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Workshop Description

Learn how you can use math to create games that you can win every time! This workshop will improve
students’ number sense, or understanding of numbers and their manipulations. Number sense is a critical
skill necessary for students in future advanced math topics. For example, number sense becomes essential
in understanding terms in equations and solving them through logical computations.

We will develop students’ number sense through a series of “games” that have winning strategies. Students
will learn that seemingly fair games have significant advantages to one player over another if they think
through the game well.

Workshop Requirements

> Estimated time required: ~1 hour
> Required materials: Slidedeck (for you to present) & worksheet (for students to
directly edit, optional use)
> Suggested materials: coins or toy coins
> Suggested ages/grades - 7th grade or higher
> Prerequisites
o Basic arithmetics
o Divisibility rules

This Teacher’s Guide and the accompanying slides were developed at Olin College in the course Mathematics/Engineering Outreach for
Adolescent Learners, spring 2021, taught by Sarah Spence Adams. The slides are licensed under the Creative Commons
Attribution-NonCommercial_ShareAlike 4.0 International license.



https://docs.google.com/presentation/d/12FnczkvfSzlYBcBQ8ZR0ttflbKCCMYG_1PrMFPYIQws/copy
https://docs.google.com/presentation/d/1xonHOpvUo5JuiWILeJLd6MeLGkMh4FU9IvhLc6dc76Y/edit?usp=sharing

The main goal of this workshop is to empower students by using math in a real-world
situation. Students will create their own games that they can win every time. This workshop
will also teach students:

e Modular Arithmetic (Basic Number Theory)

e Number sense

e Problem solving skills

Enrichment Information

Here are some additional info that will help you understand the game and the math involved
in it.

Modular Arithmetic

Game of Nim

Clock Arithmetics

Modular arithmetic and cryptology

We encourage you to use these materials, editing and modifying them as appropriate for your
students! When you use, share, incorporate, or modify these materials, please keep the license
notice (from the footer) and credit “Olin College’s course on Mathematics/Engineering Outreach for
Adolescent Learners.” We also humbly request that you email sarah.adams@olin.edu if you use
these materials, as we are tracking their impact and how far they travel!

Suggested Notes and Tips for Running
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https://en.wikipedia.org/wiki/Modular_arithmetic
https://en.wikipedia.org/wiki/Nim
http://www-math.ucdenver.edu/~wcherowi/clockar.html
http://pi.math.cornell.edu/~mec/2003-2004/cryptography/diffiehellman/diffiehellman.html
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Coin Game?

Let’'s plau again'?

Let's take turns X-ing out
coins!

There are 30 coins on the
slide.

You can X out up to 4 coins

each turn

The player to take the last
coinis the loser.

> The Coin Game
The coin game that is used in this
session is a variation on the game of
Nim. There are two players and n
coins. Each player will take turns
collecting coins, and whoever picks
the very last coin remaining will be the

loser. Students will study this game
carefully to figure out if there are any
winning strategies for one player in
this game.

e Slide 1-2: Introduction! You may edit
these to make sense for your own
class.

How To Win Games
Every Tims

a Changemaker’s Workshop

HELLO?

Junwon Reid Ashley
(he/him) (they/them) (she/her)

e Slide 3: You will play the coin game
with your students. The goal is to win
the game. There are 30 coins in the
pile, and each player can take up to 4

coins each turn. You will go first, and

the students will go after. Encourage
conisvelose your students to pick the number of

coins collected as a team. You MUST
go first to win.

Here is your winning strategy (do not

share this with students yet!):

Coin Game! Let’'s plauy again'!t

Let's take turns X-ing out
coins!

There are 30 coins on the

e, S P = = == slide.

Step 1: To start, take 4 coins

[@ocle
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https://en.wikipedia.org/wiki/Nim

Step 2: Note how many coins
player 2 takes on their turn

Step 3: Take 5 minus the number of
coins player 2 just took

Step 4: Repeat until you win!

After you play this game, take a

screenshot/save the progress of
the game. This will be important
for the next slides.

Coin Game! Let’'s plauy again!

coins!

DRORBEE  esocomonn

A % slide.
><~ ><~ x >< You can X out up to 4 coins
A < each turn
Y g T
- The player to take the last
b J N coin is the loser.
IR Y i =
/
X =Junwon X :Chgngeﬁf{ers

e Slide 6:

o Replace the placeholder image
with your screenshot of your
prior game.

o Ask the students what the
winning strategy for player 1
could be. It is OK if they do not
get the strategy right away.
Encourage students to say any
patterns they see in the game.

o If students are struggling with
coming up with answers, |
strongly suggest playing the
entire game again, and save
another screenshot.

0 You can also ask these
questions to the students...

= When did | cross off 1
coin? When did | cross off
2 coins? (etc)

= How many coins did | get
in the first turn?
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e Slide 7: Reveal strategy....
The Strategy for Player 1

Step 1: To start, take 4 coins

Step 2: Note how many coins player 2 takes
on their turn

Step 3: Take 5 minus the number of coins
player 2 just took

Step 4: Repeat until you win!

e Slide 8: This time, the students will go
first instead of you. Remind them what
the winning strategy is, and let them
play the game (and win!)

Your fturn to go first!?

I [ I [ I | [ | | There are 30 coins on the slide.

