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Benedict Rattigan is Director of the Schweitzer Institute, an environmental-ethics think
tank affiliated with Peterhouse, University of Cambridge. His work sits at the
intersection of ethics, symmetry and the ways complex systems hover between order and
chaos, and has already given rise to interdisciplinary conferences, a dedicated journal,
and an Oxford-based volume of essays engaging with his ideas.

Over several decades he has developed dynamic symmetry theory, which proposes that
living and social systems thrive in moving bands where things are just ordered enough to
hold together and just variable enough to change. Instead of treating the universe as
either a rigid machine or a string of accidents, it suggests that complexity and
adaptability emerge from the continual interplay between stabilising forces and
exploratory ones.
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What if many of the systems we care about — from bodies and brains to markets,
institutions and daily routines — only work well in a narrow band between rigidity and
disorder? In Edge of Chaos, writer and theorist Benedict Rattigan develops Edge theory, a
framework for noticing how stability and variability must continually hold each other in
check if systems are to stay alive and able to change.

Drawing on scenes from intensive-care units and trading floors, protest squares and
classrooms, family kitchens and climate-stressed coasts, Rattigan shows how the same
pattern recurs in very different settings. Hearts that fail when they become too regular,
democracies that hollow out when rules crush dissent or when power spills into the
streets, organisations that swing between bureaucracy and drift: each becomes a way of
asking the same question — how much structure, how much variability, and for whom?

This is not a book of equations or management slogans. It is a patient, story-driven
exploration of what it means to live and govern at the edge, where systems can still
adapt without coming apart. Clear, humane and quietly radical, Edge of Chaos gives
readers a new way to think about resilience, risk and change in a world that refuses to sit
still.
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Preface by Denis Noble CBE FRS
Department of Physiology, Anatomy and Genetics, University of Oxford

When Benedict “Red” Rattigan first came to see me in my laboratory at Oxford in 2019,
our conversation had an oddly familiar feel. A few years earlier, in a lecture at the Royal
Society and in a paper that followed, I had argued that living systems owe much of their
adaptability to what earlier genetics often treated as an adversary: randomness. I
described how cells, organs and organisms can harness stochasticity—using fluctuations
to generate stability, to explore alternatives, and to sustain creativity in physiology. As
Rattigan set out his account of dynamic symmetry theory, I found myself recognising, in
a different vocabulary, a pattern I had been tracing from the vantage point of biology.

Rattigan is a philosopher by training, although his route to philosophy passed through
physics, ethics and the history of ideas. For nearly thirty years, he explained, he had been
developing what he now called dynamic symmetry theory, or Edge theory: an attempt to
formalise the intuition that systems remain alive and responsive only by maintaining a
moving balance between stabilising forces and exploratory ones. Where I had focused
on hearts, genomes and neuronal networks, he had been following the same kind of
balance in brains and crowds, institutions and markets, and even in the way fundamental
physics is framed. The surprise, for me, was not a dramatic revelation so much as the
steady realisation that we had been circling the same organising idea from different sides.

He also told me something else that matters to this story. Edge theory has not grown in
isolation from practice. Rattigan set up the Schweitzer Institute—now affiliated with
Peterhouse, Cambridge—as a research hub for the theory, a place where physicists,
biologists, social scientists and philosophers could explore how this balance between
order and disorder appears in their own domains. The Institute’s emphasis on
environmental ethics and institutional resilience already pointed to one of Edge theory’s
distinctive features: it is as concerned with how systems ought to be sustained as with
how they in fact behave.

It would be easy to think of Edge theory as simply the latest flourish on existing “edge
of chaos” ideas. Red himself is careful to acknowledge how much he owes to the
pioneers of complexity science, who showed that many systems exhibit their richest,
most adaptive behaviour in a narrow band between rigidity and noise. But it is not
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accurate to say that Edge theory merely elaborates those proposals. It refines them,
synthesises them, and then goes several layers deeper.

The first refinement concerns what sits on the “edge”. Early edge-of-chaos work,
influential though it was, tended to treat the interesting regime as a narrow band in
parameter space: a region where, for certain values of a control parameter, cellular
automata or networks exhibit complex patterns rather than freezing or disintegrating,
That was a powerful insight, but it left several questions hanging. How do we recognise
analogous regimes in high-dimensional, messy systems—hospitals, ecosystems,
economies—where we cannot easily tune a single knob? How do we avoid treating “the
edge” as a slogan for “somewhere between extremes” rather than a structural
description?

Edge theory answers by insisting that we attend not only to where a system sits, but to
what kinds of processes are coupled. It distinguishes, in each concrete case, between
stabilising processes (those that maintain coherence, constraints, regularities) and
exploratory processes (those that introduce variability, noise, innovation). In dynamic
symmetry, the central question is: how are those classes of process linked, and how does
that linkage change over time? Rather than a single critical band, we have a multi-scale
pattern of couplings that can be described, compared across domains, and sometimes
measured.

The second step is synthesis. Over the last few decades, different fields have developed
their own partial languages for this balance: self-organised criticality in physics,
homeostasis and hormesis in physiology, flow and overload in psychology, resilience and
tipping points in ecology, ambidexterity in organisational theory. Edge theory does not
replace those vocabularies; it shows how many of them can be seen as specific instances
of a more general structure. By treating symmetry as dynamic—as something continually
broken and restored—it offers a framework in which these local notions can be related
without being flattened into a single metaphor. What emerges is not a universal equation,
but a shared grammar: ways of talking about bands of viable behaviour, early-warning
signatures as systems approach thresholds, and design choices that move systems closer
to or further from their productive edges.

The deeper layers appear when Edge theory turns to physics and to questions of scale.
Traditional uses of symmetry in physics are primarily static. They tell us that certain
transformations leave the equations invariant, and they underwrite conservation laws and
classification schemes. Edge theory keeps that heritage, but asks how symmetries are
expressed, broken and reconfigured as one moves across levels. At the quantum scale,
we encounter superposition, interference and entanglement—forms of order that look,
to classical intuition, like structured disorder. At larger scales, those possibilities are
constrained and averaged in ways that produce the smooth geometry of general relativity
and the comparatively predictable trajectories of everyday objects.

On Rattigan’s view, the quantum-—gravity divide may be understood not as a clash
between incompatible theories, but as a change of symmetry regime: the same
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underlying principle of balance manifests differently as fluctuations are harnessed and
channelled across scales. The details of that programme belong elsewhere in this book
and in his technical papers. What matters here is the shape of the claim: that from
quantum fields to curved spacetime, from brains to markets, we are dealing again and
again with systems that work best in a narrow band between rigidity and disorder, where
order and variability continually hold each other in check.

The same principle has more immediate traction in the life sciences. In my own work, I
had long argued that noise can be creative in physiology: that fluctuations in ion
channels, heart-rate variability or gene expression are not merely tolerable imperfections,
but essential ingredients in robust function. Edge theory provides a more systematic
language for that claim. It shows how signals of order and signals of variation can be
paired to diagnose whether a system is hovering near a healthy edge or sliding towards
breakdown. The Dynamic Symmetry Index, which Red and his collaborators have been
developing, is one such family of measures: it asks, for a given system, what counts as
structure, what counts as fluctuation, and how their relationship changes as conditions
shift. The important point is not the specific formulae, which will vary across
applications, but the habit of mind: never to look at averages without also looking at
variability, and never to praise stability without asking what it is shutting down.

Beyond physiology, Edge theory sheds light on collective intelligence and institutional
design. Organisations that are tightly scripted may look efficient in the short term but
prove brittle in the face of novelty; those that are entirely “flat” indulge variation but fail
to stabilise learning. Red’s case studies—from publishing houses and local authorities to
protest movements and parliaments—show how patterns of interaction near an
edge-of-chaos regime can foster resilience and performance. The same analysis applies
to online platforms and information flows: echo chambers and pure cacophony are both
failures of dynamic symmetry, in different directions.

Ethical and environmental questions follow quickly. If ecosystems, economies and
political orders all rely on maintaining workable bands between rigidity and disorder,
then driving them far outside those bands is not simply an error of judgement; it is an
ethical failure. The Schweitzer Institute’s work on environmental ethics reflects this
conviction. It treats the preservation of dynamic symmetries—not just of species counts
or temperature targets—as a responsibility, because those symmetries are what allow
systems to absorb shocks without collapsing. One can disagree about policy, but the
underlying insight—that the quality of our interventions should be judged by whether
they sustain or erode these balances—is, I think, an important one.

Our collaborations since 2019 have taken these ideas into a series of shared projects.
The volume The Language of Symmetry, which we co-wrote with colleagues at Oxford,
brought together scientists and scholars from many fields to explore how balance and
asymmetry appear in forms, processes and theories. A subsequent seminar at Balliol
College continued this debate, and we are now preparing for a meeting at the Royal
Society devoted to “Edge of Chaos: Exploring Dynamic Symmetry Theory”, at which
the theory will be tested and, no doubt, challenged. None of this constitutes proof that
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Edge theory will endure. It does, however, indicate that the framework has enough grip
on real problems to merit serious attention.

Edge of Chaos, the book you are about to read, is Red’s attempt to present this systems
idea to a wider public without diluting it into slogans. He does not promise a master key
that will unlock every door. Instead, he invites you into specific situations: a man on a
ventilator whose body must be kept within viable ranges; a crowd on the steps of a
parliament, where policing and protest teeter between containment and crisis; a market
that drifts from calm into panic; classrooms, families and workplaces that oscillate
between suffocation and drift. In each case, the same puzzle lies just beneath the surface:
why do so many of the systems we care about—from bodies and minds to markets,
institutions and daily routines—only seem to function well when they occupy their own
“good zones”, a surprisingly narrow middle band between “too tight” and “too loose”,
and why is it so easy for them to fall off it?

I would readily recommend this book both to reflective general readers and to scientists
who enjoy seeing familiar ideas refracted through a skilled storyteller’s lens. Its technical
passages are brief and clearly marked; the main text leans on narrative and concrete
cases rather than on formalism. It offers no easy formulas or slogans. But readers who
stay with the argument as it moves across different domains will, I think, find that it
alters their habits of attention. They will begin to notice, in many corners of life, the
interplay between stabilising and exploratory forces, and to ask how that balance might
be shaped with greater care.

From a lifetime in science, I have learned that the most important advances often come
from seeing a pattern that was there all along but unnamed. Dynamic symmetry may be
such a pattern for our time. It offers a way of understanding how creation—from cell
division and neural firing to artistic work and institutional reform—shares a common
geometry of balance in motion. We are not outside observers of that geometry. We are
part of it: organisms whose own hearts, brains and societies depend on the same delicate
oscillations that Edge theory describes.

If future work confirms even a portion of what Edge theory suggests, it could
contribute to a shift in worldview comparable, in spirit, to earlier revolutions. Copernicus
taught us that the centre of the universe is not where we stand. Edge theory hints that
the “centre” is not a location at all, but any region in which dynamic equilibrium is
maintained—where systems hold just enough order to cohere and just enough disorder
to remain alive.

However abstract that may sound, it is not an idea that lives only in equations or thought
experiments. It shows itself first, and most vividly, in the texture of ordinary experience
—precisely the kind of scenes with which this book begins.

Denis Noble
Balliol College, Oxford

12



1. On the Steps of Power

Before the crowd gathered and the cameras switched on, Washington D.C. lay under
cold, clear air and the low hum of generators.

On the Ellipse, just south of the White House, loudspeakers were already mounted on
scaffolding. Flags snapped in the wind: American flags, flags bearing a single name, flags
with slogans and symbols that had migrated from fringe message boards into the centre
of national life. People arrived in twos and threes at first, then in loose streams, then in
steady flows. Some had driven through the night from distant states. Others had come
from nearby suburbs, carrying coffee and folding chairs. Many wore thick coats in the
red, white and blue of the flag; some had camouflage gear, others suits and overcoats.

For a time, the soundtrack was almost festive: classic rock, country songs, patriotic
anthems. As the crowd thickened, the words from the stage hardened. Speakers told
them that something precious was being stolen. They spoke of a system rigged against
them, of enemies within, of politicians who had failed their basic duty. They described
the coming hours as a last chance. Language tuned over weeks and years on television,
radio and social media was now concentrated in a single place. Each new phrase landed
not just in individual minds but in a crowd that was starting to sway and shout in unison.

For many of the people there, the day began as a rally - an exercise in presence, a way of
being counted. They raised their phones to film, laughed with strangers, adjusted hats
and handmade signs. They listened for their favourite lines and repeated them. Yet down
among the legs and bodies, other details hinted at a different energy. Some individuals
wore protective gear that had no obvious place at a peaceful demonstration. There were
helmets, goggles, tactical vests. A few people had walkie-talkies clipped to their collars.
Others carried flagpoles that were, if you looked closely, thicker and heavier than the

usual kind.

The city beyond the Ellipse was, for now, going about its business. Office workers
logged on from spare rooms, school classes met online, buses ran their routes. Inside the
Capitol building up the hill, staffers prepared for a day that was, on paper, procedural.
The chambers would meet in joint session to count electoral votes. It was a moment of
constitutional theatre - significant, but normally sedate. The assumption, baked into the
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routines of clerks and police officers, was that protest and politics would run on parallel
tracks. People could shout outside and business would continue inside.

Around midday, the crowd began to move. The speeches ended, the music shifted, and
streams of people peeled away from the Ellipse and headed towards the Capitol. It was
not a single, disciplined march; it was a current, uneven and branching, flowing along
streets, past statues and fences, towards a white dome that had become the focus of
their anger. Some sang or chanted as they walked. Others strode in silence. A few jogged
ahead, phones held high to capture the sight of thousands of bodies converging on the
seat of federal power.

On the Capitol grounds, barriers had been set out: metal fences linked in long lines, a
tamiliar, temporary perimeter. Police officers in fluorescent jackets stood behind them in
small knots, scanning the approaching crowd. For years, those barriers and a modest
number of officers had been enough to keep demonstrations at a safe distance. The
unspoken contract was simple. You come this far and no further; you shout; you go

home. The building behind us is symbolically yours, but physically off limits.

As the first lines of marchers reached the perimeter, that contract began to strain. From
the front of the crowd, the Capitol steps looked close. The barriers appeared flimsy:
waist-high fences, loosely joined. The officer lines looked thin. People pressed up, trying
to see, trying to film, trying to get closer. Those behind, unable to see the front, kept
advancing. Within minutes, the density near the barricades rose. The sound changed.
Individual voices were swallowed in a low, continuous roar as shouts and chants bounced
off the stone facades and the hard winter sky.

Somewhere near the front, a man leaned on a barrier, testing it. It shifted. Others saw
and joined him. A fence that had been designed to channel and slow bodies began to
bow. Officers shouted and pushed back. For a while, the system held. A few steps won, a
tew lost, a line redrawn a few metres further on. But the equation had altered. What had
been a clear line between here and there was now a zone of contact in which neither
side was sure of the new rules.

For those deeper in the crowd, information came in fragments. A cry went up that
someone had been hit with a baton. Another that someone had broken through. Those
reports, half-heard and half-believed, rolled backwards through the mass, sharpening the
sense that this was no longer a standard day in the politics of protest. People climbed
walls and scaffolding to get a better view, and the sight of a handful of bodies on the
Capitol steps — someone waving a flag from a previously unreachable balcony, another
person pushing on a window — fed back into the crowd’s sense of what was now

possible.

The crush grew tighter. At certain points on the western side, people were pressed so
close together that feet barely touched the ground. Those at the back, still arriving, had
no sense of the pressure at the front, whilst those at the front could no longer step back
if they wanted to. The crowd had become, in places, a single physical object: thousands
of individuals, but moving as if they were one. From the viewpoint of a camera perched
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on a boom or a helicopter, the scene looked like an undulating mass, flowing up towards
the building. From the viewpoint of a Capitol Police officer at a doorway, it looked like
an unpredictable line of faces and arms, some shouting, some pleading, some swinging.

Radios crackled with clipped messages. Reinforcements were requested and delayed.
Units that might have been available were pinned down elsewhere. The plans drawn up
for expected protests had not fully anticipated this mixture of numbers, anger and
coordination. Protest did not turn into riot in a single, crisp instant; it was a series of
small thresholds crossed. A barricade lifted, a window smashed, a door forced, a baton
drawn and used, a chemical irritant sprayed. In each case, what had been imaginable as a
boundary in people’s minds shifted. If one person could climb through a broken
window, more could follow. If one police line had given way, another might.

Inside the building, staffers locked doors, pushed cabinets across corridors, ushered
lawmakers to safer rooms. Secret passageways and secure locations, designed for rare
contingencies, were suddenly in use. The formal script of the day — phrases to be read
into microphones, votes to be tallied — was interrupted by the sound of footsteps,
shouted instructions, alarms. The physical reality of the building, so often a backdrop to
televised proceedings, became the main character. For a few hours, a political system that
had prided itself on continuity and procedure was visibly close to losing control of its
own seat. The rituals by which conflict is usually contained — debate, voting, legal
challenge — had, for that brief period, been supplemented by an attempt to exert
pressure through physical presence inside a space that was meant to be symbolically
open but physically restricted. The gap between how things were meant to work and
what was happening on the ground was suddenly obvious.

It was not the first time something like this had happened in history. More than two
centuries earlier, in another capital, a different crowd gathered with grievances of its
own. In the summer of 1789, Paris was tense. Food prices were high. Rumours spread
quickly through markets and cafés. The Estates-General, convened in Versailles for the
first time in more than a century, had stalled. The king had dismissed a popular minister.
Troops were visible on the edges of the city. People talked not just of hardship but of
plots.

On 14 July, a large crowd formed and moved towards a fortress on the eastern edge of
the city — the Bastille. It was a thick-walled, medieval structure that had served as a
prison and an armoury. In the popular imagination, it represented arbitrary royal power.
Few people knew exactly how many prisoners were inside. That was not the point. The
Bastille was a symbol that could be seen and touched.

The scene outside the fortress was in some ways familiar: negotiations with the
governor; demands for arms and the removal of cannon; confusion about orders;
hesitant use of force. From the ramparts, soldiers watched the gathering crowd and
waited for clear instructions. From the streets, people watched the movements on the
walls and tried to interpret them. As hours passed, tension rose. Shots were fired, first
sporadically, then in earnest. Some in the crowd fell. Others, enraged, pressed forward.
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In the end, the Bastille’s defences were overwhelmed. Some soldiers and officials were
killed in the chaos. The governor was seized and later executed. The prison was stormed,
its prisoners freed, its stones later dismantled and carried away as relics and building
material.

The fall of the Bastille quickly took on meanings that went beyond the day itself. It
became, and remains, a national symbol of popular action against unjust authority.
Underneath the later decrees and constitutions lay a change of assumption about where
authority resided. A fortress that had once embodied royal power had been physically
opened, and with it a set of expectations about who could act and where.

Once you start to look, these moments recur: a square occupied, a palace gate pushed, a
line of police on a bridge, a convoy of tractors blocking a motorway. Each case has its
own history, grievances and outcomes. Yet they all expose, in a very literal way, the
arrangements by which a society tries to keep conflict within bounds. Rules about who
may stand where, how close bodies can come to buildings, how force may be used, are
usually background conditions. On days like these, they are dragged into the foreground.

That is why images of people on the steps of parliaments and presidential palaces carry
such charge. They show a system that normally keeps contestation at a managed
distance, suddenly operating without its usual buffers. For a short time, the structure is
there on the stone steps, in the thin lines of officers and improvised barricades, in the
crowded corridors of a legislature meant to be secure. The edges of that system are no
longer theoretical; they are under people’s feet.
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2. Bodies on the Brink — Medicine and Mortality

In the small hours of the morning, an intensive care unit is at its quietest and its most
exposed.

The corridor lights are dimmed. The cleaners have finished. Visitors have gone home.
Behind glass doors, machines continue their patient work: pumps click, ventilators sigh,
monitors beep in irregular patterns. A nurse walks slowly along the row of beds,
glancing up at each screen in turn. It looks calm, but nothing here is settled.

In one of the rooms, a man in his late sixties lies almost completely still. A tube runs
into his throat. His chest rises and falls with the rhythm set by a ventilator. Transparent
bags of fluid and drugs hang on a stand at his bedside, their contents dripping steadily
through thin lines into veins in his arms and neck. On the monitor above him, numbers
and traces tell a story no one would want to read unaided: heart rate, blood pressure,
oxygen saturation, the concentration of carbon dioxide in his breath.

He was admitted twelve hours earlier with sepsis — a serious infection that has spread
into his bloodstream. Before that, he was someone’s husband, someone’s friend, perhaps
someone’s grandfather. He came to hospital with a fever and confusion. On the ward,
his blood pressure dropped, his breathing became laboured, his kidneys began to fail.

The response was swift: antibiotics, oxygen, fluids, then a transfer up to intensive care.

Now;, at three in the morning, everything hangs on numbers that shift from second to
second.

The nurse checks his blood pressure: 88 over 50. That is low. Her eyes flick to the
syringe pump delivering a drug that tightens blood vessels and pushes pressure up. She
turns the dial a fraction of a turn. Too much of that drug, and his fingers and toes will
begin to die from lack of blood. Too little, and his brain and kidneys will be starved. She
checks his urine output, his temperature, the latest blood test on the computer. She
writes a note, then moves to the next bed.

What she and the rest of the team are trying to do is hold his body in a region where it
can still repair itself. They are helping his systems do what they normally do without any
conscious effort: keep vital variables within workable limits, despite the assault.
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Doctors call this homeostasis. It is the business of keeping things “the same” enough
for life to continue. Your body has preferred ranges for temperature, blood sugar, blood
pressure, acidity, oxygen levels, and hundreds of other quantities. They are not fixed
points, like marks on a ruler. You can be a little warmer or a little cooler, a little higher or
a little lower, and still be fine. The systems that maintain those preferred ranges —
hormones, nerves, local chemical signals — are constantly nudging you back when you
drift too far.

In sepsis, that quiet, complex regulation is under attack from two sides.

The infection itself — bacteria or viruses in the bloodstream — can damage organs
directly. But the bigger problem is often the body’s own response. Faced with spreading
pathogens, the immune system floods the body with inflammatory signals. Blood vessels
widen. Their normally tight walls become leakier. Fluid seeps out into tissues. The heart
tinds it harder to maintain pressure. Organs that rely on a steady flow of oxygenated
blood start to suffer.

Seen from the outside, that process shows up as falling blood pressure, faster breathing,
changes in urine output and mental state. Seen from the inside, it is a loss of balance
between signals that push and signals that restrain. The forces that try to fight infection
and maintain blood flow no longer match one another in a way that keeps the system
steady. Too much of one group, and the body burns itself out. Too much of the other,
and the infection spreads unchecked.

That is why the nurse’s small twist of a dial in the middle of the night matters so much.
It is an attempt to restore a live balance between responses that have drifted apart. If it
works, the man’s numbers will creep back towards their usual ranges. His immune system
will still be active, but not so wildly that it destroys as much as it saves. His organs will
keep receiving what they need long enough for antibiotics and time to do their work.

If it fails, he may move into a state where the lines on the screen flatten: regular in the
worst sense, with no variation left that the body can use.

From intensive care, step out briefly into a different kind of clinic.

You are sitting opposite a cardiologist in a consulting room. There is a poster of a heart
on the wall, bright red arteries branching across its surface. On the desk in front of you
is a tablet displaying a graph. It does not show your heart rate in beats per minute. It
shows the tiny fluctuations in the time between your heartbeats.

The trace looks, at first glance, like a slightly irregular saw-tooth. Peaks and troughs are
close together; the numbers on the axis show differences measured in fractions of a
second. The cardiologist explains that this is a record of your heart-rate variability over
the past five minutes. You wore a small device that captured each beat precisely and sent
the data here.
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Many people assume that a healthy heart should beat like a metronome. That is not quite
true. In a healthy person at rest, the intervals between beats are not identical. They
lengthen a little as you breathe in and shorten as you breathe out. They shift as your
body responds to tiny changes: a thought, a sound outside, the need to move slightly in
your chair. Your heart is under the influence of multiple branches of the nervous
system, each sending its own signals. The result is a kind of controlled irregularity.

Cardiologists have learned that this subtle variation — the way your heart does not beat —
can be as important as its average rate. A heart whose beat-to-beat intervals show almost
no variation at all is often a sign of trouble. It can indicate that one branch of the
nervous system is dominating, that the heart has lost some of its ability to respond
quickly to changing demands. In some conditions, low heart-rate variability predicts
worse outcomes; in others, an improvement in variability is a sign that treatments are
working.

From the perspective of Edge theory, which will be named more explicitly later, this is
not simply the same story as sepsis told at a different scale. Here, the interest is less in
dramatic collapse and more in the background texture of a signal. A heart that is too
regular is as worrying as one that is wildly irregular, but for different reasons. Health, in
this setting, shows up as a rhythm that can stretch and contract from moment to
moment without losing coherence. The small deviations between beats are a running
commentary on how ready the system is to adjust.

Now change the scene once more, to a sports field on an overcast afternoon.

A group of amateur runners are warming up on a track. Among them is a woman in her
forties who started running in her thirties to manage stress. She has a watch that
measures her heart rate and, in simple form, her heart-rate variability. Over the past year,
she has noticed that on weeks when she sleeps well and keeps stress manageable, her
watch shows more variation between beats at rest, and she feels better on her runs. On
weeks when she sleeps badly, works late and worries constantly, the numbers flatten. Her
resting heart rate might even be slightly lower on those days, but the variability is down.
She feels, subjectively, more “wired” and less resilient.

Her coach has learned to adjust her training accordingly. When her variability is good, he
will set tougher intervals, pushing her close to her limits. When it drops, he pulls back,
prescribing easier runs or a day off. In doing so, he is treating those fluctuations not as
noise but as information about how close she is to a threshold where useful stress
becomes harmful strain.

This hints at an idea doctors and physiologists have been working with for some time:
hormesis. It is the observation that small doses of certain stresses — exercise, brief
tasting, temperature changes — can be beneficial, triggering repair and adaptation, while
both constant comfort and chronic overload can be damaging.
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Take muscles. If you never place them under any extra load, they weaken. If you
suddenly lift weights far beyond what you are used to, you injure yourself. But if you
regularly nudge them beyond their usual range and then give them time to recover, they
become stronger. The same pattern holds for bones, for certain aspects of the immune
system, and for psychological resilience. A life entirely free of challenge is not a recipe
for health. Nor is a life of continual strain.

Medicine has long had names for some of these patterns. Homeostasis for the
maintenance of internal variables within workable ranges. Hormesis for the benefits of
intermittent stress. Allostatic load for the wear and tear that builds up when systems are
asked to respond too often for too long.

To see how this plays out over a lifetime, imagine a GP surgery on a weekday morning,

An older man in his late seventies sits opposite his doctor. He has come in because he
has been “not quite right” for a few weeks. Nothing specific. He is more tired than usual.
Climbing the stairs leaves him more breathless. His appetite is off. A small cut on his leg
from a bit of gardening took longer to heal than he expected.

On paper, these symptoms could be caused by many things. The GP listens, examines
him, orders some blood tests. But she is also doing something less formal: assessing his
physiological reserve.

Physiological reserve is a term clinicians use to describe how much extra capacity a
person has beyond what is needed for ordinary life. When you are young and healthy,
you can tolerate quite a lot: a bad night’s sleep, a heavy cold, a stressful week, and you
bounce back. Your heart, lungs, kidneys, immune system and brain all have room to take
a hit and recover. As you age, or if you develop chronic illnesses, that spare capacity
shrinks. The same insult — a minor infection, a short hospital stay, a new medication —
can have a much larger impact.

If you watch the trajectories of many older people, you see this pattern clearly. For years,
they cope with challenges with only small dips and recoveries. Then, at some point, a
relatively minor event leads to a disproportionate decline. A fall leads to a hip fracture;
the hip fracture leads to time in bed; time in bed leads to muscle loss; muscle loss leads
to loss of independence. Each step is understandable, but the overall effect is a shift
from one plateau to another, lower one.

What has changed is not just one number on a blood test, but the thickness of the
margin within which the body can move without failing. When reserve is high, there is
room for experiments and shocks. When it is thin, the same push sends the system over
an edge.

The GP, even if she never uses that language, is thinking about these margins. She may
decide to be more cautious with medications that could lower blood pressure or affect
balance. She may refer the man for physiotherapy to build strength, or for vaccinations
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to reduce the chance of infections that could tip him into hospital. She is not just
treating current symptoms; she is trying to widen, or at least protect, his reserve.

Chronic stress is another way in which bodies are pushed towards their limits.

Stress responses, in themselves, are not enemies. They are how bodies mobilise energy
and attention to handle threats and challenges. When something alarming happens, your
heart rate rises, your breathing quickens, your pupils widen, blood is shunted to muscles,
sugar is released into the bloodstream. Hormones such as adrenaline and cortisol help
orchestrate this response. For minutes or hours, you are in a state that prioritises action
over digestion, retrieval of memories over long-term repair.

If these episodes are occasional and time-limited, and if there are periods of genuine
recovery in between, the system as a whole remains healthy. The trouble comes when
stress responses are triggered so frequently or last so long that the machinery of
recovery never fully catches up. Cortisol stays higher than it should. Blood pressure sits
above its usual range. Sleep is broken. Inflammation rises. Over months and years, that
“allostatic load” can contribute to cardiovascular disease, metabolic problems,
depression and anxiety.

People in this state often describe feeling both exhausted and unable to relax, tired but
wired. Their bodies, in effect, are living very close to a drop, with little room for extra
shocks.

For clinicians, whether in intensive care or in a consulting room, much of the work is
about that hidden room for manoeuvre. The nurse at three in the morning is using
machines and drugs to buy time for a body whose ordinary controls are overwhelmed.
The cardiologist reading a variability trace is asking how much flexibility is left in a
patient’s responses before they are pushed into trouble. The GP weighing up treatment
options for an older man is thinking, quietly, about how much more strain his organs
and muscles can tolerate.

