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PIO-000

Pioneers of Knowledge
Question

How can one discovery help someone who lives much later?

The story

People can pass ideas forward. A tool, drawing, book, measurement or 
computer file can keep information after its maker is gone. This book 
follows some of the moments when humans found better ways to 
remember, test and share what they learned.

The big idea

No person discovered everything alone. New ideas usually depend on 
older skills, other people and ways of checking whether an explanation 
works.

Try it

Choose something you know how to do. How did that knowledge reach 
you?

Be careful

History is not a straight ladder upward. Useful knowledge can be 
forgotten, hidden, misused or corrected.
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PIO-001

Learning together
Question

How can a group remember useful skills for longer than one lifetime?

The story

Social learning did not begin with humans. Chimpanzees can learn a 
difficult skill from knowledgeable group members even when they fail to 
invent it alone. Human communities pushed social learning much 
further by passing many kinds of knowledge through large, overlapping 
networks.

The big idea

Studies of hunter-gatherer networks show knowledge moving between 
camps and across kin groups. That gives a learner more possible 
teachers and makes useful information less likely to disappear when one 
person leaves or dies.

Try it

Think of a skill you learned from someone else. What would make it 
easier for that skill to reach people outside your family or classroom?

Be careful

Modern hunter-gatherer societies are not fossils of the distant past, and 
chimpanzees are not miniature humans. These examples help 
researchers test parts of the story, not copy an ancient society directly.
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PIO-002

Stone tools: ideas you can hold
Question

Can a stone remember a good idea?

The story

Imagine trying to cut tough food with your hands. Long ago, some 
hominins discovered that striking one stone against another could make 
a sharp edge. The oldest known examples from Lomekwi in Kenya are 
about 3.3 million years old.

The big idea

A tool is more than a useful object. Its shape records choices: where 
someone hit the stone, which piece they kept and what kind of edge 
they wanted. Another maker could look at that object and try a similar 
method. This is one way knowledge can move from one person to 
another without being written down.

Try it

Look at two everyday tools that do the same job, such as two spoons or 
two pencils. What design details are the same? What is different? What 
might each difference be for?

Be careful

Stone survives for millions of years, but wood and fibres usually do not. 
So archaeologists see only part of the tool world of the past.
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PIO-003

Fire becomes a tool
Question

What changes when people can keep a fire going?

The story

At Wonderwerk Cave in South Africa, scientists found signs of burning 
about one million years old. At Gesher Benot Ya'aqov in Israel, burned 
material about 780,000 years old is arranged in ways that support 
repeated human control of fire.

The big idea

The big change was making heat dependable. A controlled fire could 
give warmth and light, change food and materials, and become a task 
people had to maintain together. Learning which fuel to use and how to 
keep fire safe turned a natural event into a shared technology.

Try it

Imagine you are teaching someone to keep a small fire useful and safe. 
Which three steps would you explain first?

Be careful

Burned soil or bone does not prove that humans controlled a fire. 
Natural fires can leave similar traces, so archaeologists need context 
and several kinds of evidence.
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PIO-004

Language and symbols
Question

How can a mark stand for an idea that is not here?

The story

At Blombos Cave in South Africa, people engraved pieces of ochre about 
77,000 years ago. A much older shell from Trinil on Java, linked with 
Homo erectus, also carries a geometric engraving. These objects cannot 
tell us ancient words, but they show that marks could have meanings 
beyond simple use.

The big idea

A shared symbol works only when people learn what it means. That lets 
a group plan, remember rules and talk about things that are absent. 
Symbols made some ideas easier to carry from one mind to another.

Try it

Invent a symbol for danger, food or a meeting place. What would 
another person need to learn before the mark became useful?

Be careful

Ancient marks do not come with a translation. We should be careful not 
to pretend that we know exactly what every symbol meant.



10

PIO-006

Finding a way across water
Question

How did people reach land when part of the journey crossed open sea?

The story

To reach Sahul, the ancient landmass that joined Australia and New 
Guinea, people had to cross water through the islands of Wallacea. The 
first settlement of Australia is debated, with evidence discussed around 
65,000 years ago and later models around or after 50,000 years ago, but 
either way the journey required sea crossings.

The big idea

This was more than following a familiar coast. Some stages meant 
travelling into open water, planning direction and taking a group 
through uncertainty. People could use currents, winds, stars, birds or 
other repeated clues, but the main change was being able to plan 
beyond a continuous land route.

Try it

If an island cannot be seen from shore, what would you want to know 
before deciding that a crossing was planned rather than accidental?

Be careful

Ancient boats made from wood or fibre usually decay. Archaeologists 
can sometimes show that a voyage happened without knowing the exact 
boat or route.
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PIO-008

Pottery: changing clay with heat
Question

Which came first in some places: pottery or farming?

