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Reading this book
A cold-feeling spoon, a floating ice cube, a cloud and a growing tree can all
lead to good questions. This book explores forty-eight questions for
readers of roughly nine to twelve. The aim is to notice what needs
explaining, follow a possible explanation and recognise what the evidence
does not tell us. You do not need laboratory equipment to read the stories
or discuss their questions.

Read a chapter, pause at the question and explain your answer in your own
words before reading the suggested answer. The questions ask you to
compare ideas, not to carry out risky experiments. The notes at the end
point adult readers to the scientific chapters and their references. They
also show where a short explanation has left out the detailed mathematics
or experimental design.
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Why does metal feel colder than wood?
A spoon and a wooden table can be in the same room and have the same
temperature. Yet the spoon may feel colder. Your hand is not simply
reading a number. Touching starts a change: energy can move from your
warmer skin into the cooler object.

Under these familiar conditions, ordinary metal can take energy from the
skin more effectively than wood. The skin cools differently, so the
sensations can differ. Metal does not contain a special substance called
“cold”. The comparison would also change if the objects started hotter
than your skin.

Think it through
Imagine that someone checks the two objects with a thermometer before
anyone touches them. Why is that a better comparison than simply
assuming that everything in one room has the same temperature?

An answer to discuss
The thermometer check establishes the starting point. Objects near
sunshine or another source of heat may have different temperatures even
in the same room.
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Why does ice float?
An ice cube is not weightless. Earth pulls it downward, just as it pulls other
objects. The water pushes upward. The cube floats when the upward push
balances its weight before the whole cube is underwater.

The important clue is density: how much mass is packed into a certain
volume. Ordinary ice near its melting temperature is less dense than liquid
water. The arrangement of its water molecules leaves a given amount of
water taking up more space as ice. This is a feature of water under these
conditions, not a rule that every solid floats.

Think it through
Imagine two blocks with exactly the same outside size. One has more mass
than the other. Do they have the same density?

An answer to discuss
No. Equal volume does not mean equal mass. Comparing both is what
makes density useful.
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Why is the daytime sky blue?
Look at a clear daytime sky away from the Sun. The blue light reaching
your eyes did not come from a blue ceiling. Sunlight enters the
atmosphere, and some light changes direction when it interacts with
molecules in the air.

In the simple explanation, shorter visible wavelengths are scattered more
strongly than longer ones. But the colour you see also depends on sunlight
and your eyes. Explaining the sky is therefore a story about the light on its
journey and the observer receiving it. A photograph of a hazy or cloudy sky
may show a different mixture of effects.

Think it through
Why should we ask what light reaches the eye before saying what colour
the air is?

An answer to discuss
A colour experience depends on the light received. Calling the air blue
does not explain how that light reached us.
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Can two people see the same rainbow?
Two friends can stand together and point to a rainbow. They recognise the
same kind of coloured arc, but the light entering their eyes need not have
travelled through the same drops. Each friend views the rain from a
slightly different place.

Light changes direction as it enters and leaves a drop, and some light
reflects inside it. Many drops together produce a pattern of directions. A
rainbow is therefore not a painted strip attached to particular drops. It is a
real optical pattern whose appearance depends on where the observer
stands.

Think it through
If a pattern changes when you move, does that make it imaginary?

An answer to discuss
No. Changing your position changes which light can reach your eyes. A
viewpoint can matter in a completely physical explanation.
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Why can friction both stop us and help us
walk?
Think about a box sliding along a floor and a person taking a step. Friction
can slow the sliding box. Yet friction also helps the person's planted foot
grip the floor instead of slipping backwards.

The trick is to look at the place where the surfaces touch. The person's
body can move forward while the planted shoe stays briefly in place
against the ground. Friction is not simply a force that always points
backwards compared with the direction a whole object travels. The two
surfaces and their tendency to slip are what matter.

Think it through
In a drawing of someone walking, where would you look first to understand
the role of friction?

An answer to discuss
Look at the contact between the shoe and the ground. The body's forward
motion alone does not describe that contact.
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Why does soap help remove grease?
Water can run over a greasy surface without carrying much grease away.
Soap helps change the way water, grease and surfaces interact. Cleaning
involves loosening the greasy material and carrying it somewhere else.

The grease has not vanished. Thinking about its journey is more useful
than imagining one soap molecule magically making it disappear. Soap can
help material detach and spread through water, but the amount removed
depends on the conditions. Bubbles are an eye-catching part of some
washes. They are not a measurement of cleanliness.

Think it through
Two pictures show different amounts of foam. Is that enough information
to say which wash removed more grease?

An answer to discuss
No. We would need a way to compare how much grease remained or how
much was removed.
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Why can we see through glass but not metal?
A window can be solid enough to stop your hand and still let you see a tree
outside. These are two different questions. One concerns how materials
resist being pushed through. The other concerns what they do to light.

Suitable glass lets enough visible light pass through while keeping enough
information about direction to form a clear image. A thick piece of ordinary
metal behaves differently, strongly reflecting and reducing the light that
passes through. There are not tiny tree-shaped gaps in the glass. The
material's interaction with light explains the difference.

Think it through
A frosted surface lets light through but does not show a clear picture.
What does that tell us?

An answer to discuss
Letting some light through is not enough for a sharp image. The directions
in which it travels also matter.



THE UNIVERSE AND ITS OBSERVERS

Juan Segurola · All Rights Reserved 10

Why does a battery run out?
When a battery stops powering a toy, it has not necessarily lost every bit of
energy. It has become unable to keep supplying what that toy needs under
those conditions. The electrons have not simply been used up like sweets
disappearing from a jar.

A working battery connects chemical changes with an electric circuit. As
its condition changes, the output it can maintain changes too. Resting a
battery can sometimes change its measured voltage, but that is not the
same as restoring its original condition. Recharging a rechargeable battery
also does not make all damage disappear. The word “empty” is convenient,
but we have to ask what it means for the device being used.

