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How Much Do We Know 

about the Universe?

Have you ever thought about how to tell the story of the 
universe from its beginning? Scientists know that the 
universe began 13.82 billion years ago, give or take a few 

million years, at a point called the Big Bang. The story needs to 
cover 13.82 billion years—a big job.

What Is Big History?

Telling the story from the Big Bang up to the present is called big 
history. (Other names for this story are journey of the universe, epic of 
evolution, or cosmic evolution.) Telling this story is like going up on 
a mountaintop to see the whole landscape laid out below you or 
out into space to look at the whole Earth. Most of the details are 
lost to view, but the overall shape comes into sight, a shape that 
you cannot see from the valley. 

Big history is an overarching account of the past and present, 
from the Big Bang until now. People who tell big history are 
called big historians. Their knowledge and information come 
from many academic disciplines. They start with astronomy and 
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physics (atoms, stars, and galaxies), then chemistry (atoms com-
bining into elements). Once planets form, they need geology 
(rocks and their formation). With the beginning of life, they 
need biology (living organisms). Once humans arrive, they 
need the disciplines of the humanities—archaeology, anthro-
pology, history, philosophy, sociology, and political science. 
You can see that history on the largest scale includes most dis-
ciplines of human knowledge—the ones that try to figure out 
what happened in the past. It puts together the sciences and the 
humanities.

By the late 1970s and 1980s various university professors 
around the world began to tell the whole story. They were able 
to do this because enough empirical knowledge based on experi-
mentation and observation had become available. Techniques for 
dating the age of things had improved dramatically. By 1953 sci-
entists had established the age of the Earth (4.5 billion years) and 
had estimated the age of the universe at 10–20 billion years. By 
the 1970s the majority of scientists had accepted the idea of plate 
tectonics—plates of the Earth’s crust move around on semimelted 
material underneath. This discovery was a key to understanding 
Earth history.

These discoveries made it possible to put together the whole 
story. In 1989 David Christian, a history professor at Macquarie 
University in Sydney, Australia, began presenting the story to his 
class by inviting specialists from other departments in his univer-
sity to speak about their part of it. Christian coined the term big 
history and wrote about his course in an article published in the 
Journal of World History. The idea of big history began to spread 
around the world, as a few other professors were attempting sim-
ilar courses. 
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David Christian: Creator of Big History

What kind of person would you expect 
to come up with the idea and the name 
of big history? Maybe a college profes-
sor of history? A stuffy, pedantic one 
buried in the library when not teach-
ing? Or a cheerful, funny one who 
likes to perform?

Look at the photo of David Chris-
tian (b. 1946), and you can probably 
see that he likes to perform while also 
being a professor of history at Mac-
quarie University in Sydney, Australia. 

In November 2013 Christian 
appeared on the Colbert Report. Right 
off the bat Stephen Colbert said to him: “You attempt to connect 
wildly diverse things throughout history and really let us get to 
know the entire history of the universe from the Big Bang to now. 
Why not something more ambitious?” Christian laughed heartily 
and replied, “What the course does is teach you the whole history 
of time. It gives you a map of time and space. If you can place your-
self on that map, it gives you a sense of meaning—of where you are 
and how you came to be.”

Christian wasn’t born in Australia, but in Brooklyn, New York, 
the home of his mother, Carol Cathy Tuttle. His father, John Chris-
tian, was English. They met and married in Izmir, Turkey, during 
World War II, in which his father served as a major in the Brit-
ish army during the last year of the war. His mother returned to 
Brooklyn for David’s birth in 1946.

After the war Christian’s father took a job as a colonial officer 
in Nigeria, where David grew up until he went to boarding school 
in England when he was seven. David remembers his American 
mother in rural Nigeria giving him his first exciting lessons. He 
needed lessons in world history and geography to understand how 
his parents came together and how the family got to Nigeria.

