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PrefaCe

In his classic Lives of the Artists, the Italian painter and architect Giorgio 
Vasari said of Leonardo da Vinci:

His name became so famous that not only was he esteemed dur-
ing his lifetime but his reputation endured and became even greater 
after his death.

Indeed, during the Renaissance Leonardo was renowned as an artist, en-
gineer, and inventor throughout Italy, France, and other European coun-
tries. In the centuries after his death, his fame spread around the world, 
and it continues undiminished to this day.

I have been fascinated by the genius of Leonardo da Vinci for several 
decades and have spent the last ten years studying his scientific writings 
in facsimile editions of his famous Notebooks. My first book about him, 
The Science of Leonardo, published in 2007, is an introduction to his life 
and personality, his scientific method, and his synthesis of art and science. 
In this second book I go a step further, presenting an in-depth discus-
sion of the main branches of Leonardo’s scientific work from the perspec-
tive of twenty-first-century science—his fluid dynamics, geology, botany, 
 mechanics, science of flight, and anatomy. Most of his astonishing discov-
eries and achievements in these fields are virtually unknown to the general 
public.

Leonardo da Vinci was what we would call, in today’s scientific par-
lance, a systemic thinker. Understanding a phenomenon, for him, meant 
connecting it with other phenomena through a similarity of patterns. He 
usually worked on several projects in parallel, and when his understanding 
advanced in one area he would revise his ideas in related areas accordingly.
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Thus, to appreciate the full extent of his genius, one needs to be aware 
of the evolution of his thinking in several parallel but interconnected 
disciplines. This has been my approach to absorbing and understanding 
 Leo nardo’s scientific thought. Having explored and contributed to the sys-
tems view of life that has emerged in science in the last thirty years, and 
having written several books about it, I found it very natural to analyze 
and interpret Leonardo’s science from that perspective. Indeed, I believe 
that the ever-present emphasis on relationships, patterns, qualities, and 
transformations in his writings, drawings, and paintings—the tell-tale 
sign of systemic thinking—was what initially attracted me to his work 
and kept me utterly fascinated for so many years.

What emerged from my explorations of all the branches of Leonardo’s 
science and of his “demonstrations” (as he called them) in his drawings, 
paintings, and writings was the realization that, at the most fundamental 
level, Leonardo always sought to understand the nature of life. His sci-
ence is a science of living forms, and his art served this persistent quest for 
life’s inner secrets. In order to paint nature’s living forms, Leonardo felt he 
needed a scientific understanding of their intrinsic nature and underlying 
principles; in order to analyze the results of his observations, he needed 
his artistic ability to depict them. I believe that this intersection of needs 
is the very essence of his synthesis of science and art.

Leonardo thought of himself not only as an artist and natural philoso-
pher (as scientists were called in his time), but also as an inventor. In his 
view, an inventor was someone who created an artifact or work of art by 
assembling various elements into a new configuration that did not appear 
in nature. This definition comes very close to our modern notion of a de-
signer, which did not exist in the Renaissance. Indeed, I have come to be-
lieve that the wide-ranging activities of Leonardo da Vinci, the archetypal 
Renaissance man, are best examined within the three categories of art, 
science, and design. In all three dimensions he uses living nature as his 
mentor and model. In fact, as I delved into the Notebooks, I discovered 
not only Leonardo the systemic thinker but also, to my great surprise, 
Leonardo the ecologist and ecodesigner.

The persistent endeavor to put life at the very center of his art, science, 
and design, and the recognition that all natural phenomena are funda-
mentally interconnected and interdependent, are important lessons we 
can learn from Leonardo today. Thus, Leonardo’s synthesis is not only 
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intellectually fascinating but also extremely relevant to our time, as I shall 
argue in the Coda of this book.

In previous decades, scholars of Leonardo’s Notebooks tended to see 
them as disorganized and chaotic. My own sense, however, is that in Leo-
nardo’s mind, his science was not disorganized at all. In his manuscripts, 
we find numerous reminders to himself as to how he would eventually 
integrate the entire body of his research into a coherent whole. I have 
tried to follow these clues, arranging the material of this present book 
in a framework that I feel is consistent with Leonardo’s thought. In fact, 
several of my chapter titles—“The Movements of Water,” “The Elements 
of Mechanics,” “The Human Figure”—are the ones Leonardo himself in-
tended to use.

