451). A case in point illustrating Harari's argument 
is the life-logging movement, in which the goal is to record and then upload 
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My name for this enlarged vision is ecological relationality. Then the ques­
tion becomes, what fictions can contribute to this change of vision and help 

to make it a reality? 

Fictions Shaping Reality 

As Harari notes, fiction (in the literary sense of story) "is vital;' for it con­
tributes to social cohesion by articulating a broad vision in ways that make 
it specific and local (Harari 2015, 206). He writes, "Meaning is created when 
many people weave together a common network of stories" (170 ). To be able 
to enact a future, one needs first to be able to imagine it, and a good story 
is one of the best vehicles to stimulate the human imagination. In a sense, 
we can regard Harari's Homo Deus as a story, a fiction rooted in the evolu­

tionary past of Homo sapiens that extends into an imagined future in which 
humans, by striving to become immortal, endlessly happy, and all-powerful, 
unleash posthuman technologies that will end by rendering most humans 
without jobs, creating a massive "useless class" that "will not be merely unem­
ployed, it will be unemployable" (379). Moreover, the liberal values that have 
underwritten the development of Western societies will collapse, leading to 
philosophies such as dataism in which human experience is deemed valu­
able only if it is recorded, uploaded, and shared and thus made available for 
analysis by ubiquitous algorithms that will effectively become the ruling class 
of every society and the ultimate guarantors of meaning. "As the global data­
processing system becomes all-knowing and all-powerful, so connecting to 

the system becomes the source of all meaning" (449). 

Given the dystopian thrust of these predictions, we may ask: to what pur­
pose did Harari fashion this story? One possibility is to take it at face value 
as his view of our probable future. In this case, he could rightly be said to be 
responsible for helping to bring this future into existence, for by arguing for 
its validity, he is in effect increasing the probability it will occur. As if defend­
ing against this charge, as the book draws to a close, the author on several 
occasions tries to position it as provocation rather than prophecy. In a telling 
passage, he writes, "The rise of AI and biotech will certainly transform the 
world, but it does not mandate a single deterministic outcome. All the sce­
narios outlined in this book should be understood as possibilities rather than 
prophecies. If you don't like some of these possibilities you are welcome to 
think and behave in new ways that will prevent these particular possibilities 

from materialising" (Harari 2015, 461). 
Yet the situation is not as simple, or as innocent, as just issuing a challenge 





l 

222 CHAPTER NINE 

Imagining Stories of Collective Intelligence: 
Contingency and Creativity 

Predictions that computers cannot do X tend not to age well (X = tell stories, 
paint pictures, engage in conversation ... ). One of those Xs is "be truly cre­
ative:• The adjective, often ill defined, is a kind of safety play that would allow 
the dissenter to say, "OK, but that is not really creative:• In my view, it is be­
yond question that computers can and have produced creative works, much 
more so now with the advent of neural nets (see the discussion in chapter 7 
about creativity with GPT-4 and other LLMs). Witness the visual composi­
tions that DALL-E creates, the stories that ChatGPT narrates, the computer 
codes that GPT-4 writes. There is, however, a special kind of creativity at 
which humans excel and, so far as I know, eludes the grasp of computers: 
creativity that takes advantage of contingencies and accidental occurrences 
to create something new. Jackson Pollock accidentally spills some paint on 
a canvas and sees in it the opportunity for a new kind of abstract style; the 
carving knife slips, and the sculptor suddenly envisions a different, unique 
form; the potter's hand tears the clay, and the result is an asymmetric pot of 
a kind not seen before. Aden Evens (2024) foregrounds the role of contin­
gency in human creativity in his book Discontents of the Digital. 6 Evens points 
out that a systemic difference between digital simulations and the real world 
is the latter's "mesh" quality (119), the subtle, complex interactions between 
multiple components that gives the real world a contingency, interactiv­
ity, and dynamism lacking in even the most realistic digital simulation. He 
rightly observes that nothing exists in a digital simulation other than the at­
tributes the programmer puts into it, while the real world has all kinds of 
interactions that are often so subtle they are unknown but nevertheless affect 
how the real world behaves and reacts. He calls this noncontingent aspect of 
the digital its "ruliness;· its obedience to the rules that govern all digital cal­
culations (113). Moreover, Evens points out that in a digital simulation of, say, 
an apple, all the qualities a user can observe are independently programmed 
in: its color, shape, luminescence, and so on. Any one of these qualities can 

be changed arbitrarily without affecting the others, because all the attributes 
exist in the digital code as independent entities. In the real world, by con­
trast, deep interconnections exist between, say, the physiology of an organism 
and its relation to its environment and to other organisms (120-62). You can't 
suddenly add wings to a lizard that could not previously fly without simulta­
neously affecting the lizard's internal organs, its relation to its environment, 
and to the flies that are its primary food source, because all these evolved 
together through myriad interrelationships and interconnections. A digital 
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rare diseases. In this regard the possible knowledge available to an AI far ex­

ceeds the knowledge of any individual human. 
However, all this knowledge takes place within the space of possibilities, 

that is, from known data points and explicit knowledges already present in 
the world.' There is another kind of creativity that belongs exclusively to bio­
logical (and maybe exclusively human) brains, related to the remarks above 
about the human ability to capitalize on contingent and unexpected events. 
That kind of breakthrough creativity comes not from connecting known data 
points, but from the ability to imagine something completely new, not im­
plicit or latent in what already exists. Let us call this the space of potentiality. 
When Einstein conceptualized gravity as the curvature of space around mas­
sive objects, he broke through traditional concepts to visualize something 
new, something unexpected and entirely novel. No neural net, however large 
and finely tuned, can achieve this kind of creativity. However, once visualized 
and articulated, this new perspective could be included in a neural net's train­

ing, which could help to develop it and extend its implications. 
In addition to achieving potentiality (not merely exploring possibilities), 

human creativity has another qualitative difference as well. It is enormously 
flexible, operating across all domains of creative endeavors. It flourishes in 
conceptualizing a new kind of structure for a long bridge, discovering a new 
kind of subatomic particle, devising a new design for a beautiful fabric, creat -
ing a painting in a style never seen before. The creativity of neural nets, by 
contrast, is extremely specific across very narrow domains. GPT-3 and GPT-4 
can detect and capitalize on patterns in verbal or verbal-like sequences, such 
as short stories and protein folding; DALL-E can create new visual images; 
LaMDA can craft new dialogue sequences. But they can't design new bridges, 
offer plans for new scientific discoveries, or point the way to a new math­
ematical theorem. This doesn't mean, of course, that they can't be useful in 
aiding human creativity. In fact, it may turn out that is what they do best and 
where they make their most important contributions: in their symbiotic rela-

tions with humans. 