A cheerful history professor, 
Christian coined the term 
“big history.”
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Christian went to Oxford University in England, then to the 
University of Western Ontario in Canada, where he met his Ser-
bian-American wife, Chardi Randall, who grew up near Port-
land, Maine. At the University of Western Ontario, Christian was 
involved in drama and considered becoming an actor. He returned 
to Oxford for a Ph.D. in Russian history. He wrote his dissertation 
about Tsar Alexander I, but he was really more interested in every-
day life than in kings and queens.

Christian took his first job, teaching Russian history at Mac-
quarie University, in 1975. He wrote books about the history of 
food and drink in Russia, including one about vodka called Living 
Water. Yet he thought his students needed to know more than Rus-
sian/Soviet history. They needed to know the history of humanity 
as a collective group. To understand where humans came from took 
him back to the Big Bang.

In 1989 the history faculty at Macquarie gave Christian per-
mission to try a freshman course beginning at the Big Bang. He 
invited professors from other departments to talk about their sci-
entific fields until he could learn their basic knowledge and put it 
together into one story. He coined the term big history in 1991.

In 2001 Christian began teaching at San Diego State University 
in California. From there he spread the idea of big history in the 
United States. In 2009 he moved back to Macquarie University. In 
2010 he helped to found the International Big History Association 
and became its first president. In 2013 he set up the Big History 
Institute at Macquarie. He directed the Big History Project and 
now the Big History Institute at Macquarie University.

What Is Empirical Knowledge?

Big history is based on empirical knowledge, meaning knowledge 
gained by forming an idea or explanation and then testing it. Sci-
entists do this by experimentation and observation; historians do 
it by checking against established facts. The English word empiri-
cal comes from a Greek word meaning “experience.”
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Empirical knowledge develops through what is called the scien-
tific method. Empirical knowledge is the dominant form of knowl-
edge in the modern world, and scientists around the world use this 
method. It is based on rigorous, systematic use of carefully tested 
evidence. It began in the 1600s, when the invention of microscopes 
and telescopes extended what scientists could observe and when 
transoceanic shipping made possible global trade and exploration.

Scientists may begin by making imaginative guesses. Or they 
may observe something. They then propose an idea to explain what 
they have observed, an idea generated by their imagination, intu-
ition, and logic. They call this idea a hypothesis. Next, they devise 
experiments or look for information to test whether the idea can 
explain the results of their experiments. If it does not, they reject it. 
If it does, they continue to experiment or look for new information 
against which to check their ideas, until eventually the hypothesis 
becomes a theory, with lots of evidence confirming it. A scientific 
theory is an idea that explains and interprets a lot of facts/data.

Scientists continue to call a major idea, like evolution by natu-
ral selection, a theory even after so much evidence has accumulated 
that nonscientists would call it a fact. Scientists are exceedingly 
careful; they know that new evidence can overthrow major con-
cepts. That’s part of the scientific method.

Scientists are human and prone to errors and bias, even when 
they are careful. That’s why they use the scientific method, because 
with repeated experimentation over time, unbiased conclusions 
emerge that most people can agree on. By working cooperatively 
around the world and sharing their data from many perspectives, 
scientists can reach a reasonable consensus about the nature and 
workings of the universe, within the limits of the human mind. 

Here is one example of how science works. It is the story 
of how the idea of continental drift—the idea that continents 
move—became the well-established theory of plate tectonics. 
In 1915 a German meteorologist, Alfred Wegener, proposed an 
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idea he called continental drift. Geologists, at their meeting in 
1925, made fun of his idea while he listened and smoked his pipe. 
Wegener used as evidence that the outline of South America fit 
into the western side of Africa and that similar fossils of plants 
and animals were found on both sides of the Atlantic Ocean. But 
Wegener could not explain what force could be powerful enough 
to move whole continents. Because he couldn’t, and because he 
was a meteorologist instead of a geologist, most geologists did not 
accept his hypothesis. Wegener died accidentally in 1930 while 
monitoring the weather in Greenland.