Physiological reserve is where all these concerns meet. It is the difference between
coping and crashing, between a temporary dip and a permanent loss of function. It
rarely appears as a single number on a chart. It shows itself in how quickly someone
recovers from an infection, how steady they are after standing up, how deeply they sleep
after a hard week, how far they can be pushed in rehab before exhaustion sets in.

In medicine, it is often this reserve, more than any single reading, that decides who can
be brought back from the brink and who cannot.
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3. Minds Between Order and Overwhelm
Months before the Games, in the training pool, she could hardly miss.

Morning after morning, the diver climbed the steps, walked to the end of the
springboard and hit her marks. The walk was always the same length, the number of
breaths the same, the rocking of the board under her toes familiar. From the side of the
pool, her coach watched her turn and enter the water with barely a splash. They had a
shorthand for what they were aiming at: “automatic”. The movements had to be so
practised that, on the day, she would not have to think about them.

That day has now arrived.

The arena is full. Lights glare off the water. Cameras on long arms sweep and pause.
There is a low murmur from the crowd between dives, then a hush as each athlete steps
torward. Her name is called. She walks up the stairs.

Nothing has changed about the physical task. The board is the same length. The distance
to the water is the same. The set of the routine is the same: approach, jump, tuck, twist,
straighten. Yet as she stands at the end of the board, something in her experience has

shifted.

She is suddenly aware of the feel of the board under her feet in a way she never is in
training, The slight tackiness of the surface. The sound of air vents in the ceiling. A
patch of colour in the stands that catches her eye. Her mind, which during countless
practice dives has simply moved from one cue to the next, now runs ahead. She sees, in
her mind, a possible mistake. She sees herself entering the water badly. She sees,
unbidden, newspaper headlines she has not yet given anyone cause to write.

Her heart rate climbs. Her breathing, which should be even and quiet, becomes shallow.
Muscles that should be loose enough to let her move easily begin to tighten. Instead of
teeling ready, she feels as if she is tuning into too many signals at once.

Sports psychologists sometimes call this “choking”. It is a rough term for an everyday
experience at the highest level: performing worse under pressure than you usually do in
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practice. The movements have not vanished. They are still there, encoded in hours of
repetition. But the way attention and arousal are organised has changed.

There is a curve, often drawn on whiteboards in sports centres and psychology lectures,
that links performance to arousal. At very low levels of arousal — when you are half
asleep, bored, uninterested — performance is poor. You are not alert; you miss cues; you
are slow to react. As arousal rises — when you care, when the task matters — performance
improves. You are focused. You filter out distractions. You time your actions well. Then,
beyond a certain point, performance drops again. You become too keyed up. You
over-react to small events. Your attention narrows too much or flickers too often. You
make mistakes you have not made in years.

That curve describes one kind of edge for minds. Within a certain range of activation,
you can bring everything you have to a task. Outside it, you either cannot get going or
you cannot keep yourself from getting in your own way.

The diver at the end of the board, in that crucial moment, has slipped out of her usual
range. She has become too aware of herself.

There is a kind of attention that helps with skilled action, and a kind that hinders it.
When you first learn a complex movement, you have to think about each step. Where to
put your feet. When to breathe. How far to swing your arms. As you practise, those
instructions move into the background. You no longer need to name them. Your
attention can be on a small number of cues — the feeling of the board, the timing of
your jump — and on the goal. Under extreme pressure, especially when you start
worrying about the consequences of failure, attention can start to turn in on itself again.
You begin supervising movements that usually work well without your help.

Minds are built to toggle between different modes of control. Sometimes you want
deliberate, conscious oversight. That is useful when you are learning something new, or
when you need to change a habit. Sometimes you want what psychologists call
automaticity: the ability to let well-learned actions run by themselves while you focus
elsewhere. In high-stakes situations, the mechanism that normally decides when to
switch modes can misjudge. It can drag you back into a style of thinking that is helpful
for learning but unhelpful for performance.

For the diver, the problem is not that she cares. It is that her concern has tipped into
over-monitoring. Her mind has shifted from doing to watching herself do, from feeling
the elastic bounce of the board to running through imagined commentaries of what
might go wrong,

Shift now to a quieter setting,

Imagine a professional sitting at a tidy desk on a Monday morning, Their calendar is full.
Their email inbox is relatively uncluttered because they manage it carefully. On the wall is
a whiteboard with three neatly written lists: ““Today”, “This week”, “This quarter”. Each
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list has clear items, each item has a box next to it. This person reads productivity books
and has tried different systems. Friends and colleagues admire their organisational skills.

On each of those lists, nestled among the emails to answer and the forms to fill in, is a
bigger item. “Start outline for grant proposal”. “Draft strategy document for team”.
“Call X about possible collaboration”. These are not ten-minute tasks. They require
attention, judgement, decisions. They are somewhat uncertain. There is no immediate
teedback. The person knows they are important. They also know they are hard.

As the morning progresses, they tick off smaller items. They reply to emails. They
schedule meetings. They tweak a slide deck for a presentation next week. They adjust the
formatting of a document that could have been left as it was. The boxes next to these
tasks fill with neat ticks. The bigger items remain untouched.

By the afternoon, they feel tense and oddly tired. They have “been busy” all day, but the
thing that actually matters has not been started. A part of their mind knows this and is
quietly reprimanding them. Another part reaches for another small task to drown that
teeling out. The system is caught between avoidance and guilt.

Here, the difficulty is not the same as the diver’s. The professional is not flooded by a
sudden spike of nervous energy. Their day is tightly structured. The problem is that the
structure is skewed. They have built a lattice of routine around the low-stakes parts of
their work and left the demanding task floating without a clear place. The result is a
mind that is constantly occupied yet rarely engaged at the level that big projects require.

Psychologists talk about executive function: the cluster of abilities that let you plan,
prioritise, resist impulses, and hold things in mind. They also talk about avoidance,
especially in anxiety and perfectionism: the tendency to move away from tasks that carry
a risk of failure, even when you know that avoiding them will make things worse. In this
office, the two are locked together. Executive skills are being used to defend against
discomfort. Lists and schedules, which could support deep work, are deployed to keep
the day safely full of things that can be finished in minutes.

Flow, in this context, is almost entirely missing. Many people know the term. It describes
those periods when you are deeply immersed in something difficult but manageable,
when time seems to pass differently, when you are neither straining nor bored. Flow
tends to appear when three conditions are met: the task is clear, feedback is available,
and the challenge level is matched, roughly, to your current ability.

If a task is too easy, you do not enter flow; you become bored. If it is too hard,
especially if the consequences of failure feel high, you become anxious. The person at
the desk rarely finds that middle ground for their important work. They live mostly at
two poles: the mild comfort of small, solvable tasks and the background hum of worry
about the projects that never quite begin.

Over time, this pattern can shade into something heavier.
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Picture someone whose work is in public view: a doctor, a teacher, a manager, a
journalist. Over months and years, their days have become longer. Emails arrive late into
the evening and early in the morning, The devices that deliver those emails share space
with messages from friends and family, news alerts, social media notifications. The edges
between work and home have blurred.

At first, they cope. They reply from the sofa, from the train, from the side of the pitch
during a child’s football match. They tell themselves they are staying on top of things.
Colleagues praise their responsiveness. They are known to be “reliable”.

Gradually, certain signs appear. They start waking in the early hours with a sense of
dread, thoughts about things left undone circling in their mind. They feel short with
people they used to enjoy talking to. Tasks that once seemed routine now seem strangely
hard. They make more mistakes. They drink an extra coffee in the morning and a glass
of wine at night to take the edge off.

This is not yet a crisis like the one in intensive care. There is no single moment when
everything fails. It is a drawn-out drift towards a place where the mind’s usual ways of
keeping balance no longer suffice.

Clinicians talk about burnout when a cluster of features appear together: emotional
exhaustion, cynicism or detachment, and a sense of reduced effectiveness. Burnout is
not exactly the same as depression, though they can overlap. It is strongly linked to
chronic workplace stress that has not been adequately managed. It affects not just
individuals but the systems they work in: burnt-out doctors are more likely to make
errors; burnt-out teachers are more likely to leave their profession; burnt-out managers

find it hard to lead.

Modern life adds a twist that older stress models did not account for: digital channels
that effectively remove off-switches. When work can always find you, and when your
devices are designed to attract your attention, the responsibility for maintaining healthy
boundaries shifts more onto individual judgement. Some workplaces recognise this and
put policies in place: no emails after a certain hour, mandatory time off, protected
breaks. Others do not. Either way, the mental machinery involved is the same: an
interplay between systems that react to signals of threat or demand and systems that tell
you when to stop.

In cognitive neuroscience, these systems are often described in terms of networks. One
network responds to salient events — things that stand out, things that might be
dangerous or rewarding. Another sustains attention on tasks. Another is more active
when you are at rest, mind-wandering, In healthy functioning, these networks take turns.
When you need to concentrate, the task network ramps up and suppresses the others.
When you are resting, the mind-wandering network explores memories, plans and
imaginings. Chronic stress, anxiety and burnout are associated with alterations in how
these networks are coordinated. In some studies, the network that responds to threats is
active more often; in others, the task-focused and mind-wandering networks fail to
separate cleanly.
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You do not need to know the names of these networks to feel what it is like when they
are out of sync. It is the sense that you are never fully “on” and never fully “off”. You
cannot engage deeply with work because you are tired and distracted, but you cannot
relax because part of your mind is still scanning for emails. You are neither
under-stimulated nor usefully challenged. You are stuck in a narrow, unhelpful zone.

Seen through the kinds of patterns this book is concerned with, minds need room to
move between states. Too much tightening — too much control, too much
self-inspection, routines that leave no slack — can lead to paralysis, perfectionism,
avoidance. Too much scatter — too many inputs, too many demands, too many shifts in
attention — can lead to overwhelm, anxiety, burnout. The useful territory is not a single
sweet spot but a moving region where you can focus when you need to, stand back when
you need to, and shift between deliberate effort and easy, practised action.

The diver on the board, the professional at the desk and the worker sliding towards
burnout are not living the same story, but they share this problem of movement. In each
case, a particular pattern of attention and effort that once served them has become rigid.
The diver’s gift for care and preparation curdles into self-consciousness. The plannet’s
love of order becomes a way of never starting the work that matters. The reliable
colleague’s dedication leaves no space for recovery.

None of these minds are simply “too much” of anything in the abstract. They are
caught in specific loops. The diver loops between imagining failure and trying to correct
for mistakes she has not yet made. The office worker loops between small tasks and
private scolding. The burnt-out professional loops between fatigue and more effort,
without enough time in which systems can reset.

If you return, finally, to the diving pool, you can see all of this in a single picture.

She stands at the end of the board. The water below looks no different from the training
pool, but the air feels thicker. For a moment, she stares into the bright rectangle, hearing
the crowd fall quiet. Somewhere in the stands, a camera lens adjusts. Somewhere in the
building, a monitor waits to show her entry in slow motion. She cannot make any of that
g0 away.

What she can still feel, if she lets herself, is the spring under her feet and the rhythm of
the breaths she has taken a thousand times before. The board dips once, twice. Her toes
curl on the familiar surface. The space between noticing the noise and committing to the
jump is where her mind’s own edge now sits.
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4. Families, Friends and Fragile Bonds
Sunday evening, six o’clock, roast in the oven, glasses clinking in the kitchen.

The family has fallen into the same ritual for years. Two adult children visiting, one with
a partner in tow; parents moving around one another in a familiar choreography of
plates, gravy, small arguments about whether the potatoes are done. The table is laid with
care. There are three conversations going at once about traffic, weather and television.

What there is not, and never is, is talk about money, illness or the eldest son’s recent
separation. Those topics circle invisibly above the table like planes that can never be
cleared to land.

When a silence opens, it is filled quickly. The father asks about a football score. The
mother offers more potatoes. Someone passes the salt. When the separated son
mentions, lightly, that he has viewed a flat on his own, his father nods and says, “Ah,
right, property prices are outrageous now,” and they are off again, safely, on London
house prices.

No one has dictated these rules out loud. There is no written list of forbidden topics on
the fridge. The pattern has been learnt over years through small signals: a raised eyebrow,
a change in tone, a subject dropped and never revived. If pressed, each family member
might say, “We just don’t like drama,” or, “T'his is time to relax.” Underneath, something
more specific is at work. There is a shared understanding — half conscious, half tacit —
that certain feelings and questions cannot be brought into this room without threatening
the whole arrangement.

Family therapists sometimes talk about “homeostasis” in families: the ways in which
patterns of behaviour keep the system in a familiar state. Just as bodies regulate
temperature and blood pressure, families regulate closeness and distance, anger and
affection, who cares for whom and who is allowed to need help. That regulation is not
always healthy. A body can keep its temperature steady at the cost of overworking some
organs; a family can keep apparent peace at the cost of silencing members or freezing
roles.
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At this Sunday table, homeostasis is maintained by steering away from topics that might
cause strong emotion. The effect is a kind of fixed script. Everyone knows their place.
The mother is the organiser, the one who calls to check who is coming. The father is the
one who can be relied on to talk about work, sport and news, but not about feelings.
The daughter is the “easy” one, who smooths over awkwardness with jokes. The son is
the one about whom things are not asked.

On the surface, this arrangement works. The dinners happen. There are no scenes.
Underneath, pressure builds. The son feels unseen and starts to come less often. The
daughter learns, without anyone spelling it out, that bringing her own worries to the
table is selfish. The parents may feel faintly puzzled, years later, that their adult children
live lives they know very little about.

From the point of view of Edge theory, this is a small system that has drifted into
over-control. There is plenty of structure — roles, routines, implicit rules — and very little
room for disruption. The zone where difficult things can be spoken without everything
falling apart has been treated as dangerous ground. The result is a brittle kind of calm.
One sharp push — a diagnosis, a bankruptcy, a revelation — and the family may find it has
no practice in handling real shocks together.

If thatis one side of the edge, the other is visible in a very different kind of relationship.
Imagine a friendship that began intensely.

Two people meet at university, at work, or through a shared interest. For a while, they
speak almost every day. Messages fly back and forth. They share secrets quickly. They
talk late into the night about hopes, fears, projects. Each feels they have found someone
who “really gets it”.

Then the thythm changes.

One of them begins to reply less often. A message sits unread for days. Plans to meet
are postponed and not re-made. When they do see one another, the conversation is
fragmentary. Occasionally, there is another burst of closeness — a long phone call, a
flurry of messages — then another retreat. The other friend feels off-balance. Are they
important or not? Have they done something wrong? Should they push for more contact
or back away?

From the outside, this looks like a relationship without much scaffolding, There are no
agreed routines, no shared expectations about how often they will talk or what they can
ask of one another. From the inside, it can feel like being on unstable ground. The mind
tries to fill in the gaps: “They must be angry; they must be busy; they must have found
someone better to talk to.”” Sometimes, of course, they are simply overwhelmed or
distracted. Sometimes they are wary of being “tied down”. Sometimes they are repeating
patterns from earlier in life in which closeness was unpredictable.

28



Psychology offers a vocabulary for these patterns: some people expect others to be
broadly available; some brace for disappointment; some protect themselves by keeping
their distance. Real lives rarely fit neatly into boxes, but the habits formed in eartly
relationships often echo later on. In a friendship like this, one person may lean towards
keeping options open and bristling at demands, while the other leans towards seeking
reassurance and fearing loss. Together, they create a rhythm that swings between
intensity and absence. There is movement, but little dependability.

What is missing is not feeling, but a shared frame: a sense of what counts as normal
contact, what can be asked, how to say “I need more than this” without the whole thing
collapsing. Without that, each new silence is interpreted afresh, and each renewed burst
of contact feels like a reprieve rather than part of a pattern.

The same push-and-pull appears in groups slightly larger than two.

Picture a group of six people gathered around a meeting table in an office. They are
working on a project that matters to their organisation. There are deadlines,
stakeholders, and a limited budget. On paper, they have clearly defined roles. One is the
project manager, one the subject expert, one the analyst, one the designer, and so on.

In practice, meetings are uncomfortable.

When someone raises a concern — “I don’t think we can deliver this by the end of the
quarter” — the room goes quiet. Eyes flick to the project manager, who smiles tightly and
says, “Let’s stay positive. We’ve committed to this, so we’ll find a way.” When someone
asks for clarification about who is responsible for a risky task, the answer is vague:
“Were all responsible.” When someone disagrees with a senior person’s idea, the
disagreement is softened into nothing by phrases like “maybe” and “sort of”.

At the end of each meeting, everyone feels a little on edge. They walk back to their
desks with the sense that important things were not quite said. They talk more freely in
pairs in the kitchen, where real doubts are aired and some solutions are floated. But
those conversations rarely make it back into the formal room. Over time, people start to
“manage around” the team, making informal agreements and working late to avoid
awkward discussions.

Organisational research has a phrase for one of the missing ingredients here:
psychological safety, the shared belief that you can speak up with ideas, questions or
mistakes without being punished or humiliated. When that is high, people are more likely
to share early warnings, to admit uncertainty, and to challenge plans. When it is low, they
stay quiet, and errors or bad assumptions persist.

In this project team, the bones of a structure are there — meetings, titles, deadlines — but
the channels for real information to flow are blocked. Everyone is walking on eggshells.
As with the family dinner, the appearance of harmony hides the fact that the group has
no practised way of handling conflict. The edge where differences could be brought into
the open and worked with has been fenced off. The likely result, sooner or later, is a
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more serious failure: a missed deadline, a blown budget, a product that does not work as
intended.

Family systems theorists often emphasise that what matters is not individual
personalities but patterns of interaction. Every group develops ways of handling
tension. Some protest; some withdraw; some triangulate — bringing in a third person to
diffuse or redirect negative feelings. Over time, these patterns can harden. People find
themselves having the same argument, playing the same roles (“the responsible one”,
“the difficult one”, “the peacemaker”) regardless of the specific topic.

You can think of relationships as moving along a line from very tightly scripted to very
loose.

On the tightly scripted end, relationships are governed by fixed expectations. “We don’t
talk about money” “You always do the cooking” “I’'m the one who has to be
reasonable.” These rules can provide stability, but they can also trap people. New
information — a redundancy, a coming-out, a change of belief — has nowhere to go. The
system responds not by adapting but by rejecting or minimising,

At the loose end, there are so few shared expectations that nothing holds. Plans are
constantly made and cancelled. People enter and leave scenes without explanation.
Commitments are vaguely worded and often broken. Conflicts are sidestepped not
because they are taboo, but because no one wants to invest the energy to define anything
clearly. Relationships can feel exciting for a while and then mysteriously fall apart.

Healthy ties of all kinds seem to occupy a shifting middle region between these
extremes. There is enough predictability that people know where they stand, and enough
tlexibility that roles and rules can change when they need to.

Take a long-term couple, for example.

They might have weekly routines — who cooks when, who handles which bills, who takes
the children to school — that give structure to their days. They might also have an
understanding that these roles can be renegotiated when circumstances change: when
one is ill, when work demands shift, when children arrive or move out. They might have
topics that are difficult but not forbidden, tackled in small doses rather than left to erupt.
They might have rituals for apology and repair after an argument.

In small teams, the balance appears in different form. Teams that perform well over time
tend to have a few shared routines — regular check-ins, clear decision-making processes,
basic agreements about how to raise concerns — and a culture that allows those routines
to be questioned. They have leaders who can set direction and also hear feedback. They
have roles that are defined enough that people know what is expected and loose enough
that people can step beyond them when needed.

There is no single recipe for achieving this. Different cultures and personalities will
produce different shapes. In some families, humour plays a central role in easing difficult
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conversations. In others, shared activities — walking the dog, cooking together, watching
a match — provide a frame within which topics can be broached less directly. In some
teams, written documents and processes are the backbone; in others, trust is built more
through informal conversation.

When relationships tip too far towards fixed scripts, certain warning signs tend to
appear: important topics that never get mentioned, the same patterns of complaint
recurring without change, roles that feel fixed regardless of how people actually grow.
When they tip too far towards looseness, other sighs emerge: plans that rarely solidity
into action, friendships that feel intense but unreliable, teams where everyone is “busy”
but no one is sure what is being achieved together.

People often experience both states as a kind of tiredness. In rigid systems, it is the
tiredness of carrying unsaid things and unchanging roles. In diffuse systems, it is the
tiredness of constantly having to re-negotiate everything from scratch.

In practice, movement towards something more liveable often begins with small, specific
experiments rather than grand declarations. A family might agree that one Sunday a
month, part of the meal will be “for real news”, and commit to listening without
immediately fixing or dismissing. A friendship might put a simple rhythm in place — a
standing coffee every fortnight — to reduce the swings between intensity and silence. A
team might introduce a regular, time-boxed slot at the end of a meeting where people
can raise concerns, and leaders might commit to responding without defensiveness.

Power and personality shape what is possible. In families and teams where one person
holds most of the authority or is unwilling to shift, others” attempts to adjust the pattern
may be blocked. In those situations, the edge may need to be found not within the
existing system but in decisions about whether to stay, to step back, or to change the
system more fundamentally.

Return, finally, to that Sunday table.

The plates are stacked. The gravy boat is nearly empty. The television murmurs faintly in
the next room. The eldest son mentions, almost in passing, that the flat he went to see
has a second bedroom. For a moment, the room stills. His sister looks up. His mother’s
hand pauses over the dish. His father has a choice between asking, “For who?” and
reaching again for the safe topic of house prices. The next sentence he picks will not
change the whole history of this family, but it will decide whether, for once, one of
those circling planes is allowed to come in to land.
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5. Crowds, Traffic and Collective Flow
The motorway is moving, but only just.

You are in the middle lane on a weekday evening, two hours later than you meant to
leave. Ahead of you is a stream of red tail-lights, stretching as far as you can see. They
brighten, dim, brighten again, in a kind of slow pulse. You roll forward a few metres,
then brake. Roll, brake. The radio murmurs, then cuts to travel news announcing “heavy
congestion between junctions 8 and 11 due to volume of traffic”. No accident reported.
No lane closure. Just “volume”.

There is a particular kind of frustration that comes with this. You look for a cause. A
jack-knifed lorry. A police car. Road works. Anything that would make sense of the time
you are losing. But when, after half an hour of stop-start, the queue suddenly thins and
speed picks up, there is nothing. No wreckage, no flashing lights. Just open road.

It feels as if the jam came from nowhere and went back there again.

Traffic engineers have spent decades studying this kind of “phantom jam”. You can
recreate it on a test track by placing a dozen cars in a circle and asking the drivers to
maintain a constant speed. At first, the circle flows smoothly. Then one driver, perhaps
distracted for a moment, brakes a little harder than necessary. The driver behind them,
leaving less distance than they thought, brakes slightly harder still. The one behind them
does the same, and so on. Within a minute or two, a dense cluster of cars forms, moving
slowly around the circle, while the rest of the track remains emptier. The jam is now a
thing in itself, moving backwards through the line of traffic even though every driver is
trying, in their own way, to move forwards.

The key ingredients are simple. There is a certain density of cars on the road. Each
driver has a reaction time and a preferred distance to the car in front. Each responds to
the car immediately ahead rather than to the whole pattern. Small variations — a slightly
late brake, a slightly cautious driver — are amplified. The result is an emergent structure: a
wave of slowing and stopping that no one person intended.

On a real motorway, the picture is messier. There are lorries and motorbikes, different
speeds, people changing lanes, gradients and junctions. But the core pattern remains.
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When traffic density is low, small braking events are absorbed quickly. There is enough
space for everyone to adjust without passing the disturbance on. When density reaches a
certain point, the system behaves differently. Tiny delays propagate backwards through
the flow. Each driver, responding just a fraction behind the one in front, makes the
brake-and-roll pattern more pronounced.

Engineers sometimes talk about “capacity” — the number of vehicles a stretch of road
can handle per hour. That number is not fixed. It depends on how closely cars follow
one another, how smoothly they accelerate and brake, how many junctions there are, and
how disciplined lane use is. There is a region of densities where traffic is heavy but fluid.
Above that region, traffic becomes unstable. The same road, with the same number of
lanes and the same speed limit, can either carry cars smoothly or spend hours clogging
up, depending on how close it is to that edge.

This is one kind of critical regime. The system is neither empty nor gridlocked. Itis in a
zone where small changes can have large effects.

You can feel something similar in crowds on foot.

Think of leaving a large concert or football match. The final chord or whistle goes.
People clap, cheer, pack up bags, put on coats. Then, almost at once, tens of thousands
of people begin to move towards a finite number of exits. At first, it feels relaxed. You
shuffle along with those around you, swapping comments about the performance or the
result. The crowd is dense, but there is room to turn your head, to stop and tie a
shoelace, to let someone pass.

As you approach a bottleneck — a narrow gate, a set of turnstiles, a tunnel — the feel of
the crowd changes. The space between bodies shrinks. Your feet, which were moving by
choice, are now moving because those behind you are pushing. If someone in front
slows or stops, the pressure from behind makes it hard for you to do the same. Sound
changes: individual voices are drowned out by a general rising murmur. The air feels
warmer.

Crowd scientists pay close attention to density: how many people occupy each square
metre of space. At low densities, people can move independently. They can choose their
own paths and speeds. At medium densities, they interact more — jostling, negotiating,
forming lines — but still retain agency. At high densities — above around four or five
people per square metre — a different mode appears. Bodies are pressed close enough
together that forces transmit mechanically through the crowd. A push in one place can
cause movement several metres away. Individuals may no longer be able to move their
arms freely or control their direction. At extremely high densities, people can be lifted
off their feet, carried against their will, and crushed.

Many tragedies in stadiums, on pilgrimage routes and at festivals have followed this path:
rising numbers in constrained spaces, creeping density, then a point at which movement
becomes less a matter of choice and more a matter of physics. The shift is often gradual
until, suddenly, it is not.
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Crowd behaviour is not only about bodies. There is also a social dimension. People in
groups pick up cues from those around them about what is normal and what is
dangerous. If others are calm and moving steadily, you are more likely to relax. If others
are shouting, pushing, or looking fearful, your own arousal rises. Emotion can spread
through a crowd as quickly as physical pressure.

This is especially evident at protests.

A march can start in a peaceful, even festive mood. People carry signs, chant slogans,
drum. Police walk alongside. The route has been agreed. Then something shifts. It might
be a small group breaking away, throwing objects or taunting officers. It might be a line
of police advancing to move people off a roadway. It might be the arrival of mounted
units or armoured vehicles. Whatever the trigger, the feel of the crowd changes. Some
people surge forward. Others stop and turn. A few start to run. Fear and anger spread.

From any single person’s point of view, the decision to move, to shout, to throw
something, or to leave often happens quickly, based on partial information. You hear a
bang, see people running, and do not know what caused it. You act on the motion
around you. In that way, the pattern of the crowd can change faster than anyone can
explain what is happening,

There is a family resemblance here to the motorway jam.

In both cases, individuals respond to local cues: the brake lights just ahead, the backs and
shoulders immediately around them, the tone in a nearby voice. Each response is
understandable. Each is small. Together, they add up to large-scale shifts: a wave of
stopping that rolls back through traffic, a surge or sway that travels through thousands
of bodies, a protest that moves from chanting to confrontation.

Not all crowds are in physical space. Many of the most intense “crowds” in
contemporary life exist online, on platforms where people gather, watch, and react.

Think of a social media post that goes viral for the wrong reasons. Someone,
somewhere, posts a photograph, a sentence, a short video that offends, shocks or angers.
At first, it is seen by a small circle. A handful of people reply or share it with comments.
Then someone with more followers notices and amplifies it. Within hours, thousands of
people are replying, quote-tweeting, posting their own versions.

For any individual participating, the act is small. You click, type a sentence, hit “send”.
The consequences feel remote. But as more and more people do the same, a collective
effect appears. The original poster receives hundreds or thousands of messages. Their
name circulates on other platforms. Search results link them to the controversy.
Employers, family, and friends become aware. In extreme cases, addresses may be
shared, threats made, real-world consequences follow.

Researchers studying online outrage have noted that the dynamics have parallels with
physical crowd phenomena. Each person has a threshold at which they are moved to
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respond, and that threshold is influenced by how many others they see responding.
Seeing many expressions of anger increases the chance that you will feel and express
anger. When a topic dominates your feed, it occupies more of your attention, pushing
other content aside.

The platforms themselves shape these patterns. Their algorithms often amplify content
that generates strong reactions, because engagement keeps people on the site. That can
create feedback loops: outrage leads to more visibility, which leads to more outrage. An
online “space” around a controversial post can become saturated with reactions, leaving
little room for nuance or for other topics.

If you step back from these examples, a common structure comes into view. Systems
that involve many interacting units — cars, bodies, accounts — can operate in two broad
modes. Over a wide range, small disturbances fade. A late brake ripples a few metres and
disappears. A brief hesitation at a turnstile is absorbed. A sharp comment online is seen
by a few and forgotten. Near certain thresholds, however, the same small events can set
off waves: jams, surges, storms of replies.

Physics enters first in the simplest cases. On a lightly used road, drivers are basically free
particles. At higher densities, waves of slowing and starting move through the line. In a
crowded walkway, people are individuals until pressure and confinement bind them into
a single, shifting mass. The maths that describes these shifts does not know anything
about football or concerts or politics. It cares about density, speed, delay.

Social behaviour layers on top of this. In a protest or a stadium exit, people are not only
bodies. They are also watching, interpreting, copying. The decision to push, to hold
back, to sing, to run, is shaped by stories, expectations, and past experience. Physical
thresholds — how many people can safely occupy a staircase — combine with
psychological ones — when fear outweighs trust.