Leonardo’s view of natural phenomena is based partly on traditional 
Aristotelian and medieval ideas and partly on his independent and metic-
ulous observations of nature. The result is a unique science of living forms 
and their continual movements, changes, and transformations—a science 
that is radically different from that of Galileo, Descartes, and Newton.

A fundamental underlying idea is that nature as a whole is alive, and 
that the patterns and processes in the macrocosm of the Earth are similar 
to those in the microcosm of the human body. I have divided the con-
tents of Leonardo’s scientific work into these two basic categories: nature’s 
forms and transformations in the macrocosm and in the microcosm. They 
constitute Parts I and II of the present book.

In the macrocosm, the main themes of Leonardo’s science are the 
movements of water and air (chapter 1), the geological forms and trans-
formations of the living Earth (chapter 2), and the botanical diversity and 
growth patterns of plants (chapter 3). In the microcosm, his main focus 
was on the human body—its beauty and proportions (chapter 4), the me-
chanics of its movements (chapter 6), and how it compared to other animal 
bodies in motion, in particular the flight of birds (chapter 7).

Unlike Descartes, Leonardo did not see the body as a machine, but 
he clearly recognized that the anatomies of animals and humans involve 
mechanical functions that can be appreciated only with an understanding 
of the basic principles of mechanics. Consequently, he reminded himself 
to “arrange it in such a way that the [chapter] on the elements of mechan-
ics with its practice shall precede the demonstration of the movement and 
force of man and other animals.” I have followed Leonardo’s advice. My 
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chapter on “The Elements of Mechanics” (chapter 5) precedes that on “The 
Body in Motion” (chapter 6).

As I have mentioned, Leonardo’s ultimate goal—in his science as well 
as his art—was to understand the nature of life. This persistent quest cul-
minated in his anatomies of the heart and blood vessels and in the em-
bryological studies he undertook in his old age. Leonardo’s explorations of 
the mystery of life in the human body (chapter 8) are the final highlight of 
my analysis of his science.

To follow Leonardo’s meandering mind as he moves swiftly between 
interrelated phenomena—for example, from patterns of turbulence in 
water to similar patterns in the flow of air, the flight of birds, and on to 
the nature of sound and the design of musical instruments—is not easy 
within the linear constraints of written language. I have tried to facilitate 
this task by including in my text a network of cross-references, as well 
as copious references to Leonardo’s manuscripts and to the works of the 
foremost Leonardo scholars. In addition, I have compiled a short chro-
nology of Leonardo’s life and work (see p. 326), which shows how he was 
constantly involved in several simultaneous projects.

In this and in my previous book, I discuss more than one hundred sci-
entific discoveries made by Leonardo da Vinci during the fifteenth and 
sixteenth centuries. In the following pages, I present a timeline of his 
fifty or so most important discoveries, together with indications of the 
centuries when they were rediscovered by other scientists. This graphic 
summary is an impressive reminder of Leonardo’s pioneering genius in so 
many scientific fields.

Leonardo did not publish any of his discoveries, nor do we have any 
records of written correspondence with the natural philosophers, math-
ematicians, engineers, doctors, and other intellectuals with whom he 
maintained regular contact. Although we can assume that he shared some 
of his insights and working methods in conversations with this circle, we 
have no evidence of any direct influence of his scientific achievements on 
subsequent generations of scientists.

Today, as we are developing a new systemic understanding of life with 
a strong emphasis on complexity, networks, and patterns of organization, 
we are witnessing the gradual emergence of a science of qualities that has 
some striking similarities with Leonardo’s science of living forms. We 
cannot help but wonder how Western science might have developed had 
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Leonardo’s Notebooks been studied by the founders of the Scientific Rev-
olution in the seventeenth century. 

From their correspondence it is evident that Galileo, Newton, and 
their contemporaries struggled with many of the same problems that 
Leonardo had recognized and often solved one or two centuries earlier. 
Moreover, they used similar metaphors and reasoned in similar ways, so 
they would have understood his Notebooks much better than we do to-
day. If they had been aware of his discoveries, the development of science 
would doubtless have taken a very different path, and Leonardo da Vinci’s 
influence on scientific thought might have been as profound as his impact 
on the history of art.

Fritjof Capra
Berkeley
February 2013
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ProLogue

Leonardo’s genius

Before entering into the details of Leonardo’s science, let us examine what 
is commonly referred to as his genius. 