Further evidence about continental drift did not appear until 
during World War II (1939–1945). A commander in the US navy, 
Henry Hess, was also an experienced geologist. He used a new 
tool, called sonar, to collect profiles of the ocean floor. (Sonar 
transmits sound impulses into water to detect objects and measure 
their distance.) He found, to his surprise, that the bottom of the 
sea was not level. Further research in the 1950s confirmed that 
undersea volcanoes had formed high ridges, in both the mid–
Atlantic Ocean and the mid-Pacific. In 1962 Hess published a 
book describing the history of ocean basins and how the crust 
moves away on each side of the volcanic ridges, where new mate-
rial pushes through the volcanoes from the Earth’s center.

In the 1960s researchers found further evidence that the ocean 
floor is younger near the ridges and older in either direction, con-
firming the hypothesis that the crust under the ocean is moving. 
Then scientists could piece everything together. Not only do the 
continents move; whole plates of the oceanic crust move, carry-
ing the continental crust around. 

The plates are sections of the Earth’s crust that are cracked, or 
broken, into sections. (These are plates as in armor, not plates you 
eat from.) The force capable of moving the plates of crust is the 
new material coming up at the ocean ridges. The new material 
pushes the older material along on the semimelted material under 
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the crust, called the mantle. By the 1970s the theory of plate tec-
tonics had become the central idea, or paradigm, of the field of 
geology. (See illus. #1: Earth’s Tectonic Plates.)

Encouraged by such examples, some scientists think that eventu-
ally science will be able to discover almost everything. For them, 
it’s just a matter of increasing the precision and reach of their tools 
for observation and experimentation. Science is exciting because it 
seems always on the verge of finding something new.

Do you think that scientists will ever learn all there is to know? 
Where will the current burst of knowledge lead? No one knows, 
of course, but some scientists and philosophers remind us that 
there may be limits to what humans can know.

After all, we are creatures with limited perceptions. Eagles 
have visual acuity 2.0 to 3.6 times better than humans, depending 
on the type of eagle. Elephants can hear frequencies lower than 
humans can. Each kind of creature has evolved with perceptions 
that have helped its ancestors survive.

What we see of the world is only a sliver of what is out there. 
For example, the nuclear reaction in the center of the sun cre-
ates neutrinos, a kind of fundamental particle much smaller than 
electrons. Billions of them zip unseen through our bodies every 
second. We can see light, but it is only a small part of electromag-
netic radiation. Electromagnetic radiation comes in many wave-
lengths we can’t see—gamma rays, X-rays, ultraviolet rays, radio 
waves—a spectrum of waves that our eyes can’t pick up because 
seeing them was not necessary to our survival over the millennia. 
Mites are living on our eyelashes, and bacteria are crawling over 
our skins—good thing we can’t see them.

Clearly, at any given time large portions of the natural world 
remain undetected or inaccessible to scientists, even with their 
sophisticated instruments. Here is a metaphor for thinking about 
the knowledge that humans have accumulated. Immense as our 
knowledge seems to be, it is an island floating in a sea of the 
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Illus. #1 Earth’s Tectonic Plates. The Earth’s crust cracks like an eggshell into pieces called 
plates. The theory of plate tectonics explains how continents move, why volcanoes and earthquakes 
happen, and how mountains are formed. The arrows show the direction of plate motion, while the 
triangles mark places of frequent earthquakes where the plates come together.
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unknown. The larger the island of knowledge grows, the more 
coastline the island has with the sea of the mysterious unknown. 
(Thanks to Marcelo Gleiser, a Brazilian American physicist at 
Dartmouth University, for this metaphor.) 

