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The	50-50-90	rule:	Anytime	you	have	a	50-50	chance	of	getting	something	right,	there's	a	90%	
probability	you'll	get	it	wrong.	
	 —	Andy	Rooney	(1919–2011),	Radio	and	Television	Writer	
	
Misunderstanding	of	probability	may	be	the	greatest	of	all	impediments	to	scientific	literacy.	
	 —	Stephen	Jay	Gould	(1941–2002),	Paleontologist	and	Evolutionary	Biologist	
	
History	seems	to	show	that	the	impossible	is	probably	the	most	likely	thing	of	all.	
	 —	Ben	Marcus	(1967–),	Novelist	

	

OVERVIEW	
We’ve	all	tried	our	luck.		We	have	all	been	in	situations	where	our	desired	outcome	(success!)	is	not	
certain	but	instead	depends	on	seemingly	random	events	or	other	things	outside	of	our	control.		A	
coin	toss	to	determine	who	goes	first	is	a	very	common	example,	and	most	people	know	the	“odds”	
of	 winning	 a	 (fair)	 coin	 toss	 are	 50-50.	 Often,	 determining	 the	 odds	 of	 an	 outcome	 (or	 the	
probability	of	 outcome	occurring)	 is	more	 complicated	and	 can	depend	on	many	 factors,	 such	as	
predicting	 the	 probability	 of	 rain.	 	Moreover,	 sometimes	 the	 probability	 of	 an	 event	 occurring	 is	
counter-intuitive:	it	can	be	more	or	less	likely	than	we	might	imagine.	

Historically,	 the	 mathematical	 analysis	 of	 probability	 began	 with	 Gerolamo	 Cardano,	 Pierre	 de	
Fermat	 and	Blaise	 Pascal	 in	 the	mid	 1600’s	 (towards	 the	 end	 of	 the	Renaissance),	 and	primarily	
focused	 on	 games	 of	 chance	 (such	 as	 games	 involving	 the	 throwing	 of	 dice).	 	 In	 the	 1900’s	
probability	 analysis	 moved	 from	 games	 of	 chance	 to	 scientific	 applications,	 such	 as	 risk	
management	(setting	life	insurance	premiums),	biology	(probability	of	being	born	male	or	female)	
and	physics	(electron	orbits	around	a	nucleus).	

Today,	probability	 continues	 to	play	an	 important	 role	 in	many	businesses	and	 industries.	 	Many	
businesses	 continue	 to	 use	 probability	 to	 evaluate	 risk,	 which	 is	 critical	 to	 the	 decision-making	
process.		In	engineering,	reliability	analysis	(estimating	the	amount	of	time	before	a	system	will	fail)	
is	based	on	probabilities	and	is	an	important	step	in	the	design	of	many	types	of	systems	(including	
transportation	and	communication).		And	important	statistical	methods,	such	as	hypothesis	testing,	
are	also	based	on	probabilities.	



In	 this	 project,	 students	 will	 connect	 with	 their	 studies	 of	 the	 Renaissance	 era	 and	 use	 their	
creativity	 and	 building	 skills	 by	 to	 reproduce	 (and	 possibly	 adapt)	 a	 Renaissance-era	 game	 that	
involves	 some	 type	 of	 “chance”.	 A	 challenging	 component	 of	 this	 project	 is	 the	 requirement	 for	
students	 to	model	real-life	mathematicians	and	apply	 their	acquired	understanding	of	probability	
theory	 and	 analyze	 the	 probabilities	 associated	with	 that	 game	 to	 better	 understand	 the	 odds	 of	
winning	(or	the	probability	of	other	game-specific	events	occurring).			

ENDURING	UNDERSTANDING	
Students	will	develop	an	intuitive	understanding	of	probability	and	its	theoretical	underpinnings.		
Students	will	learn	how	to	connect	this	understanding	to	the	probability	analysis	of	events	
occurring	in	a	game	of	chance.	

ESSENTIAL	QUESTIONS	
• How	is	probability	mathematically	modeled?	
• How	can	outcomes	be	predicted?		

STUDENT	OBJECTIVES	

Common	Core	State	Standards	for	Mathematical	Practice:	
• #1:	Make	sense	of	problems	and	persevere	in	solving	them.	
• #2:	Reason	abstractly	and	quantitatively	
• #3:	Construct	viable	arguments	and	critique	the	reasoning	of	others	
• #4:	Model	with	mathematics	
• #5:	Use	appropriate	tools	strategically	
• #7:	Look	for	and	make	use	of	structure.	
• #8:	Look	for	and	express	regularity	in	repeated	reasoning.	

Common	Core	State	Standards:	Probability	
• Summarize	categorical	data	for	two	categories	in	two-way	frequency	tables.	(S.ID.5)	
• Describe	events	as	subsets	of	a	sample	space	(S.CP.1)	
• Understand	independent	events	(S.CP.2)	
• Understand	conditional	probability.	(S.CP.3)	
• Construct	and	interpret	two-way	frequency	tables	of	data	and	use	the	two-way	table	as	a	

sample	space	to	decide	if	events	are	independent	and	to	approximate	conditional	
probabilities.	(S.CP.4)	

• Recognize	and	explain	the	concepts	of	conditional	probability	and	independence	in	
everyday	language	and	everyday	situations.	(S.CP.5)	

• Find	the	conditional	probability	of	A	given	B	as	the	fraction	of	B’s	outcomes	that	also	belong	
to	A,	and	interpret	the	answer	in	terms	of	the	model.	(S.CP.6)	

• Apply	the	Addition	Rule,	P(A	or	B)	=	P(A)	+	P(B)	–	P(A	and	B),	and	interpret	the	answer	in	
terms	of	the	model.	(S.CP.7)	



BENCHMARKS	
An	overview	of	the	benchmarks	for	this	project	is	outlined	below.		Deadlines	and	submission	
guidelines	for	these	benchmarks	will	be	posted	in	Edmodo.		A	few	of	the	benchmarks	below	will	be	
peer-critiqued	and	revised	before	your	final	versions	are	submitted—details	will	be	on	Edmodo.	