Think it through
If one device stops working with a battery, have we proved that the battery
contains no energy at all?

An answer to discuss
No. We have learned that the battery could not supply that device's needs
in that test. That is a more specific conclusion.
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Why does a magnet attract some metals but
not others?
A magnet may pull strongly on one metal object and show no obvious pull
on another. Calling both objects metal does not tell us enough about their
magnetic behaviour.

The response depends on what is happening inside the material and on the
magnetic field around it. Some materials can develop strong magnetic
responses; others respond much more weakly. A test in which an object
does not visibly move cannot measure every small response. Science often
needs more sensitive measurements than the changes our eyes easily
notice.

Think it through
If you do not see a tiny change, have you proved that the change is exactly
zero?

An answer to discuss
No. You have shown that it was not visible in that test. A more sensitive
measurement might distinguish a small effect from none.
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Why does the Moon not fall onto Earth?
The Moon is pulled toward Earth by gravity. That does not mean it must
travel straight down to the ground. It is also moving sideways, and gravity
keeps changing the direction of its motion.

Together, its motion and gravity produce an orbit that avoids Earth's
surface. The Moon does not need a place where gravity has disappeared. A
curved path is itself evidence that the direction of motion is changing. This
explains why orbiting and falling are compatible, though the Moon's real
motion needs more detail than a perfect-circle drawing.

Think it through
A toy in a drawing moves around a circle at steady speed. Is its direction
staying the same?

An answer to discuss
No. Its direction changes all the way around. Steady speed does not mean
that every part of its motion is unchanged.
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Why are there often two high tides a day?
At many coasts the sea rises and falls roughly twice a day, but not
everywhere in exactly the same way. To understand the Moon's
contribution, compare its gravitational pull at different places across
Earth.

That difference creates a two-sided pattern in a simple model. Actual
oceans have continents, different depths and water already in motion.
Those features affect how a coast responds. The simple pattern helps
explain why two high tides are common, but it is not a complete timetable
for every beach.

Think it through
Why might a drawing with a smooth ocean around a round Earth be useful
and still incomplete?

An answer to discuss
It can isolate one part of the explanation. It leaves out the boundaries and
movement needed to explain a particular coast.
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Why is summer not caused by being closer to
the Sun?
When the Northern Hemisphere has summer, the Southern Hemisphere
has winter. Both hemispheres are on the same Earth, nearly the same
distance from the Sun. That is an important clue.

Earth's tilt changes the angle at which sunlight reaches a hemisphere and
the length of its days. Summer usually brings more favourable angles and
longer daylight. Distance from the Sun can affect the sunlight available,
but distance alone cannot explain opposite seasons in the two
hemispheres. An explanation must fit the whole pattern, not just one warm
place.

Think it through
What is the strongest clue against saying that summer everywhere
happens because Earth is closer to the Sun?

An answer to discuss
The two hemispheres have opposite seasons at the same time. A shared
distance cannot explain that opposite timing by itself.
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Why does the Moon show us nearly the same
face?
The Moon shows Earth nearly the same face, but it still rotates. Picture
someone moving around a chair while always facing the chair. Their face
keeps pointing inward, yet it points in different directions around the
room.

The Moon turns roughly once during each orbit when its rotation is
described relative to distant stars. Relative to Earth, its face stays nearly
fixed. The word “nearly” matters because the part we can see changes
somewhat. To decide whether something rotates, we have to say what we
are comparing its orientation with.

Think it through
Why are “toward the chair” and “toward the same wall” different
directions during the walk?

An answer to discuss
The chair stays at the centre of the path. A particular wall does not. The
reference changes the question being answered.
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How can a cloud stay in the air?
A cloud contains tiny drops of liquid water or ice particles. They have
mass, and gravity acts on them. A cloud is not made of weightless fluff.

Small particles can fall slowly relative to the air, and moving air can carry
them. Meanwhile, particles form and disappear as conditions change. A
cloud shape is therefore not one solid object holding exactly the same bits
of material forever. The visible pattern can persist while its ingredients
change.

Think it through
Could a cloud look similar for a while even if some of its droplets were
replaced?

An answer to discuss
Yes. A shape can remain while material enters, leaves, forms or
disappears. The identity of a pattern and the identity of each particle are
different things.
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Why does lightning take a branching path?
A lightning photograph shows a branching shape all at once. The path,
however, developed over time. In a common kind of flash between cloud
and ground, a growing conducting channel changes the air as it advances
and branches.

That change affects the electric field around the channel, which affects
where growth can continue. Lightning has not looked ahead and planned a
route. Nor was every bright branch already a wire waiting to carry
current. Fast cameras help researchers separate stages that an ordinary
photograph combines. Different kinds of lightning need their own
accounts; one sequence does not describe every flash.

Think it through
Why might several pictures taken very rapidly tell us more than one
beautiful picture of the whole flash?

An answer to discuss
They can show which parts developed first and how the pattern changed. A
completed shape does not by itself show the order of events.
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Why is the ocean salty while rain is not?
Seawater contains dissolved material, including the substances we call
salts. Water reaching the ocean can carry dissolved material from land.
Other processes also add or remove it.

When water evaporates, the dissolved mixture does not enter the vapour in
the same proportions. That helps explain why rain is much less salty than
seawater. But rain is not necessarily perfectly pure, and the ocean is not a
bucket that keeps every bit of salt forever. A good explanation follows both
the ways material arrives and the ways it leaves.

Think it through
If a container receives material each day, must its contents keep
increasing?

An answer to discuss
Not necessarily. We also need to know how much leaves. Counting only
arrivals gives an incomplete account.
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Why are sea fossils found high in mountains?
A sea fossil high on a mountain seems puzzling only if we imagine that the
rock has always been at that height. A fossil can record an earlier
environment, while the mountain records things that happened to the rock
later.