The story

At Xianrendong Cave in China, people were making pottery about 
20,000-19,000 years ago. They were mobile hunter-gatherers, not 
farmers. Fired-clay figurines from places such as Dolní Věstonice also 
show that people had learned to change clay with heat before pottery 
containers became common.

The big idea

The big idea is a useful correction: pottery did not have to wait for 
agriculture. Potters learned that wet clay could be shaped, dried and 
changed by heat. Cracks and broken pots then became evidence about 
what to change next time.

Try it

Imagine two clay cups made with different wall thicknesses. What would 
you keep the same if you wanted to test which thickness survives 
heating better?

Be careful

Pottery survives much better than baskets, skins and wooden 
containers. That can make it look more important than other 
technologies that have mostly disappeared.
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PIO-009

Farming begins in different places
Question

Why did farming begin in different places with different plants?

The story

Farming did not begin in one single centre. Early food production 
developed in Southwest Asia, China, New Guinea, Mesoamerica, the 
Andes and parts of Africa and eastern North America. In Mesoamerica, 
maize domestication is generally placed by about 9,000 years ago; at 
Kuk Swamp in New Guinea, cultivation is documented roughly 10,000 
years ago.

The big idea

People learned across many seasons. Saving seeds, planting, weeding or 
moving water made future harvests depend on choices made earlier. 
Different environments and plants meant that there was no one recipe 
for becoming farmers.

Try it

Choose two regions from the chapter. What differences in plants, 
rainfall or seasons might have led people to farm in different ways?

Be careful

Cultivation, domestication and agriculture are gradual processes, so 
archaeologists often give approximate ranges rather than one exact 
starting date.
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PIO-011

Fermentation: useful change you 
cannot see
Question

How can people learn a process before they know what causes it?

The story

At Jiahu in northern China, chemical traces show a fermented drink 
made from rice, honey and fruit in the seventh millennium BCE. In 
northern Europe, people were making dairy products such as cheese by 
the sixth millennium BCE. The people doing this could not see the 
microbes involved.

The big idea

They learned by watching repeatable clues: ingredients, containers, 
temperature, time, smell and texture. Much later, in the nineteenth 
century, Pasteur helped connect familiar fermentation with microbial 
life. The practice came long before the modern explanation.

Try it

If you wanted to compare two safe food processes, which one condition 
would you change and which conditions would you keep the same?

Be careful

Fermented foods rarely survive directly, and not every invisible 
biological change is safe. Archaeologists often rely on residues and 
specialised containers.
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PIO-012

The wheel works as a team
Question

Why is a wheel not enough to make a cart?

The story

One of the earliest securely dated wagon pictures is on the Bronocice 
vessel from Poland, from the later fourth millennium BCE. Evidence 
from Uruk-period contexts in the Near East and other European sites is 
broadly from the same period.

The big idea

The important idea is that wheeled transport is a system. A useful 
vehicle needs wheels, an axle, a frame, traction, suitable surfaces and 
maintenance. The invention was not simply a round disk; several kinds 
of knowledge had to work together.

Try it

Draw a cart and label every part or condition that must work for it to 
carry a heavy load.

Be careful

Wooden carts usually decay, and ancient pictures can be hard to 
interpret. The evidence does not support one simple birthplace for every 
wheeled vehicle.
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PIO-014

Writing gives memory a new home
Question

What changes when a record can outlive the person who made it?

The story

More than five thousand years ago in Mesopotamia, people pressed 
signs into clay tablets to keep track of things such as goods, labour and 
land.

The big idea

A record can be checked later. It can be compared with other records 
and used by people who were not present when it was made. Writing 
therefore gave groups a new kind of shared memory.

Try it

Imagine running a class library with no written list. What problems 
would appear?

Be careful

Written records can help people organize, but they can also be used to 
control taxes, work or access to resources.
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PIO-015

Weights and measures
Question

Why do shared units make knowledge easier to compare?

The story

Ancient societies developed different systems of measurement. 
Mesopotamian administrations used standard weights, cities of the 
Indus civilisation used very regular sets of stone weights, and Egyptian 
officials used calibrated length standards such as cubit rods. Much 
later, the metric system and SI extended the same idea on a global 
scale.

The big idea

A standard lets a measurement travel. If two people use the same unit 
correctly, they can compare amounts even when they are far apart. 
Shared measures helped trade, construction and administration because 
disagreements could be checked against a reference.

Try it

Measure the same table with your handspan and with a ruler. Which 
result would be easier for another class to repeat, and why?

Be careful

Ancient standards changed over time and were not always controlled 
from one centre. Converting them into modern units can make them 
look more exact than the evidence allows.
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PIO-019

Calendars and risky seasons
Question

How can a calendar help when nature does not follow a perfect 
schedule?

The story

Farmers need to decide when to sow, irrigate and harvest, but seasons 
do not repeat exactly. Mesopotamian calendars used lunar months and 
sometimes added an extra month; Egyptian timekeeping interacted with 
the Nile cycle; Mesoamerican societies built their own complex 
calendars.