Benchmark	#1:	Initial	Research	
Description:	 You	must	explore	at	least	two	(2)	games	that	you	are	interested	in	recreating	(and	
possibly	adapting)	for	public	play	and	display	at	Exhibition.		Remember:	
i. Your	games	must	have	been	played	during	the	Renaissance	era	(but	not	necessarily	invented	

then).	
ii. Your	games	must	involve	chance	(flipping	coins,	rolling	dice,	dealing	cards,	…).	
iii. You	must	be	able	to	produce	your	own	version	of	the	game	for	Exhibition.	
Your	exploration	must	include	the	following	elements:	
i. Name	of	the	game.	
ii. A	brief	description	of	the	gameplay.		Be	sure	to	describe	how	“chance” is	a	part	of	the	game.	
iii. How	would	you	recreate	this	game	for	Exhibition?	What	materials	would	you	use?	
iv. When	was	the	game	invented?		Who	was	the	game	invented	by?		What	are	its	origins?	
v. What	other	historical	points	would	you	share	with	a	visitor	at	Exhibition?	

When	choosing	your	game,	be	sure	to	give	some	thought	to	Benchmark	#3:	you	will	want	to	choose	
a	game	that	will	make	the	probability	analysis	straightforward.	

Benchmark	#2:	Detailed	Game	Description	
Description:	 First,	provide	a	detailed	description	of	the	game,	including	a	description	of	how	you	
will	recreate	the	game	for	Exhibition	(include	sketches	and	diagrams).		If	you	are	creating	a	board	
game,	for	example,	you	will	need	to	show	a	draft	of	the	board.		Next,	create	a	list	of	all	the	materials	
you	will	need	to	recreate	the	game.		Finally,	clearly	explain	what	tools	(include	both	hardware—
such	as	“drill	press”—and	software—such	as	“Adobe	Illustrator”).	Be	sure	to	identify	the	tools	that	
are	in	the	Maker	Space	and	you	plan	on	using.		It	is	especially	important	to	identify	any	tools	that	
you	do	not	yet	have	access	to.	

Benchmark	#3:	Proposed	Probability	Analysis	
Description:	 Describe	the	probability	analyses	that	you	expect	to	do	on	your	game.		Be	sure	to	be	
very	specific	about	what	you	expect	you	will	be	calculating.		At	this	stage,	it	is	not	required	you	
know	how	to	do	the	calculations;	rather,	you	are	describing	what	probabilities	you	are	interested	in	
calculating.	

Benchmark	#4:	Probability	Analysis	
Description:	 In	this	benchmark,	you	will	use	and	build	on	your	knowledge	of	probability	to	
mathematically	analyze	various	outcomes	of	your	game.		The	nature	of	this	analysis	will	depend	
entirely	on	the	type	of	game	you	will	be	creating,	and	its	scope	will	be	based	on	the	feedback	you	
received	in	Benchmark	#3.		

Benchmark	#5:	Exhibition	
Description:	 This	benchmark	is	the	final	version	of	your	game	that	you	will	let	visitors	play	at	
Exhibition.		Details	of	scoring	for	this	benchmark	will	be	discussed	in	class:	essentially,	points	are	
awarded	for	how	good	an	example	of	beautiful	work	your	game	is	and	how	well	you	integrate	the	
game	into	the	exhibition	space.	

Benchmark	#6:	Digital	Portfolio	Update	
Description:	 Create	a	separate	page	on	your	DP	for	this	project.		On	that	page,	document	the	
process	and	deliverables	for	this	project.		Your	DP	page	must	include:	

i. A	description	of	the	project	and	what	you	were	expected	to	learn	
ii. An	overview	of	the	process	used	in	this	project.		You	should	describe	each	benchmark	and	

explain	why	that	benchmark	was	an	important	part	of	the	process.		Be	sure	to	include	at	least	
one	image	of	your	game	at	Exhibition.	



iii. Instructions	on	how	to	play	your	game	(including	images	of	your	final	product,	of	course).	
iv. A	reflection	on	this	project.		Remember:	a	project	reflection	is	your	opportunity	to	reflect	on	

your	experience	with	the	project	(successes	and	challenges).		A	project	reflection	is	not	a	
critique	of	the	project	(project	critiquing	and	feedback	will	be	done	in	class	at	the	end	of	the	
project).		Your	reflection	should	make	reference	to	at	least	two	Habits	of	Mathematicians.	

CHALLENGE	OPTIONS	   	
Many	of	the	activities	for	this	project	will	have	explicit	or	implicit	challenging	extensions.		
The	two	main	challenges	for	this	project	are:	

1. Choose	a	game	that	requires	a	more	complex	probability	analysis,	possibly	including	
computer	simulation	to	estimate	probabilities.	

2. Create	your	own	dice	(or	similar	device)	for	your	game	and	provide	experimental	data	that	
shows	how	fair	your	dice	are.		An	additional	challenge	is	to	research	“Chi-Square	Testing”	
and	use	that	statistical	method	to	quantitatively	determine	the	fairness	of	your	dice.	