Sediment can be deposited, become rock, move upward and be exposed by
erosion. To reconstruct the story, scientists compare several kinds of
evidence. One fossil does not reveal every date or movement. It gives a
clue that must fit with the surrounding rock and the region's history.

Think it through
Why does the fossil's present address not tell us where it formed?

An answer to discuss
Rocks can move and their surroundings can change. The present position
is one part of a history, not proof of a permanent location.
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Why is predicting an earthquake so difficult?
Scientists can study faults in Earth's crust and estimate earthquake
probabilities without knowing the exact date of the next large earthquake.
Knowing something useful and knowing everything are different
achievements.

An early warning can also mean that a rupture has already started and a
signal reaches a place before the strongest shaking does. That is not a
prediction made before the earthquake began. To judge a claimed success,
ask what was announced and when. A probability over many years, a
prediction for a particular day and a warning after a rupture starts answer
different questions. Mixing them up makes both successes and limitations
harder to understand.

Think it through
What should you check before calling an earthquake alert a successful
prediction?

An answer to discuss
Check whether the earthquake had already started, and exactly what the
alert claimed. A useful warning need not be a prediction of an event that
has not begun.
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How can we estimate a future climate without
knowing each day’s weather?
Predicting the weather on every future birthday is a different task from
estimating how a region's climate could change. Climate questions can
concern averages, variation and how often particular conditions occur.

Researchers use physical understanding, observations and models to
investigate those patterns. A projection asks what follows under stated
conditions, such as a particular change in greenhouse gases. It is not a
promise that those conditions will occur. Leaving a future day's weather
uncertain does not make every longer-term pattern unknowable. But
calling a result an average does not automatically make it reliable either.
The evidence and assumptions still need checking.

Think it through
Why would it be incomplete to report a projection without explaining the
conditions used to calculate it?

An answer to discuss
Those conditions help define the question. Changing them can change the
answer, even when the method of calculation is unchanged.
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Why do rivers bend?
A river flows downhill, yet it can curve across a valley. The water moves
through a channel while also carrying material that can change the bed
and banks.

Some material is removed; other material is deposited. Water motion,
sediment and banks affect one another. A river is not choosing a scenic
route, and its present banks need not be permanent walls. Explaining a
particular bend requires evidence about these linked changes, not only an
arrow labelled “downhill”.

Think it through
What would be missing from an explanation that followed the water but
treated all the banks as unchanging?

An answer to discuss
It would miss how erosion and deposition can change the channel through
which the water later flows.
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Can a forest keep absorbing carbon forever?
A forest can take carbon into plants while carbon also leaves through other
processes. Green leaves alone do not tell us how much more carbon the
whole forest stored during a year.

Think about a store of material with both arrivals and departures. Its
change depends on both. We also have to decide what counts as the forest:
living trees alone, or trees together with soil, dead wood and other parts?
Moving material between those parts need not remove it from the whole
system. A forest that adds little this year can still hold a large store.
Continued growth, the amount stored and the duration of storage are
different questions.

Think it through
If two reservoirs gained the same amount this year, would that prove they
already held the same total amount?

An answer to discuss
No. The yearly change and the existing total are different measurements.
The same distinction helps us reason about a forest's carbon.
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Why can losing one species change an
ecosystem?
An ecosystem is more than a collection of separate species. Organisms eat,
compete and alter conditions for one another. Removing one species can
change several of those relationships.

Sometimes the changes are large. In other settings they may be smaller or
develop differently. We cannot conclude that every loss causes complete
collapse, or that another species will always take over the same role.
Scientists need to investigate the interactions that connect the lost species
to the rest of the system.

Think it through
Why is counting the remaining species not always enough to predict what
will happen?

An answer to discuss
A count does not describe what the species do to one another. Different
relationships can produce different effects with the same count.
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Why can a flame go out while fuel remains?
A flame can go out even when fuel remains. The presence of fuel is only
part of the explanation. A flame must keep reactions, heat and the
movement of materials working together.

If the process cannot maintain suitable conditions, it stops. That can
happen without using up everything that might react. This is why a list of
ingredients is not a complete description of a flame. The timing and
movement matter too. We can explore the reasoning with drawings and
descriptions; no fire experiment is needed.

Think it through
What is the difference between having the ingredients for a process and
keeping the process going?

An answer to discuss
The ingredients may be present while the necessary conditions or rates are
missing. Availability alone does not guarantee continuation.
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Why are many leaves green?
Many leaves look green because of the light they send toward our eyes.
That does not mean they reject every bit of green light. A leaf can look
green and still absorb some green light.

The tempting shortcut is to turn “more reflected” into “none absorbed”.
Those statements are not the same. Measurements of whole leaves tell us
about the light they absorb and how it contributes to photosynthesis. The
visible colour is a clue, but it does not settle all those questions by itself.

Think it through
If some light of a colour reaches your eye from a leaf, does that prove none
of that colour entered or was absorbed?

An answer to discuss
No. Several paths are possible. The light you see is not a complete
inventory of what happened to all the incoming light.
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Where does a tree get most of its dry mass?
A small seed can become a tree with a large trunk. Where did the material
come from? Light is needed for growth, but light is not turned into wooden
matter as if it were a pile of building blocks.

Carbon dioxide from the air supplies carbon that the tree incorporates into
organic material. Water and minerals also matter. The soil is therefore
important without being the source of most of the dry mass. To explain
growth, follow the material as well as the energy that makes changes
possible.

Think it through
Can something be essential even if only a small amount is needed?

An answer to discuss
Yes. The importance of an input is not measured only by its share of the
final mass. Small required amounts can still be necessary.
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How can a seed remain alive without growing?
A seed can sit without visibly growing and still retain the capacity to
germinate. No visible growth does not automatically mean death.