During Leonardo’s time, the term “genius” did not have our modern 
meaning of a person endowed with extraordinary intellectual and creative 
powers.1 The Latin word genius originated in Roman religion, where it 
denoted the spirit of the gens, the family. It was understood as a guard-
ian spirit, first associated with individuals and then also with peoples and 
places. The extraordinary achievements of artists or scientists were attrib-
uted to their genius, or attendant spirit. 

This meaning of genius was prevalent throughout the Middle Ages 
and the Renaissance. In the eighteenth century, the meaning of the word 
changed to its familiar modern meaning, denoting these individuals them-
selves, as in the phrase “Newton was a genius.”

Regardless of the term used, the fact that certain individuals possess 
exceptional and inexplicable creative powers beyond the reach of ordinary 
mortals has been recognized throughout the ages. It has often been as-
sociated with divine inspiration, attributed first to poets and later on also 
to painters and other artists. In the Italian Renaissance, those individuals 
were given the epithet divino. Among the Renaissance masters, Leonardo 
as well as his younger contemporaries Raphael and Michelangelo were ac-
claimed as divine.

Since the development of modern psychology, neuroscience, and ge-
netics, there has been a lively discussion about the origins, mental char-
acteristics, and genetic makeup of geniuses. However, numerous studies 
of well-known historical figures have shown a bewildering diversity of he-
reditary, psychological, and cultural factors, defying all attempts to estab-

facing  Studies of the motion of a pendulum.  
Codex Madrid I, folio 147r (detail, see fig. 5-14).
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lish some common pattern.2 While Mozart was a famous child prodigy, 
Einstein was a late bloomer. Newton attended a prestigious university, 
whereas Leonardo was essentially self-taught. Goethe’s parents were well 
educated and of high social standing, but Shakespeare’s seem to have been 
relatively undistinguished; and the list goes on. 

However, psychologists have been able to identify a set of mental at-
tributes that, in addition to exceptional talent in a particular field, seem 
to be distinctive signs of genius.3 All these were characteristic of Leonardo 
to a very high degree. Identifying these signs of genius in the mind and 
working methods of Leonardo da Vinci is an exercise that can inspire our 
own lives, both as individuals and as a society.

Relentless Curiosity and Intellectual Fearlessness
The first distinctive characteristic of a genius is an intense curiosity and 
great enthusiasm for discovery and understanding. This was indeed an 
outstanding quality of Leonardo, whom art historian Kenneth Clark 
called “the most relentlessly curious man in history.”4 Throughout Leo-
nardo’s life, this boundless curiosity was his main driving force. Wherever 
he looked, there were new discoveries to be made, and for forty years he 
explored almost the entire range of natural phenomena known in his time, 
as well as many others previously unknown.

This curiosity was matched by incredible mental energy, so much so 
that following the trains of thought in Leonardo’s Notebooks can be quite 
exhausting.5 As I did so over the years, I was struck again and again by the 
fact that he never seemed to have the slightest hesitation about entering 
into new fields of knowledge. In the chapter on geology (chapter 2), this is 
illustrated in some detail with Leonardo’s extensive research on fossils. I 
offer it here as an example of his intellectual fearlessness.

Marine fossils represented an enigma to Leonardo that natural philos-
ophers had debated intensely since antiquity. If fossil shells were remnants 
of marine organisms, how did they end up in sedimentary strata that lie 
in the high mountains? Leonardo studied a wide variety of fossils with the 
utmost care, precisely described their specific sites, and reconstructed the 
process of fossilization in remarkable detail. He also studied the classical 
texts and then set out to refute the theories current in his time, the most 
popular being that the fossil shells had been carried to the mountains 
from the sea by the biblical flood.
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Based on highly sophisticated observations, Leonardo presented sev-
eral brilliant arguments that invalidated this and other theories involv-
ing supernatural forces and showed convincingly that the fossils found in 
mountain rocks had been formed in the oceans where these creatures had 
lived in the distant past. Having done so, however, he still had to show 
how those layers of marine sediments ended up in the high mountains. In 
other words, he needed to posit a theory of how mountains were formed 
during extremely long periods of geological time. 

Leonardo did not hesitate to take on this formidable challenge. Again 
he studied the principal classical and medieval texts, this time on the for-
mation of the Earth, and he used some of their key ideas to formulate 
his own tectonic theory—an elaborate blend of Aristotelian and medieval 
ideas, combined with his own observations and with astonishing concep-
tions that are not unlike those of our modern plate tectonics.