The big idea

A calendar gives a community a shared way to organize expected 
seasons and compare one year with another. It helps people coordinate, 
but it cannot command rain, floods or temperature.

Try it

Keep a simple weather calendar for two weeks. Which things repeat, 
and which things change unexpectedly?

Be careful

A calendar is a guide, not a guarantee. Local observations of weather 
and environment still matter.
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PIO-020

Ironworking across Africa
Question

How can people in different places learn different ways to make the 
same metal?

The story

Ironworking appeared in several African regions, and the evidence does 
not point to one simple route. Archaeologists have secure first-
millennium BCE evidence from the Nok tradition in present-day Nigeria 
and from the Great Lakes region. Some earlier dates proposed for 
Termit in Niger and Lejja in Nigeria are still debated.

The big idea

Making iron meant controlling a very hot furnace. Different 
communities used different furnace shapes, fuels and air systems, 
including tuyères that carried air into the fire. The shared goal was to 
turn iron-rich rock into metal that a smith could work.

Try it

Compare two ways of solving the same problem, such as cooking food 
with different kinds of ovens. Which parts can change while the result 
stays similar?

Be careful

Archaeologists do not agree about every early date. It is important to 
separate well-supported evidence from older claims that remain 
uncertain.
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PIO-026

Eratosthenes measures Earth
Question

How can a shadow help measure a planet?

The story

More than two thousand years ago, Eratosthenes knew that the Sun 
appeared at different angles in two places in Egypt. He also had an 
estimate of the distance between those places. A vertical stick makes a 
shadow whose length and direction reveal the Sun’s apparent angle.

The big idea

He used geometry to connect the angle difference with a fraction of a 
full circle. If that fraction matched a known distance on the ground, he 
could scale up to estimate the whole circumference of Earth. A small 
local measurement became a clue about something enormous.

Try it

Put a pencil upright in sunlight and measure its shadow. If a friend far 
away did the same thing at the same time, what extra information would 
you need to compare the two results?

Be careful

We do not have Eratosthenes’ own written explanation, and ancient 
sources disagree about some details. The method is clearer than the 
exact accuracy of the final number.
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PIO-029

Paper makes memory lighter
Question

Did one person invent paper all at once?

The story

People wrote on many materials before paper. In China, early fibre 
sheets from places such as Fangmatan and Xuanquanzhi are older than 
the traditional date linked with Cai Lun in 105 CE, although 
archaeologists still debate exactly how some early sheets were used.

The big idea

Papermaking combines fibres, water, pulping, forming a sheet, pressing 
and drying. Over time, paper became a light, flexible surface that could 
make records easier to copy, carry and store. Cai Lun was important in 
later tradition, but the technology had a longer history.

Try it

Compare carrying ten sheets of paper with carrying ten clay tablets. 
How might the material change who can move or copy information?

Be careful

Cheaper paper does not automatically mean equal access to knowledge. 
Reading, institutions, censorship and copying still matter.
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PIO-030

A zero that keeps a place
Question

Why would a calendar need a sign for “nothing here”?

The story

Some Long Count inscriptions survive from the last centuries BCE and 
the first centuries CE, before the best-known Classic Maya examples. 
Their place-value records could track spans far beyond one lifetime.

The big idea

A zero can be information, not just “nothing.” It tells a reader how the 
other digits are positioned, and that makes large dates easier to 
calculate.

Try it

Write 205 and then erase the zero. What happens to the value? Now 
imagine a base-20 number.

Be careful

There was no single known Maya inventor of zero, and Mesoamerican 
traditions were broader than one city or one person.
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PIO-031

Zero joins the arithmetic toolbox
Question

How can the same ten digits make tiny and enormous numbers?

The story

In India, decimal place value developed over centuries. Aryabhata used 
positional numerical methods in 499 CE, and Brahmagupta discussed 
zero directly in arithmetic in 628.

The big idea

Position changes the value of a digit. Zero marks an empty position, so 
507 cannot be confused with 57. That makes written calculation much 
easier to teach and check.

Try it

Make three numbers using 3, 0 and 7. Explain how the zero changes 
each one.

Be careful

People did not understand every operation with zero at once. Division by 
zero remained a hard problem.
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PIO-032

Translation can create new 
questions
Question

Can translating a book be a kind of research?

The story

From roughly the eighth to the tenth centuries under Abbasid rule, 
translators worked with Greek, Syriac, Middle Persian and Sanskrit 
scientific texts. Putting these materials into Arabic made comparison 
possible across traditions that had developed separately.

The big idea

A translation is not a photocopy. When ideas from different traditions 
enter one shared language, readers can compare them, notice conflicts 
and ask questions that were hard to see before.

Try it

Take one science word and imagine two translations. Which one would 
make the idea clearer, and which could mislead?