Growth may wait for suitable conditions, and some seeds also have internal
controls that delay germination. During storage, the capacity to recover
can deteriorate. A seed is not outside the physical world or immune to
damage simply because it looks still. The useful question is what it can do
when the relevant conditions arrive.

Think it through
If a stored seed later grows, does that prove that nothing changed during
storage?

An answer to discuss
No. It proves that enough capacity remained for growth to resume. It does
not show that every part of the seed was completely unchanged.
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Why can resistance persist after we stop using
an antibiotic?
Some bacteria carry inherited changes that let them resist an antibiotic.
Removing that antibiotic from their surroundings does not instantly
remove the bacteria or erase their inherited material.

Whether resistant bacteria become less common depends on what happens
next. A change that helped in one environment may have a cost in another,
but that cost is not always the same and can itself change. Populations
have histories. Reversing one condition does not necessarily run that
history backwards. This is a question about populations across
generations, not advice about anyone's medicine. Decisions about
treatment require the relevant clinical evidence and professionals.

Think it through
Why is removing one pressure different from restoring every earlier
condition?

An answer to discuss
The population may already have changed in several ways. Removing one
influence does not automatically undo those changes or remove other
influences.
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Why does sexual reproduction persist?
Different organisms produce offspring in different ways. Some lineages
reproduce without fertilization. Sexual reproduction mixes inherited
material, but it can also involve costs. Its continued presence therefore
needs an explanation, not just the statement that it is familiar.

Mixing can matter when conditions change or when parasites and hosts
affect one another. Whether an advantage outweighs a cost depends on the
organisms and conditions being compared. There is no need to imagine
that a species looks into the future and chooses a better method.
Researchers compare what happens to populations. Explaining why a
process continues now is also different from explaining how it first began.

Think it through
Would finding one situation in which mixing helps explain why every
species reproduces in the same way?

An answer to discuss
No. A benefit under certain conditions is not a universal explanation, and
species do not all share one reproductive pattern.
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Why are siblings different?
Two children can have the same parents and still differ. “Same parents” is
a family relationship, not a promise that the children received identical
combinations of inherited material or had identical experiences.

Inheritance can produce different combinations. Development and
surroundings also contribute to differences. A scientific explanation of one
particular trait needs more evidence than a broad statement about genes
or upbringing. Knowing a possible mechanism does not let us predict
everything about a person.

Think it through
Why is the phrase “the same family” not the same as “exactly the same
life”?

An answer to discuss
People in one family can encounter different events, relationships and
conditions. A shared label leaves many details unspecified.



THE UNIVERSE AND ITS OBSERVERS

Juan Segurola · All Rights Reserved 32

How can cells with the same DNA do different
jobs?
A nerve cell and a muscle cell can do very different jobs while carrying
broadly the same DNA. Possessing inherited information is not the same as
using every part of it in the same way at the same time.

Cells differ in which genes are active, in the products they make and in
how those products interact. Their surroundings and previous state matter
too. DNA is important, but a list of its letters alone does not describe
everything a cell is doing. “Broadly the same” is a deliberate qualification:
some cells have real differences in their DNA or chromosome content, and
some lose their nuclei during development.

Think it through
If two cells possess the same possible instructions, must both be carrying
out the same activity now?

An answer to discuss
No. Possibility and current activity are different. We need to investigate
which processes are actually operating and how they are regulated.
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How does a developing organism find its
shape?
A developing organism changes shape as its cells divide, move, change
their own shapes and push or pull on their surroundings. The cells are not
looking at a tiny picture of the finished animal or plant.

Genes help regulate those activities, but identifying active genes is not yet
a full explanation of a three-dimensional shape. Forces, connections and
boundaries also matter. Scientists investigate how changing one part
affects what develops. A useful model may explain one fold or movement
without explaining the entire organism. The question is how local activities
produce an organised form, not how cells know an image of the future.

Think it through
Why might a list of the types of cells present fail to explain the shape of a
tissue?

An answer to discuss
The list does not describe where the cells are, how they move or how they
exert forces on one another. Those relationships can change the resulting
shape.
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Why do living things age at different rates?
A long life and slow ageing are not identical. An organism may die young
because its surroundings are dangerous, without that death showing that
its body had aged especially quickly.

To compare ageing, scientists distinguish lifespan from changes in
function and from how the risk of death changes with age. They also need
to decide what they are counting as one organism, which can be less
obvious for some growing or dividing forms of life than for a familiar
animal. One exceptionally long-lived individual does not reveal the entire
pattern of its species. Comparison begins by making the question precise.

Think it through
Why would the oldest individual found be an incomplete description of how
a population ages?

An answer to discuss
It is one survivor. We also need information about other individuals and
how their functions and chances of survival change over time.
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Why do we need sleep?
Sleep changes how we respond to the world, but its importance cannot be
reduced to one simple sentence about switching off. Researchers study
several processes that occur during sleep and the consequences of losing
it.

Evidence that one process changes is not proof that it is the only function
of sleep. Scientists can know that sleep matters while still debating parts
of the explanation. Different studies may measure different outcomes or
use different animals, so their conclusions need to be described carefully.

Think it through
If researchers disagree about one proposed explanation, does that mean
they know nothing about sleep?

An answer to discuss
No. Evidence about important effects can remain strong while the
explanation of one effect is being tested or revised.
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Why do we not notice the blind spot in our
vision?
Each eye has a place on its retina where the optic nerve leaves. That
region lacks the light-sensitive cells needed to detect the image there. Yet
ordinary vision does not usually look like a scene with a labelled hole.

The two eyes provide partly different information, and visual processing
also uses what is available around a missing region. This does not mean
that every missing detail is recovered perfectly. A coherent-looking scene
and a perfectly complete record are different things.