In all these endeavors, Leonardo attempted to explain the phenomena 
he investigated in terms of natural processes. He scoffed at any belief in 
supernatural forces, repeatedly referred to nature (instead of God) as the 
source of all creation, and held a firm belief that nature’s creations could 
be understood rationally, while also acknowledging the limitations of the 
human mind.

Intense Concentration and Attention to Detail
Another striking sign of genius is an extraordinary capacity for intense 
concentration over long periods of time. Isaac Newton apparently was 
able to hold a mathematical problem in his mind for weeks until it sur-
rendered to his mental powers. When asked how he made his remark-
able discoveries, Newton is reported to have replied, “I keep the subject 
constantly before me and wait until the first dawnings open little by little 
into the full light.”6 Leonardo seems to have worked in a very similar way, 
most of the time not on just one but on several problems simultaneously.

Leonardo combined his powers of concentration with tremendous 
patience. He might let weeks pass between putting successive layers of 
paint on an oil painting, and would rework and refine his panels for years,  
reflecting on every detail of their conception, engaging with himself  
in what he called a “mental discourse” (discorso mentale). He showed the  
same patience and attention to detail in his scientific observations and 
experiments.
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Holistic Memory
Closely associated with the power of intense concentration that is char-
acteristic of geniuses seems to be their exceptional holistic memory—an 
ability to memorize large amounts of information in the form of a coher-
ent whole, a single gestalt. Goethe is said to have entertained his fellow 
passengers on long coach journeys by reciting his novels to them, word 
for word, before committing them to paper. Mozart, as a child, wrote 
out a note-perfect score of a complex choral composition after hearing it 
only once. Leonardo would follow people with striking facial features for 
hours, memorize their appearance, and then draw them, reportedly with 
complete accuracy, when he was back in his studio.

We have a vivid testimony of Leonardo’s exceptional powers of con-
centration, his great patience, and his holistic memory from a contempo-
rary writer, Matteo Bandello, who described how, as a boy, he watched the 
artist paint The Last Supper. He would see the master arrive early in the 
morning, climb up onto the scaffolding, and immediately start to work:

He sometimes stayed there from dawn to sundown, never putting 
down his brush, forgetting to eat and drink, painting without pause. 
He would also sometimes remain two, three, or four days without 
touching his brush, although he spent several hours a day stand-
ing in front of the work, arms folded, examining and criticizing the 
figures to himself. I also saw him, driven by some sudden urge, at 
midday, when the sun was at its height, leaving the Corte Vecchia, 
where he was working on his marvelous clay horse, to come straight 
to Santa Maria delle Grazie, without seeking shade, and clamber 
up onto the scaffolding, pick up a brush, put in one or two strokes, 
and then go away again.7

The mental attributes discussed so far—relentless curiosity, intellec-
tual fearlessness, a capacity for intense concentration, attention to detail, 
and holistic memory—are characteristics of genius that seem to be time-
less, independent of historical and cultural contexts. In addition, Leo-
nardo displayed signs of genius that can only be appreciated within the 
historical context of the Middle Ages and the Renaissance. Two of these 
in particular are defining characteristics of his scientific thought: his em-
pirical method and his systemic thinking.
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Leonardo’s Empirical Method
In the mid-fifteenth century, when the young Leonardo received his train-
ing as a painter, sculptor, and engineer in Florence, science in the modern 
sense, as a systematic empirical method for gaining knowledge about the 
natural world, did not exist. The worldview of natural philosophy, as it 
was then called, had been handed down from Aristotle and other philoso-
phers of antiquity and then fused with Christian doctrine by the Scho-
lastic theologians who presented it as the officially authorized creed. The 
religious authorities condemned scientific experiments as subversive, see-
ing any attack on Aristotle’s science as an attack on the Church. Leonardo 
da Vinci broke with this tradition:

First I shall do some experiments before I proceed farther, because 
my intention is to cite experience first and then with reasoning 
show why such experience is bound to operate in such a way. And 
this is the true rule by which those who speculate about the effects 
of nature must proceed.8

One hundred years before Galileo Galilei and Francis Bacon, Leo-
nardo single-handedly developed a new empirical approach to science, in-
volving the systematic observation of nature, logical reasoning, and some 
mathematical formulations—the main characteristics of what is known 
today as the scientific method.9 In the intellectual history of Europe, Gali-
leo, born 112 years after Leonardo, is usually credited with being the first 
to develop this kind of rigorous empirical approach and is often hailed as 
the father of modern science. There can be no doubt that this honor would 
have been bestowed on Leonardo da Vinci had he published his scientific 
writings during his lifetime, or had his Notebooks been widely studied 
soon after his death. 