Design and management sit quietly in the background of all these scenes. The width and
placement of slip roads, the timing of lights, the existence of hard shoulders, the
number and angle of stadium exits, the presence or absence of clear instructions, the
way an online platform highlights or hides certain posts: all of these influence where the
system’s dangerous thresholds lie. A road layout that tolerates a few sharp brakes without
snarling up; a concourse that lets crowds thin before they meet a gate; a moderation
policy that slows the spread of the most inflammatory content by adding friction — these
are all ways of nudging a system away from the edge at which it starts to behave
unpredictably.

For the individual caught inside, though, what matters is often more immediate.

You, in the car, inching forward between junctions 8 and 11, are part of a long, slow
wave you did not choose. You, in the tunnel after a match, feel the press of shoulders
and the sway of the crowd, your feet moving in time with those around you because
there is no space to do otherwise. You, watching a row flare online, see your screen fill
with the same names and phrases, and feel your own attention pulled along.
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At a certain density on that stadium ramp, if someone two metres ahead stumbles, you
will not be able to stop in time. The people behind you will not be able to stop either.
For a few frightening seconds, the whole group will move as if it were one object, its
weight and direction determined less by intention than by the physics of packed bodies
on a slope. That is the point beyond which design and planning, not individual
willpower, decide how the story ends.
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6. Markets, Manias and Crashes

In a crowded Amsterdam tavern in the 1630s, a merchant lifts a small, knobbly object
between finger and thumb.

It is a tulip bulb, wrapped in a paper twist, unremarkable to look at. On the scrap of
paper beside it are the terms of a deal: delivery in a few months’ time, payment then for
a bulb that does not yet exist. Around him, others are doing the same. The talk is fast
and confident. Names of varieties — Viceroy, Semper Augustus — pass from mouth to
mouth like charms. Prices have been rising for months. People who never thought of
themselves as speculators — artisans, shopkeepers, minor nobles — have bought and sold
these slips of paper and watched their notional gains mount.

The merchant has heard stories. A man in Haarlem supposedly sold a house to buy
bulbs. Another turned a single bulb into a fortune. There are pamphlets mocking the
craze, yes, but those are written by people who, he suspects, simply missed out. The
price on offer today is higher than the one he saw last week. He feels a familiar tingle: a
mix of fear (what if this is the peak?) and greed (what if it goes higher still?).

He signs.

What is being traded here is not so much a flower as an expectation. Tulips are slow to
grow and slow to propagate. There is a limited supply of certain striking varieties. The
contracts on the tavern tables represent claims on that future supply. As more people
buy, the visible prices of recent deals go up. Each new high acts as both evidence and
tuel. The more prices rise, the more convincing the story becomes that they will keep
rising,

This is the essence of a mania: a period when expectations of future price rises feed on
themselves, drawing in more participants, because those expectations seem to be
confirmed day after day. The underlying object — a flower, a railway share, a piece of
digital code — matters less than the dynamic.

When the tulip market finally turned — as it did in eatly 1637, when buyers failed to
appear at auctions and prices collapsed — the same feedback loop operated in reverse.
Each failed sale and falling price prompted more people to try to get out. The liquidity —
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the ease with which you can turn a holding into cash — that had seemed plentiful
vanished. Those who had borrowed money or pledged assets to buy bulbs found
themselves ruined. The wider Dutch economy, contrary to later exaggerations, did not
collapse entirely. But individuals and small communities felt the shock sharply.

Similar patterns have appeared repeatedly in financial history, each time with its own
local colour.

In early eighteenth-century Britain, the South Sea Company was granted a monopoly on
trade in parts of South America and offered to take over a large portion of the national
debt in exchange for government support. Its directors promoted its prospects with
enthusiasm. Parliamentarians and courtiers were given shares. Stories circulated about
the riches to be made from trade. The price of South Sea stock rose dramatically,
drawing in ordinary investors. At the peak, the company’s paper value bore little relation
to any realistic projection of profits.

When doubts grew, and some insiders began to sell, the same network of influence and
expectation that had driven prices up drove them down. Fortunes disappeared. Public
anger was intense. In the aftermath, there were calls for tighter regulation, and some
directors were punished. For a time, speculative activity was seen as morally suspect, not
just financially risky.

The 1929 Wall Street crash, neatly two centuries later, had new tools but a familiar feel.
In the years leading up to it, stock prices in the United States had risen strongly. Many
individuals bought shares “on margin”: borrowing money to purchase more than they
could otherwise afford, using the shares themselves as collateral. This leverage magnified
both gains and losses. As long as prices rose, it seemed to work. When prices fell,
lenders demanded more collateral or sold shares to cover loans, pushing prices down
turther.

On certain days in October 1929, selling surged. Prices fell fast. Efforts by bankers to
stabilise the market by buying large blocks of shares had only temporary effects. The
step from a normal correction to a self-reinforcing crash was small. Once enough people
believed the game was up, and once enough forced selling began, the system shifted into
a different mode. The crash did not single-handedly cause the Great Depression —
deeper structural factors were at play — but it was a dramatic signal that the financial
system had been run too close to its limits.

Fast-forward to 2008, and the machinery is more intricate, but a different side of the
story comes into view.

In the early 2000s, low interest rates, financial innovation and political encouragement of
home ownership combined to fuel a housing boom in the United States and elsewhere.
Banks and other institutions created securities backed by bundles of mortgages. These
were sliced into tranches with different risk profiles and sold around the world. Models,
based on recent data, suggested that defaults would be rare and that even if some
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borrowers failed to pay, the overall structures would be safe. Credit rating agencies
stamped high grades on many of these products.

From the outside, this system looked stable. Defaults were low. House prices were rising,
Investors received regular payments. Day-to-day price movements were modest. It felt
like an era of “great moderation”, in which the old boom-bust cycle had been tamed.

Underneath, however, risks were building. Many of the mortgages being written were to
borrowers with low incomes or poor credit histories. Some loans had teaser rates that
would reset higher. The models used to assess risk relied heavily on the recent past,
which had been unusually benign. Institutions used high levels of leverage, borrowing
large sums to purchase apparently safe, income-producing assets. They assumed that if
they needed to sell, there would be buyers.

When house prices stopped rising and started to fall, defaults increased. The complex
securities backed by those mortgages became hard to value. No one was sure how to
price them, or which institutions were most exposed. Trust in the system’s plumbing —
the short-term lending between banks — began to evaporate. Liquidity dried up. Firms
that had seemed rock-solid, such as Lehman Brothers, found they could not roll over
their debts. When Lehman failed, panic accelerated. The global financial system came
close to seizing,

Here, the problem was not obvious turbulence but the way small, ordinary fluctuations
had been smoothed away. Risk had been sliced, repackaged and distributed in ways that
made individual holdings look safe. The apparent calm tempted banks, funds and
households into thinner and thinner margins of safety. When a shock finally arrived, it
ran into a structure that had very little slack.

These episodes point to two different aspects of markets. One has to do with price
dynamics: how numbers move on screens and in ledgers when information, leverage and
trading rules interact. The other has to do with collective psychology: how stories, fears
and hopes spread through groups of people who are watching the same prices and
talking about the same assets.

The tulip tavern, the South Sea parlours and the margin-frenzied brokerage houses of
1929 show what happens when expectations start to chase price, and price in turn
reflects little more than expectation. That is a spiral in the visible surface of the market:
charts that climb, flatten, then plunge. The housing boom and the quiet years before
2008 show a different danger: a surface that looks calm while pressure builds
underneath, as instruments and institutions line themselves up in ways that leave them
exposed to a change in the underlying environment.

More recently, new technology has allowed both sides of this story to run faster.

In 2021, shares in certain “meme stocks” — most famously GameStop, a
bricks-and-mortar video game retailer — surged far beyond what most analysts thought
their underlying businesses justified. On online forums, small investors swapped
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screenshots and slogans, encouraging one another to buy and hold. Part of the appeal
was financial: the hope of making money if the price went up. Part was cultural: a
narrative of ordinary people taking on hedge funds that had bet heavily against the
stock.

The platforms involved — commission-free trading apps, social media and message
boards — made it easy for large numbers of people to act in concert without formal
coordination. Each individual trade was small, but together they pushed prices up
dramatically. Funds that had shorted the stock — that is, borrowed shares to sell in the
hope of buying them back cheaper later — found themselves squeezed. As prices rose,
they had to buy shares to limit their losses, which pushed prices up further.

Here the price path itself became a kind of scoreboard in a live contest. The daily chart
was not just a record of changing estimates of future cashflows; it was taken as a verdict
on loyalty, nerve and whose side was winning. When the mood shifted and some trading
platforms restricted new purchases, prices fell back. Those who entered late often lost
heavily. Those who exited near the top did well. What lingered was the sense that a
loosely organised crowd, fuelled by jokes and screenshots, could slam a stock into a
range where traditional valuation tools offered little guidance.

Alongside these bursts of spectacle, the quieter plumbing of markets continues:
high-frequency traders adjusting quotes in milliseconds, central banks moving interest
rates by fractions of a per cent, pension funds rebalancing portfolios with time-horizons
measured in decades. In that domain, words like risk, leverage, liquidity and capital
buffers are not abstractions. They are the knobs and dials that determine how far the
system can be pushed before something breaks.

Risk is the possibility that things will not turn out as you hope. In markets, it often
means prices moving against you. Leverage is using borrowed money to increase the size
of your bets, which amplifies both gains and losses. Liquidity is the ease with which you
can buy or sell something without shifting its price too much. Systemic risk is the danger
that trouble in one corner spreads, through obligations and expectations, into others.

A market that is doing its everyday job tolerably well does not avoid these ingredients. It
allows prices to react sensibly to news, lets some people be wrong, and occasionally
clears out bad ideas and over-stretched firms without dragging down everything around
them. There is movement in prices, but movement that loosely tracks changes in
information and in longer-term prospects.

A market that has been nudged too far out of that workable zone looks different
depending on the route it took. In one direction lie the tavern and the meme stock chart:
tapes that rise steeply, fuelled by stories that feed on themselves. In the other lie the
pre-2008 years of smooth lines and reassuring models, in which variation is damped so
thoroughly that participants forget what a real shock feels like, and build their structures
accordingly.
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The human element runs through both. The Amsterdam merchant folding away his
contract, the clerk in 1720 rushing to buy South Sea shares because colleagues just did,
the homeowner in 2006 signing a mortgage with a rate that will jump in two years, the
app-using trader in 2021 tapping “buy” because everyone in the forum just posted
rocket emoijis: each is making a local decision that makes sense in its own frame.
Together, they trace the paths that charts later turn into tidy lines.

If you want a picture to hold on to, it is not a formula but a trading floor in the first
minutes of a sudden break.

Screens that, yesterday, showed gently wandering prices now flash with gaps and vertical
moves. A handful of traders, standing at railings or hunched at desks, are trying to work
out whether this is noise or the start of something that will run away from them. Phones
ring, Orders appear and vanish from order books in fractions of a second. Somewhere
in that room, someone is being told to cut positions, to raise cash, to stop assuming that
buyers will always be there.

On the wall, a single price for a key stock or index ticks, stalls, then jumps three points
lower in one move. For an instant, you can feel the whole market tip from “we can live
with this” to “this has gone too far”. The edge, in that moment, is not an abstract
balance between order and disorder. It is a number on a screen that turns sheets of
positions from manageable to intolerable, and with it the mood in the room from chatter
to something closer to dread.
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7. Fire, Flood and a Warming World
By late July the hills look tired.

From a distance, the scrub and pine of this Mediterranean valley still read as green, but
up close the leaves are dusty, the soil is dry and powdery, and the small streams that used
to run year-round are a chain of stagnant pools. For decades, people here have been told
that fire is the enemy. Smokers are fined for flicking ash from car windows. Farmers who
used to burn crop residues in controlled strips are now discouraged from doing so.
Every summer, when a plume of smoke rises anywhere near the town, tanker planes are
scrambled, sirens sound, and local volunteers rush out with beaters and hoses.

For a long time, this seemed to work. The number of fires went down. Those that did
start were stamped out quickly. The local paper ran stories praising the vigilance of the
tire service. House insurance was cheaper. New villas crept further up the slopes, their
gardens planted with thirsty ornamental trees.

What the headlines did not show was what was happening quietly under the pines.

In a climate like this one, many plants have evolved with fire. Some pines drop cones
that only open in high heat. Shrubs sprout vigorously after being scorched. In the past,
lightning strikes, stray embers and agricultural burns would set small fires running
through the undergrowth every few years. These “good fires” cleared away dead
material, opened space for seedlings, and kept fuel levels low. They were part of a cycle.
The hills did not burn every year, but they burned often enough that there was rarely a
continuous mat of dry twigs and leaves from one end of the valley to the other.

Decades of suppression altered that thythm. Each year that a small fire was extinguished
before it could spread, more dead wood and dry grass accumulated. The undergrowth
thickened. Shade increased. Young trees, which might previously have been knocked
back, grew up close together. To casual walkers, the forest looked lush, almost
jungle-like. To fire ecologists, it was a store of energy waiting to be released.

Then came a year of record heat and a long dry spring. When the first serious fire
started — not from a careless smoker but from a lightning strike during a dry
thunderstorm — it found a continuous carpet of fuel and a forest full of closely packed,
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resinous trees. The wind was in just the wrong direction. Planes dropped water and
retardant, but the flames ran ahead. Instead of small, frequent burns that left many
mature trees standing, the valley experienced a crown fire: flames leaping from tree-top
to tree-top, temperatures high enough to kill even thick-barked trunks.

In a matter of days, an ecosystem that had been kept in a kind of artificial order tipped
into a different state. Soil, once shielded by leaf litter, was exposed to rain and erosion.
Seeds that needed light and ash now had both, but so did invasive grasses from
elsewhere, better adapted to grow quickly in disturbed ground. Some slopes began to
sprout a different mix of plants, ones that dried out faster and burned more readily. The
next fire, when it came, found a system more flammable than before.

“Good fire” is a shorthand for burns that are part of a renewing cycle: frequent, patchy,
of moderate intensity. These fires help keep an ecosystem in a range where it can absorb
burns and regrow. The attempt to eliminate all fire, in places where fire has long been
one of the main disturbances, quietly stores risk in the fuel on the ground and the way
vegetation is packed together. When a blaze finally escapes control, it is larger and more
destructive than the many small ones that were prevented.

Thousands of kilometres away, under warm tropical water, a very different system is
being pushed in a very different way.

A coral reef in the central Pacific has been famous among divers for decades. In the
1980s it was a riot of shape and colour: branching corals, massive boulders, delicate
plates, all busy with fish, crustaceans and other creatures. The people of the nearby
island fished the outer slopes. Tourists came to snorkel and take photographs. Marine
biologists came to study the richness.

Coral reefs are built by tiny animals that secrete calcium carbonate skeletons. Inside their
tissues live microscopic algae that use sunlight to produce food. The partnership is
delicate. Corals need the algae, and the algae need the corals’ shelter. Both need water
that is clear, relatively low in nutrients, and within a narrow temperature range.

In the 1990s, during a strong El Nifio event, the water around this reef warmed by a few
degrees for several weeks. To a swimmer, it still felt pleasant. To the corals, it was a
serious strain. Under heat, the partnership between coral and algae breaks down. Corals
expel their algae. Without the pigments of the algae, their skeletons show through,
making them look white. This is bleaching. If the heat is brief and other conditions are
good, corals can take up algae again and recover. If the heat lasts too long, many die.

The first bleaching event on this reef was dramatic but limited. Large areas turned
ghostly pale. Newspaper photographs made it look as if the reef had died. In fact, many
of the corals recovered over the following year. Growth rates slowed, some species did
less well, but the overall structure remained recognisable.

Ten years later, another marine heatwave hit. This time, the starting point was different.
The water was, on average, slightly warmer than it had been in the 1990s. There were
more local pressures: more fishing, more sediment from coastal development, more
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pollution from agriculture. The corals bleached again. Recovery was patchier. Some
species that had survived the first event did not survive the second. Areas that had been
dominated by branching corals became dominated by algae or by more robust, but less
intricate, coral forms.

A third event, within another decade, pushed the system further. By now, the intervals
between heatwaves were shorter than the time many corals needed to grow back to their
previous size. The reef’s spare capacity — its store of energy, its bank of healthy adult
colonies — had thinned. Each new hot spell arrived before the last wounds had healed.
The structure began to shift towards a different arrangement: less coral cover, more
algae, fewer hiding places for fish, less attraction for tourists, lower catches for local
tishers.

Marine ecologists describe this kind of change as a move from one stable configuration
to another. A reef can cope with occasional warm years and storms if they are spaced
out and if local conditions support recovery. But repeated heatwaves on a slightly
warmer background, alongside pollution and overfishing, change what grows back after
each setback. At some point, the living limestone scaffolding that once dominated
becomes patchier and is overgrown, and the feedbacks that once favoured corals now
tavour faster-growing algae.

On a different part of the planet, a low-lying city is finding out what gives way first
when water keeps arriving in the “wrong” amounts and at the “wrong” times.

It lies on a wide river near the coast, barely above sea level. For decades, planners and
politicians reassured residents that serious flooding was a “once in a century” event.
There had been a big flood in the 1950s, so, by that reasoning, the city was “safe” for
another fifty years. Levees were built and raised. Wetlands were drained and turned into
housing estates. Businesses moved into low-lying, previously industrial land. Insurance
companies priced policies according to historical data. People bought homes with river
views.

Then, in the space of thirty years, the city experienced three major floods. Each was
described, in the heat of the moment, as unprecedented. Each was followed by reviews
and promises. Each revealed that what had been treated as a firm line — a “100-year
tflood level” — was not firm at all.

A warmer atmosphere holds more water vapour. Storms that used to drop heavy rain
only occasionally now do so more often, and in some regions with greater intensity.
Sea-level rise, driven by warmer water and melting ice, pushes high tides higher. The
city’s own growth has altered the way water moves: concrete and tarmac send rain more
quickly into drains and rivers, while the loss of wetlands reduces storage. A set of
assumptions, based on a cooler, less paved world, no longer matches the behaviour of
the river and the sea.

Hydrologists talk about return periods as a way of expressing the chances of particular
flood heights. Those numbers are only as good as the conditions on which they are
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based. When rainfall patterns change and catchments are hardened, the practical
meaning of “rare” changes too. What fails first, in that mismatch, is often the map in
people’s heads: the belief that a certain wall is high enough, that a certain estate is safe,
that water will stop at a known line on a kerb. Only afterwards do building codes, zoning
laws and insurance practices begin to shift.

The inhabitants of this city are not all responding in the same way. Some lobby for
ever-higher defences: bigger embankments, more pumps, taller barriers. Others argue for
learning to live with high water by keeping some places deliberately open to floods,
restoring old floodplains and turning the most exposed ground into parks, car parks or
fields rather than homes. Developers push back, pointing to sunk costs. Tenants in the
cheapest areas discover that their neighbourhoods are, conveniently, the ones planners
would most like to turn back into storage basins. The river’s reach and the city’s sense of
what is acceptable are now intertwined.

Step back from these three stories and they could easily be pulled into a neat global
slogan. Fach involves heating, each involves human decisions interacting with physical
limits. But they are not copies of one another.

In the valley, what failed first was a pattern of small, cleansing burns. A forest that had
co-evolved with frequent, limited fire was held too still, then lost whole stands in one
leap. In the reef, what failed first was a partnership at the scale of millimetres: the bond
between coral animals and their microscopic lodgers. In the city, what failed first was an
inherited sense of how high water usually comes, built into streets, mortgages and
promises.

What adapts later is also different. On the slopes, foresters and homeowners experiment
with clearing, replanting and, cautiously, reintroducing planned burns. On the reef,
scientists and local fishers try to ease local stress and to protect patches that seem to
cope better with heat, hoping they can seed recovery if wider conditions improve. In the
city, people shift furniture upstairs, councils redraw maps, some neighbourhoods get new
walls while others are quietly marked as places to retreat from in coming decades.

By the end of summer, the Mediterranean valley will bear its new pattern of black
trunks and fresh shoots. Some hillsides will be dotted with hardy shrubs; others will be
smothered in fast-drying grass. Next years fire will run through that mosaic in a
different way again. Standing on one of those slopes at dusk, you can feel under your
boots how decisions about where to build, what to clear and when to let something burn
have shifted the whole system’s working band — the range in which small disturbances
stay small, and in which recovery has room to work. In the reef and the river city, the
equivalent band has been narrowed too: by hotter water and local stress in one case, by
hardened catchments and rising seas in the other. None of these places has a single
tipping-point lever that can simply be pushed back. What they do share is a question that
will run through the rest of this book: when a changing climate squeezes the space
between rigidity and chaos, how do we decide which symmetries to protect, which to
loosen, and how much slack to leave for the next shock rather than the last one?
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8. Institutions Between Rule and Rebel

Imagine a public agency responsible for something unglamorous but important: issuing
business permits, say, or managing social housing repairs.

Over the years, in response to scandals, audits and political pressure, it has accreted rules.
Each time something went wrong — a permit issued incorrectly, a repair mishandled — a
new form was created, a new approval stage added. No one ever removed an old
requirement. The result, decades later, is a process in which even a trivial change to a
shopfront or a request to fix a broken stairwell requires a stack of documents and ten
signatures.

Staff are not stupid. They know when a request is straightforward. They can see that
making a pensioner wait six months for a banister to be repaired is unreasonable. But
they also know that if they bypass the system and something goes wrong, they will be
blamed. Supervisors refer to “due process” and “consistency”’. Computers are
configured so that applications cannot move to the next stage without every box ticked.
Citizens learn that the only way to get anything done is to know someone on the inside
or to kick up a fuss in the media.

From a distance, this looks like order. There are clear procedures. There is
documentation. Everyone knows what the official steps are. Up close, it is closer to
paralysis. The rules, originally designed to prevent unfairness and abuse of power, have
become the main business of the institution. The organisation spends more energy on
compliance with its own processes than on solving the problems it was set up to address.

On the other side of the spectrum is a different kind of failure.

Picture a regulator that, on paper, oversees a sector: perhaps care homes, or building
safety, or financial advice. It has a mission statement, a headquarters, a chief executive
who appears in front of select committees. It also has, after years of budget cuts, very
tew inspectors. Many of those who remain are young and on short-term contracts.
Experienced staff have left for better-paid jobs in the industries they were meant to
oversee.
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There are guidelines on the website, but they are vague. There are rules, but enforcement
is sporadic. Inspections, once regular, are now rare and announced well in advance,
giving those being inspected time to tidy up for the day. Complaints are logged but often
not investigated. Those inside the regulated sector learn that, unless something goes
catastrophically wrong in public, they can largely do as they please. Those outside begin
to lose trust.

Here, the problem is not an excess of procedure but the erosion of routine. The
regulator looks solid from the outside; inside, the practices that would make its authority
real have thinned out. Decisions are taken ad hoc, influenced more by headlines and
political convenience than by stable criteria. Good actors in the sector receive little
support or recognition. Bad actors are rarely sanctioned until the damage is already done.

Institutions like these — over-bureaucratised on the one hand, hollowed-out on the other
— often coexist. Sometimes they are even the same organisation over time, swinging
between patterns in response to crises.

Think of a police force after a scandal.

A video emerges of officers using excessive force. Or a report reveals systemic failures
in investigating serious offences. Public anger rises. Politicians promise change. An
independent review is commissioned. It recommends, among other things, clearer
procedures, better training, stronger oversight. In response, new forms are introduced,
new reporting requirements created, new internal units set up.

For a while, this may improve accountability. Officers who misuse power may be more
likely to be investigated. Communities may feel heard. Over time, though, if the
response is only to add layers rather than to alter deeper culture, a familiar pattern can
emerge. Street-level officers feel second-guessed and buried in paperwork. The most
conscientious spend more time documenting their actions than engaging with people.
Managers, under pressure to show compliance, focus on indicators that can be measured
and reported.

If, in addition, budgets are tight, the result can be a force that is, simultaneously, highly
regulated and strangely ineffective. Response times lengthen. Neighbourhood policing
shrinks. Public trust may not recover. Calls grow for “cutting red tape” and “letting
officers get on with the job”, and the system drifts back towards a looser, less
accountable form. The tension between rule and judgement is never resolved; it is
simply pulled first one way and then the other.

School inspection regimes in many countries have seen similar oscillations in institutional
form.

There are periods when inspection is light-touch. Inspectors visit rarely, reports are
gentle, schools are largely left to their own devices. During such times, some schools
flourish, innovating and responding to their communities. Others coast or decline,
shielded by a lack of scrutiny. Then a scandal or a slide in test scores prompts a swing, A
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new framework is introduced. Inspections become more frequent and more high-stakes.
Labels like “outstanding” and “inadequate” are attached, with real consequences for
reputations and leadership careers.

Teachers and heads, who may have welcomed some external reflection, find themselves
teaching to the inspection. Lessons are planned not for learning but for what inspectors
are known to want to see. Extra resources are poured into appearance: polished
“learning walks”, glossy data reports. The everyday work of helping children learn is
squeezed into the corners. After a while, people burn out. Recruitment suffers. Criticism
grows that the system has become punitive and mechanical, and the pendulum begins to
move again.

Across these examples runs a common thread: institutions live not just in buildings and
statutes but in routines, authorisations and the stories people tell about them. Formal
structure and lived practice can reinforce one another or drift apart.

Organisational theorists sometimes distinguish between the visible diagram and the
hidden wiring. The visible diagram is the organogram, the published procedures, the
policy manuals. The hidden wiring is the web of informal understandings through which
things actually happen: who can phone whom, which forms can be quietly shortened,
what kinds of complaint are genuinely taken seriously. Both layers matter. Too much
faith in the diagram alone can make an institution slow and brittle. Too much reliance on
hidden wiring can make it opaque and unfair.

Universities offer another familiar setting.

In one department, every new course proposal must pass through five committees. Each
has slightly different membership, each requests changes, none quite has the power to
say “yes” definitively. The process can take two years. In that time, the field may have
moved on. Academics learn to avoid proposing anything too novel, or to re-label old
courses with new titles to satisfy the appetite for change without altering content.

In another institution, there are almost no shared structures. Individual professors can
teach what they like, assessing as they see fit. There is little coordination between
modules, and no one holds a coherent picture of what students experience over their
degree. Complaints are handled case by case. Students do not know what standards to
expect, and weaker ones fall through the gaps.

Neither form serves the underlying purposes of a university well. One chokes curiosity
with process; the other risks incoherence and partiality. Departments that feel alive tend
to have regular, purposeful meetings where curricula are discussed, not just
rubber-stamped. They have agreed mechanisms for feedback and review. They also allow
space for individuals to try new approaches without excessive bureaucracy, so long as
basic standards and fairness are preserved.

Charities and NGOs face related dilemmas, sharpened by funding and legitimacy
pressures.
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A small housing-rights organisation may begin as a loose collective of activists and
lawyers. Decisions are made in meetings, often late at night, with everyone chipping in.
The informality allows quick responses and fosters solidarity. As the organisation grows,
takes on staff, and receives grants, funders ask for formal governance: a board, policies,
audits. Procedures for safeguarding, for financial control, for recruitment must be
written.

Handled well, this can support the mission by making it more transparent and
accountable. Handled badly, it can create a split between “management” and “front-line
staff”. Managers spend most of their time reporting upwards; caseworkers feel hemmed
in by forms that seem designed to satisfy distant donors rather than local needs. If the
charity responds by ignoring formal requirements, it risks scandal or the loss of funding,
If it responds by turning itself into a small bureaucracy, it risks losing the trust of the
people it was founded to serve. Its authority, in other words, depends both on compliant
paperwork and on continued grassroots legitimacy.

The Covid-19 pandemic offered a harsh test of institutional form.

In many countries, after earlier outbreaks such as SARS and HINI1, contingency plans
had been written. There were documents outlining how to respond to a respiratory
pandemic: how to stockpile protective equipment, how to ramp up testing, how to
coordinate between hospitals, public health agencies, schools and businesses. Those
plans often sat in files, occasionally updated, rarely rehearsed.

When SARS-CoV-2 began to spread, some of those plans proved usable: lines of
responsibility were clear, stockpiles existed, drills had been run, and the written
procedures connected to actual capacity on the ground. In other places, plans read well
but turned out to be more ceremonial than practical. Warehouses were empty.
Information systems could not talk to one another. Committees overlapped. Ministries
and regions argued over who had the right to decide. The chart and the reality had
drifted apart.

Seen through dynamic symmetry theory, the issue here is not simply “too much order”
or “too much chaos”. It is whether the official shape of an institution can bend without
snapping, and whether there is still enough shared belief in its fairness and competence
tfor people to follow its lead under stress.

Universities, regulators, police forces, inspection bodies and charities all have to make
choices about where they locate authority and how much room they leave for informed
disobedience. If every deviation from the script is punished, institutions may avoid
certain scandals but become clumsy and cruel. If any rule can be set aside whenever it is
inconvenient, they may be nimble in the short term but drift towards arbitrariness and
favouritism.

Return to that housing repairs office.
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On a rainy Tuesday afternoon, an eldetly tenant comes in with photographs of a broken
stair rail. The official procedure requires a survey, an entry in three separate systems, and
sign-off from a manager who is only in on Thursdays. The clerk behind the desk knows
that, if the rail fails and someone falls, the agency will be blamed. They also know that,
if they quietly phone a trusted contractor and get it fixed within the week, they will
technically have breached protocol.

The institution’s character lives in what happens next: whether the clerk feels able to
exercise judgement, whether their manager backs them if questioned, whether the form
is later adjusted to match the practice, or whether everyone concludes that it is safer to
let the paperwork run and to hope the stair holds.
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9. How We Got Here: Chaos, Complexity and Criticality

The story so far has been told from the ground up: bodies in hospital beds, minds under
pressure, families at the table, crowds on the move, markets and ecosystems edging
towards failure. Behind those scenes lies another story, told in notebooks, lecture halls
and computer rooms, about how scientists began to realise that many systems behave
strangely when they sit between order and disorder. It runs from celestial mechanics and
early computers through sandpiles and neural models to the language that later chapters
quietly draw on.