Think it through
Why should a smooth-looking view not be taken as proof that every detail
was directly detected?

An answer to discuss
The experience is organised from available information. Its appearance
alone does not reveal which parts were detected or how missing
information was handled.



THE UNIVERSE AND ITS OBSERVERS

Juan Segurola · All Rights Reserved 37

Can two different lights look like the same
colour?
Two lights can look like the same colour even if they contain different
mixtures of wavelengths. A measuring instrument may distinguish those
mixtures when our colour judgement does not.

Our eyes and visual system do not preserve every detail of the incoming
light in a colour match. The match also depends on the observer and
conditions. Saying the lights match is therefore useful, but it is not the
same as saying that the lights are physically identical.

Think it through
If two things look the same in one test, must every possible measurement
give the same result?

An answer to discuss
No. A test compares particular features. Another measurement may
distinguish differences that the first test did not reveal.
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Why can a smell bring back a memory?
A smell can suddenly remind someone of a place or event. The smell acts
as a cue connected with experience, rather than carrying a little copy of
the past inside it.

The recalled event can feel vivid or emotional. Those feelings are worth
studying, but they do not independently prove that every remembered
detail is correct. Researchers distinguish which memory is recalled from
how the person rates it now. The original event and the present experience
of remembering are not identical.

Think it through
Why might a strong feeling of remembering need to be checked against
other evidence?

An answer to discuss
Feeling certain now is different from accurately describing what happened
earlier. Confidence and accuracy answer different questions.
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Why can an hour feel short or long?
An hour can seem long while you wait and short while you are absorbed in
something. Later, judging how long an event lasted can be a different task
again.

Attention during the event and the information available in memory
afterward can affect the judgement. The clock hour did not have to
change. When studying this question, scientists ask what kind of
judgement a person was making rather than imagining one stretchy
substance called “mental time”.

Think it through
Why might asking someone about time during an event differ from asking
unexpectedly afterward?

An answer to discuss
The first person can pay attention to timing as it happens. The second must
judge using what is available later.
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How do children learn words they have never
been taught?
When someone speaks, the sound does not arrive with printed spaces
between words. A child has to discover possible units in the stream and
connect some of them with meanings.

Repeated patterns can help with the first problem. Encounters with
different objects and situations can help with the second. A single scene
may leave several possible meanings open, while later scenes help
distinguish them. “No formal lesson” does not mean “no information”. The
child is learning from speech and experience, though these mechanisms do
not claim to explain every part of language learning on their own.

Think it through
Suppose two objects always appear together whenever a new word is
spoken. Would seeing the same pair again automatically reveal which
object the word names?

An answer to discuss
No. That scene still fits both possibilities. A changed situation could supply
information that the repeated scene lacks.
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How can birds find their way across an ocean?
An ocean may look empty of landmarks to a human passenger. That does
not mean it contains no information useful to a bird. Different animals can
use different clues.

In one studied case, researchers changed access to smell and compared
the birds' return journeys with other groups. Such comparisons help
identify what information mattered under those conditions. They do not
show that every bird uses exactly the same system. The word “instinct” is
not enough to explain which clue was used or how it helped.

Think it through
Why is changing one source of information useful when studying
navigation?

An answer to discuss
It can reveal whether access to that information affects the journey. A
successful arrival alone does not identify which clues made it possible.
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How do we recognise intelligence in an animal
very different from us?
A puzzle built for humans may be a poor way to test another animal. The
animal might not see the important signal, use its body in the expected
way or want the offered reward.

Success also needs careful interpretation. An animal might find a simpler
clue than the person designing the puzzle intended. Researchers use
comparisons and controls to distinguish those explanations. A score on one
task does not place every species on one universal ladder. Nor does solving
a puzzle directly reveal what an animal experiences. The useful conclusion
names the particular ability demonstrated and the conditions under which
it was tested.

Think it through
If an animal fails to open a box, what would you want to know before
concluding that it cannot learn the solution?

An answer to discuss
Ask whether it could detect the relevant clues, make the needed
movements and was motivated by the task. Failure can have several
causes.
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Why can a crowd start clapping in time?
Applause can begin as many different rhythms and turn into a shared beat.
Nobody has to tell each person the precise moment to clap. People can
adjust their timing in response to what they hear nearby.

Those interactions can sometimes produce an organised pattern, but a
common beat is not guaranteed and can break apart again. Being louder
and being better synchronised are also different things. To explain a
particular audience, researchers measure timing and investigate what
changed. Naming the pattern “synchronization” describes it; it does not by
itself tell us how the pattern formed.

Think it through
Would hearing a shared beat prove that one hidden conductor gave every
person instructions?

An answer to discuss
No. Interaction among people can help coordinate timing. That is a
possible mechanism to investigate, rather than evidence that every
organised group needs one controller.
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How can we understand speech in a noisy
room?
In a noisy room, several voices reach the ears together. Following one
speaker does not mean all the other sound has disappeared before
reaching you.

Differences between sources, attention and knowledge of speech can help
organise the mixture. Sometimes interference still makes listening
difficult. The scientific question is how useful information is selected under
those conditions, not how a whole voice slips through a doorway that
excludes every other voice.

Think it through
If you understand one speaker, what can you conclude about the sound
arriving at the ears?

An answer to discuss
Not that it contained only that voice. Understanding can succeed even
though several sources were mixed together.
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Is there a largest prime number?
A prime number is a whole number greater than one whose only positive
divisors are one and itself. There is no largest prime. This is known
through a proof, not because someone has finished checking all numbers.

Imagine claiming that a finite list contains every prime. Multiply the
primes in that list and add one. None of the listed primes divides the new
number exactly: each leaves remainder one. The new number need not
itself be prime, but it has a prime divisor that is missing from the list. So
the list was incomplete. The argument works for any proposed finite
complete list, however long.