The empirical approach came naturally to Leonardo. He was gifted 
with exceptional powers of observation, which were complemented by 
great drawing skills. He was able to draw the complex swirls of turbulent 
water or the swift movements of a bird in flight with a precision that would 
not be reached again until the invention of serial photography.

What turned Leonardo from an artist with exceptional gifts of obser-
vation into a scientist was his recognition that his observations, in order to 
be scientific, needed to be carried out in an organized, methodical fashion. 
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Scientific experiments are performed repeatedly and in varying circum-
stances so as to eliminate accidental factors and technical flaws as much 
as possible. This is exactly what Leonardo did. He never tired of repeating 
his experiments and observations again and again, with fierce attention to 
the minutest detail, and he would often systematically vary his parameters 
to test the consistency of his results. 

The systematic approach and careful attention to detail that Leonardo 
applied to his observations and experiments are characteristic of his en-
tire method of scientific investigation. He would usually start from com-
monly accepted concepts and explanations, often summarizing what he 
had gathered from the classical texts before proceeding to verify it with 
his own observations. After testing the traditional ideas repeatedly with 
careful observations and experiments, Leonardo would adhere to tradi-
tion if he found no contradictory evidence; but if his observations told him 
otherwise he would not hesitate to formulate his own alternative explana-
tions. 

As I have mentioned, Leonardo generally worked on several problems 
simultaneously and paid special attention to similarities of patterns in dif-
ferent areas of investigation. When he made progress in one area, he was 
always aware of the analogies and interconnecting patterns to phenom-
ena in other areas, and would revise his theoretical ideas accordingly. This 
method led him to tackle many problems not just once but several times 
during different periods of his life, modifying his theories in successive 
steps as his scientific thought evolved over his lifetime.

Leonardo’s practice of repeatedly reassessing his theoretical ideas in 
various areas meant that he never saw any of his explanations as final. 
Even though he believed in the certainty of scientific knowledge (as did 
most philosophers and scientists for the next three hundred years), his 
successive theoretical formulations in many fields are quite similar to the 
tentative theoretical models that are characteristic of modern science. For 
example (as discussed in chapter 8), he proposed several different mod-
els for the functioning of the heart and its role in maintaining the flow 
of blood before he concluded that the heart is a muscle pumping blood 
through the arteries. 

Leonardo also used simplified models—or approximations, as we 
would say today—to analyze the essential features of complex phenom-
ena. For instance, he represented the flow of water through a channel of 
varying cross section by using a model of rows of men marching through 
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a street of varying width (see chapter 1). This technique of using simplified 
theoretical models to understand complex phenomena put him centuries 
ahead of his time.

Like modern scientists, Leonardo was always ready to revise his mod-
els when he felt that new observations or insights required him to do so. 
In his art as in his science, he always seemed to be more interested in the 
process of exploration than in the completed work or final results. Thus 
many of his paintings and all of his science remained unfinished works in 
progress.

This is a general characteristic of the modern scientific method. Al-
though scientists publish their work in various stages of completion in 
papers, monographs, and textbooks, science as a whole is always a work in 
progress. Old models and theories continue to be replaced by new ones, 
which are judged superior but are nevertheless limited and approximate, 
destined to be replaced in their turn.

Since the Scientific Revolution in the seventeenth century, this prog-
ress in science has been a collective enterprise. Scientists continually ex-
change letters, papers, and books and discuss their theories at various 
meetings and conferences. With Leonardo, the situation was quite differ-
ent. He worked alone and in secrecy, did not publish any of his findings, 
and only rarely dated his notes. Having pioneered the scientific method 
in solitude, he did not see science as a collective, collaborative enterprise. 
Leonardo’s secrecy about his scientific work is the one significant respect 
in which he was not a scientist in the modern sense.

Systemic Thinking
Throughout the history of Western science, there has been a basic concep-
tual tension between the parts and the whole. The emphasis on the parts 
has been called mechanistic, reductionist, or atomistic; the emphasis on 
the whole holistic, organismic, or ecological. In twentieth-century science, 
the holistic perspective has become known as “systemic” and the way of 
thinking it implies as “systemic thinking.”