Be careful

The story is bigger than one famous library. Many people and 
institutions participated.
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PIO-033

Al-Khwarizmi turns problems into 
procedures
Question

How can two different stories hide the same math problem?

The story

In ninth-century Baghdad, al-Khwarizmi organized algebraic problems 
into classes and gave repeatable procedures for solving them. Earlier 
work, including Brahmagupta’s seventh-century mathematics in India, 
shows that he was building within a much longer history.

The big idea

A procedure lets you recognize the structure underneath a story. Once 
two problems have the same mathematical form, one method can solve 
both.

Try it

Invent two short stories that both mean “a number plus 5 equals 12.”

Be careful

Al-Khwarizmi was important, but earlier Babylonian, Greek and Indian 
mathematics also solved equation-like problems.
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PIO-034

Testing how light reaches the eye
Question

Does sight come out of the eye or does light come in?

The story

In the eleventh century, Ibn al-Haytham used geometry and arranged 
tests with apertures, mirrors and refraction in the work now known as 
the Book of Optics. He argued that light from objects enters the eye.

The big idea

A good experiment can make two explanations give different 
predictions. Then the result helps decide which explanation fits better.

Try it

Shine light through two different-size holes onto a wall. What changes, 
and what should stay the same for a fair test?

Be careful

Experiments depend on the apparatus and on careful interpretation; one 
observation rarely answers every question.
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PIO-037

Printing makes one page become 
many
Question

What happens when copying a book no longer means rewriting every 
line?

The story

East Asian printers were making texts from carved woodblocks long 
before European movable type. The dated Diamond Sutra of 868 
survives from the Tang period; printing expanded greatly under the 
Song, and Bi Sheng experimented with movable type in the eleventh 
century.

The big idea

A carved block takes work to prepare, but after that it can make many 
similar pages. The difficult first copy becomes a master for later copies.

Try it

Press a textured object into soft clay, then make several impressions. 
Which details repeat and which change?

Be careful

Printing can spread errors as well as correct information, and access 
still depends on paper, readers and distribution.
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PIO-038

A compass when the sky 
disappears
Question

How can a sailor keep direction when clouds hide the Sun and stars?

The story

Chinese records separate several steps: the Wujing Zongyao of 1044 
preserves early gunpowder formulas, Shen Kuo discussed magnetic 
direction in 1088, and Zhu Yu wrote around 1119 about sailors using a 
south-pointing needle when clouds hid the sky.

The big idea

A technology becomes especially useful when it supplies information 
that other cues cannot provide at that moment. The compass did not 
erase stars and coastlines; it joined them.

Try it

Use a compass outdoors, then compare its direction with the Sun or a 
known street. Why is using two clues safer than one?

Be careful

The compass, gunpowder and clocks did not appear together as one 
invention; each has its own history.
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PIO-039

Finding islands beyond the 
horizon
Question

How can you sail toward land you cannot see?

The story

Archaeological evidence links Lapita communities with the settlement of 
Remote Oceania about 3,000–2,800 years ago. Much later, East 
Polynesian settlement expanded strongly around 1190–1290 CE, and 
Aotearoa/New Zealand was settled broadly in the thirteenth century.

The big idea

No single clue has to be perfect if several independent clues can correct 
one another. Navigation can live in practiced memory and movement, 
not only on a paper map.

Try it

Pick a route you know well. List every clue you use besides street names 
or a digital map.

Be careful

Different Indigenous navigation traditions use different environmental 
cues; they should not be treated as one identical method.



29

PIO-040

Numbers travel with people
Question

Why are the digits on your phone used in so many countries?

The story

Decimal positional numerals began in South Asia and moved through 
Arabic-speaking mathematical cultures into Europe by several routes. 
The Codex Vigilanus recorded most numeral forms in 976, Gerbert of 
Aurillac used related abacus practices near the end of the tenth century, 
and Fibonacci promoted the system in 1202.

The big idea

A useful idea becomes a standard only when people teach it, adapt it 
and use it in everyday work. Better notation does not instantly replace 
older habits.

Try it

Try adding the same two numbers once with modern digits and once 
with Roman numerals. Which procedure is easier to check?

Be careful

Calling them simply “Arabic numerals” hides their South Asian origin 
and the many stages of transmission.
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PIO-042

Putting Earth on a grid
Question

Can two numbers tell you where a place is?

The story

Ptolemy used latitude and longitude in the second century CE. Jacopo 
Angeli translated his Geography into Latin around 1406–1410, and 
printed editions appeared in 1475 and 1477, helping coordinate-based 
mapping enter new European networks.

The big idea

Coordinates put many places into the same mathematical frame. That 
makes maps rebuildable from data and makes conflicting measurements 
easier to notice.

Try it

Draw a simple grid and give a friend coordinates for three objects. Can 
they reconstruct your layout without seeing it?