Think it through
Why is discovering one more very large prime different from proving that
no finite list can contain them all?

An answer to discuss
A discovery adds a particular example. The proof explains why every
proposed finite complete list must fail, including lists nobody has written
down.
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How can we know that a knot cannot be
undone?
Trying many times to undo a tangle and failing does not prove it is
impossible. Mathematics first makes the rules precise. In one important
problem, the object is a closed loop with no loose ends.

We may bend and stretch the loop, but may not cut it or pass one part
through another. Mathematicians then look for properties that stay
unchanged under every allowed move. If such a property differs between a
knot and a plain unknotted loop, those moves cannot turn one into the
other. That is stronger than reporting that one person's attempts failed.
The proof concerns the defined object and rules, not every real piece of
string.

Think it through
Why does allowing a cut change the question?

An answer to discuss
Cutting is outside the original rules. An impossibility under one set of
allowed moves need not remain an impossibility when the rules are
changed.
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Can a shape have finite area and infinite
perimeter?
A mathematical shape can gain more and more boundary detail without its
area growing without limit. The key is that the added pieces become
smaller as their number increases.

In the ideal snowflake construction, boundary length and area change in
different ways. The reasoning concerns a sequence that can continue
indefinitely in mathematics. A physical drawing cannot show every stage,
and measuring a real object is a different problem. The example teaches us
not to assume that more boundary must always mean proportionally more
area.

Think it through
Why is a finite drawing not the same thing as the complete mathematical
construction?

An answer to discuss
The drawing stops at some level of detail. The mathematical result
concerns what happens as the defined steps continue without a final stage.
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Why can adding a road make traffic worse?
More roads can seem certain to make every journey easier. But drivers
choose routes, and their choices affect congestion for other drivers. A new
connection can change the whole pattern of use.

In a standard mathematical example, the extra route leads drivers to
choices that make their journeys slower. The calculation shows that
improvement is not guaranteed. It does not prove that every new road
makes things worse, or predict the result in a particular town without
further evidence. A choice that looks better to one traveller and an
arrangement that works better for everyone are different questions.

Think it through
If one model shows that an extra road can make travel worse, what has it
disproved?

An answer to discuss
It disproves the claim that adding a road must always improve travel in
such models. It has not established that all added roads are harmful.
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How can a positive test be wrong?
A test can sometimes give a positive result even when the thing it is
looking for is absent. That is called a false positive. To understand a group
of positive results, we need to count both true and false positives.

How common the tested condition is matters. If very few members of a
large group have it, there are many opportunities for false positives among
everyone else. A test that usually classifies each group correctly can
therefore still produce a positive group containing a substantial share of
mistakes. This is a lesson about counting groups, not a way to diagnose
someone from a short description.

Think it through
Why should we not count only the correctly detected cases when asking
what a positive result means?

An answer to discuss
The same result can also come from a false positive. Leaving that route out
changes the group we are trying to understand.
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What can pain relief reveal about an octopus’s
experience?
An animal moving away from something harmful shows us a response. It
does not let us directly inspect the animal's experience. Researchers can
ask another question: does relief from a harmful condition change which
place the animal learns to prefer?

In the octopus study discussed here, the important evidence came from
comparing animals under different conditions, including whether a
harmful treatment had occurred. Preference associated with relief
supported an inference about an ongoing unpleasant state. It did not turn
the animal's feelings into something directly observed, or settle the
experience of every octopus or other animal. A careful answer can take the
evidence seriously while keeping that limit visible.

Think it through
Why is a comparison with animals that did not receive the harmful
treatment important?

An answer to discuss
It helps distinguish an effect associated with relief from an effect that
might occur without that condition. A preference on its own would leave
more explanations open.
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Notes for adult readers
These short chapters develop selected questions from the scientific
collection. The references below support the parent accounts; they are not
an instruction to reproduce the experiments. The adaptations retain the
main mechanism and its limits while leaving out detailed calculations and
experimental design.

Why does metal feel colder than wood?
[1] Ho, H.-N.; Jones, L. A. Contribution of thermal cues to material discrimination and localization.
Perception & Psychophysics 68, 118–128 (2006). https://doi.org/10.3758/BF03193662
[2] Ho, H.-N. Material recognition based on thermal cues: Mechanisms and applications. Temperature
5(1), 36–55 (2018; first published online 2017). https://doi.org/10.1080/23328940.2017.1372042
[3] Rykaczewski, K. Modeling thermal contact resistance at the finger-object interface. Temperature
6(1), 85–95 (2019; online 2018). https://doi.org/10.1080/23328940.2018.1551706

Why does ice float?
[1] IAPWS. Revised Release on the Equation of State 2006 for H2O Ice Ih. R10-06(2009), September
2009. https://iapws.org/technical-guidance/release/Ice-2009
[2] IAPWS. Revised Release on the IAPWS Formulation 1995 for the Thermodynamic Properties of
Ordinary Water Substance for General and Scientific Use. R6-95(2018), September 2018.
https://iapws.org/documents/release/IAPWS-95.download
[3] Brini, E. et al. How Water’s Properties Are Encoded in Its Molecular Structure and Energies.
Chemical Reviews 117, 12385–12414 (2017). https://doi.org/10.1021/acs.chemrev.7b00259
[4] Chodkiewicz, M. L. et al. Hirshfeld atom refinement and dynamical refinement of hexagonal ice
structure from electron diffraction data. IUCrJ 11, 730–736 (2024).
https://doi.org/10.1107/S2052252524006808