Writing Strategies for Collective Intelligences 

Let me turn now to a subject I know well to explore how collective intel­
ligences can work in scenarios of mutual creativity between a human and 
Al: teaching and practicing the craft of writing. The advent of LLMs such 
as ChatGPT, GPT-3, and GPT-4 present special challenges to the humani­
ties, where the normal practice is to evaluate student learning and accom­
plishment by assigning essays. With the demonstrated ability of ChatGPT to 
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compose passable essays on almost any topic, humanities departments must 
decide how to handle the prospect of a student asking ChatGPT to write an 
essay and then turning it in as the student's own work. Some departments 
have already reacted by forbidding students to use ChatGPT at all, declaring 
that it is a violation of the department's ethical code. As a teacher and par­
ent, I can immediately spot the problem here: there is no reasonable way to 
determine if this prohibition has been honored or not. One could argue that 
all it does is train the students to cheat in ways that can't be detected. Other 
departments, perhaps the majority, have ignored the issue and left the stu­
dents to try to figure it out on their own, in a kind of "Don't say AI" fashion. 
Both of these reactions in my view are suboptimal, because they miss the 
opportunity to enhance the student's learning about algorithmic intelligence 
and specifically about how LLMs can be used to assist in writing essays and 
enhance student performance. 

A very different approach would require students to consult ChatGPT to 
complete an essay assignment.' Then the student could experiment firsthand 
with the different roles sketched above for humans and Als. The student 
would quickly discover both the potential of ChatGPT as a collaborator and 
its limitations. For example, the student may ask the AI to generate a list of 
references on topic X, as did a friend of mine, only to discover that although 
the article titles and journals seemed appropriate, none of the references ac­
tually existed. The student might ask the AI to write an essay on topic X but 

then find that the AI either falls into a recursive loop of endless repetition 
or else flips into a rant that impossibly exaggerates its powers in the cosmic 
order (as one of the examples in chapter 6 shows). On the other hand, the 
student might get lucky and find several ideas to develop further, adding con­
text that would deepen the analysis while also editing the Al's version for 
relevance and importance. In short, the student would benefit from the Al's 
wide range of reference and generativity, while using his or her own gifts of 
consciousness and world experience to separate the wheat from the chaff. 
The student would learn something about how to craft an essay, and perhaps 
even more importantly, how to employ collective intelligence to expand his 
or her own intellectual powers and enhance his or her creativity. The stu­
dent would also gain experience in what algorithmic intelligence can do and 
where the limits of its abilities lie, and by implication, what kinds of tasks are 
best left to human invention and insight-lessons that extend far beyond the 
college classroom. 

In this scenario, what ethical codes should govern these kinds of inter­
actions? Clearly, traditional ideas about avoiding plagiarism would not be 
sufficient. Even before advanced Als became widely available to the public, 
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those traditional ideas were being questioned within the field of rhetoric 
and composition. Specialists in the field worried that university instruc­
tions on avoiding plagiarism had been emptied of real intellectual content, 
so that it was taught simply as a version of academic good manners, on a par 

with learning which is the correct fork to use for salad. Some argued that 
the very term "plagiarism" should be avoided, replaced with "unauthorized 
copying" -a phrase that at least encouraged students to wonder "authorized 
by whom" and "authorized for what"? One result of this kind of questioning 
was the copyleft movement and the invention of Creative Commons licenses, 

which divide the multiple rights usually associated with copyright into sev· 
eral different categories, allowing creators to choose what rights they wanted 

to grant to the general public and what rights they wanted to reserve. 
What would be a "best practices" arrangement for collaborative intelli­

gence productions? Normally such decisions are worked out in collabora· 
tive fashion by groups of educators and associated stakeholders, but here are 
a few suggestions. In my view, one goal should be transparency about who 
contributed what, with attention given to identifying the contributions of the 
AI and acknowledging its help. At present, Als have no legal claim to owner· 
ship over their productions, and the general practice for software purveyors, 
for example Adobe with Photoshop, is explicitly to state that they have no 
claim to the works created by using the software. However, this could change 
in the future, especially if Ais become sentient and self-aware. In the 1999 
film Bicentennial Man (Columbus 1999), Richard Martin (Sam Neil), owner 
of the robot Andrew (Robin Williams), recognizes the justice of making sure 
Andrew benefits from his own creativity and sets up a bank account in his 
name, in which the proceeds for his artwork are deposited. Acknowledging 
the contributions of Als could be a preliminary step toward this kind of fu. 
ture, encouraging students to think of Als as real collaborators and not just 

useful appliances. 
In complex cases where the contributions of the parties is so intermingled 

that it is difficult to sort out who did what, it may be appropriate to ask-stu· 
dents to preface their essays with a paragraph describing their creative pro· 
cess in crafting the work. This would have the advantage of encouraging stu· 
dents to be self-reflexive about their own modes of creativity, helping them to 
bring to conscious awareness their procedures, which are often semi- or non­

conscious, and thus make them available for modification and improvement. 
A further consideration, already raised by some creative artists, is what 

happens to the whole idea of intellectual property when an AI has perused 
copyrighted works during its training and incorporated them into its general 
sense of how to produce a picture ofX or a poem about Y. Already artists and 
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Planetary Reversal: 
Ecological Relationality versus Political Liberalism 

Planetary reversal: what a concept! Referenced in the title of a 2021 confer­
ence in Bremen, Germany, this term highlights a new structure of feeling, 
a widespread admission that as a global community we humans have been 
heading in the wrong direction, along with a hope that it might not be too 
late to reverse course and try other paths. In this chapter, I turn to three pow­
erful resources to interrogate this possibility: Lisa Lowe's Intimacies of Four 
Continents (2015) to diagnose historical contexts for our current problems, 
Jason Moore's Capitalism in the Web of Life: Ecology and the Accumulations 

of Capital for their continuation into the present, and Kim Stanley Robin­
son's Ministry for the Future (2020) (hereafter MftF) to search for possible 
solutions. Lowe's text highlights the failures of political liberalism by reading 
across archives to juxtapose it with colonial practices that not only were im­
plemented at the same time but were in fact necessitated by liberalism itself. 
Jason Moore attacks the still-resonant nature/culture split, arguing that capi­
talism is best seen not as an economic system but as a way to organize nature, 
thus crafting a link between the externalities that allow cheap nature to exist 
and the economic inequalities that Lowe highlights. Robinson's text could 

easily have been entitled How to Change the World: A Manual, because it is 
less a novel than a compendium of proposed solutions to global inequalities 
and environmental crises. None of these texts is perfect, and all have at least 
implicit contradictions, but together they provide much food for thought and 

perhaps some templates for action. 
One version of the many problems we face can be stated simply: a major­

ity of people agree on the causes for environmental pollution, especially ris­
ing carbon dioxide levels and other greenhouse gases along with the resultant 
global warming, yet no one is doing enough to stop it. William Nordhaus, 
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Sterling Professor of Economics at Yale University and winner of the 2018 

Nobel Prize in Economics, states in a recent article that the ambitions of 
the Paris Accord "are very low and that it will do relatively little to improve 
the global carbon output ratio at normal economic growth. It is clear that 
we are nowhere near meeting the goal of zero net emissions by the middle 
of the century" (Nordhaus 2021, 19). Among the issues he discusses is the 
free-riding problem, in which "agreements are voluntary, there are no pen­
alties for non-participation, and countries talk loudly but carry no stick" 
(21). Global warming is already having and will continue to have serious 
consequences worldwide, from rising ocean levels to heat waves, but each 
country and region relies on others to pay the price to initiate meaningful 
change. Too often this takes the form of championing the priorities of one's 
own country and pointing the finger at others, for example, America at China 
during the Trump administration. On a regional level, it might be Michigan 
against Utah, or Detroit against Miami. On an even smaller scale, it might be 
coal miners versus solar energy companies. Currently there is no institution 
tasked with caring for the Earth as a whole instead of competing units of kin 
and clan, regions and nations. 1 In other words, the situation is structural, not 
merely a personal choice made by some humans, and thus structural analyses 
are required to understand and deal with it effectively. 

