
The Mathematics of 
Game Shows, plus 

Bowen Kerins      David Hammett 
Research Scientist, EDC 

Math Department Chair, Oakwood School 
(we’re also part-time game consultants) 

bkerins@edc.org    dhammett@oakwoodschool.org



Opener 
You hit a Daily Double on the very last clue in 
the Double Jeopardy! round. 

You can wager any or all of your cash just 
before Final Jeopardy!. 
What play gives you the best chance of 
returning for another day? 

You 
$7,000 

Nancy 
$12,000 

Marge 
-$5,200 



Overview 
Game shows are filled with math problems… 
•  Contestants 

•  How do I play best? 
•  How much risk should I take? 

•  Producers 
•  How do I build a fun game to watch? 
•  How will contestants behave? 
•  How much money are we giving out? 



PRIZES! 
Want to win? 

We’ll need some volunteers for games. 

You may leave here with fabulous prizes! 

(Disclaimer: The Common Core State Standards do not require prizes to 
be fabulous.) 



Personal Encounters 
October 1986: Wheel of Fortune 

(Check out that Mongolian lamb throw!) 



August 1999: Greed The Series 

(So named to avoid confusion with Greed the Sequence.) 

Personal Encounters 



Personal Encounters 
February 2000: Millionaire (episode #49) 

(for $1000: How many degrees in a right angle?) 



February 2000: Millionaire (episode #49) 

(I got the next question wrong.) 

Personal Encounters 



Personal Encounters 
July 2007: National Bingo Night 

(Our first collaborative project.  We worked on this show a lot 
longer than it was on the air.) 



Personal Encounters 
Since Then… 

David has worked on most major recent shows, including 
Minute to Win It, Who’s Still Standing, and You Deserve It. 



Personal Encounters 
Since Then… 

Bowen has worked on shows for Gurin, Ryan Seacrest 
Productions, and 10 Steps To A Billion for Endemol. 



From 10 Steps To A Billion 
There’s a bag with 50 coins.  10 coins are 
gold, 3 are red, 37 are silver. 

What is the probability of pulling out all 10 
gold coins before pulling out all 3 red coins? 

The producers wanted the probability to be roughly 
1 in 500.  How close did they get? 

(Let’s go to commercial…) 



Sponsored by… CME Project 

Fundamental Organizing Principle 
 The widespread utility and effectiveness of 
mathematics come not just from mastering 
specific skills, topics, and techniques, but 
more importantly, from developing the ways 
of thinking—the habits of mind—used to 
create the results. 

•  Four-year, NSF-funded curriculum written by EDC 
•  Published in 2008 by Pearson Education 
•  40,000 students: Boston, Chicago, Pittsburgh, etc. 
•  100% aligned to Common Core 



CME Project Overview 

By focusing on habits of mind… 
•  Coherent curriculum, fewer chapters 
•  Especially strong alignment with the Standards for 

Mathematical Practice 
•  CME was 95% aligned to Common Core’s content 

standards at the time the standards were published 

Summer sessions in New England! 
July 23-27, 2012 

 (we also do house calls… but now, back to the show) 



Solving by Simulation 
50 coins: 10 gold, 3 red, 37 silver. 
What is the probability of pulling out all 10 
gold coins before pulling out all 3 red coins? 
A computer program could run this game 
many times quickly. 

The producers’ goal of 1 in 500 is clearly wrong. 
Simulations don’t give exact probabilities. 

Total runs: 1000 
Win: 224 (22.4%) 

Lose: 776 



Common-Sense Analysis 
50 coins: 10 gold, 3 red, 37 silver. 
What is the probability of pulling out all 10 
gold coins before pulling out all 3 red coins? 

•  Why must the probability be at least 1 in 50? 
•  Can you change the game without changing the 

 probability of winning? 