Why is the daytime sky blue?
[1] Jordan, N. et al. A broadband cavity-enhanced spectrometer for atmospheric trace gas
measurements and Rayleigh scattering cross sections in the cyan region (470–540 nm). Atmospheric
Measurement Techniques 12, 1277–1293 (2019). https://doi.org/10.5194/amt-12-1277-2019
[2] NASA Goddard. Rayleigh Scattering. Atmospheric-science teaching notes, section “Rayleigh
Scattering and Polarization”.
https://acd-ext.gsfc.nasa.gov/anonftp/acd/daac_ozone/Lecture4/Text/Lecture_4/rayleigh.html
[3] NASA Science. Wave Behaviors. https://science.nasa.gov/ems/03_behaviors/

Can two people see the same rainbow?
[1] NOAA NESDIS. What Causes a Rainbow?
https://www.nesdis.noaa.gov/about/k-12-education/optical-phenomena/what-causes-rainbow
[2] Lee, R. L. Mie theory, Airy theory, and the natural rainbow. Applied Optics 37, 1506–1519 (1998).
https://doi.org/10.1364/AO.37.001506

Why can friction both stop us and help us walk?
[1] OpenStax. University Physics Volume 1, §6.2, Friction.
https://openstax.org/books/university-physics-volume-1/pages/6-2-friction
[2] Dieterich, J. H.; Kilgore, B. D. Direct observation of frictional contacts: New insights for
state-dependent properties. Pure and Applied Geophysics 143, 283–302 (1994).
https://doi.org/10.1007/BF00874332
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https://doi.org/10.1080/23328940.2017.1372042
https://doi.org/10.1080/23328940.2018.1551706
https://iapws.org/technical-guidance/release/Ice-2009
https://iapws.org/documents/release/IAPWS-95.download
https://doi.org/10.1021/acs.chemrev.7b00259
https://doi.org/10.1107/S2052252524006808
https://doi.org/10.5194/amt-12-1277-2019
https://acd-ext.gsfc.nasa.gov/anonftp/acd/daac_ozone/Lecture4/Text/Lecture_4/rayleigh.html
https://science.nasa.gov/ems/03_behaviors/
https://www.nesdis.noaa.gov/about/k-12-education/optical-phenomena/what-causes-rainbow
https://doi.org/10.1364/AO.37.001506
https://openstax.org/books/university-physics-volume-1/pages/6-2-friction
https://doi.org/10.1007/BF00874332
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Why does soap help remove grease?
[1] OpenStax. Organic Chemistry, §27.2, Soap.
https://openstax.org/books/organic-chemistry/pages/27-2-soap
[2] OpenStax. Chemistry: Atoms First 2e, §11.5, Colloids, especially emulsions and soaps.
https://openstax.org/books/chemistry-atoms-first-2e/pages/11-5-colloids
[3] Gómez Herrera, C. Detergency. Its main mechanisms. Grasas y Aceites 47(6), 419–435 (1996).
https://doi.org/10.3989/gya.1996.v47.i6.890 (publisher abstract consulted).

Why can we see through glass but not metal?
[1] Feynman, R. P.; Leighton, R. B.; Sands, M. The Feynman Lectures on Physics, Vol. I, Chapter 31,
The Origin of the Refractive Index. https://www.feynmanlectures.caltech.edu/I_31.html
[2] Feynman, R. P.; Leighton, R. B.; Sands, M. The Feynman Lectures on Physics, Vol. II, Chapter 32,
Refractive Index of Dense Materials. https://www.feynmanlectures.caltech.edu/II_32.html
[3] Feynman, R. P.; Leighton, R. B.; Sands, M. The Feynman Lectures on Physics, Vol. II, Chapter 33,
Reflection from Surfaces. https://www.feynmanlectures.caltech.edu/II_33.html

Why does a battery run out?
[1] OpenStax. Chemistry 2e, §17.5, Batteries and Fuel Cells.
https://openstax.org/books/chemistry-2e/pages/17-5-batteries-and-fuel-cells
[2] OpenStax. Chemistry 2e, §17.4, Potential, Free Energy, and Equilibrium.
https://openstax.org/books/chemistry-2e/pages/17-4-potential-free-energy-and-equilibrium
[3] Edge, J. S. et al. Lithium ion battery degradation: what you need to know. Physical Chemistry
Chemical Physics 23, 8200–8221 (2021). https://doi.org/10.1039/D1CP00359C (abstract and
bibliographic record consulted through the University of Bristol repository).

Why does a magnet attract some metals but not others?
[1] OpenStax. University Physics Volume 2, §12.7, Magnetism in Matter.
https://openstax.org/books/university-physics-volume-2/pages/12-7-magnetism-in-matter
[2] OpenStax. College Physics 2e, §22.2, Ferromagnets and Electromagnets.
https://openstax.org/books/college-physics-2e/pages/22-2-ferromagnets-and-electromagnets

Why does the Moon not fall onto Earth?
[1] NASA Glenn Research Center. What Is Microgravity?
https://www.nasa.gov/centers-and-facilities/glenn/what-is-microgravity/ (accessed 5 October 2026).
[2] NASA Science. Moon Facts. https://science.nasa.gov/moon/facts/ (accessed 5 October 2026).

Why are there often two high tides a day?
[1] OpenStax. University Physics, Volume 1, §13.6, Tidal Forces.
https://openstax.org/books/university-physics-volume-1/pages/13-6-tidal-forces (accessed 6 October
2026).
[2] NOAA National Ocean Service. Tides and Water Levels: The Lunar Day.
https://oceanservice.noaa.gov/education/tutorial_tides/tides05_lunarday.html (accessed 5 October
2026).
[3] NOAA National Ocean Service. Types and Causes of Tidal Cycles.
https://oceanservice.noaa.gov/education/tutorial_tides/tides07_cycles.html (accessed 5 October 2026).