From celestial mechanics to chaos

In the late nineteenth century, Henri Poincaré entered a competition set by the King of
Sweden and Norway. The task was to make progress on the “three-body problem”:
predicting the motion of three celestial bodies, such as the Sun, Earth and Moon,
interacting through gravity. Two bodies were already hard enough, but their orbits could
at least be expressed neatly. Three made the equations more complicated. It seemed, at
first, like a technical challenge: sharpen the tools, grind through the algebra, and a
solution would appear.

Poincaré began in that spirit. He wrote down differential equations describing the
gravitational pull between the bodies and looked for conserved quantities that would
make the problem tractable. Then something odd appeared. He realised that the system’s
behaviour was far more sensitive to initial conditions than anyone had guessed. Tiny
differences in starting positions or velocities could produce very different paths over
time. In phase space — the space of possible positions and momenta — trajectories folded
around one another in intricate ways.

The later story often compresses this into a simple line in which Poincaré “discovers
chaos”. In reality, the recognition was slower and more technical. He saw that some
systems with clear equations could be bounded yet unpredictable, and that near certain
configurations the geometry of their trajectories was tangled in ways that resisted
closed-form solutions. The vocabulary of “chaos theory” did not yet exist. His findings
sat, for decades, as a kind of buried seed that would be rediscovered when computers
arrived.
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Weather, computers and the butterfly effect

The next act opens in a very different setting: a small office in Massachusetts in the
1960s, where Edward Lorenz was running weather simulations on a primitive computer.

Lorenz was trying to understand how small changes in atmospheric conditions might
affect forecasts. He programmed a set of equations describing convection — the way
warm air rises, cools and sinks — and used them to generate simplified weather patterns.
One day, wanting to revisit a particular run, he typed in initial conditions taken from a
print-out. To save time, he rounded the numbers to three decimal places instead of six.
He expected the new run to produce a similar pattern.

At first, it did. But as the printer chattered away, the sequence began to diverge from the
eatlier run. The two traces, identical for a while, wandered off in different directions.
Lorenz realised that rounding those initial numbers — changes far below any realistic
measurement accuracy — had completely altered the long-term evolution of the model.

This sensitivity to initial conditions later became famous as the “butterfly effect”: the
image of a butterfly flapping its wings in Brazil influencing the formation of a tornado
in Texas. The metaphor leapt far beyond its origin, but Lorenz’s core point was precise.
Some systems, even when governed by deterministic equations, do not lend themselves
to long-range prediction in the way earlier physics had encouraged people to expect.
Their trajectories are drawn towards complex shapes — later called strange attractors —
where they roam forever without repeating exactly.

In such models, there are parameter regions in which solutions settle into fixed points or
simple cycles, and others in which they become aperiodic but structured. The boundary
between those regimes is not a crisp line on a classroom diagram; it is a region where
behaviour changes character as parameters are tuned. While Lorenz was exploring
weather, others were discovering similar routes from regular to irregular behaviour in
dripping taps, lasers, chemical reactions and electronic circuits. Simple systems could,
under the right conditions, produce patterns that were neither straightforwardly periodic
nor obviously random.

Sandpiles, avalanches and critical states

In the late 1980s, the Danish physicist Per Bak and his colleagues Chao Tang and Kurt
Wiesenfeld added a different idea to the mix. Rather than focusing on sensitivity to
initial conditions, they asked how systems driven from the outside might organise
themselves.

Their toy model was deliberately stark. Imagine dropping grains of sand, one by one,
onto a pile. At first, they form a small heap. As more grains are added, the pile grows
steeper. At some point, adding a grain causes a small avalanche: a few grains tumble
down. Occasionally, a larger slide happens, reshaping the heap. Bak and colleagues
implemented an idealised version of this on a computer: a grid of sites with “heights”,
grains added at random, and a simple toppling rule when local height exceeded a

threshold.
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After a while, the system settled into a state where avalanches of many sizes occurred.
Small topplings were common; larger cascades were rarer, but not vanishingly so. The
distribution of event sizes followed a characteristic heavy-tailed form. The claim was
that the system had self-organised into a critical state, without anyone adjusting a knob
trom outside.

The attraction of this picture was that it seemed to echo other patterns: many small
earthquakes and a few large ones, frequent tiny price moves and occasional crashes,
small and large forest fires. The suggestion was that certain systems might naturally
hover near points where stored tension is continually being released in events of varying
scale. The sandpile itself was a caricature, and not every power law in nature comes from
self-organised criticality, but the model sharpened the question of why some systems
seem to live close to the edge of large cascades.

Networks at the edge of order and disorder

While Bak was thinking in terms of grains and avalanches, Stuart Kauffman, an
American theoretical biologist, turned to networks that were meant to stand in for genes,
cells or ideas.

His main tool was the random Boolean network: a collection of nodes, each in one of
two states, connected to one another with simple rules for updating. At each tick of an
abstract clock, every node’s new state depended on a fixed number of inputs from other
nodes. Starting from some configuration, the system evolved step by step.

Kauffman found that when each node depended on very few others, activity tended to
die down or fall into short, repeating patterns. When each node depended on many
others, small changes spread swiftly and unpredictably. Between these extremes, at
intermediate connectivity, the networks displayed a mixture of persistence and novelty.
Perturbations neither died out instantly nor scrambled the whole system. Kauffman
described this as operating “on the edge of chaos” and suggested that living systems
might have evolved to sit in such regimes, where they could both maintain form and
explore new combinations.

Around the same time, researchers at the Santa Fe Institute and elsewhere explored
related ideas using cellular automata: grids of cells with local update rules. John
Conway’s “Game of Life” had already shown that simple local rules could produce
moving, interacting structures. Chris Langton introduced a parameter to track how active
a rule was and argued that the most interesting automata — those that seemed able to
transmit and transform information — sat near transitions between very ordered and very
disordered behaviour. Stephen Wolfram later classified cellular automata into broad
behavioural classes, again with a special interest in those sitting between frozen and
explosive patterns.

The phrase “edge of chaos”, which gives this book its title, grew out of this period. In
its original technical usage, it referred to regions of parameter space in which model
systems exhibited complex, structured behaviour that was neither obviously periodic nor
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wholly irregular. Outside specialist circles, it quickly acquired metaphorical uses in
management, design and the arts. The danger was that the phrase could become a slogan
detached from the modest but real claims of the underlying work.

Towards complexity and criticality

By the late twentieth century, “chaos” and “complexity” had become umbrella terms for
a cluster of ideas and tools rather than a single unified theory. They covered sensitive
dependence on initial conditions, fractal structures, power-law distributions, network
dynamics and more. Institutions such as the Santa Fe Institute hosted conversations
between physicists, biologists, economists and computer scientists about adaptation,
emergence and information flow in systems made of many interacting parts.

The focus, in much of this work, was on general properties: how feedbacks can stabilise
or destabilise behaviour, how structure can arise without a central controller, how flows
of matter, energy or information can push systems towards certain regimes. Criticality —
the behaviour of systems at or near phase transitions — was one common thread. Near
melting points, magnetic reversals or percolation thresholds, simple materials show large
fluctuations and long-range correlations. The question was whether living and social
systems ever sit in analogous regimes, and if so, why.

Attempts were made to connect these ideas back to concrete domains. Ecologists
analysed fire histories and argued that some forests behave as if they are kept close to
critical states by lightning strikes, fuel build-up and management decisions.
Neuroscientists examined patterns of brain activity and looked for signatures of
“neuronal avalanches” that might indicate operation near a critical point where the brain
can switch flexibly between states. Financial researchers studied heavy-tailed
distributions of price changes and the clustering of volatility. Not all such projects
converged, but together they marked a shift from treating complex behaviour as an
exception to treating it as something to be expected in many-component, feedback-rich
systems.

What this history did not do, at least at first, was give an everyday vocabulary for
noticing similar structures across very different fields without forcing them into the
same equation. Much of the early literature remained technical or schematic: differential
equations, idealised grids, random networks. That was its strength and its limitation.

A hinge towards practice

Dynamic symmetry theory grows out of this background but takes a slightly different
path. Rather than starting from models and asking where interesting behaviour appears
as parameters are tuned, it starts from concrete systems — hearts, hospitals, protest
movements, markets, climate subsystems — and asks, in each case, what plays the role of
stabilising process, what plays the role of exploratory or fluctuating process, and how
those are linked across scales. The “edge” in this telling is not just a point on a dial; it is a
moving, often narrow region in which those processes remain coupled closely enough
for the system to stay both coherent and able to change.
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The formal development of that framework sits mostly offstage in this book. What
matters for the chapters that follow is that the language of edges, bands and
near-symmetries did not spring from nowhere. It is the latest step in a line that runs
from Poincaré’s phase-space sketches and Lorenz’s printer trails through sandpiles,
Boolean networks and cellular automata to present-day attempts to understand how
complex systems hold together.

If you were to pick a single hinge in that story, it would not be a slogan but a shift in
attitude: from treating irregular, hard-to-predict behaviour as a nuisance to be averaged
away, to treating it as a clue that a system is operating in a distinctive regime. The rest of
this book takes that shift seriously and asks what follows when you look at familiar
domains through that longer history, not to declare everything “chaotic”; but to see
where near-critical behaviour is doing work in the ordinary world.

'/ Uronus
9
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10. Naming the Pattern — Dynamic Symmetry and Edge Theory
By now the pattern should feel familiar, even if we have not yet given it a formal name.

We have watched a man in intensive care whose survival depended on keeping blood
pressure and oxygen within workable ranges, neither too low nor too high, while his
body fought infection. That kind of scene — a system being held within a narrow but
shifting band — will be our reference point here. This chapter is about naming what is
going on in such cases, and saying why it deserves to be treated as more than a loose
metaphor.

The word I use for it is symmetry — not in the static sense of a perfect snowflake or a
mirrored face, but in a dynamic sense: an active balance between forces that hold a
system together and forces that push it to explore. The theory built around this idea is
what I call dynamic symmetry theory. Throughout the rest of the book, I will usually use
a shorter phrase: Edge theory.

Edge theory treats this balance as more than a metaphor. It proposes that in many
systems there are identifiable classes of stabilising processes and identifiable classes of
exploratory processes, and that the way these processes are coupled matters. Changes in
those couplings can mark the approach to, and crossing of, important thresholds. The
theory is offered as a framework for noticing and organising such patterns, not as a
single master equation that explains everything,

Why talk about symmetry at all?

In everyday life, symmetry usually means sameness: two sides of a shape that match, a
sequence that repeats. In physics and mathematics, it has a broader meaning: a system
has a symmetry if certain transformations leave something important unchanged. A
square looks the same if you rotate it by ninety degrees. The laws of motion work the
same today as they did yesterday. These are symmetries in time and space.

Dynamic symmetry theory borrows that word and stretches it. The “transformations”
that matter here are not rotations or reflections but the pull of different tendencies in a
system. One tendency is towards order: keeping things in place, making behaviour
reliable, enforcing rules, consolidating gains. The other is towards exploration: allowing

57



variation, trying new options, tolerating small failures, testing boundaries. A system
shows dynamic symmetry, in this sense, when these tendencies are both present and
neither fully dominates for long.

A worked example: heart-rate variability

Think of the heart-rate variability we met in Chapter 2. A heart that beats too regulatrly,
with almost no variation between intervals, is worrying, It suggests that one branch of
the nervous system is dominating, that the heart has lost some responsiveness. A heart
that is wildly irregular is also worrying. Somewhere between metronome and noise lies a
range in which the heart beats steadily enough to move blood efficiently, but with
enough variation to respond smoothly to breath, posture and thought.

In that example, stabilising processes include the pacemaker cells and regulatory circuits
that keep the rhythm broadly on track. Exploratory processes include the
moment-to-moment modulations from breathing, baroreceptors, and the shifting
influence of sympathetic and parasympathetic nerves. Dynamic symmetry here is not a
single “ideal” number on a watch; it is the way those two classes of influence remain
coupled. When they are linked, the signal shows a recognisable pattern with small,
meaningful fluctuations. When coupling weakens — because one branch of the nervous
system overwhelms the other, or because disease has dulled the heart’s responsiveness —
the trace becomes either too flat or too erratic, and clinical risk rises.

That is the kind of structure Edge theory is interested in: not just that there is a middle
zone between extremes, but that this zone can be described in terms of paired processes
that hold and perturb, and in terms of the signatures they leave in data.

What dynamic symmetry is — and is not

Dynamic symmetry theory adds two main claims to the examples from earlier chapters.

First, it treats the paired tendencies — order and exploration, constraint and freedom,
structure and variation — as co-essential. They are not optional extras. A body without
stabilising regulation is as dead as one without variability. A mind without habits cannot
function; a mind without flexibility cannot learn. An institution with no rules is not
liberating but capricious; an institution with only rules is not just but deadening. In each
case, what matters is not one side or the other in isolation, but how they meet.

Second, it emphasises that the symmetry is dynamic. It is not a matter of finding one
magic ratio and freezing it. The “right” mix depends on context and changes over time.
The heart’s working arrangement shifts between rest and exertion, youth and age. A
healthy nervous system will tug it towards different zones as needed. A market’s useful
level of volatility differs between quiet periods and times of rapid technological change.
A forest’s fire regime will change with climate, species composition and human
settlement. Stability, in this view, is something done and redone, not a fixed setting.
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From models to questions

In practice, the theory turns into a set of questions you can ask of almost any system:

— What are its stabilising forces? What keeps it together: feedback loops, rules,
hormones, norms, architectures?

— What are its exploratory forces? What makes it vary: noise, experiments, mutations,
innovations, dissent?

— How are those forces coupled? Do they constrain and enrich one another, or does one
side effectively ignore the other?

— Where do the main thresholds lie? What tends to fail first when the balance slips, and
what adapts later if there is time?

Answering these questions does not require you to accept every technical extension of
the theory. In a hospital, they might translate into asking how staffing protocols interact
with demand spikes, and which indicators give reliable early warning of trouble. In
regulation, they might become questions about how far rules are enforced, how much
room is left for informed discretion, and who notices when a sector becomes either
over-tightened or dangerously lax. In personal decision-making, they might guide you to
look at which habits genuinely support you and where you have left yourself no room to
manoeuvre.

An invitation rather than a slogan

Edge theory is, in that sense, a proposal about where to pay attention. It says that in
many domains the most revealing places to look are not at the extremes but in the zones
where stabilising and exploratory forces are still linked but under strain, and that those
zones can often be seen, directly or indirectly, in data and experience.

The chapters that follow test that proposal in more specialised settings: in how we look
at data, in brains and learning, in sport and organisations, in politics, technology and
personal decisions. The invitation is simple: treat dynamic symmetry as a hypothesis
about how real systems hold together, and see where it helps and where it fails, rather
than as a banner to march under.
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11. Seeing Edges in Data Without Losing the Plot

Edge theory in this book began with scenes and stories: bodies on ventilators, markets in
a frenzy, forests primed for fire. So far, you have mostly had to trust your intuition: “Yes,
that does feel like a system that is too tight,” or, “That sounds like one that has gone
slack.” At some point, though, if this way of thinking is to earn its keep, it has to face a
harder question: can we see edges in data, not just in metaphors?

The answer is “yes, sometimes — but carefully.” This chapter is about what “carefully”
means.

When numbers clarify — and when they mislead

Start with something familiar and simple: a runner’s training log.
g p g 10g

She is in her thirties, training for a marathon. On her kitchen table is a notebook — of,
more likely these days, an app — with entries for each day: distance, pace, perceived
effort, hours of sleep, resting heart rate. If she is keen, there may also be a number
representing heart-rate variability: the tiny fluctuations in the time between one beat and
the next when she is at rest.

At first she just notes these things. After a few weeks, patterns emerge. On mornings
after hard interval sessions, her legs feel heavy and her resting heart rate is a little higher.
When she has slept badly for three nights, her variability number drops. On days when
she feels surprisingly good, the number is often a little higher than usual. Her best long
runs — the ones where she finishes tired but not wrecked — tend to cluster around weeks
where mileage has risen modestly and where the variability figure has stayed in its
normal band.

Without doing any statistics, she is already combining two kinds of information. Her
average weekly load, typical paces and resting heart rate tell her roughly how much strain
she is putting on her system and what she can normally handle. The way those numbers
move from day to day, and the amount of fluctuation between heartbeats, tell her how
she is coping with that load and how much room she has left.

If all she had were the first kind — a single resting heart rate, say, or an average pace —
she would miss important changes. A resting heart rate of 55 beats per minute can be
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fine in a well-rested athlete and worrying in one who is constantly exhausted and
showing no variation. If all she had were the second — wild swings in variability with no
sense of the underlying training — she would also struggle. The art lies in pairing them.

You can imagine, as a thought experiment, drawing a small map for each week: on one
axis, an indicator of load; on the other, an indicator of how lively her response is. Weeks
with low load and low variability might be “under-trained and flat”; weeks with high load
and collapsing variability, “over-reached”; weeks with moderate to high load and healthy
variability, “near a good edge”. That habit of putting a measure of structure and a
measure of fluctuation side by side is the spirit of what I later call a Dynamic Symmetry
Index.

The phrase sounds grander than it needs to. Think of it, for now, not as a single magic
number, but as a reminder: whenever you look at data from a system, ask yourself,
“What here tells me about the baseline?” and “What here tells me about how that
baseline movesr”

Hospitals and slack

Hospitals, for example, routinely collect occupancy data: how many beds are filled on
each ward, how often patients have to be diverted elsewhere, how long people wait in
emergency departments. During calm periods, occupancy may hover around, say, 80 per
cent. There is some noise — Mondays are busier, weekends quieter — but the pattern is
fairly stable. During crises, occupancy may spike into the nineties and stay there. The
wiggle in the line shrinks. Every bed is used, all the time. Small surges in demand have
nowhere to go.

From a traditional management perspective, high occupancy looks efficient. Empty beds
cost money. From an Edge-aware perspective, consistently high occupancy is a warning
sign. The level is high, but the hospital has lost slack. A hospital working near a useful
edge will show solid occupancy with some breathing space, plus visible swings that show
it can respond to an outbreak, a bad winter, or a pile-up on the motorway. A hospital
running flat out with no give in the system is exposed.

You could, again conceptually, sketch two traces from the same ward: a long-term
average occupancy and a measure of how often escalation measures are triggered — extra
staff called in, elective surgeries postponed, short-stay areas opened. When the first
creeps up and the second shows constant strain, you are edging towards trouble. That
pairing — one eye on load, one on room to manoeuvre — is the sort of picture Edge
theory has in mind.

Rivers, thythms and extremes

Rivers tell related stories.

Hydrologists keep records of river flows: how many cubic metres of water pass a given
point per second. Over decades, those records show seasonal rhythms — higher in winter
and spring, lower in summer — and the size and spacing of floods and droughts.
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Imagine a river in a temperate region whose flow record, for much of the twentieth
century, looked like a set of gentle waves: regular ups and downs around a fairly stable
average, with occasional larger floods every couple of decades. Then, in recent decades,
the average has shifted and the extremes have changed. Winter peaks are higher and
more frequent. Summer lows are lower. The timing is less predictable.

If you only look at the long-term mean, you might shrug and say, “The average has only
changed a little.” If you fixate only on one spectacular flood, you might treat it as a freak
event. Looking at the two together — how the typical year has changed, and how the
swings around that typical year have altered — gives you a better sense of how close
settlements along its banks now sit to the limits of their drainage, levees and buildings. It
is not that Edge theory introduces entirely new tools here; it is that it insists on reading
level and movement together.

Neural data and financial data

Other fields already do this kind of pairing, even if they use different language.

Neuroscientists recording electrical activity from the brain can look at how strongly
different regions pulse together, and at how rich the repertoire of patterns is over time.
Healthy awake brains show a mixture of coordination and independence: some regions
firing in step, others doing their own thing, patterns forming and dissolving. States such
as deep sleep, anaesthesia or certain seizures can show either excessive regularity across
large areas or disorganised firing that never seems to settle. Measures of signal
“complexity” — in effect, how structured and varied the patterns are — are attempts to
capture when a brain is in a regime that can support flexible awareness and when it is
not.

Markets offer similar examples. Traders and regulators track how much prices move
from day to day, how tightly different assets move together, and how quickly systems
bounce back after shocks. Long periods of small, tightly correlated moves can be as
troubling as weeks of wild swings: in one case, risk is being quietly built into fragile
structures; in the other, it is being expressed so strongly that planning becomes hard.
Again, the interesting question is not “how big is this one number?” but “what does this
set of numbers say about both current strain and the room left to adjust?”

What composite indices can and cannot do

From examples like these comes the temptation to build composite indices. You choose
one measure that captures something about how organised or loaded a system is, and
another that captures something about how richly it fluctuates, and you combine them.
A high score might mean “busy but still responsive”; a low score might mean “slack and
flat” or “overstretched and brittle”.

It is an appealing idea, and in some domains it is worth pursuing. In intensive-care
medicine, pairing a measure of heart-beat regularity with a measure of micro-variation
can give more information than either alone. In climatology, pairing a measure of
average conditions with a measure of extremes can clarify how a region is changing. In
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organisational settings, pairing workload with indicators of adaptation — staff turnover,
error rates, reported near-misses — may highlight departments that look fine on headline
numbers but are, in fact, at their limits.

The pitfalls are real, though. Different systems have different relevant quantities. A
hospital, a forest and an online platform do not share a natural pair of metrics. Trying to
force them into a single universal score would flatten the very diversity that the theory is
meant to respect. Inside a single system, averages can hide splits: one part dangerously
overloaded, another underused, producing a comforting middle. Once a number is tied
to targets or funding, people naturally game it, sometimes by suppressing the variation
that made it useful in the first place.

This is why I do not offer you a single “Edge score”. The Dynamic Symmetry Index
(DSI), as I use the term, is less a fixed product than a pattern of thinking:

— pick a quantity that reflects the system’s ongoing commitments or structure;
— pick a quantity that reflects how those commitments are being modulated or stretched;

— watch how the pair move over time, especially as you approach the limits of safe
operation.

Seeing edges without worshipping the metric

If you are a hospital manager, the Edge-aware question is not “What is our DSI?” but
“Which of our existing measures actually tell us how close we are to losing the ability to
respond?” and “Are we tracking both baseline load and how quickly we can flex when
something unexpected happens?”

If you are a coach, it is “Does this athlete’s record tell us both how much work they are
doing and how their body is coping with that work?” If you are a river engineer or a city
planner, it is “Do we know not only the typical flows and levels, but how long it now
takes for the system to return to something like normal after a major event?”

In later chapters, when we turn to brains, education, organisations and technology, we
will see more concrete attempts to build and test such paired measures. The details will
differ by domain. The underlying question will not: in this system, at this time, what
should we measure if we want to know whether we are still close to a workable edge, or
already drifting past it?

And if, one winter, your dashboard says “green” while the nurses are telling you they are
drowning, believe the nurses.
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12. Brains on the Edge — Networks, Noise and Insight
The first sign is a twitch in his right hand.

He is lying on a trolley in the corridor outside the imaging suite, hospital gown gaping at
the back, EEG electrodes taped awkwardly to his scalp. His wife is sitting in a plastic
chair, scrolling through messages she will not remember later. The registrar has just
stepped away to answer a bleep when the nurse sees his fingers begin to beat out a small,
rapid thythm on the sheet.

On the monitor above his head, the EEG trace tightens. What, a minute ago, was a
restless scribble of overlapping lines — different regions of cortex firing in their own
loose, complicated ways — begins to snap into something more uniform. The waves
grow higher, more regular, marching across the screen in near-synchrony. The twitch
spreads from hand to forearm, from forearm to shoulder, then jumps the midline. His
tace pulls, his torso stiffens. Somewhere deep in his temporal lobe, a pocket of tissue has
begun to fire in pathological lockstep, dragging neighbouring neurons into its rhythm.

To clinicians, this is a familiar sight: the onset of a generalised seizure. To an
Edge-theory eye, it is one of the clearest examples we have of what happens when a
complex network is dragged out of its useful regime into runaway order.

A healthy brain is not quiet. Even at rest, billions of neurons chatter to one another
across a network that spans cortex, thalamus, brainstem and cerebellum. The resulting
electrical activity, when picked up by EEG, looks messy: waves at different frequencies
waxing and waning, small bursts of alignment riding on a background of
desynchronised noise. When you open your eyes, some rhythms damp down, others
sharpen. When you listen to a piece of music, certain regions show brief pulses of
coordinated firing; when you fall asleep, slow waves roll across the cortex in broad
sweeps.

In a seizure, that layered pattern is replaced, for a time, by something much simpler.
Large populations of neurons start firing together, in near-perfect lockstep, producing
high-amplitude, rhythmic waves on EEG. On the ward, staff sometimes talk of
“storms” in the brain, but the closer picture is a kind of pathological chanting: too many
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voices saying the same thing at once, too loudly, leaving no room for normal
conversation.

Modern work on epilepsy has begun to describe this in terms of changing network
dynamics. In some patients, the minutes and hours before a seizure show subtle shifts:
fluctuations in activity become less balanced, recovery from small perturbations slows,
certain connections become more tightly coupled. The tissue moves into a regime where
a small extra input can tip local circuits into widespread, self-sustaining synchrony.
Clinically, the change is sudden; in the underlying activity, it has been building,

Deep anaesthesia offers a different way for the brain to leave its usual operating zone.

Imagine an operating theatre just after induction. The anaesthetist has pushed propofol
or another agent through the cannula. The patient’s eyelids droop. Within seconds, their
responses to voice fade, then disappear. On the monitor, the EEG trace simplifies.
Instead of the intricate background of wakefulness, slow waves dominate. In some
regimes, the cortex shows large, regular oscillations; in others, brief bursts of activity are
separated by flatter stretches where little happens.

To an inexperienced eye, the brain might look “busy” — the waves are large, the trace
emphatic. When researchers quantify how compressible the signal is, or how many
distinct patterns of coordination appear over time, they find a different story. Deep
anaesthesia, dreamless sleep and some forms of coma are associated with marked drops
in signal complexity. Patterns become more repetitive, less differentiated. Regions may
still be coupled, but in a blunt way: huge territories of cortex locked into the same slow
rhythm, repeating,

Both these scenes — the seizure with its fast, violent regularity and the anaesthetised
brain with its slow, muffling sweeps — show brains pulled away from ordinary waking
function into different kinds of excessive order. In one, local runaway excitation recruits
the rest of the network in a kind of drumbeat. In the other, global pharmacological
effects damp responsiveness and impose broad oscillations. Conscious experience, in
both cases, is compromised, but by different routes.

Wakefulness, by contrast, sits in a narrower and more delicate zone.

In healthy awake brains, recordings reveal a mixture of integration and separation. Some
regions fire together in recognisable networks — those involved in attention, in sensory
processing, in self-related thought. Others remain more independent. Patterns of
connectivity form and dissolve as tasks change. A brief visual stimulus or a question can
trigger cascades of activity that spread across distant areas, branch, and then die away.
The resulting signal is neither perfectly regular nor shapeless; it has structure without
getting stuck.

One line of research makes this contrast vivid by giving the brain a small push and
watching what happens. In some experiments, a brief magnetic pulse is delivered to the
cortex while EEG records the response. In an awake, conscious person, the pulse
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produces a complex pattern that travels through multiple regions, looping and fading
over hundreds of milliseconds. The spread is neither purely local nor completely global,
and the pattern is hard to compress into a simple, repeating motif. Under deep
anaesthesia or in certain vegetative states, the same pulse produces a more limited,
stereotyped response that remains near the stimulation site or returns in a simple echo.

These differences can be summarised by measures that capture both how widespread
and how differentiated the response is. Brains that support rich conscious experience
seem to occupy regimes where a local event can influence distant regions without either
fizzling out instantly or flooding the whole network. Brains in deep unconscious states,
or in the grip of certain seizures, no longer show that combination.

Noise, in this picture, is not just interference. Neurons fire probabilistically; synapses
sometimes transmit, sometimes fail; ongoing background activity adds fluctuations
everywhere. Modest amounts of this neural noise turn out to be useful. In models of
sensory systems, a bit of randomness can help weak signals cross thresholds. In learning
systems, noise can prevent networks from getting trapped in poor solutions, nudging
them to explore alternatives.

Too little background variation, and networks can fall into rigid loops, repeating the
same patterns regardless of input. Too much, and signals cannot be maintained long
enough to guide perception or action. In epilepsy, local circuits lose the ability to use
noise and inhibition to break up pathological waves, and large-scale order takes over. In
deep anaesthesia, widespread drug effects suppress responsiveness so thoroughly that
even noise cannot kick the system into richer patterns.

Other brain states shift the balance in different ways again.

Psychedelic drugs such as LSD and psilocybin, given in controlled settings, alter
perception and thought without causing loss of consciousness. People report intensified
colours, unusual associations, changes in how they experience their own boundaries.
Imaging studies suggest that under these substances, some higher-level networks,
especially those involved in self-representation and default-mode processing, become
less tightly bound, while communication between areas that are usually more separate
increases. Statistical measures often show higher signal entropy and altered connectivity
patterns.

The result is neither simple order nor simple noise. Parts of the usual large-scale
organisation loosen; new paths for activity open up. For some, this relaxation of habitual
patterns can feel liberating or insightful; for others, or at high doses, it can be
overwhelming. In terms of network behaviour, the system is being nudged towards more
exploration without fully losing coordination.

Coma and severe brain injury present a starker contrast. In many such cases, complexity
measures drop, both locally and across the network. EEG may show slow, relatively
featureless rhythms or low-amplitude activity. Different regions fail to coordinate in rich
ways. Clinically, patients may show only reflex movements or none at all. In these states,
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the brain no longer sustains the patterns that, in other conditions, support a continuous
subjective world.