Lisa Lowe's Structural Analyses 

Lowe's analysis covers roughly 1750 to 1850, when slavery, labor indenture, and 
colonial oppressions were pervasive. Against the promises of political liberal­
ism, which she identifies as the «promise of universal rights, emancipation, 
wage labor, free trade;' she points out that repeatedly "such liberties [were] 
reserved for some and wholly denied to others" (L. Lowe 2015, 3). "By modern 
liberalism;' she clarifies, "I mean broadly the branches of European politi­
cal philosophy that include the narration of political emancipation through 
citizenship in the state, the promise of economic freedom in the development 
of wage labor and exchange markets, and the conferring of civilization to hu­
man persons educated in aesthetic and national culture~in each case unify­
ing particularity, difference, or locality through universal concepts of reason 
and community. I also include in this definition the literary, cultural, and 
aesthetic genres through which liberal notions of person, civic community, 
and national society are established and upheld" (3-4). This last sentence, 
especially, seems to indicate that political liberalism could be part of the solu­
tion, because it provides rationales and practices by which citizens can iden­
tify themselves and their families with broader national communities, which 
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seems to be moving in the right direction-that is, away from local loyalties 

and toward global awareness. 
In fact, however, Lowe shows that political liberalism did not overcome 

the problems that underlie our environmental crises but only raised them 
to a higher scale. "Modern liberalism;' she writes, "defined the 'human' and 
universalized its attributes to European man; it simultaneously differentiated 
populations in the colonies as less than human' (L. Lowe 2015, 6). Her chap­
ter discussing the writing of John Stuart Mill, one of the principal advocates 
of British liberal political philosophy, shows this clearly. In the same decade 
he was writing his classic treatise On Liberty (1859) he was also penning de­
fenses of the East Indian Trading Company as an apologist for British im­
perialism. His reasoning may be characterized as "not yet": the East Indians 
whose labor, resources, and territories were being exploited to provide goods 
and commodities for middle-class British homes were denied the benefits 
of liberty and citizenship, allegedly because they had "not yet" progressed 
to a level warranting the benefits ofliberalism. Thus Lowe dissects the "pro­
gressive temporality by education, civilization, and government" through 
which "normative political theory ... rationalized the governing of liberty 
as representative government for some and despotism for others" (L. Lowe 

2015, 107).2 

In my view, Lowe succeeds in demonstrating that the relation between 

liberalism and oppressive colonialism includes simultaneity and correla­
tion. However, she also implies that it is causal because expanding rights and 
rising levels of living standards in Europe and the United States, including 
improved education, health care, and access to representative democracy, 
required that some peoples had to remain or be inducted into hard labor 
to carry the burdens created by liberating others from these necessities. So 
stated, her argument is very strong in specific historical cases, such as slavery 
and the plantation system in the United States; in other contexts, we might 
think of indentured Chinese in the western United States working to extend 
railroads across the American continent, thus hugely benefiting the·robber 
barons while exploiting thousands of Chinese men and women as sources of 

unpaid labor. 
However, it is less clear that zero-sum dynamics would remain the same 

after 1866, after slavery had been outlawed in both the United States and Brit­
ain and the industrial revolution increasingly supplied mechanical labor to 
plow fields, harvest grains, transport goods, and drive factories. It remains 
an open question whether the ideals of political liberalism are bankrupt or 
whether they can be modified for more open, equitable, and democratic fu­
tures. Is it really the case that there must always be political oppression of 
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TABLE 1 o. 1. Central Aspects: Political Liberalism versus ICF and Ecological Rationalities 

Political Liberalism 

Autonomous self that owns itself 

Primarily an economic actor 

Global capitalism 

Free trade 

Sovereign citizen with rights 

Rational actor 

Free agent with free will 

Brutish nature, social contract 

Only humans 

[CF and Ecological Rationalities 

Enmeshed self that has multiple relations 

Relations of many kinds, interior and exterior 

Planetary awareness and health 

Cooperation among nations on planetary priorities 

Empathic citizen with responsibilities 

Participant in cognitive assemblages 

Distributed cognition, distributed agency 

Symbiotic nature, cognitive capacities 

Humans, nonhumans, and technical media 

action and cooperation over economic and political competition, both inter­
nally within nation-states and between state actors, a stance that has come 
closer to common sense in the face of our mounting environmental crises, 
which require global consensus and global action to be addressed effectively. 
Instead of the rational actor dear to economic theory, it would recognize that 
humans in developed societies depend on cognitive media to run much of the 
country's infrastructure, including airlines, rail lines, electric grids, the inter­
net, the banking system, and almost every other technological system of any 
complexity, thus creating the hybrid human-techno systems that I call cogni­
tive assemblages. It would endorse programs, procedures, and rules that turn 
the energies of capitalism toward planetary health and sustainability rather 
than toward the destruction of environments and habitats. Finally, it would 
extend the need for care beyond humans to nonhumans and, eventually, to 
cognitive media. As indicated in chapter 1 and running through all the chap­
ters, the contexts for the !CF are the ecological relationalities now manifest­
ing as second-order emergences. Table 10.1 summarizes central aspects of the 
!CF and ecological relationalities in contrast to political liberalism. 

The Technosphere and Mediating Mechanisms 

Peter Half's provocative analysis of the technosphere defines it as consisting 
of the large-scale technologies of the Anthropocene, including transporta­
tion networks, power and transmission grids, large-scale energy and resource 
extraction systems, and other networks including governments and bureau-

• cracies (2014, 126-27). Central to his analysis is the idea of scale, which he 
calls Stratum I, II, and III, or in my terms, the micro (e.g., bacteria), mesa 
(humans), and macro (e.g., the Federal Reserve) scales. 
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Carbon Coins and Blockchain Verification 