At the dawn of Western philosophy and science, Pythagoras distin-
guished “number,” or pattern, from substance, or matter, viewing it as 
something that limits matter and gives it shape. Ever since the days of 
early Greek philosophy, there has been this tension between substance 
and pattern, between matter and form. The study of matter begins with 
the question, “What is it made of?” This leads to the notion of funda-
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mental elements, building blocks that can measured and quantified. The 
study of form asks, “What is the pattern?” And that leads to the notions of 
order, organization, relationships. Instead of quantity, it involves quality; 
instead of measuring, it involves mapping.

These two very different lines of investigation have been in competi-
tion with one another throughout our scientific and philosophical tradi-
tion. The study of matter was championed by Democritus, Galileo, Des-
cartes, and Newton; the study of form by Pythagoras, Aristotle, Kant, 
and Goethe. Leonardo clearly followed the tradition of Pythagoras and 
Aristotle in developing his science of living forms, their patterns of orga-
nization, and their processes of growth and transformation. Indeed, sys-
temic thinking lies at the very core of his approach to scientific knowledge.

Leonardo’s science is a science of natural forms, of qualities, quite dif-
ferent from the mechanistic science that would emerge two hundred years 
later. Leonardo’s forms are living forms, continually shaped and trans-
formed by underlying processes. Throughout his life he studied, drew, 
and painted the rocks and sediments of the Earth, shaped by water; the 
growth of plants, shaped by their metabolism; and the anatomy of the 
animal (and human) body in motion.

Nature as a whole was alive for Leonardo. He saw the patterns and 
processes in the microcosm as being similar to those in the macrocosm. 
At the most fundamental level, as already mentioned, Leonardo always 
sought to understand the nature of life. This has often escaped earlier 
commentators, because until recently the nature of life was defined by bi-
ologists only in terms of cells and molecules, to which Leonardo, living 
two centuries before the invention of the microscope, had no access. But 
today, a new understanding of life is emerging at the forefront of science—
an understanding in terms of metabolic processes and their patterns of 
organization. And those are precisely the phenomena Leonardo explored 
throughout his life. 

Leonardo’s studies of the living forms of nature began with their ap-
pearance to the painter’s eye and then proceeded to detailed investigations 
of their intrinsic nature. His science is a science of qualities. He preferred 
to depict the forms of nature rather than describe their shapes, and he ana-
lyzed them in terms of their proportions rather than measured quantities. 

Another important aspect of systems science is its inherently dynamic 
nature. Since the earliest days of biology, scientists and philosophers have 
recognized that living form is more than shape, more than a static con-
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figuration of components in a whole. There is a continual flow of matter 
through a living system, while its form is maintained; there is growth and 
decay, regeneration and development. Hence, the understanding of living 
structure is inextricably linked to the understanding of metabolic and de-
velopmental processes.

This was very much Leonardo’s approach. His science is utterly dy-
namic. He portrays nature’s forms—in mountains, rivers, plants, and the 
human body—in ceaseless movement and transformation. He studies 
the multiple ways in which rocks and mountains are shaped by turbulent 
flows of water, and how the organic forms of plants, animals, and the hu-
man body are shaped by their metabolism. The world Leonardo portrays, 
both in his art and in his science, is a world in development and flux, in 
which all configurations and forms are merely stages in a continual pro-
cess of transformation. 

Inspiration for Our Time
Here, then, are the principal signs of Leonardo’s genius: his relentless cu-
riosity, intellectual fearlessness, capacity for intense concentration, atten-
tion to detail, holistic memory, commitment to the empirical method, and 
pervasive systemic thinking. Most of us will not be able to develop these 
characteristics of genius to anywhere near Leonardo’s degree. But we can 
all be inspired by his specific ways of work—as a scientist, artist, and de-
signer—and learn valuable lessons from his method. 

The great challenge of our time is to build and nurture sustainable 
communities—communities designed in such a way that their ways of life, 
businesses, economy, physical structures, and technologies respect, honor, 
and cooperate with nature’s inherent ability to sustain life. The first step 
in this endeavor, naturally, must be to understand how nature sustains 
life. It turns out that this involves a new ecological understanding of life, 
also known as “ecological literacy,” as well as the ability to think systemi-
cally—in terms of relationships, patterns, and context.