Across these cases — seizure, anaesthesia, wakefulness, psychedelic alteration, coma — the
differences are not well captured by a single slider marked “more active” or “less active”.
What changes is how activity is organised:

e In seizures, activity becomes too uniform in the wrong places, silencing normal
diversity of patterns.

e In deep anaesthesia, activity is strongly damped and corralled into broad,
repetitive waves.

e In ordinary wakefulness, many distinct configurations of activity can arise and
interact without the system flying apart.

e Under psychedelics, some entrenched patterns loosen and unfamiliar
combinations appear, while much basic function remains.

e In coma, both integration and differentiation are severely reduced.

Dynamic symmetry theory takes these contrasts as a neural instance of its wider theme.
It is not that the brain must always sit exactly at some abstract “critical point”. Rather,
healthy function seems to require a moving balance in which stabilising features —
inhibitory circuits, recurrent connections, large-scale networks — and exploratory features
— noise, plasticity, variable coupling — remain linked. When that balance is lost in
particular circuits or across the whole organ, the kinds of experience and behaviour the
brain can support change or disappear.

For clinicians, this is less about equations than about what to look for. The epileptologist
wants to recognise when a patient’s networks are hovering near patterns from which a
seizure can easily be triggered. The anaesthetist wants monitors that reflect not just the
presence of slow waves but the loss and return of richer responses. Researchers
designing brain-computer interfaces or therapies using psychedelics want ways to tell
when they have opened helpful flexibility without dissolving necessary structure.

The practical question, in each case, is the same: in this particular brain, at this particular
moment, what patterns of coordination and fluctuation should we measure if we want
to know whether it is still working in the narrow band that supports a conscious,
coherent point of view, or has already slipped away from it?
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13. Learning, Teaching and the Edge of Understanding

When the last pupil had gone, Anna shut the classroom door and sat down at one of the
desks. The Year 10 physics class had just filed out in a silence that was not respect but
relief. At the front of the room, the smartboard still showed the day’s objectives, neatly
bullet-pointed. On the back wall, a revision schedule mapped every lesson to an exam
specification code. In her mark book, every test had been recorded, colour-coded,
tracked.

And yet, when she looked at the latest assessment, her pupils’ answers read like they had
been copied from a stranger’s notes. Definitions were recited, formulas quoted, but
when a question twisted the context even slightly — a new example of energy transfer, a
circuit drawn at a different angle — the class stumbled. The boy at the back who finished
every worksheet early was visibly bored; the quiet girl by the window had stared at the
same page for twenty minutes. At parents’ evening, the phrase she heard most often was,
“He doesn’t really get it, but he’s trying to memorise what you say.”

By any institutional measure, it had been a “successful” year. Anna’s classes were on
track for their target grades. Her spreadsheets looked impressive. But something had
gone wrong in the way the course itself had been built. The design was highly ordered:
every lesson scripted, every activity aligned to an exam mark scheme, every week ending
with a test. There was almost no space for pupils to work at, or just beyond, the limits of
what they could currently do. The whole apparatus kept them in a narrow channel of
short-term performance.

Redesigning the course meant treating that channel as the problem, not the pupils.

She started with the beginnings of lessons. On Mondays, instead of opening with the
next neat segment of the specification, she put three questions on the board drawn from
different parts of the course: one on forces, one on energy, one on electricity. Some
pupils groaned. “We did this ages ago.” Their scores, at first, were dreadful. But over
weeks, the retrieval warm-up became a ritual. She learnt to pitch the set so that one
question was comfortably within reach, one was a stretch that required combining ideas,
and one asked them to apply a familiar rule in a slightly unfamiliar setting, Those ten
minutes became a weekly exercise in cognitive stretch: a structured push into material
they half-knew, with the cost of failure low enough that they could afford to guess,
revise and try again.
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She then changed what “test” meant. Instead of each quiz ending with a mark in a
spreadsheet, she tried a two-stage format. Pupils first answered individually under timed
conditions. Then, in groups of three, they tackled a subset of the same questions again.
The second time, they had to agree on answers and write a brief note on why they
changed their minds if they did. The room grew noisier. “Why does the ammeter go
there?” “No, if energy is conserved, that can’t be right.” Misconceptions surfaced in talk
that would never have appeared on a solitary script. Stronger pupils had to make their
reasoning explicit; others could locate exactly where they had slipped. The assessment
had become an occasion to reorganise understanding, not just to sample it.

Her use of examples shifted too. Midway through a lesson on waves, she wrote on the
board: “The frequency of a wave doubles, its speed stays the same. What happens to its
wavelength? Sketch what that means.” A year earlier, she would have given them the
tormula, worked a sample question, and then watched them follow the pattern. Now she
left the board blank and waited. The first thirty seconds were uncomfortable. Chairs
creaked. Someone whispered, “We haven’t done this yet.” She resisted the urge to fill the
silence.

At last, a hand went up. “We use v = fA, right?”

“Yes,” she said. “So if v stays the same and f doubles, what must happen to A? Don’t
shout it — draw it.”

They bent over their books. Some drew waves squeezed together, some stretched, some
unchanged. She asked three pupils to put their sketches under the visualiser, side by side.
“Talk me through each,” she said. The class compared, argued, corrected. No one piece
of reasoning was perfect; between them, they assembled the right conclusion. For the
rest of the week, when questions about waves came up, she could point back to that
drawing, that discussion. The concept was now tied to something they had built, not just
something she had told them.

Outside the physics classroom, the same logic played out in a very different setting.

Sam, working as an instructional designer, had been asked to overhaul his company’s
online data-protection training, The existing module looked flawless on paper: polished
videos, clear objectives, a quiz every few screens, a certificate at the end. Completion
rates were high; scores on the final test were excellent. Yet routine audits still found staff
emailing unencrypted files, sharing passwords, clicking dubious links. The training had
produced people who could answer tidy questions a few minutes after watching a video,
not people who could navigate messy choices at their desks.

Sitting beside a group of employees as they “did” the course, Sam saw why. Each screen
stated a rule; each quiz item asked for the same rule in slightly different words. There
was no requirement to recognise a principle in a noisy setting, no pressure to choose
between plausible actions, no practice in spotting where the rule might clash with
convenience. The module was a smooth, low-friction path through content, and that was
its failure as pedagogy.
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In the redesign, Sam built the core around short scenarios that were deliberately
awkward. A support worker is on the phone with a distressed client who cannot
remember their password. A colleague sends a spreadsheet marked “urgent” and asks,
“Can you just forward this to the team?” An email appears, apparently from IT, asking
staff to confirm their details via a link. For each vignette, learners had to pick an action
and briefly state why. The wrong answers were not cartoonishly wrong; they were the
sort of shortcuts people actually took on busy days. After choosing, learners saw the
consequences — legal, practical, reputational — spelled out.

He also refused to keep everything in a single sitting, Instead of a one-off ninety-minute
session, he broke the course into a series of ten-minute cases sent over several weeks.
Each new case revisited old ideas in fresh guises. A rule about password sharing turned
up in a different department; a principle about client consent appeared in a new context.
The schedule was irritating to managers who wanted a quick tick in a box. It was better
aligned with how people actually build and maintain concepts.

Finally, he added a simple social element. Once a fortnight, teams received a “case of the
week” in their regular meeting pack. The manager took five minutes to ask, “Which
option would you choose and why?” The goal was not to police or embarrass but to let
people hear each other’s reasoning. Patterns emerged: the same corners being cut, the
same confusions about what counted as “personal data”. The module had ceased to be a
sealed unit and had become a set of prompts for shared reflection at the edge of
everyday practice.

In both Anna’s and Sam’ work, the underlying shift was the same. They moved from
designs that maximised short-term fluency — tidy notes, correct answers on familiar
formats — to designs that required learners to operate at the boundary of what they
could currently manage: retrieving rather than rereading, applying ideas in slightly altered
conditions, sitting with not-knowing long enough for new structure to form. The point
was not to make things difficult for its own sake, but to locate and revisit that awkward,
productive zone where a learner must reorganise their understanding rather than repeat
1t.

One afternoon in June, after a long mock-exam paper, Anna collected the scripts and
braced herself. The very first question presented a familiar circuit diagram rotated ninety
degrees, with an extra component added. A year earlier, most of the class would have
frozen. This time, as she worked through their answers at home, she saw rough working
in the margins: arrows, sketches, little notes to self — “current same everywhere?”,
“energy in = energy out here too.” The class average was not spectacular, but on that
first, twisted question, more than half had managed a correct explanation on their own.

The next day, she handed back the papers and asked them to revisit that item in pairs.
“Circle anything you changed your mind about while you were working,” she said. A girl
who had once stared at pages in silence pointed to her rough diagram and laughed. “I
drew it wrong first and then I remembered the warm-up we did with three bulbs,” she
told her partner. “So I crossed it out.”
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For Anna, that scrap of pencil — the crossed-out sketch, the small sideways reference to
an earlier struggle — was the proof she had been looking for: not just that a mark had
gone up, but that, in the space between not-getting-it and getting-it, her pupils now had
somewhere to stand and think.

Catching our breath

If the scenes are starting to rhyme as this book reaches its halfiway point — one more ward, one more
meeting room, one more control system under strain — that is no accident. Edge theory proposes that
many of the systems people care about sit in structurally similar kinds of trouble, so some repetition is
unavoidable if that claim is to be shown rather than merely stated. A single example can always be
dismissed as anecdote; a sequence of overlapping cases is needed before a pattern begins to look like
structure rather than coincidence.

Yet any system that simply repeats its behaviour without variation tends towards failure. Classrooms
that recycle the same task until everyone disengages, markets that replay the same leverage cycle,
institutions that respond to every shock in the same way: all of them slide away from their workable
bands. Books are no different. A book that revisits the same idea in chapter after chapter without
shifting angle, scale or question may be thematically consistent, but it is not dynamically symmetric. It
demands increasing order — more memory, more patience — while offering too little novelty in return.

Writing under the guidance of Edge theory involyes the same balancing act that appears in hospitals,
workplaces and political systems. On the stabilising side, there has to be a recognisable thread: concepts
that reappear, questions that are carried forward rather than dropped, motifs that signal that earlier
effort is still paying off. On the exploratory side, each chapter has to introduce enongh new tension,
setting or implication that attention is sustained by curiosity rather than duty. Structure withont freedom
produces a texthook that can be admired more easily than it can be finished. Freedom without structure
produces a miscellany that never quite adds up.

The first half of this book has leaned towards stabilising the frame. 1t has asked the same question in
many rooms: what happens when stabilising and exploratory forces become uncoupled, or when one
overwhelms the other? It has done so mainly through narrative, allowing Edge theory to be inferred
rather than imposed. The chapters that follow shift gear slightly. They return to the same organising idea
— Stabilising and exploratory forces, and the edges between “too tight” and “too loose” — but they do so
in domains where design choices can be made more explicit: sport, work, politics, money and everyday
habits. In that sense, the book itself is one more system trying to stay close to its own productive edge.

A book that stays there asks the same of its readers as of its subjects: to keep moving within a
workable band, neither skimming loosely nor locking into a single track. The remaining chapters are an
invitation to do that work with a slightly different emphasis — to notice the now-familiar pattern, but
also to test it, question it and, where necessary, push back against it.
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14: Teams, Tactics and the Edge in Sport

The manager blew his whistle and stopped the practice match. His team, sitting
mid-table despite a budget that should have had them chasing Europe, were once again
shuffling the ball from centre-back to full-back to holding midfielder and back again.

Possession statistics looked pleasing on the analysis screen. Shots on target, less so.

“Freeze!” he shouted. Twenty-two players halted, studs biting into the damp grass. He
walked out to the centre circle and spun slowly, taking in their positions. They were
where last summer’s tactical plan said they should be: full-backs tucked in, wingers
narrow between the lines, the number ten hovering in the half-space. The shape was
correct. The football was lifeless.

“You’re exactly where I asked you to be,” he said. “That’s the problem.”

Under his predecessort, the club had tried to mimic the possession-heavy style of more
successful sides: meticulous build-up, rehearsed patterns, strict positional play. In analysis
meetings, the screen glowed with passing networks and heat maps. Players were judged
on “retention” and “structure”. Over months, a kind of tactical paralysis set in.
Midfielders took the safe pass, even when space opened ahead. Wingers stayed in
prescribed zones instead of sprinting into the channels when an opponent slipped.
Defenders, terrified of being caught out of position, declined to step into midfield even
when the centre circle lay empty.

Matches followed a grim script. Dominance of the ball, one lapse at the back, a 1-0
defeat. Fans fumed about a lack of “urgency” The manager, watching from the
touchline, saw something else: a system so drilled that players had stopped really seeing
the game in front of them.

His first move was not to tear up the playbook but to change the constraints.

In the next training week, he set up an eleven-v-eleven on a shortened pitch marked with
three broad vertical lanes. Two rules were added. First: once the ball was played into the
opposition half, it had to go forward within three passes or possession turned over.
Second: no more than two consecutive passes back into their own half were allowed
before they had to risk a vertical ball.
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The reaction was immediate and ugly. Centre-backs, denied their usual sideways outlet,
panicked and clipped hopeful passes. Midfielders found themselves receiving under
pressure with their backs to goal, forced to turn instead of recycling. Wingers, hearing
the countdown from the coach — “One... two...” — started to sprint into gaps instead
of waiting between the lines. For the first two days, the ball changed hands constantly.
The assistant muttered about “Sunday-league stuff.”

The manager held his nerve.

In video debriefs, he rewound not to the turnovers but to the moments just before
them. “Here,” he said, freezing a frame as the holding midfielder received with space to
drive, “you can step in. The full-back will slide round if we lose it.” Another clip: the ten
drifting into a pocket as the opposition full-back tucked inside. “If you make that run
now, he has to choose. Trust that the others will react.”

Gradually, the pattern shifted. The back line began to step forward with the ball when
no passing lane was obvious. The six started to look upfield first, only checking back if
nothing was on. The wide players learned to read each other’s movement: if one came
short, the other spun in behind. The rules remained in place, but they no longer felt like
handcutffs; they had done their job of forcing players to explore options they had been
ignoring,

On the whiteboard, the manager sketched a single change for match day: a higher,
narrower starting position for the right-sided winger when the ball was on the left. The
instruction was precise and limited. “When we have it here,” he told him, tapping a zone
just inside their own half on the left touchline, “don’t stand on the chalk. Stand here,
between their full-back and centre-back. If their full-back steps to our left-back, youre
gone.”

The following Saturday, away against a compact, cautious side, the old pattern
reappeared for the first twenty minutes: slow circulation, patient probing, little
penetration. On the sideline, the manager resisted the temptation to yell for more
“intensity”’. Instead, he waited for the cue they had rehearsed.

It came five minutes before half-time. His left-back received a switch under mild
pressure and shaped for the obvious pass inside. The opposing right-back, as he had all
game, jumped forward to squeeze the space. This time, the winger on the far side was
already in the half-space, on his toes. The left-back, remembering the three-pass rule
from training, ignored the square ball and clipped a diagonal into the corridor between
tull-back and centre-back.

From the dugout, the manager saw three things at once: his right-winger accelerate into
the channel he had been too timid to attack a month earlier; the number ten delay his
run just enough to offer a cut-back; the holding midfielder stay ready to kill the counter
if it broke down. The ball dropped perfectly. One touch to bring it down, one touch
across the keeper, 1-0.
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As the players jogged back for the restart, he caught the winger’s eye and tapped his
temple. The shape on the tactics board had not changed; the team’s league position had
not yet transformed. But in that move — from a left-back under pressure to a rehearsed
yet unscripted run — he could see what he had been trying to build: not a new
philosophy, just a side that could step, finally, off the chalk lines and into the live
geometry of the match.
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15: Working on the Edge — Organisations Under Pressure

On the top floor of a glass-walled building in Shoreditch, the project kick-off meeting

was already off script.

Around the table sat a dozen people: developers in hoodies, product managers with
laptops open, a finance representative, a legal adviser, and the sponsor from the board.
On the screen at the end of the room, a Gantt chart stretched across eighteen months,
coloured bars marking requirements analysis, specification, design, build, test and
deployment. It looked impressive. It also looked, to several people in the room, like
fiction.

Halfway through the presentation, one of the senior engineers raised his hand.

“We’re kidding ourselves,” he said. “We don’t know what half these requirements will
mean once we start building. By the time we get to month six, the market will have
moved. This plan is going to be out of date before we’re finished writing it.”

The sponsor bristled. “We need certainty. The board is signing off on this budget. They

expect dates and deliverables.”

No one spoke for a moment. The programme manager clicked to the next slide,
outlining risk registers and dependency maps, and felt the room’s attention thin. The last
project run this way had limped over the line: on paper, it had hit its scope and deadline;
in reality, the product had been quietly retired a year later.

After the meeting, three people stayed behind: the engineer, the lead product manager
and the programme manager. They stood by the whiteboard, the Gantt chart still
glowing faintly in the background.

“We can’t go back in there with nothing,” the programme manager said. “They’ll kill this

b

if we just say ‘too hard to plan’.

“Then we don’t say that,” the product lead replied. “We say we’ll give them dates for the
first three months, plus a roadmap for the rest that we’ll update every quarter. We
commit to a budget and an outcome, not to pretending we know every feature now.”
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Over the next week, they re-drew the project in two layers. One was for the board: a
twelve-month envelope with three big review points, clear spend limits and a small set of
hard commitments — regulatory deadlines that could not move, integration points with
other systems that had to be hit. The other was for the team: six-week blocks broken
into two-week sprints, each ending with working software shown to real users. Features
were written as testable bets — “We think this will reduce onboarding time by 20%” —
rather than as fixed outputs.

At the next steering meeting, the sponsor frowned at the new slide deck. “I still don’t see
a date for the full launch,” she said.

“You see a date for the first usable release,” the programme manager answered, pointing,
“and a window for the full feature set. Every six weeks we’ll show you what we’ve built
and what we’ve learned. If the market shifts, we’ll adjust. If it doesn’t, we’ll track this
plan. What you don’t get is a fantasy bar chart we all know we’ll abandon in month
four.”

Reluctantly, the sponsor agreed. The board signed off, with a line in the minutes about
“adaptive delivery under fixed constraints.”

Three sprints in, the bet was tested. A competitor announced a feature suspiciously close
to one of the team’s planned differentiators. In the old world, this would have triggered
a panicked reshuffle of the Gantt chart and weeks of contract re-negotiation. Now, the
product lead brought the news to the next planning session, marker pen in hand.

“Do we still believe our version of this will move the needle?” she asked. “If yes, we
keep it and do it better. If no, we use that capacity for one of the things users have been
actually asking for.”

The team argued it out around the whiteboard. The data from early tests suggested that,
while the feature was nice to have, users were more blocked by something duller: a
clumsy account-recovery flow. In the end, they pushed the glamorous differentiator back
a release and pulled forward the unglamorous fix. The only paperwork required was an
updated backlog, a short note for the steering group, and a sentence in the next board
update explaining the swap.

While the tech side was feeling its way into this new pattern, a very different corner of
the organisation was facing its own edge.

On the fourth floor, in a quieter wing, the operations team responsible for customer
support had been living with a different kind of pressure. Call volumes had crept up for
months. A hiring freeze, imposed during a previous cost-cutting drive, had never been
tully lifted. Officially, the service-level target was that 80% of calls should be answered
within 60 seconds. Unofficially, everyone knew that during peak periods the real figure
was far lower.
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Supervisors coped the way people often do: by absorbing the strain themselves. They
skipped breaks, stayed late, shuffled staff between queues, and quietly loosened quality
checks to gain speed. No one wanted to be the person who raised their head in a
meeting and said, “We can’t safely do what you’re asking with the people we have.”

A near miss changed that. One afternoon, a critical customer escalation went unseen in a
backlog of routine tickets for three hours. When it was finally spotted, tempers were
high and one of the firm’s largest clients threatened to review their contract. In the
internal investigation that followed, everyone could see the pattern: too much demand,
not enough people, and no simple way for those closest to the work to declare that the
system was beyond its limits.

The operations director did something unusual. Instead of writing another policy that
lived in a binder, she convened a short meeting on the floor itself. Team leaders, senior
agents and planners stood around a rolling whiteboard she had dragged in.

“From now on,” she said, drawing three coloured bands, “I want you to tell me when we
are here, here or here.”

Green was defined as “today is busy but within what we can handle with normal effort.”
Amber was “we are at the point where delays are growing and we are cutting corners to
cope.” Red was “we cannot meet our obligations without additional help or by dropping
lower-priority work.” For each band, they listed, together, what could happen: in Amber,
non-urgent outbound calls paused, managers pulled onto the floor; in Red, some work
types diverted, senior leadership alerted, overtime authorised. Crucially, the authority to
declare Amber or Red sat with the duty supervisor, not with someone three levels up
who glanced at yesterday’s spreadsheet.

The first time a supervisor slid the magnet from Green to Amber on the wall chart, she
telt exposed. Call queues had spiked after a system outage; two colleagues were off sick.
In the old regime, she would have just gritted her teeth and pushed people harder.
Instead, she sent a short message to the director: “Amber on Queue 1. Estimate 3 hours.
Taking listed actions.” Within half an hour, two staff from a quieter team walked in,
already briefed.

A month later, on a Friday afternoon, the magnet hit Red for the first time. Marketing
had launched a promotion without warning the support team; call volumes were double
the forecast. Previously, that would have meant a grim, silent late shift and a furious

debrief on Monday. This time, the supervisor picked up the phone.

“We’re Red. We can keep service levels for premium accounts or for everyone at a much
slower response. We can’t do both. Which do you want?”

The director, who had argued for this system in executive meetings, now had to use it.
She took a breath. “Protect premium. Send a note to the rest explaining longer waits. I'll
talk to Marketing about next time.”
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While agents fielded calls, she walked down the corridor to the marketing floor and
stood in the doorway of their weekly huddle. “If you’re going to hit ‘send’ on something
like that again,” she said, holding up the print-out of the promotion, “we talk first.
Here’s what it did to the phones.”

No theory was invoked in that moment. No one said “dynamic symmetry”. But in the
space between one Friday and the next, the organisation had made two linked choices: to
give people at the sharp end a simple way to say “this is too much”, and to force those
higher up to respond in real time rather than smoothing the problem into next quarter’s
metrics.

Not every part of the company caught up as quickly. In a regulatory team two floors
down, analysts were still working under a structure that satistied every dashboard metric
while leaving them with no clean way to absorb bad weeks. Compliance reports went out
on time. All required boxes were ticked. Yet whenever a new rule landed from outside,
or an unexpected query came from a supervisor, the team lurched into evenings and
weekends.

After one particularly bruising quarter, the head of compliance tried a small experiment.
Instead of presenting the usual dense slide pack to the executive committee, she brought
two charts. One showed the on-time completion rate that everyone was used to seeing,
The other showed, week by week, how often her team had to work beyond contracted
hours and how many ad-hoc requests had arrived on top of planned work.

“These”, she said, pointing to the rows of late nights, “are what your ‘100% on-time’
looks like from this side of the wall.”

There was an uncomfortable silence. Someone muttered about “short-term pain.”
Someone else asked if they could stagger the implementation of minor changes. The
head of compliance shook her head.

“We can smooth the peaks by pushing back on some of the discretionary requests,” she
sald. “Or we can hire. Or we can keep pretending this is fine and hope nothing
important slips. But we can’t get a free option.”

It was not a dramatic confrontation. No one resigned. No instant budget appeared. But
the next time a non-urgent “could you just” email came down from a senior manager, a
junior analyst felt able to reply, “We can do this, but it will mean dropping X. Which do
you prefer?” Slowly, the habit of treating the team’s capacity as an invisible sponge began
to fray.

Back in Shoreditch, six months into the digital project, the board sponsor walked past
the team’s corner and paused. On a wall of sticky notes, she saw features marked
“shipped”, “in test”, “dropped”, and “maybe”. On a nearby monitor, she watched a
recording of a user session: someone stumbling over a registration form, hesitating, then
completing it smoothly after a minor tweak the team had made the week before.
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Later that day, in a steering meeting, she glanced at the old Gantt chart still pinned in the
appendix of the slide deck and then at the live roadmap on the screen.

“I don’t miss this”, she said, tapping the faded bars. “But I do need one thing. Next
quarter, when the budget review comes, I'm going to be asked a very simple question:
should we keep funding this at the same level?”

She looked at the product lead. “What can you show me by then that will let me say ‘yes’
or ‘no’ without bluffing?”

For a moment, the room was quiet in a different way to the one at the very first kick-off:
not defensive, not dutiful, but expectant. The question on the table was specific and
unavoidable. Somewhere between speculative certainty and endless improvisation, a
team and its sponsor now had to decide what evidence, in twelve weeks’ time, would
count as enough.
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16: Power, Protest and Political Edges

On a grey November morning in 1989, tens of thousands of people stood in Wenceslas
Square in Prague, wrapped in coats and woollen hats, keys jangling above their heads.

For weeks they had been gathering — at first cautiously, then in swelling numbers — to
protest against a regime that had, for decades, controlled newspapers, censored
television, infiltrated workplaces and universities, and kept a close watch on who met
whom. On paper, Czechoslovakia was orderly: elections produced the same kind of
result every time, parliament voted as instructed, public spaces were managed, visiting
delegations saw swept streets and polished statistics. Inside that shell, pressure built in
quieter places: in kitchen jokes, underground theatre, low-volume foreign broadcasts,
private grumbling about shortages.

When protests finally surged into the open after a student march was brutally dispersed
on 17 November, the regime’s own dense networks — unions, student circles, workplace
committees — became channels for mobilisation instead of control. Within days,
hundreds of thousands filled Prague’s squares; within weeks, the party leadership
resigned and a negotiated transition began. The same structures that had once stabilised
the system now transmitted its unravelling,

This is one way political systems reach their edges: not through a single dramatic crowd
at a single building, but through years in which institutions that are meant to absorb
disagreement instead bottle it up.

A regime can look stable while its legitimacy thins.

In tightly controlled systems, parliaments sit, courts issue rulings, and elections are held
on schedule, yet none of these forums seriously threatens those in power. Opposition
parties exist but face biased rules, harassment, or media exclusion; journalists may
publish critical pieces but risk lawsuits, tax raids or worse. Political scientists call many of
these systems ‘“‘competitive authoritarian” or “hybrid” regimes: formally pluralist,
substantively skewed.
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From the outside, such arrangements can endure for years. Leaders point to calm streets,
rising GDP, or opinion polls as evidence of consent. Underneath, the channels through
which a democracy releases pressure — fair elections, independent courts, robust
parliaments, free media — are narrowed or clogged. Edge theory’s vocabulary of
stabilising structures and exploratory channels can be translated here into more familiar
terms: institutions that hold authority in place, and institutions that let that authority be
questioned and replaced.

When the latter are weakened, every remaining contest bears more weight than it can
safely carry.

Elections illustrate this double role. At their best, they are scheduled, bounded moments
in which governments can be removed without violence and new directions chosen.
Opposition parties know that if they lose, there will be another chance in a few years;
incumbents know that if they overreach, voters can punish them. But when electoral
commissions are politicised, district boundaries skewed, or opposition candidates jailed,
elections cease to act as safety valves. Voting still happens, yet losers doubt the process,
and citizens learn that ballots alone will not produce real change. The next time outrage
builds — over corruption, economic crisis or an unpopular law — more people are
prepared to take their chances in the streets.

At the opposite extreme lie political systems where formal rules exist but are too weak to
anchor decisions. In some fragmented democracies, coalitions are perpetually unstable,
budgets pass only after brinkmanship, and basic appointments become arenas for
zero-sum fights. Electoral rules that give many parties seats but few a clear mandate can,
if not balanced by strong norms of compromise, produce long periods of caretaker
government and a sense that no one is really in charge. Citizens’ grievances then pile
onto protests less because dissent is banned than because institutions seem unable to
translate any demand into action.

Between brittle control and chronic paralysis lies the territory most constitutions aim for
and rarely quite achieve.

The design of electoral systems is one of the most visible levers. Majoritarian rules —
single-member districts, winner-takes-all outcomes — tend to produce single-party
governments from relatively modest pluralities. This can make for clear lines of
responsibility and swift policy shifts, but also for “manufactured majorities” that leave
large segments of the electorate feeling excluded. Proportional representation spreads
power more widely, often forcing coalition governments that reflect a broader range of
views, at the cost of slower decision-making and, sometimes, fragile alliances. Mixed
systems try to split the difference.

None of these arrangements avoids strain. They shape where strain shows up. A
majoritarian system may be more prone to large swings in policy when governments
alternate, or to anger among persistent minorities who never taste office. A proportional
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one may generate repeated small crises as coalitions form and fall. In both, protest is
part of the feedback loop. Edge-aware constitutional design asks not “How do we
eliminate protest?” but “When people turn out, does anything about institutions let
those signals be heard and processed short of breakdown?”

Courts and constitutions play another, slower role.

In some countries, constitutional courts can strike down laws that violate rights, oblige
governments to correct inequities, and adjudicate disputed elections. Their decisions do
not always settle arguments, but they offer a recognised arena in which those arguments
can be staged. Where such courts are independent and enjoy cross-party respect,
protesters can demand not only that “something must change” but that “this must go to
court,” knowing that the outcome will not simply be written to suit whoever controls the

police.

When courts are packed, their jurisdiction curtailed, or their rulings routinely ignored,
that arena closes. Conflicts then spill back into informal channels: street protests, strikes,
occasional violence. Governments may respond by doubling down — further limiting
judicial review, attacking “foreign-influenced judges” — or by making ad hoc concessions
that satisty immediate anger without rebuilding trust. In either case, the symmetry
between stabilising institutions and avenues for contestation is disturbed.

Media environments today complicate this picture further.