Let’s look at a simpler problem… 



A Much Simpler Problem 
13 coins: 10 gold, 3 red, 0 silver 
You pull out all 13 coins, one by one.  What 
is the probability that the last coin is red? 
What is the probability of pulling out all 10 
gold coins before pulling out all 3 red coins? 

What’s the answer to the first question? 
What’s the answer to the second question? 



A Much Simpler Problem 
13 coins: 10 gold, 3 red, 0 silver 
You pull out all 13 coins, one by one.  What 
is the probability that the last coin is red? 
What is the probability of pulling out all 10 
gold coins before pulling out all 3 red coins? 

What’s the answer to the first question? 
What’s the answer to the second question? 

(Using this version of the game would have cost 
the producers an average of almost $250 million.) 



Minute to Win It 
How much testing         
do the games go 
through? 

How can producers 
make games easier 
or harder? 

What the heck is a 
confidence interval? 



The Price Is Right 

•  Now in its 40th year 

•  Great math problems! 

•  Huge sample size of repeatedly- 
 played games (for agonizing detail,  
 visit http://tpirsummaries.8m.com)
    

Who wants to play?? 



Shell Game 
A prize ball is under one of these four cups. 

We’ll show you four small items and a price.  
You tell us whether the real price is higher or 
lower.  Get it right, and place a chip next to a 
cup. 

At the end, if you place a chip next to the cup 
with the prize ball, you win! 



Shell Game 
A prize ball is under one of these four cups. 

(For smooth, easy writing, great for school and office use!) 

Eight No. 2 Pencils 

$0.75 

Higher or Lower? 



Shell Game 
A prize ball is under one of these four cups. 

Eight No. 2 Pencils 

$0.67 

Higher or Lower? 



Shell Game 
A prize ball is under one of these four cups. 

(from the Write Dudes, it’s Scribble Stuff Erasers!) 

Argh, Duh, Ugh 

              $ 

Higher or Lower? 

€ 

2



Shell Game 
A prize ball is under one of these four cups. 

Argh, Duh, Ugh 

$1.44 

Higher or Lower? 



Shell Game 
A prize ball is under one of these four cups. 

(Made of soft, pliable rubber, they’re smudge-resistant!) 

Malaysian Erasers 

        $ 

Higher or Lower? 

€ 

3



Shell Game 
A prize ball is under one of these four cups. 

Malaysian Erasers 

$1.69 

Higher or Lower? 



Shell Game 
A prize ball is under one of these four cups. 

(Eliminate broken lead! Uncap what’s inside. From Sharpie.) 

Liquid Pencils 

        $ 

Higher or Lower? 

€ 

π



Shell Game 
A prize ball is under one of these four cups. 

Liquid Pencils 

$3.64 

Higher or Lower? 



A Shell Game Question 
Suppose a contestant 
guesses correctly 
(higher or lower) about 
2/3 of the time. 

Take a guess: What is 
the probability that this 
player wins the big 
prize? 

(No, not the Stanley Cup.) 



Sponsored by… Hamburger Helper 

Hamburger Helper 
makes a great meal! 

Available in 40 varieties, 
including… 
•  Creamy Broccoli 
•  Cheesy Enchilada 
     … and, of course… 
•  Philly Cheesesteak 



Analyzing the Shell Game 

The player could be right or wrong on 
each guess.  How many ways can it go? 

R = right, W = wrong 

RRRR  
RRRW  
RRWR  
RRWW  

RWRR  
RWRW  
RWWR  
RWWW  

WRRR  
WRRW  
WRWR  
WRWW  

WWRR  
WWRW  
WWWR  
WWWW  



Analyzing the Shell Game 

Sure, but some of these are “the same”… 
how many of each kind? 

R = right, W = wrong 

RRRR 
RRRW 
RRWR 
RRWW 

RWRR 
RWRW 
RWWR 
RWWW 

WRRR 
WRRW 
WRWR 
WRWW 

WWRR 
WWRW 
WWWR 
WWWW 



Analyzing the Shell Game 
This table shows the number of ways to get 
each result… or does it? 