Indeed, such a new understanding of life has emerged over the last 
thirty years.10 Contemporary science no longer sees the universe as a ma-
chine composed of elementary building blocks. We have discovered that 
the material world, ultimately, is a network of inseparable patterns of re-
lationships; the planet as a whole is a living, self-regulating system. The 
view of the human body as a machine and of the mind as a separate entity 
is being replaced by one that sees not only the brain but also the immune 



10 prologue: leonardo’s genius

system, the bodily tissues, and even each cell as a living, cognitive system. 
Evolution is seen not as a competitive struggle for existence, but rather 
as a cooperative dance in which creativity and the constant emergence of 
novelty are the driving forces. With the new emphasis on complexity, net-
works, and patterns of organization, a new science of qualities is slowly 
emerging.

This new science is being formulated in a language quite different from 
Leonardo’s. As we shall see throughout this book, however, the underly-
ing conception of the living world as being fundamentally interconnected, 
highly complex, creative, and imbued with cognitive intelligence is quite 
similar to Leonardo’s vision. This is the main reason, in my view, why the 
science and art of this great genius of the Renaissance can be a tremendous 
inspiration for our time.

The new systemic understanding of life that has been developed at the 
forefront of science comprises biological, cognitive, social, and ecological 
dimensions. It applies to all living systems—individual organisms, social 
systems, and ecosystems. Hence, it is relevant to virtually all professions 
and endeavors, besides being fascinating in itself. Our intellectual curios-
ity to find out more about it may encounter demanding obstacles at first, 
but in the end will be richly rewarded.

At the core of the new understanding of life is a shift of metaphors 
from seeing the world as a machine to understanding it as a network. Ex-
ploring this shift without prejudice, driven by intellectual curiosity, will 
be beneficial in many ways. Individually, it will help us to better deal with 
our health, seeing our organism as a network of components with both 
physical and cognitive/emotional dimensions. As a society, the explora-
tion of networks will help us to build a sustainable future, grounded in the 
awareness of ecological networks and the interconnectedness of our major 
problems. Such exploration will also help us manage our organizations, 
which are social networks of increasing complexity.

We may not be able to match Leonardo’s capacity for intense concen-
tration and attention to detail over long periods of time, but we will be 
more successful in dealing with the challenges of the frenetic pace of our 
Industrial Age if we give ourselves adequate time to reflect on a problem, 
keeping in focus both the problem and its various ramifications. Creating 
extended periods of time for reflection in order to carefully think through 
our solutions before applying them is what environmental educator David 
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Orr calls “slow knowledge”—the equivalent of Leonardo’s discorso men-
tale.11 In our human organizations, the challenge will be to create these 
periods of reflection for the benefit of all members and the organization 
as a whole.

Very few people have the capacity for what I have called “holistic 
memory”—the ability to memorize large amounts of information in the 
form of a coherent whole. But we all can train ourselves to improve our 
associative memory, to remember relationships and connections, which is 
crucial for systemic thinking. Today, with information at our fingertips in 
our laptops and smart phones, what is important is to know how things 
are interconnected rather than to remember individual facts exactly. As 
the great playwright and statesman Václav Havel put it: “Education is the 
ability to perceive the hidden connections between phenomena.”12

Leonardo developed his empirical method single-handedly, in a cul-
tural vacuum. Today, the scientific method is practiced worldwide, but it is 
still ignored or even rejected by many individuals and institutions outside 
of science. This is true, for example, of many conservative politicians in the 
United States, who are often ignorant or in denial of the scientific facts 
about climate change, or even about evolution. We will all be much better 
off, as individuals and as a society, if we respect the empirically based and 
carefully honed insights of scientists and act accordingly.

As I have mentioned, Leonardo was always respectful of the classical 
Greek and Latin texts and familiarized himself with them as much as pos-
sible, accumulating a considerable personal library and often borrowing 
manuscripts from other scholars. He would usually start his investiga-
tions from commonly accepted concepts and explanations, but then al-
ways proceeded to examine the classics critically, never afraid of correcting 
them in the light of his own observations. 

As we develop our ability to think systemically, together with our cre-
ativity and intuition, we need to be aware of the constant interplay be-
tween tradition and innovation. We need new ideas for many of our sys-
temic problems, but we also need to be educated—that is, familiar with 
tradition—to even formulate our questions and to avoid reinventing the 
wheel. Leonardo was a master of acknowledging tradition before examin-
ing it critically in the light of his empirical method. His method can be 
a great inspiration for us when we try to manage the pervasive tensions 
between tradition and innovation.
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