Humans are unlikely ever to know and understand everything 
about reality. Our understanding of it keeps changing depend-
ing on our circumstances. Yet the excitement of uncovering new 
knowledge drives us. We seem to have an innate survival instinct 
to find patterns and to make sense of our history and our surround-
ings. We have achieved an amazing consciousness of our place in 
the universe. That’s what this book is about—telling the story of 
what humans have learned about our place in the universe so that 
you can find your place on the biggest map of time and space. 

The Structure of the Big History Story

Every story needs a plot, a theme, and a voice, or the way a par-
ticular person expresses the story. Big history is an evidence-based, 
real story, not a fictional one, but still it requires these features to 
hold it together.

Stated simply, the theme of this story is that everything, 
including the universe, is changing all the time. So far, it seems 
that certain pockets of the universe are changing in the direction 
of increasing structure and complexity. This happens despite a 
law of physics, the Second Law of Thermodynamics, which states 
that on the whole the universe is becoming more disordered. (See 
chap. 3, “Galaxies and Stars,” for more about the Second Law.)

Increasing complexity means that sometimes something 
entirely new emerges. The new thing could not have been pre-
dicted from the individual parts of what was there before. It is 
more complex because it has more parts arranged in a certain 
structure held together by flows of energy. It may be more fragile 
because it has more parts and requires more energy.
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Scientists call this idea emergence. They don’t fully understand 
it yet. The idea started in the late 1980s as a hypothesis, and some 
evidence supports it.

Here is the hypothesis: scientists think that something new 
emerges when the parts are arranged in a certain way, when the 
conditions are just right, and when increased energy flows through 
the parts. Scientists use two terms for when the conditions are just 
right: optimal conditions or Goldilocks conditions, from the English chil-
dren’s story of Goldilocks and the three bears. Goldilocks conditions 
are not too hot or too cold, not too big or too small, but just right.

People who tell the story of the universe do not yet agree 
on what to call these transition periods when something new 
emerges, or even how many such periods there are. They could 
be called transitions or transformations. Some storytellers, like the 
astrophysicist Eric Chaisson, call them epochs. Some, like the 
Dutch biochemist and sociologist Fred Spier, call them regimes. 
Some don’t call them anything; they just let them happen in the 
story.

If you study big history in depth, you can learn to compare the 
different versions of it. In this book I will use the term thresholds for 
the transition periods when something new happens. David Chris-
tian first used this term in his book Maps of Time. The term is sim-
ply a word for locating on the continuous flow of time where major 
changes seem to have occurred, sometimes over thousands of years.

The word thresholds is, of course, figurative language that goes 
beyond the literal meaning of the word. There are no actual 
thresholds back in time somewhere. The term is meant to convey 
the excitement and newness of stepping over the threshold, or sill, 
of a doorway into a new life, like a newly married couple about to 
enter the place where they will live their new life together. The 
metaphor is not meant to suggest holding back the newness that is 
emerging, although you might get that idea if you live in China. 
There, thresholds were traditionally built up from the ground six 
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 Eric J. Chaisson: Architect of Cosmic 
Evolution

Who do you imagine came up 
with a unifying pattern to all of 
universe history? What disci-
pline would give someone the 
background to think on that 
scale? Yes, it was an astrophysi-
cist named Eric Chaisson, who 
combined physics, astronomy, 
and biology to see the pattern of 
cosmic evolution.

Chaisson (b. 1946) was 
born in Lowell, Massachu-
setts, the same year as David 
Christian. Chaisson went to 
Catholic elementary school, 
the same school his mother had attended and also his maternal 
grandmother, when she arrived from Ireland in the 1890s. After 
high school Chaisson went to the University of Massachusetts–Low-
ell and then to Harvard University for his Ph.D., earned in 1972. He 
trained first in atomic physics (the physics of atoms) then switched to 
astrophysics (the physics of astronomy).