PG R S o e You can X out up to 4 coins each
[ FETPETITE TR -

i 'l i 'I E 'I | i 'l E 'I The player to take the last coin is
> J 5 > 5 the loser.
I | I I | | Remember, to win:
- Take 4 coins the first time
'_'l '_‘I '_'I ‘_'l '_'l @ - Take 5 minus the number
¥ o s W W Junwon took after that

X = Changemakers )( = Junwon

e Slide 10-14: These slides reinforce
the winning strategy and show that
taking turns that add to 5 is the only
Semwen number that works. Give the students
the opportunity to try out the coin
| combinations so that they see only 5
oI can work. Note: This problem is
° using modular arithmetic, specifically
working modulo 5.

30 coins

X =Changemakers (player 1) X = Junwon (player 2)

Why does the strateguy work?

P1 P2, then P1 P2, then P1
D R
D R SRR

P2, the P P2, the P1 P2, th P1 I
i ol b LOSING
COIN

P2

X =Changemakers (player 1) X = Junwon (player 2)
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Let's start from the end

X

P2, then P1 P2, then P1

—
i
=
—
J
—

P2, then P1 P2, then P1 P2, then P1 LOSING
COIN

X =Changemakers (player 1) 3¢ = Junwon (player 2)

Why subtract from 572

1(the minimum # a player can take) + 4 (the maximum # a player can take) = 5 coins

T [E] [ﬁ] |'E'] [ﬁ] [ﬁ] o 105
Junwon takes 2 coins |:§'| |§| |§| |§| |:§'| Addsto5 v
e [ﬁ] [ﬁ] |'§'] [ﬁ] [ﬁ] i o5
Junwon takes 4 coins |§| |§'| |§| |E'| |:§'| Addsto 5 v

3 is the OHLY number that works

‘We can’t always make a round add to 6 coins:

e J— D — L T o
CIRE LX<

Junwon Changemakers can
takes1coin  only take up to 4 coins

‘We can’t always make a round add to 4:

GLELETD S -

Junwon Changemakers has
takes 4 coin 1o take at least 1 coin
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e Slide 15-17: New game! Before
playing it, ask the students to think of

Let’'s come up with strategu

for another coin game? the Winning Strategy.
POODODEEOE e Here is the winning strategx:
DOODOOOBOD "ovr- Step 1: To start, take 4 coins

) DPDODDRDODRID «.oxonwus Step 2: Note how many coins
D@D player 2 takes on their turn
e e Step 3: Take 7 minus the number of
coins player 2 just took
Why is 7 the "magic number® now? Step 4: Repeat Until you Wln'
Ve 3 e e + 6 e manmm 2 e i = 7 coins Play with your students so that they

senseesteon (CIEIEIENEIENE) v can test out their winning strategies.

s Alternatively, pair up students so
o that they can test each other’s
Junwon takes 4 coins We take 3 Winning Strategies.

Junwon takes 5 coins _ We take 2
Junwon takes 6 coins We take 1

Player 1 goes first

7 is the only number that works now
We can’t always make p1's turn and p2's turn add to 8 coins:

v R e R et e e This only adds
T30 I ) ) e
Junwon

Changemakers can
takes 1 coin only take up to 6 coins

We can’t always make p1's turn and p2's turn add to 6 coins:

B B2 Bl < Bl ioei misadstor
I S R ) T e

Junwon takes all Changemakers has
6 coin to take at least 1 coin
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e Slide 18-19: New game! But this one

But Does This Work Every Time? has a twist! Ask the students to think

I of the winning strategy for player 1.
G e e e e e oot o You will notice that there isn’t a

DOOODOOBRRE e winning strategy for player 1,

on the slide.

DODPOPODOOP «.coxoinos and in fact player 2 has the
e T T T ::ms‘ea[h:urtnk . Winn|ng Strategy.

o oty i st o s o Potential extension could be for
o the students to figure out what
the winning strategy for player 2
would be!

Let's take turns X-ing
e e e e e e e e !
) G Gl O g (G il i ) () out coins!
a0 il daad 6 S e i3 a5 in) There are 50 coins
l ) ‘ ) ) LRS! | I on the slide.

I I .I .| | | | | | -l You can X outupto 6
T T TR e T TR T coins each turn
D DEEEEE 0
The player to take the
last coin is the loser.

How does player 1 win this?
... Or can they? IMPOSSIBLE! Player 1 goes first

e Slide 20-21: Make sure you
emphasize that there is a lot of
complex math involved in this simple

What math did we do other than adding & subtracting numbers? Coin game’ and make them feel proud

about it!

By The Way...

MODULAR ARITHMETIC !!!

But what is Modular Arithmetics?

e Modular Arithmetics is arithmetics, but with remainders!

e Observe numbers with extra attention to divisibility rules and
remainders

e Extensively used in cryptography, communication systems, and so on!

Binary signal
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e Slide 22: Final design challenge!
Encourage students to come up with
their own coin game with a winning
strategy for one player. They should

Create your own coin game?

Come up with your own coin game!

Things you can change

L oroteomnapie share out their games and ask others
e to come up with the winning strategy
5. Whatif there are 2 piles of coins? (i.e. there are two piles of coins, you can only collect coins . .

from 1 of 2 piles each turn, whoever picks last coin is the loser.) for thelr games Thls Could be a

homework assignment.
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