State-controlled outlets, as in pre-1989 Prague, can project a facade of unanimity until
the last moment. Noisy but concentrated media markets can, in more open societies, still
leave information power in very few hands. And social media platforms, whose
algorithms promote attention-grabbing content, can amplify outrage, conspiracy and
mobilisation at a speed that older institutions struggle to match.

A protest organised by leaflets and word of mouth can take weeks to assemble and will
tend to draw people with prior organisational ties — unions, churches, parties. A protest
sparked by a viral video can fill a square in hours with people whose only shared
structure is a hashtag. Both can be legitimate expressions of grievance. They differ in
how easily their energy can be channelled into negotiation, policy change or institutional
reform.

Many of the “colour revolutions” and mass movements of the past three decades have
hinged on whether existing organisations — bar associations, student unions, professional
bodies, local councils — could provide some spine to protest once it surged. When they
could, transitions away from abusive governments, though bumpy, had places to land:
transitional parliaments, caretaker cabinets, round-table talks. When they could not,
some uprisings slid into prolonged stalemate or opened the way for new forms of
authoritarianism.

Military interventions sit at the harshest edges.

83



Coups are often justified, by their authors, as necessary correctives: responses to
corruption, chaos or national humiliation. In the short term, they can restore a kind of
order. Tanks on the streets deter certain crimes; curfews end some forms of unrest. But
by stepping outside constitutional mechanisms to seize power, coup-makers weaken the
very idea that governments should derive authority from rules. Even when generals
promise a transition back to civilian rule and sometimes deliver it, the precedent lingers:
the armed forces as final arbiter.

Comparative studies of post-Cold War regimes underline how often countries get stuck
in these in-between zones. Some hybrid regimes gradually democratise when opposition
groups, civil society and international ties are strong enough to push rulers towards
genuine competition. Others slide into more open repression when incumbents tighten
control and hollow out remaining checks. A few oscillate, expanding space for
opposition in one period and shrinking it in the next. In each trajectory, the interplay
between formal institutions and extra-institutional pressure matters.

Protest movements also face their own internal edges.

A movement that stays purely oppositional — unified around “no” — can struggle to act
when given a chance to govern or to influence specific legislation. One that becomes too
tightly entwined with a single party or leader risks losing the ability to hold that actor to
account once in office. Research on successful non-violent movements suggests that
those able to develop some organisational depth — local committees, training, clear but
flexible strategies — while remaining broad enough to include diverse groups, are more
likely to win and consolidate gains.

In Czechoslovakia’s Velvet Revolution, for instance, dissident networks that had spent
years publishing samizdat, organising artistic events and defending political prisoners
were suddenly able, in November and December 1989, to act as recognisable negotiating
partners and to staff emerging institutions. Vaclav Havel did not materialise from
nowhere onto the balcony; he came from a web of associations that could, once the
street pressure broke the regime’s grip, help build a new one.

Edge theory, translated into political terms, nudges us to keep asking: where, in a given
system, can anger and aspiration be turned into lawful change, and how narrow have
those channels become?

That question becomes concrete when a government faces a wave of protest over a
specific decision: a court ruling, a controversial law, a disputed election.

Imagine a country where the governing party has, over several years, weakened judicial
independence, centralised media regulation, and redrawn constituencies in its favour. It
wins an election with a comfortable parliamentary majority on a modest plurality of the
vote. The opposition cries foul but lacks legal avenues. When the government then
pushes through a bill curbing the powers of local councils or restricting NGO activity,
tens of thousands march in the capital.
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The cabinet now faces a choice that cannot be outsourced to theorists.

One path is to treat the protests as noise: to denounce “foreign agents” and
“extremists”, push the bill through unchanged, and instruct police to clear the streets
firmly. In the short run, this may work. The law passes, the crowds thin, international
criticism flares and fades. In the longer run, another layer of slack has been stripped
away. Courts are weaker, local government more constrained, civic groups more wary.
The next confrontation — over an economic downturn, another scandal, an election seen
as tainted — will have fewer institutional escape routes.

The other path is to concede something real. The government can pause the bill, open
talks with opposition parties and civil groups, and agree to amendments or safeguards —
for example, leaving certain municipal powers intact, or writing explicit protections for
independent organisations into law. It may still get most of what it wants in policy terms.
It will also have signalled that, under pressure, it recognises limits and is willing to share
some agenda-setting power.

Neither response is cost-free. Backing down risks emboldening opponents and angering
hard-liners inside the ruling party. Pushing ahead risks deepening mistrust and pushing
more citizens to conclude that only extra-constitutional means can deliver change. The
edge here is not abstract. It runs through the cabinet room as ministers weigh which
legitimacy they care more about: the immediate authority conferred by their majority, or
the longer-term acceptance of rules that could one day remove them from office.
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17: Information Gluts and Echo Chambers
Maya stared at the message in the school WhatsApp group:

“URGENT — new study shows the flu jab can make kids more likely to catch winter
viruses. Please share.”

It came with a blurry screenshot of what looked like a news page, a link to a blog, and
three red warning emojis. Replies were already stacking up underneath.

“Thanks for this — was about to book my appointment.”
“I knew it.”
“Forwarding to my sister.”

She had been planning to take her son to the clinic on Saturday. The school had sent a
consent form. Her GP had recommended it in the same calm tone he used for routine
checks. But the message had arrived wrapped in a different kind of trust: another parent,
in the same postcode, worrying out loud.

Out of habit, she tapped the link.

The blog post was long and dense, studded with the names of journals and acronyms
she half-recognised. A graph, cropped oddly, seemed to show two lines crossing, Near
the top, a sentence in bold declared that “recent evidence suggests seasonal influenza
vaccination may increase susceptibility to non-influenza respiratory viruses”. Scrolling,
she saw the same phrase repeated, then stretched into “weakens the immune system over
time”.

By the time she flicked back to her messaging app, similar posts were popping up on her
other feeds. A cousin had shared a TikTok in which a man in a lab coat warned of
“immune overload”. A friend of a friend had posted a long captioned photo about
“toxins” and “big pharma”. A hashtag she had never noticed before sat in the “trending
near you” box.

She clicked.
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The hashtag’s feed was a tangle. Short videos showing crying toddlers with captions
about “vaccine injury” sat next to screenshots of genuine research, stripped of context.
Threads that began with reasonable questions about side-effects slid, ten replies later,
into claims about cover-ups and plots. A few people linked to official health pages, but
their posts had fewer likes, fewer comments, and quickly sank down the stream.

The original WhatsApp message had said “new study”. Ten minutes later, she had seen
the same phrase mutated into “several studies now prove”, then “everyone knows”. She
closed the apps feeling less sure than when she had started.

What happened in that hour on Maya’s sofa wasn’t just a surge of “wrong information”.
It was a particular way that digital systems now distort and amplify.

Her phone did not show her a random slice of everything written about flu vaccines that
week. It showed her what people like her, and people she followed, were sharing and
reacting to. The software organising her attention had learnt, over months, what kind of
posts she lingered on, which accounts she never muted, which topics made her tap “see
more”. As soon as she clicked one anxious message about the jab, the system filed that
as another hint and adjusted what came next.

That adjustment is not malicious in itself. It is how recommendation systems work: they
infer your interests from your behaviour, then give you more of the same. But in cases
like this, that same-ness matters. A single click on a worried link about “immune
overload” makes it more likely that the next vaccine-related item she sees will echo the
worry rather than balance it.

Selective exposure has always been part of human life. People bought newspapers that
matched their politics; they listened to radio stations that played their kind of music.
What changes online is the speed and granularity. Instead of choosing between a handful
of outlets, you are choosing — mostly without noticing — between thousands of
micro-signals. Each like and tap pulls your future feed a fraction of a degree in one
direction. Over weeks, those tiny pulls can add up.

In Maya’s case, the result was not an airtight echo chamber where she saw only one
story. It was something messier and harder to navigate: a feed in which serious studies,
anxious anecdotes and outright fabrications appeared side by side, with no obvious
markers to distinguish them. The platform’ ranking system, tuned to pick up on
emotion and interaction, pushed up posts that made people react. An official correction,
written in careful language and linking to a PDEF, struggled to compete with a video of a
parent speaking straight into the camera.

Distortion here comes less from a single lie than from how attention is distributed. A
nuanced, conditional claim — “in one context, for one group, this effect might exist and
is under study” — is flattened in the relay from preprint to blog to caption into “jabs
make kids ilI”. Each step cuts away qualifiers, because qualifiers don’t fit easily into
thumbnails and slogans. Amplification then takes the stripped-down version and sprays
it through networks of people primed to share.
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By nine o’clock, one of the parents in the WhatsApp group had posted again:

“I’ve just spoken to my brother — he’s a GP — he says the study is complicated and
doesn’t mean what that blog says. Here’s what he sent me.”

She attached a short voice note. In it, a tired-sounding man explained, in plain terms,
that there had been research into how flu shots relate to other infections, that results
were mixed, and that the balance of evidence still showed the jab reduced the overall
burden of illness. He pointed out that the blog had cherry-picked a single finding and
ignored later work. He ended with, “If you’re worried, talk to your own doctor — but
please don’t share that post as if it settles anything.”

The replies this time were cooler.

“Thanks, that’s helpful.”
“Appreciate you checking.”
“So confusing!”

The original message was not deleted. The blog link was still there, above the doctor’s
voice note, ready to be screenshot and forwarded into other groups that never heard his
name. But in this small circle, at least, the pattern had shifted. Instead of the rumour
being the last word, it had become part of a thread that also contained a corrective from
someone with identifiable expertise and a direct relationship to the group.

What changed wasn’t the underlying science. It was the path that information took and
the person carrying it.

At the scale of millions of users, that sort of bridge — an account trusted in two
different spaces, or a relationship that carries a correction back into a cluster primed for
doubt — is rare. It is also where much of the quiet work against distortion now happens.
Health workers answering questions in local groups; librarians running small “ask us
anything” sessions; community leaders recording short explainers in their own languages;
even, occasionally, someone like Maya typing, “Has anyone got a link to the actual
study?” instead of just hitting “forward”.

Those actions do not flatten the system into order. They don’t stop hashtags from being
hijacked or algorithms from nudging attention towards worry. But they mark out, in the
middle of the glut, a few more places where people can pause and ask, together, “What
does this claim really rest on, and who can help us check?”
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18: Machines on the Edge — Al, Autonomy and Control
Traders first noticed it as a flicker in the corner of their screens.

Shortly after 2.30 p.m. in New York on a Thursday in May 2010, prices that had been
drifting down all day began to move in ways that did not fit any ordinary pattern. Indices
that usually shifted, at most, a fraction of a percent in a minute suddenly plunged.
Blue-chip companies saw their share prices drop by double digits. For a few surreal
seconds, a large firm’s stock traded at a cent; another, thinly traded, printed as if it were
worth thousands of dollars a share. Human traders stared at their terminals, hands off
their keyboards. By the time most of them had processed what was happening, much of
it was already over. Within about twenty minutes, prices had rebounded close to earlier
levels.

In the post-mortem, investigators traced the “flash crash” not to a single rogue actor but
to a swarm of automated trading systems reacting to one another at high speed. Each
algorithm had been designed — sometimes hand-coded, sometimes tuned on historical
data — to watch for certain patterns and respond: sell if prices fall too fast, buy if they
hit a perceived bargain level, pull orders if volatility spikes, hedge when markets in
related instruments move. None of these rules or models, taken alone, had “crash the
market” as an outcome. Together, in a tightly coupled electronic environment running
on millisecond timescales, they produced a cascade.

Some systems, seeing volatility leap beyond their thresholds, pulled out of the market.
Others, sensing gaps in the order book, amplified moves by leaning into them.
Cross-market links — between futures and cash markets, between indices and individual
stocks — transmitted sudden price changes from one venue to another. Small
disturbances that would once have been absorbed by slower, more dispersed human
trading propagated instead as sharp, synchronised swings. For a brief interval, the live
market pulled away from any underlying sense of value. By the time humans could
intervene, the spike had already passed through.

That episode is a useful anchor for thinking about “machines on the edge”. It shows a
particular kind of failure: not a single bug, but a whole machine-mediated system sliding
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into a regime where small nudges can have outsized effects and where control becomes
momentarily illusory.

Most contemporary examples of “Al” sit inside similar, if less dramatic, structures. One
set of systems learns patterns from data and makes predictions or classifications.
Another set embeds such models into larger loops that act in the world: cars that steer,
trading bots that place orders, recommender engines that pick what you see next.
Around those loops sit human designers, operators, regulators and users.

To keep this concrete, imagine one such loop: a large video platform’ recommendation
system.

At its core is a machine-learning model trained on logs of what millions of people have
watched, clicked, skipped, liked or reported. Each time you open the app, it takes a few
hundred candidate videos and ranks them according to how likely you are to watch them
for more than a few seconds, perhaps also taking into account whether users “like you”
tended to stick around afterwards. Its internal workings are complex, but its basic job is
simple: predict engagement and order content accordingly.

Wrapped around it are a set of rules and filters. Some categories of material — extreme
violence, certain forms of hate speech, clear spam — are blocked from recommendation
entirely. Others are allowed but limited, perhaps not shown on the default home screen.
Still others may be down-ranked if independent fact-checkers have flagged them as
misleading, or if they come from newly created channels with no track record.

Then there is the environment: creators uploading videos, viewers clicking and sharing,
news events changing what people search for, advertisers shaping what the platform as a
whole deems acceptable. On any given day, the system is both responding to and
nudging that environment.

The technical tension inside the recommendation model is an instance of a broader
pattern. If it clings too hard to what has already worked — always recommending
near-identical videos from the same small set of channels — it will feel stale. Users will
drift away. If it pushes novelty too hard — throwing up a constant stream of left-field
material — many people will find the feed irrelevant or jarring and close the app.

In machine-learning terms, that tension shows up as a trade-off between exploitation
and exploration. Exploitation means using what the model already “knows” about user
preferences to suggest highly probable hits. Exploration means occasionally trying
something different to learn more: a new channel, an unfamiliar topic, a video that sits
on the edge of what similar users have enjoyed.

From a more general point of view, you can see two elements at work: a stabilising
structure (the model’s existing pattern of predictions, the filters and rules, the objective
of keeping people engaged) and a source of variation (new content, new users,
randomised trials of different recommendations).
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Problems arise when the stabilising part is defined too narrowly and the exploratory part
is left to roam in directions that exploit human quirks more than they respect human
interests.

If the objective is “maximise watch time over the next half hour”, the system will learn,
very quickly, which sorts of video hold attention even if they mislead, inflame or
unsettle. Content that taps into strong emotions — outrage, fear, disgust — often
performs exceptionally well on short engagement metrics. Creators learn to craft
thumbnails and titles that trigger those emotions. The recommendation model, trained
to notice which patterns of pixels and words correlate with long sessions, will tend to
push that material up the list.

The result can be a kind of algorithmic tunnel: once a user shows interest in a sensitive
subject, they are nudged towards more intense, more absolutist versions of it. From the
platform’s perspective, the system is doing its job: sessions are getting longer. From the
outside, the same process looks like amplification of fringe views and distortion of what
counts as “normal”.

One obvious response is to add hard rules on top. Some platforms have created lists of
topics or specific claims that, even if technically allowed, should not be recommended:
certain conspiracy theories, targeted harassment, content that has been repeatedly shown
to be false. Others have introduced friction: prompts before sharing, “are you sure?”
dialogs when a link has not been clicked, warnings on flagged material. From the inside,
these are additional constraints in the system: they reshape the space into which the
model can push.

But rules alone do not solve the deeper question of how the model itself is trained and
evaluated. If the only score that matters is engagement, even a partially constrained
system will still search every corner of the allowed space for the most gripping content.
That can mean, for example, lining up borderline sensationalist videos just below a
threshold where they would be demoted, because that is where they do the most work
and incur the least penalty.

One way to think about “machines on the edge”, then, is to ask three linked questions
of systems like this:

e What is the objective they are actually optimising? Not the slogan, but the number or
set of numbers in the code.

* What kinds of behaviour does that objective reward when it interacts with real users?

¢ What limits or alternative signals have been built in to prevent the system from sliding
into regimes that are profitable for the metric but harmful for everything else?

For a video platform, that might mean adding explicit diversity terms to the objective, so
that a feed made up entirely of one topic is scored lower than one that mixes in different
sources and themes. It might mean giving extra weight to signals of long-term
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satisfaction — whether people come back over months and report feeling informed —
rather than just counting minutes watched today. It might mean hard capping the
proportion of recommendations that come from channels with histories of borderline
content.

Each change is a design choice about where to place the system relative to its own
“edges”: too constrained, and it becomes dull; too unconstrained, and it pulls users into
spirals that undermine the very trust the platform ultimately depends on.

The same pattern appears, with different stakes, in other machine-mediated
environments. A self-driving car’s control stack has to handle a volume of sensor data
no human can parse in real time and act quickly on partial information. Its designers
decide, explicitly or implicitly, how cautious it should be: how close to get to other cars,
how to behave when lane markings disappear, when to hand control back. A trading
bot’s designers choose how aggressively to pursue tiny arbitrage opportunities, how
much liquidity to pull when volatility spikes, how much loss to stomach before shutting
down.

In each case, you can ask: Where does this system have permission to adapt itself, and
where is it fenced in? What happens when it sees a situation that sits far outside the
examples it was trained on? How clear is the path for a human to intervene, slow it
down or switch it off when it begins to move in unexpected ways?

Failures often show up where those questions were not thought through. A car that
hands control back to a human with half a second’ notice on a foggy road is, in
practice, asking that human to do something impossible. A model deployed into a
population very different from its training data — a medical Al built on scans from one
country used unmodified in another — is being asked to generalise across a gap with no
support. A recommendation system that has no way of recognising when it is homing in
on self-reinforcing but misleading content will keep doing so until an external shock —
scandal, law, boycott — forces change.

Machines do not “seek” these edges. They follow the paths laid down in code and data.
The ones that now shape markets, information flows and physical environments are,
however, complex enough that no single person holds their full behaviour in mind. That
is why the flash crash, and its quieter cousins in other domains, are instructive. They
show what it looks like when a machine ecosystem runs hard along the groove of its
objectives and connections, and only later do humans realise that groove led closer to a
cliff than anyone had intended.
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19: Money, Risk and Personal Decisions

Every month, after the children were asleep, Sam and Leila turned the kitchen table into
a small finance office: one laptop, two mugs of tea, a stack of envelopes.

The spreadsheet on the screen showed their world in neat rows: salaries in, direct debits
out, the creeping totals of a credit-card balance and a student loan, the rent that rose a
little each year. There was no inheritance, no family safety net. When the washing
machine broke or the car failed its MO'T, the numbers jerked sideways.

They had tried to be “good with money”. They had downloaded budgeting apps, read
articles about compound interest, sat through a free “financial wellbeing” session at
work. The advice all sounded reasonable in the abstract. In practice, every plan seemed
to collapse into one of two shapes: so tight that ordinary life felt like a string of small
punishments, or so loose that the credit-card balance crept up until it made them both
anxious to look.

Sam’s instinct was to clamp down.

He drew up precise budgets with dozens of categories and colour coding. He suggested
a six-month “reset” in which they would cut all non-essential spending: no meals out, no
new clothes, no holidays, no streaming subscriptions. He hunted comparison sites for
cheaper utilities, chased introductory offers, and printed out tables showing how quickly
they could clear the card if they stuck to the numbers.

Leila’s instinct was different.

She could see the debts; she also felt the days. The children needed shoes and birthday
presents and money for school trips. She needed the occasional coffee with a friend to
stay sane after night shifts. The idea of a six-month freeze on all small pleasures felt like
swapping one kind of stress for another. When she said, “We can’t live like that”, Sam
heard, “You don’t take this seriously.”

They were not arguing about arithmetic. They were bumping into how people actually
make decisions when the future is uncertain and the present is loud.
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Behavioural economics has names for some of the forces tugging at them.

One is loss aversion: the fact that, on average, losing £100 hurts more than gaining £100
feels good, often by a factor of about two. It is why people often refuse fair bets that
could leave them slightly richer or slightly poorer, why they hold onto losing investments
until they “get back to even”, and why the thought of seeing a savings balance dip can
be more distressing than the satisfaction of watching it grow.

Another is present bias, linked to what researchers call hyperbolic discounting: we put
much more weight on today than on next month, even when we know, in principle, that
our future selves will care just as much. That is why “I’ll start saving next year” can
repeat for years, and why small, repeated treats — takeaways, subscriptions, impulse buys
— are easy to justify even as bigger, less urgent goals stay unfunded.

Heuristics sit on top of these biases: rules of thumb like “pay whichever bill shouts
loudest”, “if others at work are investing in this, it must be good”, “this offer ends
tonight, so decide now”. They are not stupid; in a complex world, simplification is
necessary. But they can be steered by adverts, social comparison and fear.

Markets and institutions aggregate many such decisions, as earlier chapters showed. At
the kitchen table, the stakes are more modest and more intimate: a couple’s ability to
sleep at night, a person’s sense of control, the range of real options they have when
something goes wrong or unexpectedly right.

Edge theory offers a way to look at this that does not assume anyone is an “optimal”
decision-maker. Instead of asking, “What is the mathematically best planr” it asks, “How
can you arrange money and commitments so that you stay away from two dangerous
edges: being so exposed that one shock can sink you, and being so rigid that you never
take opportunities or enjoy what you have?”

For Sam and Leila, things began to shift the evening they stopped trying to settle who
was “right” and instead tried to draw, on paper, the two cliffs they feared most.

On one side: “We can’t pay the rent; we can’t handle a broken boiler; one bad month and
we’re in a hole we can’t climb out of.” On the other: “We spend the next decade saying
‘not yet’ to everything, the kids grow up, we’re exhausted and resentful, and we’re still
frightened of money.”

Between those cliffs, they tried to sketch something narrower and more practical: a plan
that would not save them from every possible misfortune but would make most ordinary
problems survivable, and that left a little room for the bits of life that made the rest of it
bearable.

They started with one unglamorous piece: a buffer.

They had heard the common rule of thumb — an emergency fund covering three to six
months of essential expenses — but the number felt absurdly large. They cut it down to
something they could picture: one month’s core costs as a first goal, then three months
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it they ever got that far. Rent, bills, basic food, travel to work — no presents, no holidays.
They wrote the amount on a sticky note and stuck it to the inside of a cupboard door.

Then they did one small technical thing that mattered: they set up a standing order on
payday that moved a modest sum into a separate savings account before they saw it.
They chose an amount low enough that it did not force them into overdraft, high
enough that the balance would creep upwards over time. They agreed not to move
money back out except for genuine emergencies.

This was their first stabiliser. It did not require daily willpower. It shrugged at present
bias by making the “right” thing the default. It did not remove loss aversion, but it
softened its sharpest edge: if the car failed its MOT next year, some of the pain would
fall on a past decision to save, not on this month’s rent.

The second stabiliser was cruder but important: a rule about expensive debt.

They took a fresh look at their credit-card statement, with its high interest rate, and
agreed that this type of borrowing was now a red zone. They would pay down the
existing balance steadily. If a large expense arrived that they could not cover from
income or the growing buffer, they would explore other options — a cheaper loan, a
payment plan, delaying the purchase — before touching the card. This was not a promise
never to use it, but a clear signal: “this is last, not first”.

Those two moves did not make the spreadsheet pretty. They did, however, change the
shape of the worst-case scenarios.

Within those bounds, they looked for space that did not feel like counting every coffee.

They each picked a small, fixed amount of “no-questions” money per week — not large,
but enough to buy a drink, a book, a small treat. They put it in separate columns on the
sheet, almost as a joke: “Sam’s oxygen”, “Leila’s oxygen”. The point was partly financial
and partly emotional. Those lines said, “We are not machines; some spending is for
being human now, not just for avoiding disaster later.”

They also decided on a rule for the itchier kind of risk: tips about cryptocurrencies,
friends’ start-ups, crowdfunding campaigns, the investment equivalent of “come on, it’ll
be fun”. That rule was simple: no more than five per cent of whatever they had in
savings could be used for anything they would be embarrassed to explain to a cautious
aunt. If one of those bets paid off, the winnings would be treated the same way. If they
all failed, the loss would sting but not knock their basic plans sideways.

Months went by. The emergency fund hit its first small target, then was almost entirely
drained by a combination of boiler and dental work. That was painful, but it was also the
moment when the concept of the buffer stopped being just a number on a sheet. The
money had done exactly what it was for. They started again.

Alongside these slow changes, their decision-making in the moment became a little less
reactive. When an unexpected offer arrived — a friend’s invitation to a weekend away, a
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colleague’s hint about a possible promotion in another city — they had a framework to
push themselves through.

“What happens if we say yes? What happens if we say no? Which edge are we nearer,
really?”

Their story is one version of the pattern. Others lean to different extremes.

Priya, in her late twenties, earned a good salary in a city job and lived alone. Having
grown up watching her parents juggle overdue bills, she greeted her first paycheque with
a kind of defiant relief. For the first few years, her main financial rule was “don’t think
about it too much”. Her current account was a busy thoroughfare of rent, cocktails,
weekend trips, taxis, deliveries. Her pension contributions sat at the default minimum.
When someone mentioned ISAs or funds, she laughed it off.

Her risk was not immediate hardship. It was drifting. Present bias made sense in her
bones: after years of “no”, now was finally “yes”. Looking at the long term, or even at a
three-month emergency fund, felt like inviting in the old fear. Loss aversion showed up
differently: she avoided looking at the details, because she didn’t want to experience even
small, temporary discomforts — the guilt of a big bill, the shock of seeing how much had
gone on little things.

A minor health scare and a rent hike jolted her. For the first time, she realised that if
anything really bad happened — illness, downturn, redundancy — there was nothing
between her and the edge but luck.

Sitting with a financial adviser, she did not suddenly turn into a different person. They
did not draw up an intricate budget or demand that she stop travelling. Instead, the
adviser asked a narrow question: “What is the smallest change that would make you feel
less exposed a year from now?”

They settled on two: nudging her pension contribution up by a couple of percentage
points, timed to coincide with a pay rise so her take-home fell less sharply, and setting up
an automatic transfer into a savings account labelled, at her suggestion, “Options”. That
label mattered. It was not “Emergency” — a word that evoked hospitals and panic — but
something that named what she wanted: the ability, later, to quit a job, move, say no,
without terror.

For the first few months, she resented the smaller pay packet. Then a colleague was
abruptly made redundant and struggled to find new work. Watching that unfold, Priya
logged into her bank account and, for once, felt a small sense of having shifted herself
away from the cliff she most feared.

If Priya and Sam and Leila lived close to one edge — too little buffer, too much reliance
on “it will probably be fine” — James inhabited the opposite side.

In his early forties with a secure public-sector job and a paid-off flat, he had become
expert at saying “no” to himself. His childhood had been shaped by a family business
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failure that swept away savings and security. He remembered tense kitchen tables, nights
when his parents thought he was asleep as they whispered about selling the house. As an
adult, his response was to build walls.

He saved aggressively, lived austerely, refused most invitations and avoided any decision
that might threaten his balance. His pension was ahead of schedule. His cash reserves
were large. On paper, he was enviable. In practice, he was stuck in a job he disliked and
deferred anything that might count as a risk: retraining, travelling, starting something of
his own. Every expenditure was weighed against an imagined future catastrophe.

For him, loss aversion and the memory of real loss had so much weight that almost any
move looked like a danger. Present bias inverted: instead of overvaluing today’s
pleasures, he overvalued tomorrow’s worst-case scenarios.

When a close friend finally challenged him — “Are you saving for a life, or just saving?” —
he was offended, then thoughtful.

With help, he tried a small, uncomfortable experiment. He took a portion of his savings,
not huge but not trivial, and labelled it “next five years”. That pot had a different rule: it
had to be used, not hoarded, on things that might expand his skills or connections — a
training course, a language class, time off between jobs. It could not be rolled forwards
indefinitely into retirement.

For someone else, that might sound like ordinary planning. For James, it was a breach in
the wall. The act of deciding that some money was earmarked for experiments, not just
defence, softened the absolute grip that fear of loss had on all his choices. It did not
make him reckless. It gave him a controlled way to move a little closer to opportunities

he had been avoiding.

Across these lives, the numbers differ. The pattern is similar: people steering between a
cliff of unsecured risk and a cliff of over-protection, using simple rules and labels to
manage the messy way our judgements work under uncertainty.

Finance professionals can model expected returns, simulate scenarios, and optimise
portfolios to a degree that would have dazzled earlier generations. Individuals at tables
and laptops do something cruder and more human: they try to ensure that mistakes are
survivable, that their future selves are not entirely at the mercy of grace or disaster, and
that not every decision today is sacrificed to an imagined worst-case tomorrow.

On one Thursday night, months after they had first drawn their cliffs, Sam closed the
spreadsheet and rubbed his eyes. “We could throw the whole tax refund at the credit
card,” he said, “and be almost rid of it.”

Leila looked at the figure, then at the line where their slowly rebuilt buffer sat.

“If we do that,” she said, “we’re back to crossing our fingers every time the car makes a
funny noise.”
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They sat for a minute. The old instincts tugged: his towards wiping out the visible debt,
hers towards not handing all their slack to the past.

“All right,” he said at last. “Half to the card, half to the buffer. And we keep the ‘mad

money’ the same.”
“It’s not mad,” she replied. “It’s the bit that keeps us doing this.”

He laughed, slightly, and clicked the cells. It was not the fastest way out of debt, or the
theoretically optimal allocation. It was the choice they could both live with, on that
night, at that table, a step away from both of the edges they feared.

98



20: Habits, Change and Everyday Experiments
By the second Friday of January, the gym was already thinning out.

The “New Year Challenge” posters above the treadmills were curling at the corners. A
stack of unused loyalty cards sat by reception, next to a bin of crumpled leaflets
promising “New You in 30 Days”.