Be careful

Coordinates can be precise and still be wrong if the measurements or 
the map projection are wrong.
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PIO-043

A lens changes what an eye can 
do
Question

Can a tool become part of your sense of sight?

The story

By the end of the thirteenth century, spectacles were being made in 
Europe to help with close reading. Ibn al-Haytham had studied light 
centuries earlier, while practical lens makers depended on skilled 
glassmaking, grinding and curvature control.

The big idea

With a lens, the observer is no longer just an eye. It is an eye plus an 
engineered surface that changes how light reaches the eye.

Try it

Look at printed text through a magnifying lens from different distances. 
When is it sharp, blurry or enlarged?

Be careful

Useful lenses were made through craft as well as theory; the history is 
not a simple line from one scientist to one invention.
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PIO-045

Vesalius checks anatomy against 
real bodies
Question

What if a famous book and a body disagree?

The story

For centuries, European medical teaching relied heavily on Galen. In 
1543 Andreas Vesalius published a richly illustrated anatomy based on 
repeated human dissection at Padua.

The big idea

A trusted book can be challenged by looking again. Printing also let 
people far away compare the same drawings and descriptions.

Try it

Look at two diagrams of the same organ. List one feature both show and 
one that differs. What would you need to check directly?

Be careful

Vesalius still made mistakes. The important change was making 
anatomy more answerable to observation.
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PIO-046

Copernicus moves Earth
Question

Can a planet look as if it moves backward because Earth is moving too?

The story

Copernicus published De revolutionibus in 1543. He placed Earth 
among the planets, rotating each day and travelling around the Sun 
each year.

The big idea

Changing the viewpoint can simplify several puzzles at once. Apparent 
backward motion can come from relative motion rather than from a 
planet actually reversing direction.

Try it

Walk past a slower person while looking sideways. Why can that person 
seem to move backward compared with the distant background?

Be careful

Copernicus did not immediately prove that Earth moves, and his model 
still used circles and epicycles.
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PIO-047

Tycho measures the sky more 
precisely
Question

Why can a tiny measurement error matter?

The story

At Uraniborg on Hven from 1576, Tycho Brahe built large instruments 
and repeated naked-eye observations. His records were precise enough 
to expose small disagreements between models.

The big idea

Better measurements do not choose a theory automatically, but they 
make it harder for a poor model to hide inside measurement error.

Try it

Measure the same length five times. How much do your answers vary? 
Would that variation let you distinguish two objects that differ by only 1 
mm?

Be careful

Even Tycho never accepted Copernicus’s system. Good data can still 
support debate between different explanations.
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PIO-049

Galileo slows motion so he can 
measure it
Question

How can slowing something down make it easier to discover a rule?

The story

Falling objects moved too fast for seventeenth-century timing methods. 
Galileo used inclined planes to reduce the acceleration and compare 
distance and time more carefully.

The big idea

Scientists can redesign a situation so an important pattern becomes 
measurable. An experiment is partly about creating the right conditions 
for a fair test.

Try it

Roll a ball down two ramps with different slopes. What should you keep 
the same if you want a useful comparison?

Be careful

Galileo did not invent all experimentation, and not every famous story 
about his experiments is equally well documented.



36

PIO-052

Microscopes reveal a hidden living 
world
Question

What can a lens show that an eye alone cannot?

The story

Robert Hooke published Micrographia in 1665 and called the small box-
like structures he saw in cork “cells.” From the 1670s, Antonie van 
Leeuwenhoek reported microorganisms using powerful simple 
microscopes.

The big idea

An instrument can open a new scale of evidence. But scientists must 
also learn which patterns are real and which come from lenses, lighting 
or sample preparation.

Try it

Use a magnifier on paper, fabric or a leaf. Draw what you see, then 
change the lighting. Which details stay the same?

Be careful

Seeing microbes did not by itself prove that microbes cause disease. 
That required later causal evidence.
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PIO-053

Newton connects a falling apple 
and the Moon
Question

Could the same rule affect a falling apple and the Moon?

The story

People had studied falling objects and planetary motion for a long time. 
Newton asked whether these separate problems could be connected.

The big idea

He developed laws of motion and a mathematical rule for gravity. The 
powerful part was the idea that the same basic physics could apply on 
Earth and in the sky. The Moon does not fall straight to Earth because it 
is moving sideways while gravity continually bends its path into an 
orbit.

Try it

Swing a small ball on a string in a circle. The string keeps changing the 
ball’s direction. How is that similar to the idea that gravity bends the 
Moon’s path? Where does the comparison stop working?

Be careful

Newton’s theory was extremely successful, but it did not answer every 
question. Science later found situations where new theories were 
needed.
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PIO-055

A clock can help find longitude
Question

How can knowing the time somewhere else tell you where you are?