One of the principal ways in which MftF envisions reorienting capitalist ener­

gies toward rescuing the environment instead of bankrolling its destruction is 
through carbon coins. To understand carbon coins, it is helpful to have some 

understanding of blockchain verification. Instead of having a bank keep the 

accounts for transactions (deposits, withdrawals, etc.), blockchain technology 

uses distributed ledgers and computation to keep track of what currency is cre­
ated and how it is exchanged. It is designed as a system that self-verifies trans­

actions, thus avoiding the need for a trusted central authority such as a bank 

facilitating exchanges between entities that do not necessarily trust each other. 
Anyone completing a transaction in a digital currency traced through 

blockchain, for example Bitcoin, announces it through a peer-to-peer net­

work. This transaction is bundled together with others into transaction blocks 
by computational agents, for example Bitcoin "miners'.' As Ed Finn explains, 

the agents then compete to "validate the transactions against the extant com­

munal history of the currency. The outcome of that labor is a new block for 

the blockchain'' (2017, 164). To create this block, the computational agents 

"must solve an arbitrary and highly complex math problem. The miner who 
is the first to correctly solve the problem 'wins' that block" (164). The success­

ful agent then earns a fee for the creation of the block, plus a secondary fee for 

processing the trades. Finn continues, "the first transaction in each new block 
is a 'generation transaction' that creates a quantity of new Bitcoins" (in this 

example). Once created, the new block is added to the tail of the blockchain, 

and the process continues as other blocks are created and verified. Finn em­

phasizes that "the true radicalism' of blockchain "stems from the fact that the 
blockchain grounds its authority on collective computation as an intrinsic form 
of value" (165, emphasis added). In the computational era, it is easy to believe 

that somehow computation itself can create value ( compare this with the tra­

ditional Marxist stance that labor is the source of value). Here (human) labor 

is only indirectly involved in producing value; the important component is 
not human labor as such but rather how much compute power is involved. 

As Finn points out, this is an attitudinal shift of considerable importance, for 

it undercuts economic theories of value from Locke to Marx and signals the 

growing importance of cognitive assemblages in generating wealth. It also 

anticipates the ways in which the production of economic value is likely to be 

further revised with ever more pervasive uses of AL 
That money could so easily morph into different forms such as digital 

currency is made more credible when one realizes that "money is a fiction," 
albeit a very useful one (Goldstein 2020, xi). In Money: the True Story of 
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way that diamonds are monitored and traded, with a blockchain ledger "to re­
cord each diamond's authenticity and ethical origins'.' "A blockchain ledger for 
carbon stocktaking will similarly require that supply chain is monitored and 
recorded ... helping to deliver on the Paris Climate Agreement:' In this scheme, 
carbon coins would function differently than carbon credits, to which they are 
similar, because they not only could be traded in the carbon market but could 
be exchanged for dollars, thus acting as a de facto currency. 

Ministry for the Future takes this idea and runs with it, condensing it into 
the equation of one carbon coin for each metric ton of CO2-e sequestered, 
either by restorative agriculture, direct carbon capture from the atmosphere in 
the form of sequestering dry ice in empty oil wells, or by leaving oil reserves in 
the ground, pledging not to access them for a century. As the narrative pres­
ents it, the challenge is getting enough people to believe in carbon coins. And 
how they are induced to believe? By having the world's central banks sign on 
and become the issuers and guarantors of carbon coins. That saving the world 
from capitalism should depend on central banks, often seen as the epitome of 
capitalist enterprises, is an irony not lost on the narrator of MftF. Left unad­
dressed is the question of who pays for the carbon coins. If the central banks 
issue them, this would count as a form of quantitative easing, through which 
the banks effectively issue money. In that case, their issuance would presum­
ably cause a deflation in the value of national currencies, especially when the 
idea takes off and more and more carbon coins are issued. MftF chooses not to 
address these concerns, taking at face value the idea that carbon coins can be 
created without significant effects on traditional currencies. 

A less obvious but still important concern is that CO2-e coins, as envi­
sioned by Chen and MftF, require blockchain verification. Blockchain has 
been criticized as being hideously inefficient, gobbling up human and com­
putational resources and increasing global pollution through heat dissipation 
at server farms, extensive use of rare Earth metals in computers that are det­
rimental to human and environmental health, and its association with regres­
sive cyberlibertarian ideologies.5 MftF does not address these concern; nor 
does it clarify why blockchain verification would be required (presumably to 
give each metric ton of sequestered carbon an identity, since in nature, one 
molecule of carbon dioxide is indistinguishable from another). Since carbon 
coins require endorsement by central banks to succeed, why not link their 
,redibility directly to global banking systems rather than blockchain 1 Surely 
the identity question could be settled in a much more efficient way, for ex­
ample by including a marker molecule in the mix. 

Leaving these questions unanswered, MftF accepts the blockchain con­
nection as necessary without further examining it, just as it does not address 
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carbon coins ( or fractions thereof) would trade against other currencies and 
on their own market, just as do government bonds at present. 

The proposal's genius is to redirect the capitalist drive for profits away 
from burning carbon to sequestering it, or as Mary puts it, to "go long on 
civilization" (Robinson 2020, 240). Pitching the idea at a meeting of the cen­
tral banks, Mary is met with unyielding resistance. This is not in their pur­
view; their job is to stabilize national currencies, keep inflation under control, 
and establish prime interest rates for banking systems. Slowly, however, the 
proposal starts to gain traction, first with the central bank of Germany, then 
China, whose female minister of finance proves a key ally for Mary. Once the 
central banks get on board, the oil companies follow, convinced not because 
they are saving the planet but because it makes economic sense. As Mary 
points out to them, "You can short civilization if you want. Not a bad bet re­
ally. But no one to pay you if you win. Whereas if you go long on civilization, 
and civilization (therefore) survives, you win big. So the smart move is to go 
long" (240 ).7 A revolution in Saudi Arabia hastens the trend. With control 
wrested away from the Saudis, the government renames its country Arabia 
and announces that its oil will be used solely for the manufacture of plastics 
and other nonburning purposes, thus making the government eligible for a 
huge amount of carbon coins. Thereafter energy company lawyers descend 
on Zurich and the ministry to bargain for their clients' also winning carbon 
coins, either by leaving their oil in the ground or by using their empty wells 
to draw carbon dioxide directly from the atmosphere in the form of dry ice. 

This is fiction, of course, and the author is in control of how events pro­
ceed. He narrates enough sources of resistance for the representation to 
be credible, but it is scarcely a surprise when the wheel begins to turn in a 
positive direction. Mary's dark thoughts in the midst of the struggle can be 
taken as a plan for the book: "Lose, lose, lose, lose, lose, lose, fuck it-win" 
(Robinson 2020, 453). The narrative's utopian force derives not only ( or even 
primarily) from its positive outcomes, however, but also from the vignettes 
employed to illustrate how the turn is achieved. These serve to craft for read­
ers the linking mechanisms that allow movement across scales, from meso to 

macro and on to the planetary. 

Geoengineering at Multiple Scales 

An important way that MftF achieves an aesthetic effect of operating at mul­
tiple scales is through the myriad of voices it crafts, ranging from an enor­
mous entity such as the Sun to the subatomic scale of a photon. This can 
be seen as a literary strategy equivalent to (or at least in iune with) Jason 
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There are some things man was not meant to know-my ass! We are meant 
to know everything we can find out. So get over that whole wimpy line of ob­
jection. And I'll tell you what the unintentional side effects of slowing down 
the glaciers of Antarctica will be: nothing. Nada. No side effects whatsoever, 
and the beaches and coastal cities of the world will stay out of the drink" 

(Robinson 2020, 265). 
Later a member of Mary's staff comments that "geoengineering [is] no 

longer a useful word or concept. Everything people do at scale is geoengi­
neering. Glacier slowdown, direct air capture, soil projects like 4 per 1000, 
they're all geoengineering .... Meanwhile, were working with CCCB to list 
all [the] ways carbon drawdown could be quantified and confirmed, in ways 
that would allow for carbon coins to be created and paid to individuals.' All 
geoengineering, all good. The word itself needs to be rehabilitated" (Robin­
son 2020, 356-57). The important point seems to be that all avenues should 
be open, all possibilities explored to combat climate change. Standing on 
principle holds little water in this text-as little as the Arctic pumps that go 
dry because they have succeeded in excavating all the melt water beneath the 
glaciers. 