Chaisson taught at Harvard, Johns Hopkins, and Tufts. He also 
served as a jet pilot for the US Air Force in the 1970s. Chaisson put 
together all of cosmic evolution into a unifying story, which was 
published in 1981, when he was thirty-five years old. He called it 
Cosmic Dawn: The Origins of Matter and Life. His wife, Lola Chaisson, 
drew the illustrations, showing the arrow of time moving through 
14 billion years in seven stages. Chaisson had begun to show the 
pattern of how complexity increased over time.

Chaisson was passionate about research and teaching and also 
wanted to educate the general public about cosmic evolution. He 
became the director of the Wright Center for Science Education at 
Tufts University, near Boston. He also continued writing important 

A daring astrophysicist, Chaisson 
estimated the quantity of complexity at 
all scales.
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books. Two of them were astronomy textbooks, coming out in 1993 
and 1995; one is now in the eighth edition as the most widely used 
college textbook in astronomy in the United States. After nine-
teen years of thinking about the mathematics of cosmic evolution, 
in 2001 Chaisson developed the technical, quantitative aspects of 
measuring complexity. He called it energy rate density and made 
approximations of it as the energy flow per second per gram in any 
system. By putting all the measurements in the same units, com-
parisons could be made that showed the increase of complexity and 
energy flow over time. After explaining this idea to the experts in 
many journal articles, Chaisson wrote about it for the general pub-
lic in a book called Epic of Evolution: Seven Ages of the Cosmos (2006).

You can find lots of information on Chaisson’s multimedia website 
at Harvard: Cosmic Evolution from Big Bang to Humankind. (https://
www.cfa.harvard.edu/~ejchaisson/cosmic_evolution/docs/splash .html) 
Also look for his movie Arrow of Time, made with Dana Berry in 2007. 

or eight inches to keep evil spirits from entering under the door, 
and people had to step over the threshold to enter a new room.

In this book the story of big history will be built around eight 
major thresholds, when something new emerges. There could 
be many more. These eight seem to represent significant leaps 
in complexity without being too many to remember. They also 
assign space to the humanities by giving three of the eight to 
humans. These are the eight thresholds that I will be using:

1. The Emergence of the Big Bang: Origin of Universe
2. The Emergence of Stars and Galaxies
3. The Emergence of Heavier Chemical Elements
4. The Emergence of the Solar System
5. The Emergence of Life
6. The Emergence of Homo sapiens
7. The Emergence of Agriculture (organic energy)
8. The Emergence of Industrialization (fossil fuel energy)
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Fred Spier: Theorist of Big History

Fred Spier (b. 1952) is a Dutch biochem-
ist, anthropologist, and historical sociol-
ogist. He began developing a structure 
of big history when he organized a 
course he started teaching in 1994, after 
hearing about Christian’s course in 
Australia. In the next twelve years Spier 
figured out a basic underlying pattern 
of big history that is now widely used—
that big history works by energy flows 
and the rise and demise of complexity 
within certain favorable circumstances.

Spier’s Jewish father, Henri Louis 
Spier (1913–2002), came out of hiding 
after World War II to marry a woman 
of Protestant background, Margaretha 
Jacoba Walraven (b. 1923). Fred’s father was an unusually broad-
minded physical chemist with whom Fred still closely identifies. His 
mother is a lawyer, who also has been a major influence on Fred’s life.

At the age of sixteen, Fred saw the photos from the Apollo mis-
sions to the moon, especially the one of Earth rising over the edge 
of the moon. He was stunned and fascinated by what he saw, realiz-
ing its deep potential for changing everything he knew or thought 
he understood.

Fred’s father’s father, Levi Joseph Spier (1866–1944) was a suc-
cessful merchant of fine fabrics. He married Henriette Hartog 
(1887–1945), daughter of an even more successful entrepreneurial 
family. This enabled them to give their children the best available 
education and to collect ancient books about world history and reli-
gion. L. J. Spier fell ill and died during World War II, while his wife 
passed away soon after the war. Only recently has Spier found time 
to examine his grandfather’s collection of books.