The story

Finding latitude at sea was easier than finding longitude. Britain’s 
Longitude Act of 1714 encouraged better methods. John Harrison’s 
marine timekeepers, including H4 around 1759, showed that a ship 
could carry a reliable reference time across an ocean.

The big idea

Earth turns as time passes. If sailors know local time and the time at a 
reference place, the difference can be converted into an east-west 
position.

Try it

Mark 24 equal sections around a circle. If the whole circle is 360 
degrees, how many degrees correspond to one hour?

Be careful

Chronometers were not the only solution. Astronomers also used lunar-
distance methods, and navigation depended on tables, instruments and 
training.
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PIO-057

Steam engines teach before 
theory is ready
Question

Can engineers learn from a machine before scientists fully understand 
the heat inside it?

The story

Newcomen engines were pumping water from mines by 1712. In the 
1760s James Watt improved efficiency with a separate condenser and 
patented the idea in 1769.

The big idea

Building and measuring machines can create scientific questions. Fuel 
use, pressure, condensation and work can be compared even before a 
complete theory of heat exists.

Try it

Think of a bicycle. Name one measurement that could help improve it 
even if you did not know all the physics of friction and materials.

Be careful

A machine that works is evidence that a design works, not proof that the 
explanation for why it works is correct.
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PIO-058

From smallpox inoculation to 
vaccination
Question

How did people fight smallpox before they knew about viruses?

The story

Smallpox was a deadly disease. In several parts of Asia, Africa and the 
Ottoman world, people developed forms of inoculation that often caused 
a milder illness that protected people later, although the practice itself 
could be dangerous.

The big idea

In the 1700s, knowledge about inoculation travelled between 
communities. Edward Jenner later tested whether infection with cowpox 
could protect against smallpox. His work helped lead toward 
vaccination. The treatment came before scientists understood 
antibodies, viruses or immune memory.

Try it

Suppose a treatment seems to work. What would make you trust the 
result more: one success, many repeated successes, or a fair 
comparison between treated and untreated groups? Explain.

Be careful

Early experiments would not meet today’s rules for safety and consent. 
The story also includes important knowledge from Asian, African and 
Ottoman communities, not only Jenner.
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PIO-060

Rocks tell a story older than 
people
Question

How can a cliff remember events from millions of years ago?

The story

Steno showed that lower undisturbed rock layers are generally older 
than those above. Hutton later used places such as Siccar Point to argue 
that deposition, tilting and erosion required enormous spans of time. 
William Smith compared fossils to match layers across distances.

The big idea

Earth has a history written in layers and fossils. Geologists can 
reconstruct an order of events even before they know the exact 
numerical ages.

Try it

Stack coloured paper to make layers, tilt the stack, cut across it, then 
add new layers. Which event happened first?

Be careful

The rock record is incomplete. Erosion, burial and metamorphism can 
erase parts of the story.
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PIO-061

Volta makes electricity repeatable
Question

What can scientists do when electricity lasts longer than a spark?

The story

Around 1800 Alessandro Volta built a pile from alternating metals and 
moist separators. Other experimenters could rebuild it. Nicholson and 
Carlisle soon used a voltaic source to split water, and Davy used large 
batteries to isolate potassium and sodium in 1807.

The big idea

A repeatable source turns a spectacular effect into a tool. Electricity 
could now be applied again and again to matter.

Try it

Draw three repeating battery cells. Which pieces must stay in the same 
order for someone else to copy the device?

Be careful

Early piles changed while they worked, so repeatable did not mean 
perfectly constant.
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PIO-065

Semmelweis and Snow learn from 
patterns
Question

Can a pattern save lives before the cause is visible?

The story

In 1847 Semmelweis compared maternity wards in Vienna and 
introduced chlorinated hand washing after linking disease to material 
carried from autopsies. In 1854 John Snow studied cholera in London 
and compared people exposed to different water supplies.

The big idea

Careful comparisons can reveal dangerous exposures before scientists 
know the exact microorganism. Changing an exposure can also test the 
idea.

Try it

Make two imaginary groups with different water sources. What else 
would you record so the comparison is fair?

Be careful

A pattern can mislead if the groups differ in other important ways.
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PIO-066

Darwin and Wallace draw a 
branching tree of life
Question

Why does a tree fit evolution better than a ladder?

The story

Darwin and Wallace independently developed natural-selection ideas 
and presented them jointly in 1858. Darwin argued in 1859 that species 
change through descent and that related species share ancestors. 
Variation that affects survival and reproduction can change populations 
over generations.

The big idea

Life branches. Similarity can be evidence of shared ancestry, and no 
living species is simply a rung on a ladder toward another.

Try it

Draw four branching species and mark which pair shares the most 
recent common ancestor.

Be careful

Evolution does not mean that every trait is perfect, and it does not 
justify ranking human groups.
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PIO-068

Mendel counts heredity
Question

What can repeated pea crosses reveal that one family cannot?