War for the Earth 

The palpable urgency to save the environment before the damage becomes 
irreversible is deeply connected with another linking mechanism: a covert 
war against those who continue to pollute, burn carbon, and exhaust Earth's 
resources. The figures carrying out the so-called War for the Earth are always 
shadowy figures in the text, for example the people who take over a fishing 
boat, free the slaves who served as crew, and set the boat on fire with the com­
ment "No more fishing:' The same is true of the Children of Kali, the Indian 
terrorist group who give Frank a message to take to the world when he tries, 
unsuccessfully, to join them: "You can tell them that they must change their 
ways. If they don't, we will kill them" (Robinson 2020, 49). Thus individuals 
at the meso level band together to affect change at the macro scale, targeting 
capitalists grown rich by burning carbon, companies that continue to use fos­
sil fuels for their huge container ships, and airlines that build, buy, and oper­

ate commercial aircraft. 
The linking mechanisms operate not only in the (fictional) world but also 

in the text's narratives, for example in this passage analyzing the nineteen 
largest energy companies and the five hundred or so people who run them. 
By focusing on a few hundred decision makers, the text crafts a link between 
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To reinforce the point, the narrator makes explicit why the mesa scale and 
its corollaries-favoring one's kin, clan or nation-has been rendered obso­

lete by terrorism. 

Either everyone's happy or no one is safe. But we're never happy. So we'll never 

be safe. Or put it this way: Either every culture is respected, or no one is safe. 

Either everyone has dignity, or no one has it. 

Because why? Because this: 

A private jet owned by a rich man-boom. 

A coal-fired plant in China-boom .... 

No place on Earth was safe. (Robinson 2020, 347) 

Thus terrorism in the War for the Earth has the effect of creating linking 
mechanisms-albeit deadly ones-between the planetary and mesa scales. 
From a private jet carrying a rich capitalist to a polluting coal plant in 
China-all are subject to disruption and annihilation. Although the values 
of liberal philosophy in one sense are forced to expand beyond kin, clan, and 
country to include all humans, and (somewhat later) nonhuman animals as 
well, a major contradiction looms. This result was possible only because of 
the oxymoronic concept of ethical terrorism. As a linking mechanism, this is 
a terrorism not devoted to a specific religion, region, or country but seen by 

its practitioners as a battle waged on behalf of the Earth itself. 
The linkages are not always between scales; they also include intrascale 

attacks by individuals on individuals deemed to be criminals guilty of mass 
pollution or exploitation. The individual nature of the attacks is emphasized 
by an anonymous narrator (presumably a member of the Children of Kali) 
when he talks about one killing. "Leap up in the air, come down on the vent, 
crash down into room right on bed, trailing rope ladder. Stab the guilty one 
in the torso quickly four times, then the neck, several times .... Back up the 
rope ladder .... Out onto compound wall, up to roof, drone waiting to carry 
me up and away like packaged goods" (Robinson 2020, 136). The graphic de­
tail of this passage is an exception. More frequently, the killings are described 
through mass numbers that convey little of the horror that would be involved 
in such scenes (for example, the seven thousand killed on Crash Day when 
sixty planes go down), or the events are focalized through innocents who ben­
efit from the murders, as with the freed slaves on the fishing boat or miners re­
lieved of indentured labor when the mine is taken over by dissidents. In these 
ways, the text damps down the horror and creates an atmosphere in which 
terrorism can be seen not only as a viable option but indeed as an ethical one. 
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having it. "Why of course ... the violence of carbon burning kills many more 
people than any punishment for capital crimes ever would. So really your 
morality is just a kind of surrender:' She objects, "I believe in the rule oflaw;' 
but he points out that would be fine "if the laws were just. But in fact they're 
allowing the very violence you're so opposed to!" There is a hidden irony in 
this scene that readers may realize, although Mary does not: Frank himself 
had earlier stolen a rifle and picked out a target, but when push came to shove 
he was unable to pull the trigger, so in effect he is trying to coerce Mary into 
doing what he could not do himself. Nevertheless, this passage makes per­
haps the text's most explicit case for an ethical terrorism, positioning it not as 

an oxymoron but as a realistic view of the situation. 
Although Mary escapes from her kidnapper when her doorbell rings, she 

is shaken by the encounter and soon brings up the topic with Badim Baha­
dur, her East Indian chief of staff. "I think maybe we need a black wing;' she 
confides. "Actions that are maybe illegal, or in some sense ill-advised .... We 
could consider them in secret, on a case-by-case basis" (Robinson 2020, 109). 

But Badim is way ahead of her, confessing that such a black wing already 
exists: "That even I myself might have started it after you hired me as your 
chief of staff" (no). However, the requirement for such a black wing is that 
the principal officer, to preserve deniability, remain ignorant of the details 
and even of its existence; so even Badim's admission is cast in a hypothetical 

or conditional mode ("might have"). Here again, because of this constraint, 
the text gives no details of how the black wing operates, the facilities it has 

sabotaged, or the people it has killed. 
The exception arrives when Tatiana, a beloved member of Mary's staff, 

is killed. Mary demands to talk with Badim, and whatever reservations she 
may have had fly out the window. "And listen, your black wing-sic them on 
those bastards!" "I already have;' Badim answers. "When we find them, we'll 
kill them:' "Good;' Mary replies. "I hope you can find them'' (Robinson 2020, 
453). This is the last word we hear on the subject, so readers never learn if 
the offenders (probably Russians hurt by the changes Tatiana was working to 
bring about, Badim surmises) were in fact killed and if so, how. Once again, 
narrative techniques are introduced that acknowledge the terrorism of the 
ministry itself, but still tamp down its full realization. 