In a quiet corner by the stretching mats, Amir stared at his phone. Two weeks earlier, on
New Year’s Eve, he had written a list in a2 notebook between drinks and fireworks:

“Gym five times a week.
No sugar.

Bed by 10 p.m.

No phone in bedroom.
Daily meditation.

New job by summer.”

On the page, the list had felt like control. Standing there at 7.30 p.m. after a long day at
work, it felt like a joke told at his own expense. He had made it to the gym three times.
The “no sugar” rule had died at the first office birthday cake. The “bed by 10” promise
had collapsed under a late-night series. The meditation app on his home screen showed a
streak of 1.

He was not unusual. Most of us now know the shape of the January pattern: a burst of
resolution followed by a slope back to something like the old routine.

Researchers who study everyday behaviour estimate that a large share of what we do —in
one recent study, around two-thirds of daily actions — is cued and run by habit rather
than by fresh, conscious choice. We think we are deciding to reach for our phones, open
certain apps, pour a drink, stay up late. Often, our bodies and environments have already
made most of the running.

Habits, in this literature, are not just frequent behaviours. They are actions triggered by
context — a time, place, or emotional state — and carried out with a sense of “this is just
what I do here”. They become automatic through repetition. When researchers tracked
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volunteers who tried to adopt a simple new behaviour — such as drinking a glass of
water after breakfast or going for a brief walk after dinner — they found that the sense of
automaticity usually rose quickly at first and then levelled off, following a curved path
over weeks and months. The time taken to reach a stable habit varied widely, from a few
weeks to many months, but missing an occasional day did not erase the pattern.

If you see habits as quiet bits of structure in a life — patterns you can rely on without
thinking — then Amir’s New Year list was like trying to rebuild the scaffolding of a house
overnight. He was trying to impose a new, highly ordered regime that did not connect to
the ways his days already actually unfolded.

The first thing that shifted for him was not his willpower but his target.

A friend who had watched him ping between extremes — crisps and couch one month,
juice cleanses and 6 a.m. spin classes the next — suggested a different experiment.

“Porget five times a week,” she said. “For the next month, your rule is: three days a
week, after work, you put your trainers on and walk for ten minutes. That’s it. If you
want to do more, fine. But if you do ten minutes, you’ve succeeded.”

It sounded embarrassingly small. It also sounded like something he could do even on a
bad day. He picked three weekdays, set reminders on his phone for half an hour after his
usual finishing time, and told himself that going straight home from the station in work
shoes did not count.

For the first few evenings, the friction was mostly mental: the sense that a ten-minute
walk was pointless. But by the end of the month, his phone’s step counter showed a
small, steady rise in his average activity. More importantly, he had a new association:
“leaving work” now had a faint link to “put on trainers and move”, not just to “collapse
on the sofa”.

Studies of habit formation emphasise exactly this: consistent repetition of a specific
action in a specific context is what drives automaticity, not grand intentions. The “size”
of the habit matters less than its repeatability. A daily 60-minute workout that happens
twice is less likely to become automatic than a daily 10-minute walk that happens for six
weeks.

Amir applied a similar small-scale experiment to his sleep.

He knew that scrolling in bed was ruining his nights. He also knew that “no phone in
bedroom” had lasted one evening. Instead of banning the device outright, he tried a
narrower change: “No screens for 30 minutes before whatever bedtime I end up
having,” He set a 10.30 p.m. alarm labelled “screen off” and left a book by the bed.

Large cross-sectional studies in adults find that regular electronic screen use in the hour
before bed is associated with later bedtimes, shorter sleep durations, and higher
prevalence of poor sleep compared with no evening screen use. The differences are not
huge on any given night — often a few minutes lost or delayed — but they accumulate.
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Over a few weeks, he noticed that on nights when he obeyed the alarm, he fell asleep
taster and felt slightly less wrecked in the morning. On nights when he ignored it, the old
pattern reasserted itself. The simple cue — the alarm and the book — became a small
hinge between two different ways of ending the day.

These were not dramatic changes. They had two important qualities: they were tied to
real cues in his existing routine, and they were flexible enough to survive bad days.
Missing one walk or one screen-free window did not mean the whole project was ruined.

Where Amir had tried to build a new life out of sheer resolution, Sofia tried to engineer
hers with precision.

As a freelance designer with no fixed office or hours, she was tired of feeling that every
day slipped away in email bursts and half-finished tasks. After reading about
“implementation intentions” — the “if X, then I will do Y”” plans that psychologists have
shown can help people translate goals into action — she decided to script her day.

Her notebook filled with lines like:

“If itis 7 a.m., then I will get up and meditate for 15 minutes.”

“If it is 8 a.m., then I will start my first 90-minute deep-work block.”
“If I finish lunch, then I will go for a 30-minute run.”

“If itis 9 p.m., then I will turn off all screens.”

Implementation intentions can be powerful for specific, well-defined tasks — for
example, turning a vague intention like “I should get a flu shot” into “If it is Monday at
3 p.m., then I will call the clinic”. They work by pre-linking a situation to an action so
that, when the situation arises, the action is triggered with less need for on-the-spot
deliberation.

In Sofia’s case, reality immediately intruded. A client scheduled a Zoom call at 8 a.m. on
Monday. A daycare closure meant she spent Tuesday morning with her niece. A software
update ate a chunk of Wednesday. By midweek, most of her neat “if time X then

behaviour Y” rules had already been broken. Each break felt like failure. Within a
tortnight, the notebook lay untouched.

When she later worked with a coach, they did not abandon the idea of linking cues and
actions. They changed the scale.

Instead of “If it is 8 a.m., then I will start deep work,” they tried, “On any workday,
when I finish my first email batch, I will set a 45-minute timer for focused work, at least
three times this week.” Instead of “If it is 7 a.m., then I will meditate,” they tried, “On
weekdays, sometime before lunch, I will do 5 minutes of breathing, nudged by a
reminder.”

The cues were now anchored to events that actually happened in her days — finishing
email, making tea, returning from a school run — rather than to clock times that rarely
matched. The targets were weekly rather than daily. That looseness gave her more
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chances to succeed: if a morning blew up, another window might open in the afternoon.
Over a few months, the breathing practice and the focus blocks became familiar enough
that they no longer needed constant conscious policing.

Work and digital habits illustrate the same pattern.

Jon, a mid-career lawyer, realised during the pandemic that he had drifted into a pattern
of checking work email almost constantly: in bed, at meals, during films. His sleep
deteriorated. He spent Sundays in a low-grade dread, refreshing his inbox every hour.

His first attempt to fix it was absolute: “No work email outside 9-5.” Within days, an
urgent filing deadline and a time-zone-shifted client made that rule untenable. He
dropped it and, discouraged, went back to the old behaviour.

Looking more carefully, he noticed that answering some emails in the evening was
unavoidable. What wrecked his sleep was not any evening work but specifically the habit
of checking just before or in bed. So he tried a narrower boundary: “After 9.30 p.m., no
email.” He set his phone to silence notifications from the work app after that time and
told his team that if something was truly urgent at night, they should call.

Large studies suggest that regular screen use immediately before sleep is associated, on
average, with later bedtimes and shorter sleep, particularly in people who are already
“night types”. Jon was not trying to optimise his circadian rhythms. He just wanted
nights without inbox jolts.

Over several weeks, the 9.30 line shifted from an arbitrary rule to a felt limit. He still
occasionally broke it. But his default changed. At 9.25, he would send a last email, close
the app and put the phone face-down. The habit was not noble or impressive; it was
simply the new normal.

Across these examples, one theme recurs: effective change often comes less from heroic
will and more from modest adjustments that sit close enough to existing routines to be
repeatable and far enough from them to matter. Habit research backs this up: behaviours
repeated in consistent contexts tend to become more automatic over time, and missing
the odd repetition does not undo that trend.

Amir did not become a different person by the end of the year. He did, however,
accumulate a handful of genuinely new habits: three short walks most weeks, a half-hour
screen-free window most nights, and a quiet check-in with himself once a month about
whether anything on his list still made sense.

On a damp Tuesday in November, almost a year after the notebook promises, he left the
office, pulled his trainers from his bag and hesitated. Rain streaked the window. His old
instinct — “Skip it; one day won’t matter” — flickered. So did the opposite instinct — “If
you don’t do the full loop, it’s pointless.”

He looked at the clock, thought about the ten-minute minimum he had agreed with
himself in January, and stepped outside. He turned left instead of right and walked a
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small, unfamiliar block before heading home. It was unremarkable: a short, wet loop, no

transformation.

It was also something his January self could not yet do: choose a smaller, sustainable
version of his intention rather than an all-or-nothing fantasy, and let that choice be

enough for that evening,
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21: Moral Edges — Responsibility, Risk and Fairness
The small meeting room above the city clinic was too warm.

A dozen people sat around the table with paper cups of tea and a stack of consent
forms. Some were in their twenties, others middle-aged. A few avoided eye contact; one
man tapped his foot softly against the chair leg. At the head of the table, a doctor in a
crumpled shirt and an NHS lanyard cleared his throat.

“The aim,” he said, “is to find out whether this vaccine is safe, and whether it triggers
the kind of immune response we’re looking for. There are risks. Most are minor —
soreness, fever, feeling rough for a day or two — but there may be others we don’t yet
know. You are free to walk away at any point. If you decide to take part, you’ll be
monitored closely. If you decide not to, that’s fine. Your regular care won’t be affected.”

He paused, letting the words settle.
The first question came from a woman in a supermarket uniform, arms folded.
“What happens if something goes wrong and I can’t work?”

“We have insurance for trial-related injuries,” he said. “If we can show that a problem
was caused by the vaccine, compensation is available. You’d also have access to specialist
care. That’s all in the information sheet, but we can go through it.”

A man in a hoodie leaned forward. “How likely is that?”

“We don’t expect serious problems,” the doctor replied. “We’ve done lab work, animal
studies. But we can’t say “zero’. If we could, there’d be no point in doing the trial.”

Another hand. “Why are you paying us at all?”

The doctor nodded, as if he’d been waiting for this one. “The payment is to cover your
time and inconvenience — the visits, the blood tests, the days you might feel under the
weather. It’s not meant to be so high that it pressures anyone into taking part who
wouldn’t otherwise. If you feel it is, you shouldn’t sign.”
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A woman at the end of the table, who had been silent so far, spoke up. “Are people like
us going to get this, if it works? Or is it going abroad, or to private clinics?”

He hesitated, then answered carefully. “If it works, the plan is for it to be part of the
national programme. That means anyone who meets the criteria, free at the point of use.
We can’t promise exactly when or how, but this isn’t a product just for rich countries or
private patients. That’s written into the funding.”

Underneath the practical questions ran something harder to phrase: is this fair?

It was not lost on anyone in the room that the trial was being run in a neighbourhood
where rents were low and wages were, mostly, lower. Several of those present had taken
time off casual shifts to be there. The payment offered — a few hundred pounds spread
over multiple visits — would make a noticeable difference to some of their months.

In the language of ethics, the doctor’s slide deck gestured at the standard safeguards:
informed consent, independent review, monitoring, the right to withdraw. But the faces
around the table were not working through textbook principles. They were weighing
rent, children, fear of side-effects, and a sense — more felt than articulated — that
somebody had to go first if anyone was ever to be protected.

A man in his fifties, with nicotine-stained fingers, summed it up in plainer terms.

“So you’re asking us to be guinea pigs,” he said. “But you’re saying we get to choose, and
you’re not going to disappear if it goes wrong.”

“Yes,” the doctor said quietly. “That’s about right.”

He did not say that without people like them, there would be no way to know whether
the vaccine worked well enough, or was safe enough, to justify offering it to millions. He
did not say that the line between acceptable risk and exploitation is easy to praise in
theory and messy in rooms like this. He just slid the forms across the table and stayed
while people read.

Afterwards, in his office, he stared at the list of those who had signed and those who
had walked away.

He was proud of the protocol, of the careful wording, of the oversight committee that
had demanded changes and gotten them. He was also uncomfortably aware that the
city’s wealthier districts were not hosting equivalent meetings. The trial needed people
who could come for multiple visits, who lived close by, who were reachable. Those
conditions rarely mapped onto the postcodes where lawyers and consultants clustered.

The second case was less formally regulated, and in some ways more troubling.

On the eighth floor of a glass building across town, a different group sat around a
different table: a bank’s senior management team. On the wall, a screen showed a slide
titled “Strategic Risk Opportunities”.
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“We’re under-earning our risk capacity”, the head of trading was saying “Our
competitors are generating double the return on equity in similar markets. Our models
show that, if we increase our exposure in structured credit by twenty per cent and
extend our average holding period, the downside is manageable and the upside is
significant.”

The chief risk officer flicked to the next slide. Lines climbed and dipped, confidence
intervals shaded in grey. “We’ve stress-tested the portfolio under multiple scenarios”, she
said. “In most, we’re fine. In a small fraction, losses are severe but absorbable. We’re
nowhere near breaching regulatory capital minima.”

The finance director tapped a pen against her notepad. “What happens in the severe
cases?”’

“We’d take a hit for a couple of years,” the trader replied. “Bonuses would be lower. We
might need to slow dividend growth. But we wouldn’t be out of the game.”

“And in a really severe shock?” she asked.

“Then everyone’s in trouble,” he said with a short laugh. “This isn’t idiosyncratic risk.
This is market-wide.”

No one around the table mentioned deposit-holders who would panic if headlines
screamed about losses, or the small businesses whose credit lines might be pulled in a
tightening, or the staff who would be first in line for redundancy. No one said “bailout”,
or “austerity”’, or “the last time we did something like this”. Those connections sat
offstage, like facts in another file.

The structure of the decision, if you stepped back from the spreadsheets, was stark.

The upside — promotions, bonuses, praise from shareholders — would fall, in the first
instance, on a thin layer of people in that room and their teams. The downside, if things
went badly wrong, would spread: through staff cuts, through shrinking credit, through
government decisions about which institutions to support and which programmes to cut
to pay for it.

Unlike the people in the clinic, no one had come to this table to volunteer for risk. The
customers whose pensions and savings would be indirectly exposed had signed account
forms, not consent forms. Their part in the bank’s strategy was an artefact of how the
financial system channels their money, not a choice made in full awareness of the bets
being taken.

One of the non-executive directors, an older man with a background in regulation,
tinally spoke.

2

“You keep saying ‘our models’,” he said. “You know as well as I do that those models
are built on the last couple of decades. They don’t include, say, a sudden change in
interest rates we haven’t seen for years, or a political shock that locks markets for a week.
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When you say ‘manageable downside’, you mean ‘manageable if the world rhymes with

our spreadsheets’.”
The trader shifted in his chair. “We’re not talking about cowboy stuff,” he said. “We’re
talking about using the balance sheet more efficiently.”

The director looked around the table. “We are talking,” he said slowly, “about deciding
how close to the line we want to run when the people who will take the first impact if
we trip are not in this room.”

Silence settled, uncomfortable and brief. Someone suggested commissioning an external
review of the proposal. Someone else pointed out that delay could mean losing market
share. The meeting moved on in the way such meetings do: to timelines, to headlines, to
a decision that would be minuted in cautious language.

Later, walking back to his office, the director thought of his own small savings account
at the same bank, of the junior staff who would never see the “Strategic Risk
Opportunities” slides, of the public rows a decade earlier about who had paid and who
had been paid.

The differences between the clinic and the bank were obvious. One dealt in millilitres of
vaccine and fevers, the other in billions and basis points. One had an ethics committee,
patient advocates, and a protocol submitted to regulators. The other had a board, legal
obligations to shareholders, and a risk appetite statement drafted in consultant prose.

The similarities were harder to look at. In both rooms, some people were deciding how
much uncertainty to accept on behalf of others. In both, the benefits of moving closer
to danger ran more directly to one set of people than the risks did. In both, the language
on the slides softened the sharpness of what was really at stake.

Back at the clinic, the doctor sat with a man who had hung back after the main meeting,
The man twisted his consent form in his hands.

“I want to help”, he said. “My brother died of this last year. If this stops that happening
to someone else...” He trailed off. “But I've got zero hours at work at the moment. The
money matters. I don’t know if I’'m really choosing or just... needing it.”

The doctor did not have a clean answet.

“We’ve tried to set the payment so it recognises your time without pushing anyone,” he
said. “But I can’t see inside your head. If you feel that you’d only be here for the money,
and that would make you resent it, maybe this isn’t the right thing for you. If you feel
youd want to be here even if the payment were lower, that’s a different feeling.”

The man nodded slowly. “What did you do?”” he asked.
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“When I was a student,” the doctor said, “I signed up for a trial. Different vaccine. The
money helped. I also wanted to be part of something that might matter later. I spent a
week wondering if I was being stupid or brave. I still don’t know.”

They sat for a moment. Fluorescent lights hummed.

At the bank, the non-executive director drafted an email he would send, later, to the
chair. He suggested tying more of the bonus pool to longer-term outcomes, including a
clause that would claw back pay if losses appeared years down the line. He proposed
hard limits on certain positions that could not be breached without full board approval,
not just a nod in a sub-committee. He did not expect to win all of it. He did not know
whether, in five years, anyone would trace a crisis back to the decision they were about to
take.

In both places, decisions went ahead. Some people in the clinic signed; some walked
away. The trial began. The bank, after tweaks, expanded its exposure. For months,
nothing dramatic happened.

Ethical edges rarely announce themselves with drums. They are crossed in small rooms,
on ordinary days, by people who can give reasons for what they are doing and who will,
if things go badly, have to live with the knowledge that they were among those who
chose how close to the line everyone else would be asked to stand.
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22: Limits of Edge Theory — Where It Helps, Where It Doesn’t

In the imposing shadow of King’s College, Cambridge, a graduate student once leaned
across a café table and said, with a mixture of enthusiasm and mischief, “I’ve started
seeing ‘edges of chaos’ everywhere. My supervisor is worried.” He was half joking, but
only half. Once you have a pattern in your head — systems working well in a band
between rigidity and disorder — it can be tempting to apply it to every topic in sight.

This chapter is about resisting that temptation.

Edge theory, as presented in this book, is a way of noticing something almost
embarrassingly obvious that we mostly manage not to see. It says: in many systems we
care about, things go badly wrong when stabilising forces dominate completely or when
variability is left unchecked. Hearts, markets, hospitals, classrooms, teams and
democracies all show versions of this. Naming that neglected obviousness can be useful.

To keep the project honest, we need to ask where this way of thinking genuinely adds
insight, and where it risks obscuring more than it reveals.

Where it helps

Edge theory is most helpful in domains where three conditions hold.

First, there is a recognisable tension between order and variation built into the system’s
functioning. Brains need both integration and segregation; markets need both stability
and price movement; ecosystems need both disturbance and recovery. In such cases,
naming that tension as a dynamic symmetry, and asking how close the system is to its
working band, clarifies design questions.

Second, we have at least some measurements or qualitative indicators of both sides.
Heart-rate variability gives a handle on physiological flexibility; volatility indices capture
price movement; occupancy and waiting-time data show hospitals’ slack and strain. Edge
theory encourages pairing these signals, rather than focusing only on averages or
extremes.

109



Third, there is room for intervention. It makes sense to talk about adjusting staffing
protocols, training regimes, feedback loops, regulatory buffers. We can design stabilising
structures and exploratory freedoms with some degree of intention.

In those contexts, the framework earns its keep. It helps people used to thinking only in
terms of “more control” or “more freedom” to see that both are needed, and to think
about how they interact. It gives a way of talking across domains without pretending
they are identical.

Where it doesn’t help much

There are, however, many domains where invoking edges adds little or can mislead.

Some processes are simply dominated by one factor. If a bridge collapses because a
contractor skimped on steel, or a crop fails because of a specific blight, the interesting
story is often straightforward: someone cheated, or a single overwhelming cause struck.
You do not need Edge theory to explain it. Talking about “the bridge leaving its stability
band” would be grandiose.

In other cases, the dominant question is not about system dynamics but about meaning,
values or specific mechanisms. Asking whether a poem or a painting lives “on the edge
of chaos” may be fun; it may not tell you much about how to read it. Debates about
constitutional legitimacy or human rights often turn on history, principle and power, not
on how “far from equilibrium” a system is.

Some critics of complexity metaphors in the social sciences have warned that importing
phrases like “strange attractors” or “edge of chaos” can give writing an unwarranted air
of scientific authority without adding substantive explanation. They note that it is easy
to slide from “this is a complex situation” to a kind of shrug: “it’s all very complex, so
nothing can be done.” Others point out that complexity language has been used to
legitimise certain policy agendas while dodging accountability.

This way of talking is vulnerable to the same misuse. Saying that a policy area is “at the
edge” can sound insightful while hiding ignorance. Sometimes a bad policy is just a bad
policy.

The risks of over-generalisation

There are at least three ways this framework can be over-extended.

Metaphor creep. It starts as a helpful comparison — “this classroom reminds me of a
system near an edge: too much control and pupils shut down; too little and they drift” —
and ends as an all-purpose label: “everything interesting happens at the edge.”
Metaphors are useful for generating hypotheses, but must eventually give way to specific
models or be tested against data. If “edge” is never tied back to measurable or at least
observable features, it becomes decoration.

Flattening differences. A hospital ward, a social media platform and a constitutional
court all show some tension between stability and change. But the mechanisms, stakes
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and timescales differ radically. Treating them as essentially the same because they all “live
near edges” can make you insensitive to local detail. Scholars of politics, health and
economics have warned against directly transplanting models from physics into social
domains without accounting for human agency, institutions and meaning.

This book has tried to avoid that by staying close to stories and by not claiming
mathematical universality. Even so, the risk remains: once you get used to seeing
dynamic symmetries, you may miss phenomena that are better explained in other terms
— class conflict, legal doctrines, organisational incentives.

Smuggling in politics. Complexity language has, at times, been used to carry hidden
normative claims: that top-down control is necessarily bad, that markets should be left to
“self-organise”, that any attempt at regulation will backfire because systems are too
complex. One critic called this the “Achilles heel” of some complexity talk: its tendency
to act as “a superior naturalistic metaphysics of ‘life” that conveniently legitimises
certain social arrangements.

Edge-style language could be twisted in similar ways. Someone might say, “Because
everything works best near edges, we should push social systems towards instability; it’s
good for innovation.” Or, “Because rigid control kills adaptability, all planning is
undesirable.” The chapters on moral edges and on limits are partly here to guard against
that. The ideas must remain descriptive and diagnostic tools, not slogans for
deregulation or permanent disruption.

When simpler explanations suffice

There is a useful discipline in asking, before reaching for this framework: “What is the
simplest adequate explanation here?”

If a shop closes because its rent doubled and footfall halved, you probably do not need
dynamic symmetry to understand it. If a team fails because its manager is openly
abusive, you do not need to map its “order—variation” balance; you need to change the
manager. If an election is stolen through crude ballot-box stuffing, the key concepts are
traud and power, not complex systems.

In policy analysis, authors have noted a tendency to over-generalise lessons from one
crisis to another, especially when the earlier one was seen through a complexity lens.
After a financial crash linked to excessive risk-taking, for example, policymakers may see
later problems as requiring maximal caution even when the contexts differ. The danger is
that “we learnt that everything is complex” becomes a reason to apply the same template
everywhere.

Edge-based thinking is vulnerable to a related trap: once you have seen useful patterns
of balance in, say, education or sport, you may be tempted to infer them in unrelated
areas. Asking “What is the stabilising force here? What is the exploratory forcer” is not
always the most helpful first question. Sometimes the right first question is, “Who
decided this? Who benefits? What does the evidence say?”
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Likely objections, plain answers

It is worth airing a few likely criticisms and answering them directly.

“Isn’t this just saying ‘moderation in all things’?”

There is overlap. The picture here certainly echoes the ancient idea that extremes are
often harmful. But “moderation” is vague; it offers little guidance on what to moderate
or how. In practice, a hospital does not need a general injunction to be moderate; it
needs to know that hygiene rules should be uncompromising while staffing patterns
must stay flexible. A financial regulator needs clarity on which parameters must be tightly
controlled and where experimentation is encouraged. Simply preaching balance does not
get you there.

“Isn’t ‘edge of chaos’ a contested metaphor in the sciences?”

In physics and biology, the phrase refers to specific regimes in models where systems
show a mix of order and disorder. Some early claims that all adaptive systems literally
tune themselves to such critical points have been questioned by later work. The usage in
this book is deliberately looser. It borrows the intuition — that interesting behaviour
often occurs between extremes — and connects it to observable bands of function in
concrete systems. Where empirical work in neuroscience, ecology or climate suggests
genuine critical regimes, that strengthens the picture; where it does not, nothing here
stands or falls on the formal theory.

“Aren’t you just rebranding complexity theory?”

The family resemblance is real. Both emphasise feedback, non-linearity and emergent
behaviour. But the focus here is narrower: on the balance between stabilising and
exploratory forces and on how systems behave near thresholds. Complexity theory in its
broadest sense can be a label for almost any many-component, adaptive system. Edge
theory is one way of carving that space, not a replacement, and it sits alongside other
lenses — economic, legal, psychological, historical — rather than claiming priority.

“Doesn’t this invite fatalism — ‘systems will self-organise, so leave them alone’»”

Some uses of complexity language have veered that way. The argument here points in
the opposite direction. The whole discussion of design — in hospitals, schools, platforms,
workplaces — presupposes that choices matter: staffing ratios, escalation rules, interface
layouts, voting systems, habits of feedback. The claim is not that systems will sort
themselves out if left alone, but that interventions should be made with an eye to how
things behave under stress, not just on average days.

“Isn’t there a risk that talking about ‘systems’ de-personalises responsibility?”

Yes. Any systemic language can blur agency. Saying “the system drifted towards the
edge” can hide the fact that certain leaders, boards or governments made decisions. That
is why the moral chapters insisted on pairing dynamic descriptions with questions of
tairness and accountability. Behind every pattern there are actors, institutions, laws. If
this framework is used to let decision-makers off the hook, it is being misused.
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Using the ideas with discernment

For a reader who has come this far, the practical question is: how should you use Edge
theory?

One answer is modestly. When facing a problem — a failing team, an overloaded service,
a polarised debate — you can ask, “Is there a useful way to think about the balance
between structure and variation here? Are we clearly over-tight or over-looser”
Sometimes that will unlock helpful insights. Sometimes it will not.

Another is comparatively. The pattern is strongest when placed alongside other
perspectives: economic incentives, legal frameworks, psychological biases, historical
trajectories. If an Edge-based story contradicts everything we know from those other
lines of work, it is likely being stretched too far.

A third is reflexively. These ideas have their own stabilising elements — favourite
examples, recurring phrases — and their own exploratory impulses — moving across
domains, suggesting new measures. They too can become either ossified or vague.
Naming that helps keep the whole enterprise in a workable band.

There are also domains where the pattern’s grip is weak and should remain so. When
people argue about whether to withdraw life support from a loved one, or when a
society debates assisted dying, the central questions are about dignity, consent, suffering,
obligations to the dying and the living. Edges of physiology and institutional capacity
matter, but they do not decide the case.

When friends struggle over whether to forgive a serious betrayal, the language of
stabilising and exploratory forces does not get you very far. What matters is trust,
remorse, risk, the particular history between these people. When an adult child chooses
whether to care for a parent who once neglected them, or whether to cut contact, the
relevant notions are loyalty, harm, self-preservation, perhaps justice. System-level talk can
lluminate some background pressures; it cannot carry the moral weight.

Those are good reminders of scale and scope. A pattern that helps us think more clearly
about hospitals, markets and institutions does not need to adjudicate every human
dilemma. It is enough if it sharpens our attention where it fits, and leaves us honest
about where other languages — legal, moral, narrative, spiritual — rightly take the lead.
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23: Designing for Resilient Edges

Towards the end of an August weekend, the chief executive of a regional hospital trust
stood quietly at the back of the emergency department, eyes on the board that ran along
one wall. Fach row was a patient; each column, a stage in their journey: triage,
assessment, decision, ward. Next to it, another screen showed numbers: arrivals per
hour, current bed occupancy, average time in department, ambulances queuing outside.

The figures were ugly but familiar. Occupancy across the hospital had been above
ninety-five per cent for weeks. The emergency department had breached its four-hour
target every day that month. Staff moved quickly but with a brittle tightness. A single
extra major trauma case, a small outbreak in a care home, or a jam on the motorway
could push the whole system from “barely coping” to “unsafe”.

In earlier chapters, we watched similar scenes from other angles: ICU nurses juggling
beds, managers wrestling with rotas, doctors trying to discharge patients into social care
that was itself under strain. The pattern was consistent. Systems designed to run
“efficiently” — which often meant with minimal slack — were living permanently at or
beyond their edges. They functioned, but only just.

This chapter brings such stories together and asks: what have we learnt about designing
systems that must operate near their edges without breaking? Designing for resilient
edges means paying attention to how a system behaves under strain, not just how it
performs on a good day.

One way to make that concrete is to stop looking at single numbers and start pairing
them. In Chapter 11, I called this approach the Dynamic Symmetry Index. It is not a
single magic number. It is a habit: for any system you care about, track both a signal of
structure — how organised, how loaded, how constrained it is — and a signal of variation
— how much room it has to flex, how often small disturbances occur, how wide the
range of responses. A hospital might watch occupancy and spare capacity together. An
ecosystem, average conditions and the frequency of small disturbances. An organisation,
the clarity of rules and the amount of safe experimentation going on. The point is not
to worship the index. It is to spot when a system starts looking efficient on one measure
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and dangerously brittle on the other, and to adjust policies, incentives or structures
before an edge is crossed.

Slack without waste

In the hospital’s case, the first lesson was prosaic. After a near-miss in which a patient
deteriorated unnoticed on a corridor trolley, an internal review did not stop at blaming
individuals. It asked how the hospital’s design had left almost no room for error. Beds
were planned to be full. Elective surgery lists were booked to capacity. Staff numbers
were barely sufficient for an ordinary day; there was little ability to absorb flu season,
heatwaves or staff sickness.