Why is summer not caused by being closer to the Sun?
[1] NASA Space Place. What Causes the Seasons? https://spaceplace.nasa.gov/seasons/en/ (accessed 5
October 2026).
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Why does the Moon show us nearly the same face?
[1] NASA Science. The Moon's Rotation. https://science.nasa.gov/resource/the-moons-rotation/
(accessed 5 October 2026).
[2] NASA Science. Tidal Locking. https://science.nasa.gov/moon/tidal-locking/ (accessed 5 October
2026).
[3] NASA Science. Moon Essentials from NASA's Scientific Visualization Studio.
https://science.nasa.gov/resource/moon-essentials-from-nasas-scientific-visualization-studio/ (accessed
5 October 2026).

How can a cloud stay in the air?
[1] US National Weather Service. Cloud Development.
https://www.weather.gov/source/zhu/ZHU_Training_Page/clouds/cloud_development/clouds.htm
(accessed 5 October 2026).
[2] OpenStax. University Physics, Volume 1, §6.4, Drag Force and Terminal Speed.
https://openstax.org/books/university-physics-volume-1/pages/6-4-drag-force-and-terminal-speed
(accessed 5 October 2026).

Why does lightning take a branching path?
[1] National Weather Service. Understanding Lightning: Initiation of a Stepped Leader.
https://www.weather.gov/safety/lightning-science-initiation-stepped-leader
[2] National Weather Service. Understanding Lightning: Connection with the Ground.
https://www.weather.gov/safety/lightning-science-connection-ground
[3] S. Nijdam, J. Teunissen and U. Ebert. The physics of streamer discharge phenomena. Plasma
Sources Science and Technology 29, 103001 (2020). https://doi.org/10.1088/1361-6595/abaa05
[4] Z. Wang, S. Dijcks, Y. Guo, M. van der Leegte, A. Sun, U. Ebert, S. Nijdam and J. Teunissen.
Quantitative modeling of streamer discharge branching in air. Plasma Sources Science and
Technology 32, 085007 (2023). https://doi.org/10.1088/1361-6595/ace9fa Open author manuscript:
https://arxiv.org/abs/2208.07279

Why is the ocean salty while rain is not?
[1] NOAA National Ocean Service. Why is the ocean salty?
https://oceanservice.noaa.gov/facts/whysalty.html
[2] NOAA Ocean Exploration. Factsheet: Hydrothermal Vents.
https://oceanexplorer.noaa.gov/wp-content/uploads/2022/10/hydrothermal-vents-fact-sheet.pdf
[3] NOAA JetStream. Sea Water. https://www.noaa.gov/jetstream/ocean/sea-water
[4] US Geological Survey. Why is the Ocean Salty?
https://www.usgs.gov/water-science-school/science/why-ocean-salty
[5] NOAA. Aerosols, Weather and Climate. State of the Science Fact Sheet (August 2022).
https://csl.noaa.gov/factsheets/aerosolsweatherclimatesos.pdf

Why are sea fossils found high in mountains?
[1] National Park Service, Grand Teton National Park. Fossils.
https://www.nps.gov/grte/learn/nature/fossils.htm
[2] National Park Service, Grand Teton National Park. Geologic Activity.
https://www.nps.gov/grte/learn/nature/geology.htm
[3] National Park Service, Grand Teton National Park. Teton Fault.
https://www.nps.gov/grte/learn/nature/faults.htm
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Why is predicting an earthquake so difficult?
[1] US Geological Survey. Can you predict earthquakes?
https://www.usgs.gov/faqs/can-you-predict-earthquakes
[2] National Park Service, Grand Teton National Park. Teton Fault.
https://www.nps.gov/grte/learn/nature/faults.htm
[3] US Geological Survey. What is the difference between earthquake early warning, earthquake
forecasts, earthquake probabilities, and earthquake prediction? https://www.usgs.gov/faqs/what-differ
ence-between-earthquake-early-warning-earthquake-forecasts-earthquake-probabilities

How can we estimate a future climate without knowing each
day’s weather?
[1] IPCC. Climate Change 2021: The Physical Science Basis. Chapter 4: Future Global Climate:
Scenario-Based Projections and Near-Term Information.
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-4/
[2] IPCC. Climate Change 2021: The Physical Science Basis. Summary for Policymakers, especially
Figure SPM.5 and section C.1.
https://www.ipcc.ch/report/ar6/wg1/chapter/summary-for-policymakers/

Why do rivers bend?
[1] C. A. Braudrick, W. E. Dietrich, G. T. Leverich and L. S. Sklar. Experimental evidence for the
conditions necessary to sustain meandering in coarse-bedded rivers. Proceedings of the National
Academy of Sciences 106(40), 16936–16941 (2009). https://doi.org/10.1073/pnas.0909417106
[2] K. Whipple. Flow Around Bends: Meander Evolution. Lecture III, Surface Processes and Landscape
Evolution, MIT OpenCourseWare (September 2004). https://ocw.mit.edu/courses/12-163-surface-proce
sses-and-landscape-evolution-fall-2004/3aa6d00113cc4b115d0c97630585e198_3_flow_around_bends.
pdf

Can a forest keep absorbing carbon forever?
[1] IPCC. Climate Change 2021: The Physical Science Basis. Chapter 5: Global Carbon and Other
Biogeochemical Cycles and Feedbacks. https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-5/
[2] S. Luyssaert et al. Old-growth forests as global carbon sinks. Nature 455, 213–215 (2008).
https://doi.org/10.1038/nature07276
[3] P. Gundersen, E. E. Thybring, T. Nord-Larsen, L. Vesterdal, K. J. Nadelhoffer and V. K. Johannsen.
Old-growth forest carbon sinks overestimated. Nature 591, E21–E23 (2021).
https://doi.org/10.1038/s41586-021-03266-z
[4] S. Luyssaert, E.-D. Schulze, A. Knohl, B. E. Law, P. Ciais and J. Grace. Reply to: Old-growth forest
carbon sinks overestimated. Nature 591, E24–E25 (2021). https://doi.org/10.1038/s41586-021-03267-y

Why can losing one species change an ecosystem?
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