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An Infinite Place to Start

The stories behind rules we were told to memorize.
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START HERE

The rule is the end of the story

For a long time, math felt like a list of things | was supposed to remember because an adult
said so. | did not begin to enjoy it until | read Calvin Clawson's books. Ideas had histories,
strange turns, and reasons. | wanted to know what problem made somebody think of a rule
in the first place.

That is how we will meet zero. Who needs a number for an empty box? Why does 204 need
that little circle? Can an ordinary zero make a computer see ten as two? We will notice, test,
and explain before we name the shortcut.

Remembering a fact can be useful once it means something. But a remembered answer cannot
tell you why it works or when it fails. The questions in this book are invitations to find the story
behind the answer.

Imagine every zero vanishes from a price tag, a room number, and a thermometer.
Which missing zero would cause the biggest problem? Draw or tell the story.

You can draw, speak, write, or come back later. Noticing why an answer is difficult is useful evidence,
not a verdict on your mind.

© 2026 Kara Olivarria - tinyorange.co - 2



EXPLORE

The empty box has a number

A museum worker must record how many objects are in each display case. The first case is
empty. Leaving its inventory blank might mean “l forgot to count.” What number could say “I
counted, and there are none”? Count each frame before looking at its label.

O circles 1 circle 4 circles

The empty case has 0 objects. That is a measured answer, not a missing answer. Now put 7
beads in a jar and add 0 more. The count stays 7. Mathematicians call this the additive identity.
The name can wait; the reason should make sense first.

Try it: If a jar starts with 6 beads and you add 0 beads, how many are there? What
if you remove all 6?

A quantity of zero does not mean the jar, the question, or you are “nothing.” Context matters. It
usually does.
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— EXPLORE

02 / THE MISSING ROOM

A zero holds a place

A courier has a package for room 204. Someone decides the zero is “nothing” and erases it. The
package goes to room 24. Two doors, very different places. What did the zero tell the courier? In

204 it marks no tens, while the 2 still means two hundreds. Without it, the 2 moves into the tens
place.

204 Hundreds: 2 Tens: 0 Ones: 4

24 Hundreds: 0 Tens: 2 Ones: 4

405 Hundreds: 4 Tens: 0 Ones: 5
YOUR TURN

Write a three-digit room number with zero tens. Erase the zero. Tell a short story about where
the courier goes now, and explain the value change.
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INVESTIGATE

Where is zero?

An elevator stops at ground floor 0. One floor up is +1; one floor down is -1. The elevator starts
at -2 and ends at +3. Zero does not disappear just because the trip crosses it. On a number line
it can mark the reference between negative and positive values.

Draw a path from -2 to +3. How many steps does the path take? Explain why zero is
a stop along the way.

A thermometer reading of 0°C is a point on the Celsius scale. It does not mean there is no
thermal energy. Scientists need to say which scale and reference they are using.
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HISTORY

Who gave zero its jobs?

People in different places and times used marks to show an empty position in a numeral. Over
centuries, mathematical traditions developed ways to treat zero as a number and calculate
with it. There is no single person who invented every idea about zero on one dramatic
afternoon.

In seventh-century India, the mathematician Brahmagupta described zero as what remains
when a number is taken from itself. He wrote rules for adding and multiplying with zero. Some
of his proposed rules for dividing by zero do not match modern arithmetic. That is part of the
story of mathematics: people test, revise, and keep asking better questions.

Why is “one genius invented zero” a less useful history than asking which ideas
developed, where, and over how much time?

Source note: MacTutor History of Mathematics, University of St Andrews, “Brahmagupta” and “A history of Zero.” Full links
appear at the back.
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PATTERN LAB

Odd numbers build squares

Someone could tell you to memorize 1 + 3 + 5 + 7 = 16. That is the spoiler. Start instead with
an empty tile floor. Put down 1 dot, then build a border of 3, then 5, then 7. The totals are 0, 1,
4,9, 16. Look at the shapes: why are all the totals squares?

L o0 o000
o0 o000
o000
1x1l=1 2x2=4 3x3=9 4x4=16

The orange dots are the new L-shaped border. Each bigger square adds the next odd number of
dots.

Predict the next odd number and the next square total. Draw a 5 X 5 square to prove
it. Then explain what “0 x 0 = 0” looks like in this pattern.

Shortcut to test: the first five positive odd numbers should add to 52. Does1 +3+5+ 7 + 9
agree?
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PATTERN LAB

A zero can double a number

A machine writes 10. You read “ten.” The machine meant “two.” Nobody made a mistake; you
used different number languages. Our usual system has ten digits (0-9). Binary has only 0 and
1. Its places are worth 1, 2, 4, 8, and so on toward the left.

Place values: 842 1

Binary 0101: 0101=4+1=5

Binary 1010: 101 0=8+2 =10

Watch the twist: 10 in binary means two in our usual decimal system. Put a 0 on its right and
binary 100 means four. It doubled because every binary place to the left is worth twice as
much.