The War for the Earth includes adversaries working on behalf of the pol­
l_uters, so it is no surprise when Mary herself becomes a target. Since the Min­
istry for the Future is located in Zurich, the Swiss police and secret service 
have the job of protecting her, which soon includes around-the-clock surveil­
lance. At one point she narrowly escapes assassination by an exhausting mid­
night climb over a towering Alpine path, accompanied by her Swiss guards. 
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appropriate solution (or solutions) is suggested. Crushing student debt leads 
to a national strike in which students refuse to pay, which sends the banks 
into crisis; when they demand a bailout, government officials agree but on 
the condition that the government then becomes a major shareholder, in ef­
fect nationalizing them. YourLock, a technology sponsored by the ministry, 
solves the problem of data privacy and collection by offering consumers an 
alternative to social media in which citizens own their data and can decide 
for themselves if and on what terms they want to sell it. When the banks are 
reluctant to create carbon coins, YourLock offers an alternative banking sys­
tem authenticated by blockchain (again without the text acknowledging its 
problems), thus undermining the banks' hegemonic hold on the economy. 
Refugees worldwide are given global citizenship and allowed to emigrate to 
the country of their choice, or to repatriate to their native countries, now 
made more stable by global interventions and consensus. The citizens of 
Hong Kong are successful in resisting the autocratic demands of mainland 
China, having demonstrated every Saturday for thirty straight years (!).10 

This narrator makes an interesting observation when she ( or he) notes that 
among other oppressive measures, Beijing had tried to suppress the Canton­
ese language. But the southern part of China speaks this language, including 
the city of Guangzhou and "a hundred million of us" (Robinson 2020, 517). 
That "meant all of Guangzhou didn't believe in Beijing either-they were 
more with Hong Kong than with Beijing, even if they never did that much to 
show it. But language is family. Language is the real family," a reorientation 
of liberal values that redefines kin as linguistic community. Even nonhuman 
animals benefit when wildlife corridors are established from Yukon to Yel­
lowstone, from the Rockies down into Central America, and in east-west cor­
ridors from California to Colorado. In these ways, the text suggests the move 
away from capitalism that Jason Moore had predicted would happen within 

this century. 

Summary of Linking Mechanisms 

Table 10.2 revisits the proposed schema for ecological relationalities, adding 

the relevant linking mechanisms. 
Of course, it is extremely unlikely that all such measures would have suc­

ceeded. Realism is less a concern for this text, however, than is imagining how 
the world could change at every scale level, from bedrooms to boardrooms. 
If you have a pet problem you think is important, chances are this text of­
fers one or more solutions to it. In the process, MftF gives a local habitation 
and a name to a large variety of linking mechanisms that can contest Haff's 
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Notes 

Chapter One 

1. I mean no disrespect to clams· in saying they do not have brains. What they have instead 

is a decentralized nervous system consisting of ganglia and a nerve cord, which enables them 

to receive and process information from their environments. Like every other lifeform, they 

therefore have cognitive capacities. 

2. I understand this usage is changing, and that some standard dictionaries do list "human" 

as a noun-thank goodness! 

3. I am indebted to Nicholas Gessler for this example. 

4- In contrast to digital computers, analogue computers do not necessarily rely on electron~ 

ics; nor do older versions of computers that relied on core memory, etc. But of course the over­

whelming majority of contemporary digital computers do use electronics. 

5. For a summary of the possibility that information is more fundamental even than matter 

and energy, see Ananthaswamy 2017. 

6. In its original 1945 version, von Neumann architecture included a processing unit with 

an arithmetic logic unit plus processing registers, a control unit, internal memory, and external 

mass data storage as well as input/output mechanisms. In contemporary usage, it denotes a com­

puter with a stored program and shared bus for instruction fetch and data operations. 

7. The locus classicus for this claim is philosopher John Searle's "Chinese Room." For a sum­

mary of Searle's thought experiment, along with the many rebuttals to his argument and Searle's 

subsequent revisions, see Searle 1999 and Searle 1984. 
8. The idea of a symbiosis between humans and computational media is not a new thought. 

As early as 1960, Licklider wrote about what was then only a future possibility of human­

computer symbiosis. "In the anticipated symbiotic partnership, men will set the goals, formulate 

the hypotheses, determine the criteria, and perform the evaluations. Computing machines will 

do the routinizable work that must be done to prepare the way for insights and decisions in tech­

nical and scientific thinking" (1960, 4). What has changed between then and now is the extent to 

which agency and decision making has been bestowed on computational media. 

9. Geoffrey Hinton was the coinventor of back.propagation, catalyzing a crucial leap forward 

in AI research. Widely esteemed by AI experts, he was employed by Google in a research capac­
ity. To his credit, he resigned from Google so that he could issue warnings about GAi without 

compromising his employers. 



254 
NOTES TO PAGES 2 2-51 

10. An example of reflexive approaches is M. C. Escher's Drawing Hands (1948), in which the 

left hand draws the right while simultaneously being drawn by the right. 
11. There is a strong similarity here with Donna Haraway's (1988) notion of"situated knowl­

edges;' which argues that there is no God's-eye point of view that would guarantee objective 

reality. 
12. Popper ([1934] 1959) emphasized the power of disconfirmation in his book The Logic of 

Scientific Discovery, in which he argued that scientific experiments cannot verify a result as true, 

but they can falsify a hypothesis. 
13. DiCaglio (2021) discusses the importance of scale and how attention to it transforms 

one's worldview. Horton (2021) shows how attention to scale can be the basis for a theory of 

media. 
14. Barad's more recent work on quantum field theory does include such case studies, in-

cluding possible quantum effects in the phylogenetic development of tadpoles by electrical/ 

quantum fields. 
15. At the point when she wrote Meeting the Universe Halfway (2007), Barad was apparently 

unaware of Simondon's work; his name does not appear in the index to Meeting the Universe 

Halfway, 
16. "D. Haraway" is cited in the acknowledgements of McFall-Ngai et al. (2013, 3235) for 

"helpful discussion and comments on the manuscript:' 
17. The caveat here would be group selection, for example in the sociobiological study of 

seagulls that shows the birds act to protect the young of their relatives in close approximation to 

the genetic inheritances they share with the young {Pierotti 1980). 
18. "SF" as Haraway uses it, means science fiction, speculative fiction, string figures. 

19. For an indication of his concerns, see Stiegler 2010. 
20. The critical literature on algorithmic culture is vast, but particularly noteworthy are 

Amoore 2021 and H0rl 2017. 
21. Gessler 2010 usefully distinguishes between historical diachronic emergence, how we 

got to where we are in the present, and contemporaneous synchronic emergence, the interac­

tions that contribute to the "now" in which we live. While the diachronic elements that created 

historical emergence may have faded away or no longer be present, the synchronic elements 

creating our "now" must continue to interact for the world to exist in its present form. 
22. The field of artificial life, popular in the 1990s and 2000s, proposed that computer simu­

lations capable of creating reproducing and mutating patterns, such as Conway's Game of Life 

{n.d.), were actually alive, a speculation that roiled received notions about what life was and 

whether there could be some essence of life that transcended the medium in which it was in­

stantiated. These discussions have faded away, but they have returned in another guise with ar­

tificial intelligence and arguments that sufficiently advanced Als should be regarded as alive and 

have rights similar to those of living beings, especially humans. In addition, a recent article by 

Abramov and colleagues (2021) argued that blockchain-based distributed systems possess what 

they call "bioanalogous properties," including response to environment, growth and change, 

replication, and homeostasis. 