Following in his father’s scientific footsteps, Spier earned his 
master’s degree in biochemistry from the University of Leiden in 
Amsterdam. He specialized in genetic engineering of plants.

First a biochemist, then an 
anthropologist of village 
people in the Andes, Spier 
saw the structure of big 
history.
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Yet Spier’s heart was not only in science. He had become 
increasingly aware of environmental issues and changed his course. 
He worked on an environmental farm and traveled to the Middle 
East, Africa, and India to see the world with his own eyes. In the 
early 1980s environmental research didn’t yet exist as an academic 
field in the Netherlands. Spier turned to cultural anthropology to 
pursue his question of how people in the past dealt with their ecol-
ogy. He studied a comparatively traditional village in the Andean 
Mountains of Peru, hoping that the farmers there would express 
their ecological thinking through their religious ideas. He earned 
a Ph.D. in cultural anthropology in 1992 from the University of 
Amsterdam and wrote two well-received books about the village 
in Peru.

Meanwhile, the project Spier had been waiting for occurred in 
1992. A professor of sociology at the University of Amsterdam, Johan 
Goudsblom, traveled to Sydney, Australia, and became acquainted 
with David Christian’s course in big history. Goudsblom invited 
Spier to join him in organizing such a course at the University of 
Amsterdam. Their first course began in 1994, and since then Spier 
has added a course in big history at two more universities, in Eind-
hoven and Amsterdam. Spier is now senior lecturer in big history at 
the University of Amsterdam, the only known professor worldwide 
specifically in big history, rather than in some other field.

When Spier wrote his first book about the structure of big his-
tory in 1995–1996, he based it on the way he had organized their 
course in big history. In this book Spier suggested the idea that 
energy flows through matter led to complexity, which countered 
the Second Law. At this time Spier did not yet know anything about 
Eric Chaisson’s ideas.

Spier was invited to the Santa Fe Institute in Santa Fe, New 
Mexico, in 1996. People there were discussing the latest ideas about 
complexity and adaptive systems. Afterward Spier was able to 
develop systematically the idea of increasing complexity emerging 
with greater energy flows under Goldilocks conditions. Big histori-
ans are indebted to Spier for stating clearly this apparent underlying 
pattern of big history.
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Spier became the founding vice president of the International 
Big History Association in 2012, and from 2014 to 2016 served as 
president of the organization. In 2010 his account of big history 
appeared as Big History and the Future of Humanity, updated in a sec-
ond edition in 2015. He has a Twitter account in which he regularly 
announces new discoveries that relate to big history. See Fred Spier 
(@Big History) at https://twitter.com/bighistory.

In this book each of the eight thresholds will be described 
in a chapter of its own, except that threshold 5 (life) will have 
two chapters. In the final two chapters I will discuss where we 
are now, a possible future ninth threshold, and how people find 
meaning in the story.

Your questions are an important part of reading and study-
ing this book, just as the questions of scientists and scholars are 
the force that drives finding new knowledge. Before you read 
each chapter, think about the topic. What questions do you have? 
What would you like to know about this topic? At the end of each 
chapter, what questions do you still have? In each chapter I have 
listed some questions that remain for scientists about the topic, but 
your questions are the most important ones for you.

Take a deep breath and jump off into the ocean of the 
unknown—to build up your island of knowledge. This story will 
give you a framework of knowledge on which you can hang all 
the new knowledge that you learn afterward. This framework 
will show you how everything in the universe is connected and 
how you are connected to everything else. 

What can you do if you already have a different framework 
of knowledge, say, from a religious background, which conflicts 
with this naturalistic, scientific one? If you are taking a class in 
big history, you can discuss these issues with your teacher and 
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classmates. If you are reading this book by yourself, you can 
discuss them with your parents, friends, pastor or clergy. Many 
people find it possible to combine both scientific and religious 
frameworks.