What decimal number is binary 1101? Write 0 in binary using four places. Then invent a
four-digit binary number and challenge someone to decode it.
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PATTERN LAB

The 1089 surprise

Imagine a friend announces the answer before you pick the problem: “You will get 1089.”
Suspicious. Choose any three-digit number whose first and last digits differ. Reverse its digits,
keeping place-holding zeros. Subtract the smaller number from the larger. If the result has only
two digits, add a zero in front. Reverse that result and add the two numbers.

532 and 235
532 — 235 = 297
297 becomes 792

297 + 792 = 1089

Try your own starting number. Does the answer stay the same? Try 211 too: 211 — 112 = 099,
then 099 + 990 = 1089. The leading zero keeps the place value visible.

The trick works because of place value. Find the explanation in the key before declaring your friend a wizard.
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Word search

PUZZLE

Find the seven words. They may run across, down, or diagonally. Circle one word and write why it

belongs in
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PUZZLE

Mini crossword

Fill the connected grid. A numbere re begins a word. The key is at the back.

ACROSS 2. The number of marbles in an empty box. 4. The value of 1 followed by 0.

DOWN 1. A digit’s in @ number helps decide its value. 3. A starting or reference point.
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MAKE SOMETHING

An interlude of your own

Turn the large zero into a map of connections. Fill the ring with patterns, dots, binary digits,
temperatures, or scenes from your own world. Leave the middle empty if you want. Even that
is a choice. O

O O
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— WRITE AND TRANSFER

11 / MAKE THE IDEA YOURS

A new situation

A game starts you at 0 points. You earn 10 points per solved mystery. What are your totals
after 0, 1, 2, and 4 mysteries? Which zero describes a starting amount, and which zero holds
a place in a number?

My number table and explanation

Now change the game: You begin at -5 points and earn 10 points per mystery. After how
many mysteries do you first have a positive score?

My favorite question about zero is...
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ANSWER KEY

Answers and discussion

6 beads after adding 0. Remove all 6 and 0 remain. Ask why the two zeros arise in different actions.
Example: 405 has four hundreds, zero tens, and five ones; erase 0 and 45 has four tens and five ones.
Five unit steps from -2 to +3: -2, -1, 0, 1, 2, 3. Zero is one location on the line.

Search key: BALANCE: row 4, column 4, direction across; ORIGIN: row 6, column 6, direction diagonal;
NUMBER: row 11, column 5, direction across; BINARY: row 7, column 4, direction down; PLACE: row 1,
column 6, direction diagonal; VALUE: row 7, column 8, direction across; ZERO: row 3, column 12, direction
down.

Across: 2 ZERO; 4 TEN. Down: 1 PLACE; 3 ORIGIN.

Totals 0, 10, 20, 40. In the changed game: after one mystery, -5 + 10 = +5, the first positive score.

For open questions, ask for a defensible explanation rather than a single required sentence. Let the learner
draw or speak first, then develop the written explanation.
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ANSWER KEY

Answers and why they work

The next odd numberis 9, and 16 + 9 = 25 = 52, A5 x 5 square grows from a 4 x 4 square by adding
one row of 5 and one column of 4 new dots: 9 new dots. Starting at 0 means the 0 x 0 square has no
dots.

Binary 1101is8 + 4 + 0 + 1 = 13 in decimal. Zero in four binary places is 0000. A trailing zero
doubles a whole binary number, just as shifting a whole decimal number left and placing a trailing
zero multiplies it by ten.

It works when the first and last digits differ. Let those digits differ by k, where k is 1 through 9.
Subtracting a three-digit number and its reverse cancels the middle digit and leaves 99k. Written with
three places, these results are 099, 198, 297, ..., 891. Each one and its reversal add to 1089. If the
first and last digits match, subtraction gives 000 and the trick does not work.

Ask which part is guaranteed and which part was your choice. Try several examples, then look
for the rule. A pattern is an invitation to explain, not just to guess the next term.
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NOTES AND RIGHTS

Teach the idea, then change the context

A useful rhythm is: open with a problem, notice a pattern, explain why it happens, then name the
rule and try a new context. A fluent fact or shortcut is valuable after the idea has meaning. Ask
what would change if a condition changed, such as removing the zero in 204 or choosing equal
first and last digits in the 1089 trick.

The original Zero poster appears as a visual interlude on page 5. Its history section is necessarily
compressed. The discussion on page 7 gives a more careful account; zero as a placeholder and as a
number developed through more than one mathematical tradition.

Sources: University of St Andrews, MacTutor History of Mathematics, Brahmagupta and A history of Zero. The
puzzles and numerical examples in this book are original teaching activities.

Personal and single-classroom use: the purchaser may print copies for one household or one classroom.

Please do not repost or resell the PDF. Contact Tiny Orange for broader site use.
Created by Kara Olivarria with OpenAl.
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https://mathshistory.st-andrews.ac.uk/Biographies/Brahmagupta/
https://mathshistory.st-andrews.ac.uk/HistTopics/Zero/