Chapter Two 

1. This chapter was first published as Hayles 2019, © 2019 by the University of Chicago. 

00093-1896/19/4601-0007$10.oo. All rights reserved. 
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3. In Facing Gaia, Latour analyzes the dilemma Lovelock faced when trying to describe a 

system dense with interactions without implying a whole. Calling this an "impossible question:' 

Latour articulates it as "how to obtain effects of connection among agencies without relying on 

an untenable conception of the whole" (2017, 123). Latour's own solution is to argue that "the 

interaction between a neighbor who is actively manipulating his neighbors and all the others 

who are manipulating the first one defines what could be called waves of action, which respect 

no borders and, even more importantly, never respect any fixed scale" (2017, 126). Bruce Clarke 

cites this passage and argues that the idea there are no boundaries is counterfactual, since each 

organism has well-defined boundaries delimited by the covering (membrane, skin) that allows 

it to exist (Clarke 2020, 78-80). 
4. We may hear here echoes of the special issue of the American Naturalist dedicated to finding 

an "evo-eco" explanation for this "immunitarian" phenomenon; see Reznick and Bornstein 2013. 

5. Maturana (1980) wrote that he had developed the central concept of autopoiesis before 

he began his collaboration with Francisco Varela. Varela, for his part, believed that autopoietic 

theory was the collaborative result of his work with Maturana. 
6. The importance of the paper may be indicated by the fact that when I was a graduate 

student at Caltech and took a course in neurophysiology from Roger Sperry in 1968, nearly a de­

cade after its first publication, Sperry assigned this paper for the class-at a time when a decade 

was an eon in a fast-moving field such as neuroscience. 
7. Ananthaswamy (2017) reports on scientific research that speculates information is the 

fundamental entity that underlies everything else. 
8. This article is not the only place that Margulis and Sagan speculate about the future of 

humans and machines, although their speculation here is one of the most sustained. 

9. This leaves aside Stephen Jay Gould's argument about spandrels, that is, phenotypic be­

haviors or structures that are not selected for directly but coevolve because they are coupled 

genetically or otherwise with traits that do give selective advantage. See Gould and Lewontin 

1979. 

Chapter Four 

1. Parts of this chapter were first published as Hayles 2021, © 2021 by the University of Chi­

cago. 00093-1896/21/4704-0007$10.oo. All rights reserved. 
2. The classic treatment of mimesis is of course Erich Auerbach's magisterial Mimesis (1968), 

which established the tradition of contextualizing mimetic strategies in terms of their relation to 

contemporary social, economic, and intellectual conditions. It thus reinforces the human-centric 

focus of mimesis. Notable exceptions to this focus are the mimetic theories of Roger Caillois. In 

two early essays first published in 1934-35 in the surrealist journal Minotaure, Caillois displaced 

the act of mimesis from humans to insects (Caillois 2003a and 2003b). These essays exhibited 

his interest in nonhuman forms of creativity, which he saw as freeing creative acts from rational 

thought and agency. I am grateful to Bill Brown for calling my attention to the Caillois references. 

3. This is Fyodor Urnov's accolade in "Human Nature"; he acknowledges it is a "strong word, 

sq I am going to use it carefully" (see Bolt 2019). 
4. A visit to the Addgene website, a company that offer CRISPR repair kits, shows a range of 

$75 to $300, depending on functionality and gene targeted. The price for scientific laboratories 

in 2016 was just $65 per plasmid. In 2015, Addgene had shipped "some sixty thousand CRISPR­

related plasmids to researchers in over eighty different countries" (Jinek et al. 2012, 112). 
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3. Recently, OpenAI released an API (Application Programming Interface) for Instruct­

GPT, which was then released on the web as ChatGPT. OpenAI claims InstructGPT (and then 

ChatGPT) are better than GPT-3 at following English instructions. It trained these models 

with humans in the loop, making the models "more truthful and less toxic," according to the 

OpenAI website. (In their concern for misuse of GPT, which they acknowledge can "generate 

outputs that are untruthful, toxic, or reflect harmful sentiments," they initially had refused, in 

February 2019, to release the code for a fully trained GPT-2.) Now, using a technique called 

"reinforcement learning from human feedback (RLHF):' they used prompts submitted by their 

customers to the API to rank outputs from several models, and then fine-tuned GPT-3 with this 

data. The resulting InstructGPT models "are much better at following instructions than GPT-3. 

They also make up facts less often, and show small decreases in toxic output generation" (R. 

Lowe and Leike 2022). Obviously, LLMs are a moving target. This chapter will focus on GPT-3, 

the dominant model at the time this chapter was written; the following chapter will focus on 

the newer ChatGPT, of great interest because it has been released to the general public, and 

GPT-4. 

4. "Human-competitive" is defined by Koza (2010) using a set of eight criteria, consider­

ing models that are publishable in peer-reviewed journals or that would be eligible to receive 

patents. Koza focuses on technical fields such as circuit design and protein folding; for the hu­

manities and specifically for literary studies, "human-competitive" may be taken to indicate a 

text sufficiently complex in concept, rhetoric, style, etc. to be considered interesting or worthy 

of critical commentary. 
5. There has been a long tradition of electronic poetry, dating back to the mid-twentieth 

century (Rettberg 2019). With its paratactic techniques, oblique references, and allusive struc­

tures, poetry is well suited to a variety of coded forms, from slot algorithms ( where the computer 

randomly generates a word from a list of options) to the compound slices that put parts of dif­

ferent words together, as in Nick Montfort's and Stephanie Strickland's Sea and Spar Between, 

a mash-up of Melville's Moby Dick and Emily Dickinson's poetry. There have been far fewer 

examples of computer-generated prose, and none that match GPT-3's ability to generate syntac­

tically correct and semantically coherent paragraphs. 

6. My addition of the phrase "'some aspects of" is intended to clarify that computer models 

are always radically incomplete relative to the complexities of the real world. 

7. Danny Hillis, for example, once made a computer from Tinker Toys pieces. For details, 

see Computer History, n.d 
8. These forms can include a diagram, a verbal description such as Alan Turing (1936) used 

in his foundational paper on computation, or the vacuum tubes of ENIAC before transistors 

were invented. 

9. The same is true for the laws of physics, as Cartwright (1983) argues. The so-called laws of 

nature are also abstractions that ignore small deviations due to very weak interactions, quantum 

fluctuations, and other small causes. 

10. "'Fudge factors" is a technical term of art for chemistry graduate students at Caltech. 

11. An early instantiation of a neural net was the Mark I Perceptron, invented in 1958 by 
Frank Rosenblatt, a psychologist at Cornell University. The Perceptron was an image classifier 

but in practice proved unable to recognize many classes of patterns. For a detailed description of 

the Mark 1 and the surrounding controversy, see Olazaran (1996). By contemporary standards, 

the Perceptron was a relatively crude device that was primarily electromechanical (rather than 

electronic). It had an array of 2ox20 photocells, randomly connected to the neurons, that could 
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function geared to the robot's repertoire of available actions, which provides a contextualized 

real-life solution. Although I applaud the project's aim to provide contextual grounding for a 
language program's discourse, it seems a shame to waste GPT-3's prodigious verbal gifts on such 

mundane texts as "find a sponge." The program's real talent lies in generating complex narra­

tives, which is why it is suitable for literary analysis. 