The story

Between 1856 and 1863 Gregor Mendel crossed pea plants with clearly 
different traits and counted the offspring. He presented the work in 
1865 and published it in 1866. The recurring ratios suggested that 
hereditary factors could separate and recombine.

The big idea

Counting many offspring can reveal a statistical pattern in inheritance. 
Mendel did not know DNA or genes in the modern sense.

Try it

Flip two coins 40 times and count the outcomes. Compare your totals 
with another group.

Be careful

Many real traits are more complicated than the simple pea traits 
Mendel chose.
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PIO-069

Pasteur, Lister and Koch connect 
microbes to disease
Question

How can an invisible microbe become part of a testable explanation?

The story

Pasteur showed in the late 1850s that microorganisms could drive 
fermentation. Lister used microbial reasoning to develop antiseptic 
surgery and published his principle in 1867. Koch later used culture, 
staining and animal experiments in work on anthrax, tuberculosis and 
cholera.

The big idea

Scientists linked microbes to causes by combining microscopes with 
controlled exposure, intervention and isolation.

Try it

Imagine two sterile containers, one protected from contamination and 
one deliberately exposed. What result would support a microbial 
explanation?

Be careful

Not every infection is caused by one organism acting alone; hosts, 
viruses and microbial communities can complicate the picture.
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PIO-071

Mendeleev leaves gaps in the 
periodic table
Question

Why would a scientist leave an empty space in a table on purpose?

The story

In 1869 Mendeleev organised elements using recurring chemical 
properties and atomic weights. He left gaps where the pattern 
suggested missing elements and predicted some of their properties. 
Gallium was found in 1875, scandium in 1879 and germanium in 1886.

The big idea

A good classification can do more than sort known facts: it can make 
risky predictions about what has not yet been observed.

Try it

Invent six elements with repeating properties and arrange them in a 
table. Where would a missing seventh belong?

Be careful

The early periodic table was not the modern table; some placements and 
atomic weights were still uncertain.
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PIO-075

Invisible rays leave visible clues
Question

How can something invisible reveal the inside of matter?

The story

Röntgen announced X-rays in 1895, Becquerel found radiation from 
uranium in 1896, and Marie and Pierre Curie measured radioactivity 
from 1898. Instruments turned invisible emissions into marks, images 
and electrical effects that could be compared.

The big idea

New detectors let scientists infer hidden structures from repeatable 
traces. Atoms stopped being only invisible units in chemical formulas 
and became systems whose internal behaviour could be investigated.

Try it

Place an object inside a closed box and ask a partner to infer its shape 
using only indirect clues such as sound or weight. What can be known 
without seeing it?

Be careful

Invisible does not mean harmless. X-rays and radioactive materials can 
damage tissue, so measurement also requires protection.
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PIO-077

Wegener asks whether continents 
can move
Question

Why do matching fossils and rocks appear on continents now separated 
by oceans?

The story

Wegener combined coastlines, fossils, rock belts and clues from ancient 
climates to argue from 1912 that continents had once been joined. His 
explanation was incomplete because he lacked a convincing mechanism 
for moving continents.

The big idea

Several independent clues can support one historical reconstruction 
even before every mechanism is known. Plate tectonics later supplied a 
much stronger mechanism.

Try it

Cut a simple paper “continent” in two and move the pieces apart. Which 
matching features would still reveal that they were once connected?

Be careful

A matching coastline alone is not enough. Strong arguments use several 
evidence types and make testable predictions.
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PIO-078

Leavitt helps measure a larger 
universe
Question

How can a changing star help measure enormous distances?

The story

Henrietta Swan Leavitt found that Cepheid variable stars with different 
periods also differed systematically in luminosity. After calibration, that 
relation could help estimate distances. Slipher measured spectral 
velocities, while Lemaître and Hubble helped connect distance with 
cosmic expansion.

The big idea

Astronomy can combine one instrument for distance with another for 
motion. When independent measurements agree with a physical model, 
the universe itself can become a measurable dynamic system.

Try it

Imagine two kinds of measurements for the same galaxies: distance and 
spectral shift. Why is it useful that they come from different methods?

Be careful

The expanding-universe story was built by many people. It should not be 
reduced to Hubble alone, and Leavitt's distance work was essential.
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PIO-081

Antibiotics make bacterial 
infections treatable
Question

How can a substance stop bacteria without simply poisoning 
everything?

The story

Fleming reported penicillin's antibacterial action in 1929. In 1940-1941 
Florey, Chain and the Oxford team turned it into a reproducible 
treatment, while later production programmes made much larger 
supplies possible.

The big idea

A useful medicine must work in controlled tests and be produced 
reliably. Antibiotics can treat susceptible bacteria, but their use also 
selects for resistant bacteria.

Try it

Draw two bacterial populations before and after an antibiotic. What 
happens if a few resistant cells survive and reproduce?

Be careful

Antibiotics do not cure viral infections, and unnecessary use can make 
future bacterial infections harder to treat.