Over the next year, the trust made an unfashionable choice. It reduced planned
occupancy targets on key wards, even though this made its “utilisation” figures look
worse. It built in an explicit buffer: a certain number of beds to be kept unoccupied
under normal conditions. It also redesigned escalation protocols so that rising occupancy
triggered a series of steps — calling in extra staff, opening short-stay units, diverting
elective admissions — before crisis had fully arrived.

On paper, this looked like inefficiency. In practice, it moved the hospital back into a
healthier band. Staff reported fewer days of feeling “overwhelmed all shift”. Patients
spent less time waiting on trolleys. When an exceptional winter surge did come, the
system bent but did not snap.

Something similar happened in a coastal town facing rising sea levels and more frequent
storms. For decades, the sea wall had been maintained to a standard that assumed a
“once in a century” flood would remain rare. As storms stacked up, that assumption
frayed. The town council faced a choice between higher, more expensive walls and a
different strategy.

Working with engineers and planners, they introduced a set of layered defences. Some
low-lying car parks were designated as sacrificial flood zones; parks were reshaped to
hold excess water temporarily; building regulations in certain streets were tightened;
residents were supported to install property-level protection. None of these measures
prevented flooding entirely. They did, however, create slack in the system: places for
water to go that did not immediately translate into catastrophic damage.

The cost—benefit calculations that justified these decisions were grounded in
domain-specific models and data. Edge theory’s contribution was conceptual: a reminder
that systems running permanently on thin margins — no spare beds, no overflow basins,
no financial buffers — are fragile. Slack is not mere fat; it is part of the structure that
allows systems to live near edges without constant crisis.

Diversity as protection

In a different corner of the economy, a mid-sized firm learnt about diversity the hard
way.
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For years, it had sourced a critical component from a single supplier overseas. The
arrangement was efficient: volumes were high, prices low, logistics smooth. Then a
combination of political tension and an industrial accident disrupted that supplier.
Deliveries slowed, then stopped. Production lines at the firm’s main plant fell silent. The
company had built no alternative relationships; its procurement team had optimised for
cost, not resilience.

After a painful year of lost revenue and reputation, the firm rethought its supply chain.
It cultivated multiple suppliers in different regions, even though some were more
expensive. It held slightly higher inventories of the component, accepting warehousing
costs as an insurance premium. In calm times, this looked like a step away from “lean”
efficiency. When the next disruption hit — a port strike in one country — production
barely faltered.

Ecologists have long known that diversity can stabilise ecosystems. A forest with many
species and age structures can better absorb pests or weather shocks than a plantation of
identical trees. Financial regulators speak of “too similar to fail”: when banks hold
similar assets and follow similar strategies, they become vulnerable to the same shocks.
Organisations with monocultures of thought are prone to groupthink.

Edge theory draws these observations together. Systems near their edges cope better
when they have diversity of components, pathways and responses. That diversity should
not be random. In the firm’s case, it was structured: different suppliers with known
strengths, different transport routes, different contractual terms. In a school, it might
mean varied teaching approaches within a shared curriculum, so that pupils who do not
thrive under one style can find another. In a software team, it might mean a mix of skills
and perspectives that can spot different kinds of problem.

Feedback that is timely and rich

The hospital chief executive’s view from the back of the emergency department
depended on data. If occupancy figures had been reported only monthly, or if
near-misses had been buried in paperwork, the recognition of being too close to an edge
would have come late, if at all.

In several stories across this book, the turning points came when feedback became
clearer or quicker. A teacher redesigned a course after realising, through low-stakes
quizzes and pupil work, that apparent understanding was brittle. A football manager
loosened his tactical system after video analysis showed how often safe passes replaced
incisive ones. A company that had been flying blind about staff overload introduced
simple measures of workload and wellbeing, surfacing warning signs before burnout
forced resignations.

Not all feedback is helpful. There are risks in over-reacting to noisy short-term signals, in
mistaking Twitter storms for stable opinion, or in letting a single metric — test scores,
share price, daily active users — dominate judgement. Yet systems without feedback that
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connects action to consequence cannot self-correct. They drift until a crisis imposes
correction from outside.

Edge-aware design looks for feedback at multiple timescales. In climate adaptation,
annual storm damage and insurance claims provide one view; multi-decadal sea-level
trends another. In education, daily classroom dynamics, termly assessments and
long-term outcomes all matter. In technology, real-time monitoring of system
performance, periodic audits and user feedback each have a role.

What Edge theory adds is an emphasis on pairing feedback about order — averages,
occupancy, throughput — with feedback about variation — volatility, spikes, near-misses. A
hospital that tracks occupancy but not how often staffing escalations are triggered sees
only half the picture. A social media platform that monitors user numbers but not how
concentrated attention is on a handful of accounts may miss eatly signs of unhealthy
dynamics.

Modularity and firebreaks

When systems fail, the damage can either stay local or cascade. The difference often lies
in how modular they are: how strongly linked different parts are, and whether there are
tirebreaks.

In one widely reported blackout, a fault on a transmission line triggered a series of
automatic responses that took down generators hundreds of kilometres away. Safety
mechanisms that were supposed to isolate the problem instead amplified it. The grid, as
configured, lacked sufficient modularity; it behaved as a tightly coupled system where a
local issue became a system-wide event.

Afterwards, engineers and regulators redesigned protection schemes, adding more
sectionalising points and smarter controls to prevent a similar cascade. The aim was not
to eliminate all coupling — grids need interconnectedness to share load and support one
another — but to ensure that failures would be contained.

In organisational design, modularity can mean semi-autonomous units with clear
boundaries. A national health system might organise care into regional networks that can
adapt locally while sharing some resources. A large company might structure itself into
business units that can absorb shocks without dragging each other under. In software,
modular architectures allow parts of a system to be updated or repaired without taking
everything offline.

Too much modularity, though, can lead to silos and fragmentation. Units may hoard
information, duplicate etfort or pull in different directions. The Edge question is: where
should we allow tight coupling because it brings benefits (shared learning, economies of
scale), and where should we introduce firebreaks to prevent cascades?

Small-scale experimentation

One of the recurring design moves in resilient systems is to experiment at small scale
before committing at large scale.
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A city considering a new street layout might run a temporary trial with cones and paint,
observing traffic patterns and public response, before pouring concrete. A school might
pilot a new timetable with one year group before making it universal. A software team
might deploy a feature to a small fraction of users, monitoring for problems, before
rolling it out fully.

These are not just prudent steps; they are ways of learning about edges without pushing
entire systems over them. Small-scale experiments can reveal unexpected interactions: a
new parking scheme shifts traffic into residential streets; a curriculum change affects not
only test scores but teacher workload; a software update interacts badly with certain
devices.

Edge theory frames these trials as ways of mapping the shape of the working band.
Within medicine, careful dose-finding studies play that role. In climate adaptation, pilot
projects on managed retreat or nature-based solutions can inform wider plans. In
education, trying a new assessment method in one department can uncover practical
constraints before wider rollout.

The stories of badly designed experiments in previous chapters — harsh welfare pilots,
risky financial innovations — remind us that experimentation itself can be dangerous
when the stakes are high and consent thin. The answer is not to avoid experimentation
entirely, but to design it with boundaries: to limit scope, protect those involved, and
commit to stopping or changing course when signals show harm.

When good intentions push systems the wrong way

Not every project framed in the language of resilience or innovation succeeds. Some
push systems towards brittleness or volatility despite good intentions.

A hospital, under budget pressure, might introduce strict discharge targets without
investing in community care. On papet, this reduces length of stay. In practice, patients
are sent home to inadequate support, re-admitted in worse condition, and staff morale
suffers. The system oscillates more wildly. The stabilising structure — the target — is
misaligned with the realities of care.

A school might adopt a rigid behaviour policy, thinking it will create a calm environment
conducive to learning, For some pupils, predictability and clear consequences are indeed
helpful. For others, especially those with particular needs or chaotic home lives,
zero-tolerance rules lead to repeated exclusions. The school’s apparent order masks
growing disengagement and dropout. Its long-term functioning is undermined.

A technology company might push a “move fast and break things” culture to encourage
innovation. For a while, this produces rapid product cycles and headlines. Over time,
repeated privacy breaches, safety issues and regulatory clashes pile up. The organisation’s
licence to operate is threatened. What felt like dynamic exploration turns into

destabilising volatility.
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In each case, Edge theory would have prompted different questions at the design stage.
Where is our slack? Who absorbs the shocks? What feedback will tell us early that this
policy is pushing us towards an unhealthy edge?r How can we try this in limited form
before committing fully? The answers would still have depended on deep knowledge of
medicine, education or technology. The theory’s role is to keep certain questions on the

table.

Domain knowledge first

If there is one caution that must be repeated as we move towards the book’s end, it is
that Edge theory does not replace domain expertise. You cannot design a floodplain
policy, a surgical pathway, a school timetable or a trading algorithm with dynamic
symmetry alone. You need hydrology, medicine, pedagogy, microstructure mechanics.

What Edge theory can do is act as a second set of eyes: a way of cross-checking whether
designs have become overly tidy on paper, leaving no room for variation, or overly loose
in practice, lacking any stabilising structure. It can help non-experts ask better questions
of experts: “What happens on bad days?” “Where does the pressure go when one part
tails?” “How close are we, by your measures, to the edges you worry aboutr”

In the final chapter, the project will step back once more and ask what it has done and
what it has left undone. This penultimate chapter has been deliberately concrete, because
design is where theories prove themselves or fail. Resilient edges are not abstract; they
are built and rebuilt, in wards and wetlands, offices and classrooms, apps and laws, by
people trying to keep systems alive in a world that will not sit still.
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24. Living on the Edge Without Falling Off

Some mornings, the edge is as mundane as a missed alarm. You wake ten minutes later
than planned. The kettle takes longer than you’d like. A child cannot find their shoes.
The train you usually catch pulls away as you reach the platform. Your day has not
collapsed, but its shape has shifted. You will answer emails in a different order. Lunch
will be shorter. Your temper may be a little harsher in the meeting just before noon.

Nothing in that sequence is dramatic. Yet even in this small story you can feel how
tightly many of us live against the margins of our time and attention. A tiny deviation at
7a.m. ripples through the day. For some, the system is forgiving: they can move a
meeting, work later, buy a sandwich instead of making one. For others, there is less
slack: the missed train leads to a warning at work, a missed appointment, a fine.

This book has spent many chapters on bigger edges: crowds on patliamentary steps,
intensive care units near capacity, markets on the brink of crisis, brains tipping between
seizure and stupor, cities preparing for floods. It has told stories of teams and families
and classrooms, of algorithms and activists and policy pilots. If one thread runs through
all of them, it is the question that runs through that small domestic scene too: how close
to your edges are you living, and what happens when things move?

What Edge theory is (for this book)

Just as importantly, Edge theory is not a master key. It does not replace hydrology in
flood planning, epidemiology in health policy, constitutional law in politics, or
attachment theory in family work. It does not tell you which values to prioritise, who
should hold power, or what counts as a just outcome.

Nor is it a licence to treat every situation as an “‘edge of chaos” moment. Some events
have very simple causes; some arguments are best understood in terms of interests and
principles, not symmetry and thresholds. If Edge theory ever tempts you to ignore
domain evidence, or to excuse avoidable harm as “complexity”, it is being misused.

Finally, it is not a promise that all good things live in the middle. In some systems, you
want very strong constraints in some dimensions and great freedom in others: strict bans
on certain kinds of experiment alongside wide room for variation elsewhere, hard no-go
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zones alongside genuine laboratories of change. The “edge” here is not a point of
perfect compromise but a band that will look different across contexts and over time.

Bands, not balance points

Early in the book, Edge theory was presented as a way of describing systems that
tunction well when stabilising and exploratory forces are both present and in tension.
Hearts run best when their rhythms are neither rigid nor chaotic. Brains support
consciousness when they are neither locked into flat synchrony nor blown apart into
noise. Teams play best when tactics give shape but do not suffocate initiative.
Democracies survive when institutions constrain power but allow renewal.

In each case, the healthy regime was not a single point. It was a band, and a moving one
at that. The right heart-rate variability is not the same when you are sprinting and when
you are asleep. The useful volatility in a market differs between a quiet summer and a
crisis. A classroom that is challenging but manageable for one group of pupils may be
overwhelming or dull for another. A political system’s safe operating band changes as
demographics, technologies and economic conditions shift.

Living with that recognition — that there are no final resting points, only moving bands —
can feel unsettling. Much of modern culture sells the opposite hope. Self-help books
promise “finding balance” as if it were a single configuration you can lock in: the right
job, the right partner, the right routine, the right way of eating. Management advice,
political rhetoric and lifestyle marketing all appeal to a desire for settled answers.

Edge theory is a gentle rebuke to that craving, It suggests that in complex systems,
including your own life, stability is real but provisional. It is something you do, not
something you have. It is active, not static. The question “Am I in balance?” becomes
“How am I maintaining symmetry today, and what happens when conditions change?”

Structure and freedom, again and again

One way to make this concrete is to return to the pair that has been implicit throughout:
structure and freedom.

In your own routines, structure appears as alarms, calendars, to-do lists, habits,
obligations, roles. Freedom appears as unstructured time, spontaneity, choices, the ability
to say “no” or “yes” without a script. People who have known only chaos often crave
more structure: a steady job after precarious work, a regular bedtime after insomnia, a
budget after years of overdrafts. People who have known only tight control often crave
the opposite: a sabbatical after years of overwork, travel after a life in one town, an
afternoon with no meetings after weeks of back-to-back calls.

Edge theory does not say “split the difference”. It says: you need both, but the right mix
is contextual, and it changes. Parenting a toddler, writing a thesis, caring for an ill parent,
starting a small business, grieving a loss — each of these pulls your symmetry in different
directions. You cannot solve them with a generic ratio of structure to freedom.

What you can do is notice when one side has taken over for too long.
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If every hour of your day is scheduled, if devices and diaries and expectations leave no
white space, you may be living in a regime that looks productive but is fragile. A minor
illness, a broken-down car, a surprise request can topple carefully stacked plans. Your
nervous system, like the ICU occupancy board, may be hovering permanently near red.

If, on the other hand, days slip by without any pattern, if sleep times, meals, work blocks
and social contact are all left to chance, you may feel freer than your friends with
colour-coded calendars. You may also find it harder to build skills, sustain relationships
or advance projects. The system drifts, subject to every immediate mood and external

tug.

Your own edges are partly physiological — your tolerance for sleep loss, noise, social
contact, solitude — and partly social and economic — your income, your caring
responsibilities, the demands of work. They are not the same as your neighbour’s. That
makes Edge theory both humbling and hopeful. It cannot hand you a template. It can,
however, offer a habit of questioning: where, in my life right now, is there too much
rigidity, where too much looseness?

Routines as quiet politics

The book has spent time in rooms of power: on parliamentary steps, in committee
chambers, in boardrooms, in control rooms. It has argued that democracies,
organisations and markets function best when their structures and freedoms are in active
tension, and that when those structures are either abused or neglected, people get hurt.

There is a connection between these large systems and your morning alarm that is more
than metaphorical. The routines you keep, the ways you interact with institutions, the
edges you choose to live near — all of these shape, and are shaped by, the wider systems
around you.

A nurse who routinely works double shifts because the hospital has no slack is living on
her own edge because the institution has been designed to live on its edge. A parent who
juggles three part-time jobs with unpredictable hours is forced into an improvisational,
exhausting regime because labour markets and social policies have prioritised flexibility
for employers over security for workers. A student who spends evenings scrolling
through feeds designed for maximum engagement is, to some extent, living out the
edges of technology companies’ choices about recommender systems.

To say this is not to erase personal responsibility. It is to broaden it. Your attempts to
tind workable bands in your own life — to get enough sleep, to limit certain kinds of
digital use, to carve out time for relationships, to manage money without obsession — are
small acts of design in a network of designs. They will sometimes succeed and
sometimes fail. They will always rest on, and push against, larger structures.

The habit of noticing edges can therefore run in both directions. You can ask, “How is
this workplace, app, school or policy pushing me towards certain edges? Are those edges
safe for me? For others?” You can also ask, “How might my own routines be reinforcing
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certain systemic patterns, and how might small changes contribute, however modestly, to
shifting them?”

Kinder experiments

One of the most practical threads through the book has been the idea of small,
reversible experiments. In sport, in education, in personal finance and habit change,
ambitious overhauls tended to fail; modest trials tended to teach.

Living near the edges of your own abilities and circumstances is easier to tolerate when
the experiments you run have safety margins. Trying a different sleep routine for a week
is less risky than quitting your job overnight. Piloting a new way of structuring meetings
in your team is less risky than tearing up all processes at once. Testing a change to your
phone use in the hour before bed is less risky than deleting every app in a flush of
frustration.

The word “kinder” matters here, because many of us use experiments harshly. We set
resolutions as tests of character. We treat any lapse as proof of weakness. We escalate
quickly: from “I didn’t go to the gym this week” to “I am hopeless and will never
change.” Edge theory, with its emphasis on bands rather than points, suggests a different
voice. A system that dips out of its band occasionally is not broken. What matters is
how it returns, and what is learnt.

Kindness also applies outwards. When your friend or colleague or child is trying to
change something — their diet, their working pattern, their reactions — you can be the
one who helps keep the experiment small and reversible, who makes room for error and
recovery, rather than the one who turns every slip into a verdict.

Images that stay

Books like this often end with neat slogans. Edge theory resists that, not out of coyness,
but out of consistency. The whole argument has been that systems worth caring about
are too varied and too alive to be flattened into a single line.

What may be more useful than a slogan is a handful of images.

A body in intensive care, held between too little and too much intervention, monitors
showing both regularity and fluctuation.

A crowd on a flight of steps, swaying between protest and crush, safety depending on
how barriers and human judgement interact.

A classroom where silence can mean two opposite things: concentrated effort or fear.

A trading screen that looks calm until buffers are stripped away and small shocks
cascade.

A family dinner where certain topics never land, and a team meeting where real news
travels only in corridors.
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A recommendation feed that is either so narrow it hardens into an echo chamber, or so
frenetic it becomes a blur.

A self-driving car performing beautifully on sunny test tracks and faltering on a wet,
chaotic street.

Each of these is a reminder that order and variability are not abstract forces. They are
experienced as safety and risk, boredom and overload, rigidity and drift. Each is also a
reminder that someone designed, or failed to design, the bands in which these systems
operate.

What comes next

No single book can settle how far dynamic symmetry theory can be taken in science or
practice. There is technical work to do: testing whether paired measures of order and
variation genuinely help in physiology, climate, markets and neuroscience, or whether
existing tools already do the job well enough. There is institutional work: using
Edge-type questions to shape laws, protocols and infrastructures without pretending
they can remove conflict or politics. There is personal work: experimenting, gently, with
your own routines, noticing when you are trying to eliminate all risk and when you are
living closer to the edge than you can afford.

Edge theory’s realistic promise is modest but, I think, non-trivial. It can help you notice
where systems are becoming over-tight or over-loose, and it can keep certain questions
on the table when decisions are made. It cannot tell you what to value, but it can warn
you when the structures meant to protect those values are becoming brittle or porous,
when the harmony between constraint and freedom is starting to fray.

If, after reading, you find yourself asking, a little more often, “Where is the slackr”,
“Who is carrying the variability?”, “How will this behave on a bad day?”, then the
framework has done its immediate job. It will not have given you the last word on how
complex systems work. It will have given you a way of listening for the shifting
harmonies in those systems, and of staying curious about your own part in the score, in
a world that is unlikely to sit still.

The Postscript that follows sketches one possible next step: a move from thinking in
terms of order and chaos along a single line, to seeing life as built from nested
near-symmetries across many levels. That is the direction in which this project now
turns.
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Postscript
A dialogue between the author and Gisella Marinuzzi, Associate Director of the Schweitzer Institute !

Gisella: “In Edge of Chaos you’ve laid out the framework of the order—chaos dichotomy.
Clearly there is still work to be done, but it’s a start. So how do we carry it forward from
here?”

Red: “You’re right, it is only a start. It goes much deeper. Order and chaos are useful, but
they’re the surface of something more structural.”

Gisella: “Deeper in what sense? You already have us thinking in terms of bands between
rigidity and disorder.”

Red: “The deeper organising idea sits behind that band. Rather than picturing life as a
drama on a single line between rigid order and disorderly chaos, we can see it as a stack
of partly overlapping, partly nested near-symmetries.”

Gisella: “Near-symmetries?”

Red: “Patterns that are recognisable but not perfect. Each layer — molecules, cells,
tissues, organs, individuals, groups, institutions — inherits patterns from the layer below,
breaks and reshapes them, and offers new patterns to the layer above. Each layer needs
enough symmetry to be intelligible from the next one up, and enough asymmetry to do
distinctive work in the world.”

Gisella: “So the order—chaos dichotomy is just one way in which this symmetry—
asymmetry structure shows itseltf.”

Red: “That’s right. When we speak of systems being too tight or too loose, we’re
watching symmetries being over-enforced or over-broken. The interesting regimes are
those of near-symmetry: enough repetition for coordination, enough deviation for
teedback and adaptation.”

Gisella: “And you take this to be more than a metaphor?”

! Based in Cambridge, England, The Schweitzer Institute is a research hub for dynamic symmetry theory. See: www.schweitzer.institute
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Red: “I take it as a candidate for an underlying ordering principle in living systems. They
seem to sustain themselves by maintaining hierarchies of near-symmetry, generating
pattern through controlled symmetry-breaking, gaining robustness from repeated but
non-identical structures, and gaining adaptability from being able to modify one instance
of a motif without destroying the whole. Edge of Chaos brings the reader to the threshold
of this deeper claim. The book moves mostly horizontally — from hospitals to markets,
classrooms to protests — showing how the same balance between stability and variability
appears in different domains. The next step is to move vertically, up and down the levels,
and trace how these near-symmetries echo through the stack.”

Gisella: “And that is the task of the sequel?”

Red: “That’s right. The sequel is titled Beyond the Edge. 1t will explore this nested picture
in detail: how eatly symmetry-breaking in embryos sets up later bodily and behavioural
possibilities; how repeated motifs in gene networks and neural circuits support particular
patterns of thought; how institutional designs mirror older social and architectural
templates.”

Gisella: “And in practical terms, what does such a framework offer?”

Red: “Well, it offers a more precise way to think about intervention. When we tighten a
rule or loosen a constraint, we’re altering some layer of symmetry. The question
becomes: which layer, and with what consequences for the layers above and below? Are
we quietly dismantling a pattern that other levels rely on, or are we giving a lower level
just enough freedom to explorer”

Gisella: “So Edge of Chaos teaches readers to notice edges and bands; Beyond the Edge aims

to teach them to see the scaffold on which those edges rest.”

Red: “That’s the ambition, yes. This book leaves readers with an awareness that systems
live by balancing order and variation. The sequel will ask what happens when we follow
that balance through the layers, and whether a grammar of near-symmetry can help to
organise our understanding of bodies, minds and institutions all at once. And that’s
when it gets even more fascinating! Edge of Chaos is about learning to see the pattern.
Beyond the Edge will be about learning the language in which that pattern is written.”
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Glossary

Adaptive capacity

The ability of a system to adjust its behaviour in response to shocks or gradual change
while still remaining recognisably itself. A health service, a city, a family or a business
with higher adaptive capacity can change routines, reallocate resources and learn without
collapsing or losing its basic purpose.

Ambidextrous organisation

An organisation deliberately structured to exploit what it already does well while
exploring new products, services or ways of working, Often this means creating separate
units or roles, with different rhythms and measures, so that day-to-day delivery is not
constantly disrupted by experimentation, and vice versa.

Attractor / strange attractor

In dynamical systems, an attractor is a set of states towards which a system tends to
evolve over time. A strange attractor has a complex, folded structure: the system’s
behaviour never exactly repeats, yet it remains confined to a recognisable region of its
“state space”’.

Chaos (chaotic dynamics)

Chaotic dynamics arise when a system is governed by deterministic rules but is extremely
sensitive to initial conditions, so that tiny differences in starting states lead to very
different outcomes. Over time, such systems produce irregular, non-repeating patterns
that are hard to predict in detail, even when the underlying equations are simple.

Criticality / critical state

A critical state is a regime in which a system sits near a threshold between distinct modes
of behaviour, such as ordered and disordered. Near criticality, systems often show
cascades of many different sizes and early-warning signs like “critical slowing down”,
where recovery from small disturbances becomes slower and noisier.

Dynamic symmetry

Dynamic symmetry is the ongoing balance between forces that stabilise a system (such
as rules, habits and feedback controls) and forces that push it to explore (such as noise,
innovation and dissent). In this book it names the pattern in which many systems
function best when neither side dominates for long.

Edge theory

Edge theory is the working framework developed here for noticing and analysing how
systems operate in moving bands between rigidity and disorder. Rather than offering a
single formula, it provides a set of questions about stabilising and exploratory forces,
thresholds and early-warning signs that can be applied across domains.

Edge (working edge / edge of failure)
An edge is the boundary region beyond which a system’s usual patterns of behaviour
break down or transform qualitatively. A working edge is the zone near that boundary
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where performance may be high but safety margins are still intact; beyond the edge of
tailure, recovery becomes slow, costly or impossible.

Feedback (negative / positive)

Feedback describes how a system’s outputs influence its future behaviour. Negative
teedback counteracts deviations and tends to stabilise a system (for example,
temperature regulation), while positive feedback amplifies change and can rapidly push a
system towards a new state (for example, a bank run or a viral rumour).

Habit

A habit is a learned behaviour that is triggered by a cue and carried out with little
conscious deliberation after repeated practice. Habits reduce cognitive load and can be
helpful or harmful, depending on whether they keep a person within or nudging towards
a healthy working band.

Homeostasis / allostasis

Homeostasis refers to processes that keep key bodily variables, such as temperature or
blood sugar, within narrow, viable ranges. Allostasis emphasises that this regulation is
active and anticipatory: bodies change how they achieve stability in response to repeated
demands, which is helpful up to a point and harmful when loads become chronic.

Implementation intention

An implementation intention is an “if—then” plan that links a specific situation to a
specific action, such as “If itis 10 p.m., then I will switch my phone off.” Such plans can
help bridge the gap between intention and behaviour, especially for small, repeated
actions, though they still need to fit a person’s real constraints.

Infodemic

An infodemic is a rapid surge of information, competing claims and misinformation
that overwhelms people’s ability to make sense of events. It is not only the volume that
matters, but also how information circulates through networks and platforms that
reward speed and emotion over accuracy.

Institutional slack

Institutional slack is spare capacity in organisations — in staff time, beds, budgets or
attention — that allows them to absorb shocks and adapt. Systems with no slack may look
efficient on paper but become brittle, while systems with thoughtful slack can
reconfigure more safely under pressure.

Loss aversion

Loss aversion is the tendency to experience potential losses as psychologically more
painful than equivalent gains are pleasurable. It can be protective, making people wary of
reckless gambles, but can also lead them to cling to bad positions or avoid beneficial
risks that carry a chance of short-term loss.

Modularity
Modularity is an architecture in which components or sub-systems are relatively
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self-contained and loosely coupled. Modularity can limit the spread of failures — for
example, by preventing a fault in one part of a power grid or organisation from
cascading rapidly through the whole.

Near-miss

A near-miss is an event in which a failure or accident almost occurs but is narrowly
avoided. Near-misses provide valuable information about vulnerabilities in systems and
are often more frequent than full-blown disasters, making them important signals if
people are willing and able to learn from them.

Occupancy (healthcare)

In healthcare, occupancy usually refers to the proportion of beds or treatment spaces
currently in use. Very high occupancy for extended periods reduces flexibility, increases
delays, and can worsen outcomes by leaving little room to absorb surges in demand.

Ovetfitting / underfitting

In machine learning, overfitting occurs when a model matches past data too closely,
picking up noise as if it were signal, and therefore performs badly on new cases.
Underfitting occurs when a model is too simple to capture important patterns even in
the training data, leading to poor performance everywhere.

Present bias

Present bias is the tendency to place disproportionate weight on immediate outcomes
compared with future ones, even when we know, in the abstract, that our future selves
will care about those outcomes. It helps explain procrastination, under-saving and the
appeal of small, repeated treats that undermine longer-term goals.

Resilience
Resilience is the capacity of a system to absorb disturbances, reorganise and continue to
tunction, possibly in a modified form. It does not mean resistance to all change, but an
ability to be altered without being destroyed or stripped of what makes it worth
preserving,

Self-organised criticality

Self-organised criticality is a process by which a system naturally evolves towards a
critical state without precise external tuning of parameters. In such states, small inputs
can produce cascades of many sizes, as in some models of avalanches, earthquakes or
forest fires.

Slack (buffer)

Slack is reserved capacity — in time, money, space or attention — that allows individuals or
systems to cope with variability and shocks. While often labelled ‘“wasteful”,
well-designed slack is one of the main ways of avoiding brittle over-tightening;

Tipping point / threshold
A tipping point is a point at which small additional changes produce large, often abrupt
shifts in a system’s behaviour. Beyond certain thresholds, recovery may become very
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slow, require external help, or be impossible, which is why eatly-warning signs and
buffers matter.

Triage

Triage is the process of allocating scarce resources, especially in healthcare, when not
everyone can receive the same level of treatment. Different triage schemes embody
different ethical priorities, but all are attempts to make painful trade-offs under
constraint explicit and repeatable.

Volatility

Volatility measures how much a quantity, such as a market price or workload, varies over
time. Some volatility is normal and can be healthy, signalling responsiveness and
adaptation; volatility that is suppressed or that becomes extreme can both be signs of
systems moving towards unhealthy edges.
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