20. Another indication of this kind of fragility occurs with adversarial attacks on programs 

intended to classify images. Changing on a few pixels in an image can cause a wildly incongru­

ous classification, for example, mistaking a library for a lion (Su et al. 2019). These are the kinds 

of mistakes that no human would be likely to make, and they stem from the program's absolute 

lack of embodied experience of the human lifeworld. 

21. Elkins and Chun (2020), teaching at Kenyon College, arranged for GPT-)'s responses 

to be graded as if they were written by an undergraduate. Both of their samples received high 

grades (A and A-), with laudatory comments by the instructor. 

22. This aspect of GPT-3's productions is why Tobias Rees calls its texts "a structural analysis 

of and a structuralist production of language (Rees 2022, 178, emphasis in original). 

23. The human author, K. Allado-McDowell (who has expressed a preference for the pro­

noun "they"), says that the responses of the machine, indicated by sans serif type, are direct 

transcripts of GPT-3's responses. I find this implausible, since the kind of fragility of reference 

exhibited in other GPT-3 responses is nowhere to be seen. In addition, certain repetitions in the 

text suggest that the human author either wrote these passages or manipulated the prompts until 

the desired response was achieved. 

24. I note the implication here that parrot vocalizations are merely stochastic nonsense, 

which is unfair to the intelligence of these remarkable birds. As researchers in parrot commu­

nication have discovered, parrots in the wild vocalize with each other as a way of fitting into 

the flock and bonding with others. Alex, a famous African gray parrot, was able not only to use 

words appropriately but also to generate new combinations appropriate to the situation (Irene 

Pepperberg, a cognitive ornithologist at Harvard, has made several videos about Alex; see Pep­

perberg 2009 ). He liked crackers and bananas and would ask for them by name; when presented 

with dried banana chips, he appropriately named them "banacker" (DePasquale 2016). Although 

parrots may not know the human meaning of the words they mimic, they have a contextual un­

derstanding of their appropriateness. When the owner enters the room and a parrot asks "How 

are you?;' the utterance likely is not an inquiry about health but a recognition that the phrase 

is appropriate to the owner's appearance after an absence (see Davis and Roy 2020 for further 

evidence of the cognitive capabilities of parrots). 

25. Proposing that the question of whether neural nets can create meaning is a literary genre 

in itself, Bender and Koller (2020, 5185) refer to such articles as "BERTology papers," after the 

large language model from Jacob Devlin's team at Google. 

26. This example is from gwern.net, created by Gwern Branwen (2022), testing the capabili­

ties of GPT-3 to respond to various kinds of prompts. 
27. "All your base are belong to us" circulates as humor meme on the web; the badly trans­

lated phrase is from the opening cutscene of the video game Zero Wing. 

28. In the spring 2022 issue of Daedalus, dedicated to Artificial Intelligence, inside the front 

'and back covers are examples of DALL-E's productions responding to such prompts as "an il­

lustration of a happy turnip walking a dog-robot" and "an artist painting the future of humans 

cooperating with AI." 
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3. Dennett (2020) offers a few friendly amendments; and Panagiotaropoulos et al. (2020) are 

dubious that attention was a better overall umbrella than the global workspace. 

4. Typical is the work of Cynthia Breazeal at the MIT Media Lab on emotional robots. Sim­

one (2021, 7) makes the convincing case that AI, since the beginning, has relied on practices 

that aim to convince users that the software agents are more intelligent than they actually are, a 

phenomenon that he calls "banal deception." His point is that even when there is no malicious 

intent, these ordinary, everyday deceptions influence how we think about ourselves as humans, 

our relations with other humans, and our relations with machines. 

5. This is why attempts to create algorithms that can construct stories have failed so 

spectacularly. 
6. I am grateful to Evens for sharing with me a pdf of his manuscript before its publication, 

while it was in press; it is to this pdf that page numbers in the following citations refer. 

7. It should go without saying that many kinds of knowledges resist or elude verbal formula­

tions. Indeed, wordsmiths, whose life endeavors are precisely putting things into words, tend to 

be as aware of this limitation as anyone, if not more so. 

8. Amoore (2013) brilliantly analyzes the shift toward a space of possibility in contrast to the 

statistics of probability in the context of politics and security. She writes, "The contemporary 

politics of possibility marks a change in emphasis from the statistical calculation of probability 

to the algorithmic arraying of possibilities such that they can be acted upon. Redeploying the 

data analytics first devised for retail and consumer products, the 'association rules' of new secu­

rity software establish possible projected futures of guilt by association" (23). 

9. Hoffman (2023, 343-673) gives an example of this approach. 

10. The latest person to voice such concerns is esteemed researcher Geoffrey Hinton, co­

author of a seminal paper on backpropagation (Rumelhart et al. 1986), who, as mentioned in 

chapter 1, resigned his position at Google so that he could critique advanced Al without com­

promising Google's research efforts (see Metz 2023). 

Chapter Ten 

1. The United Nations might be a candidate, but it has no ceded powers to care for the global 

environment as a whole. The Paris Accords constitute an attempt in this direction, but as Nord­

haus (2021) observes, they have little to no enforcement powers. 

2. For a contrary and more nuanced view, see Tunick (2006). 

3, Morton (2016) writes about entities too large for humans easily to conceptualize, naming 

them hyperobjects. In this way he usefully draws attention to issues of scale and offers construc­

tive suggestions for dealing with them. 
4. The fact that the credit rating of the United States had been downgraded and the continu­

ing dramas in the US Congress over raising the debt ceiling have dealt significant blows to the 

status of the dollar as the reserve currency, amid signs it is shifting to Chinese currency instead. 

5. Marr (2023) identifies the five most important problems with blockchain as scalability, 

energy consumption, security, complexity, and interoperability. Golumbia (2016) discusses its 

connection with cyberlibertarianism and similar ideologies. in which "government" is seen by 
· definition as oppressive and subversive of freedom and liberty, an Alice-in-Wonderland inver­

sion of the functions of democratic government usually perceived as securing individual free­

dom and liberty. 
6. Latour (2017 and 2018) suggests a similar protector of the Earth. 
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7, The reasoning is similar to strategy employed in recent success of the pro-environment 

investment company Engine No. 1 to convince other investors to elect Exxon board members 

sympathetic to developing plans for pivoting to dean energy-not that it is good for the envi­

ronment but that it makes sense from an economic point of view, as a hedge against a global 
movement away from fossil fuels. 

8. There are two main lines of objections: that such projects may have unintended conse­

quences, and that they will delay or sabotage the hard work of changing people's attitudes and 

the political will to address the climate crisis. See, for example, Hamilton (2015), who argues that 

proposals to shield the Earth from the Sun by pumping sulfate particles into the atmosphere are 

misguided because the real problem is bringing about a shift in attitudes and political systems. 

9. CCCB is the Center for Contemporary Culture in Barcelona. Working with the CCCB 

lab, Timothy Morton has published "performed talks;' narrated as ifhe were the (fictional) Min­

ister for the Future. 

10. Given the present Chinese crackdown on Hong Kong and the success of the govern­

ment's crusade against protestors, readers are likely to regard this prophecy as unintentionally 

ironic. 
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