Big history engages many of the questions most interesting to 
humans: Where did the world come from? What is the world 
made of? What holds it together? Where did I come from? What 
am I doing here? What kind of creatures are humans? How should 
we behave toward each other and the world? What are the main 
things happening right now? Where is it all going? Entering the 
conversation about these crucial human questions is exactly why 
big history is lots of fun and full of meaning to those who study it.

A Quick Preview of Big History

To get started, the following is a brief synopsis of the thresholds 
used in this book.

• The universe burst into existence 13.82 billion years ago. We 
know this from the age of the oldest stars and can measure 
how fast the universe is expanding, then extrapolate back in 
time. The universe was initially so hot that the particles of 
atoms could not hold together. About 380,000 years after the 
Big Bang, simple atoms (hydrogen, helium) began to form. 
The universe is gradually cooling and expanding to this day. 
(Threshold 1)

• Hydrogen is the simplest atom, with one proton and one 
electron. Stars and galaxies began forming from clouds of 
hydrogen gas between 700 million and 2 billion years after 
the appearance of the universe. As stars burn and explode, 
they create more complex atoms. The high temperatures 
allow more particles to fuse, creating complex elements like 
carbon and oxygen that later get incorporated into new 
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planets. And, on at least one planet, these elements eventu-
ally combined to produce life. (Thresholds 2 and 3)

• Our sun is an average-sized star. It formed 4.56 billion years 
ago in our galaxy, the Milky Way. When the gravity of our 
sun sucked in clouds of gases and began to burn, leftover 
material stuck together to form the eight planets of our solar 
system about 100 million years later. Earth is a rocky planet, 
the third one out, just the right distance from the sun to be 
partly solid and partly molten. (Threshold 4)

• Life, meaning single-celled bacteria, appeared about a bil-
lion years after the Earth’s formation. Photosynthesizing 
bacteria emitted oxygen into the atmosphere, which even-
tually formed the ozone layer that protects life from ultravi-
olet rays. The oldest fossilized cells are estimated to be 3.49 
billion years old. Bacteria evolved for more than a billion 
years before multicellular organisms emerged, 1 to 2 billion 
years ago. (Threshold 5)

• Multicellular organisms began possibly 2 billion years ago, 
then about 600 million years ago burst into an astonishing 
array of plants and animals. Modern humans (Homo sapiens) 
emerged about 200,000 years ago, after evolving for about 
6 million years from a common ancestor with chimpanzees 
and bonobos. We have lived for 95 percent of our history as 
hunter/gatherers with a relatively stable population and in 
harmony with Earth and its systems. (Threshold 6)

• Beginning about 10,000 years ago a warm, stable climate 
emerged. Humans began to domesticate certain plants and 
animals and found ways to store surplus food. This ena-
bled people to live in dense cities and to develop specialized 
occupations, states, hierarchies, writing, and monumental 
art—the characteristics of civilization. (Threshold 7)

• Our modern life, based on industrialization and burning 
fossil fuel, is only 250 years old. During this short time we 
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have increased our population from about 750 million peo-
ple to 7.4 billion. We are now are changing Earth and the 
earth systems on which we depend. (Threshold 8)

How can you wrap your head around 13.82 billion years? There 
are lots of ways to make time lines, but here’s a quick one. Get 
two full rolls of Scott’s 1,000-sheet toilet paper, plus a third roll 
only three-quarters full. Figure out a way to unroll the toilet 
paper around the room. Or, to avoid the mess, simply think of 
how it would look unrolled. Each sheet represents five million 
years; one roll of a thousand sheets represents five billion years, 
about the time of our solar system. The last sheet on the last roll 
would represent all of human history, plus all the time during 
which humans evolved from their common ancestor with chim-
panzees. (Thanks to Lucy Laffitte, science educator in North Car-
olina, for this idea.)

Humans have been around only the tiniest fraction of universe 
time, and modern life is only a tiny fraction of human life. That’s 
how it looks in a cosmic context. What are your questions that 
you hope big history will answer?
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