52

PIO-082

Turing separates instructions from 
the machine
Question

How can one machine perform many different tasks?

The story

Turing described a universal abstract machine in 1936-1937: by 
changing the symbolic instructions, the same general machine could 
imitate many different procedures. Electronic stored-program 
computers later made this separation between machine and program 
practical.

The big idea

A program is a sequence of instructions that can change what a general-
purpose computer does without rebuilding all its hardware.

Try it

Write instructions for a classmate to draw a square without showing the 
final picture. Which instruction is ambiguous?

Be careful

Computers are general tools, not magic. Some problems take too much 
time or memory, and some cannot be solved by an algorithm at all.
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PIO-087

DNA: a molecule that carries 
hereditary information
Question

How did scientists work out what genes are made of?

The story

For years, researchers could follow inheritance without knowing its 
material basis. Avery, MacLeod and McCarty linked bacterial 
transformation to DNA; Hershey and Chase added evidence from 
bacteriophages. Rosalind Franklin and Raymond Gosling produced X-ray 
diffraction measurements that constrained DNA's shape, alongside work 
by Wilkins and others.

The big idea

In 1953 a double-helix model brought chemical and diffraction evidence 
together. Matching base pairs suggested a way hereditary information 
could be copied.

Try it

Think of a zipper whose two sides match. Why could two complementary 
strands help copying, and where does that analogy fail?

Be careful

DNA is not a complete recipe for an organism. Cells, development and 
environment matter too, and the history includes important questions 
about credit for Franklin's contribution.
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PIO-088

Satellites give Earth an outside 
viewpoint
Question

What can we learn by observing Earth again and again from orbit?

The story

Sputnik 1 entered orbit in 1957, and Explorer 1 followed in 1958. 
Explorer's detector helped reveal trapped charged particles around 
Earth. Soon satellites were also providing weather images and 
communication links.

The big idea

Orbit makes repeated large-scale observation possible. The same kind of 
instrument can compare clouds, oceans, ice or land over wide regions 
and through time.

Try it

Choose one place on Earth and list three things a satellite could 
measure there repeatedly. Which measurements would still need checks 
on the ground?

Be careful

Satellite data depend on calibration and processing. A picture from 
space is not automatically a complete explanation.
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PIO-089

Plate tectonics joins many clues 
into one moving-Earth model
Question

What evidence showed that the ocean floor itself moves?

The story

Sonar mapped ridges and trenches, and marine magnetometers found 
striped patterns on the seafloor. Hess proposed seafloor spreading in 
1962; Vine and Matthews predicted in 1963 that magnetic reversals 
would create matching stripes on both sides of a ridge.

The big idea

Ridges, trenches, magnetic stripes and earthquake belts could all be 
explained within one system of moving plates. This supplied the 
mechanism that Wegener's earlier continental-drift hypothesis had 
lacked.

Try it

Draw a ridge and add matching magnetic bands on each side. What 
pattern would you expect as new crust forms and moves outward?

Be careful

Plate tectonics explains where many earthquakes occur, but it does not 
tell us the exact day a particular earthquake will happen.
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PIO-091

Climate science links many kinds 
of evidence
Question

How can scientists study the climate of an entire planet?

The story

In 1896 Arrhenius calculated how carbon dioxide could affect surface 
temperature. Keeling's measurements, reported in 1960, later showed a 
seasonal cycle together with a long-term rise in atmospheric carbon 
dioxide. Manabe and Wetherald used a climate model in 1967 to study 
how radiation and water vapour interact.

The big idea

Climate knowledge becomes stronger when different kinds of evidence 
agree: atmospheric measurements, ocean heat, ice, satellites, physical 
theory and computer models can test one another.

Try it

Draw three boxes labelled atmosphere, ocean and ice. Add arrows 
showing how a change in one could affect another. Which arrow would 
you want to measure?

Be careful

Climate models do not predict the exact weather on a particular future 
day. They test how the climate system responds under stated physical 
conditions and scenarios.
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PIO-092

Detectors open hidden windows 
on the universe
Question

What can astronomers learn when visible light is not enough?

The story

Rocket instruments detected X-rays from beyond the Solar System in 
1962. Penzias and Wilson measured the cosmic microwave background 
in 1965, and pulsars were reported in 1968 through their fast radio 
pulses. Decades later, gravitational-wave detectors and neutrino 
observatories added new ways to study violent cosmic events.

The big idea

Different detectors respond to different messengers. Combining radio 
waves, X-rays, microwaves, neutrinos or gravitational waves can reveal 
parts of one event that no single channel could show alone.

Try it

Imagine one cosmic event observed by three detectors. Make a table of 
what each detector might measure directly and what scientists would 
still have to infer.

Be careful

A weak signal can be confused with background noise. Calibration and 
independent checks are part of the evidence, not optional extras.
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