Chips Ways 
RRRR: 4 1 
RRRW: 3 4 
RRWW: 2 6 
RWWW: 1 4 
WWWW: 0 1 

Is the probability of 
getting four chips 1 in 
16? 
If not, what is it? 



Analyzing the Shell Game 
This table shows the probability of each 
result, using the weighted probability 2/3. 

Chips Ways Frequency Probability 
RRRR: 4 1 16/81 16/81 
RRRW: 3 4 8/81 32/81 
RRWW: 2 6 4/81 24/81 
RWWW: 1 4 2/81 8/81 
WWWW: 0 1 1/81 1/81 



Jeez, Finally… 
Now we can figure out the probability of 
winning the big prize: an expected value. 

Chips Probability Win EV contribution 
4 16/81 4/4 64/324 
3 32/81 3/4 96/324 
2 24/81 2/4 48/324 
1 8/81 1/4 8/324 
0 1/81 0/4 0/324 

 total: 216/324 



Wait, What?!  2/3?? 
The probability of winning the Shell Game is  

216/324 = 2/3 
… the same chance as any small prize. 

Wow. 
You can repeat this with any probability, or 
even change the number of prizes in the 
game, but it always works. 



Historical Data 
Here are the results from all 54 plays of the 
Shell Game over the last 12 years: 

2000-2012 
54 plays 

Small prizes won: 69.0% (149 / 216) 
Big prizes won: 74.1% (40 / 54) 
Players with 3 chips: 13-2 (lucky!) 

Results vary but are within the margin of error. 



Expected Value in Game Design 

•  A good tool to help analyze a situation 

•  Easily misunderstood… 

•  … especially by TV executives. 

Dividing by zero is bad! 

(Station break…) 



Sponsored by… Rice-A-Roni 
•  It’s “The San Francisco Treat”! 
•  A favorite since 1958 
•  Sauté and 
  simmer to flavor 
  perfection! 
•  Ding ding!  

(We’re back. Who’s 
ready to win??)  



Three Strikes 
This pouch contains all four digits in the price 
of your prize, along with three strikes. 

Pull out a number. 
Tell me where it goes. 

Right: it goes up. 
Wrong: it goes back. 

Get all 4 digits: WIN. 
Pull all 3 strikes: LOSE. 



2 0 6 9 
Three Strikes 



Analyzing Three Strikes 
7 chips: 4 white, 3 red. 

Hey, this seems familiar. 
Based on what we learned before… 

the probability of winning should be 3/7 
… because we have to leave a red for last. 

Right?  Right?  Good, let’s move on. 

(Not so fast…) 



Not Exactly 3/7 
The probability would be 3/7, but only if the 
player has perfect skill.  Not likely! 
Suppose a player can guess the first digit in 
the price, but needs two tries to place any 
other digit.  What then? 

6 

0 



Quick Change 
If it’s going to take two tries to place a digit… 

make two of each! 
What is the probability of winning now? 

0 
0 

6 



Sponsored by… Gold Bond 
Medicated Powder 

•  Developed in 1882 by 
   pharmacists in 
   Rhode Island 
•  Gold Bond: Does what 
   it says. 
•  It’s got triple action,  
   whatever that means! 

(Let’s get back to 
   the games already…) 



Friend or Foe 
This show offered a 
choice to each team of 
players as they left the 
game: 

Friend or Foe? 
And the consequences: 

Friend / Friend Players split money 
Friend / Foe “Foe” takes it all 
Foe / Foe Nobody wins a dime 



Friend or Foe 
In the first season, Friend and Foe were 
picked about equally: 50-50. 

In the second season, players picked Foe 
58% of the time.  Why might this happen? 

What happened to the show’s payouts? 

(A much larger version of this concept almost made it to TV, 
but was ruined by Tucker Carlson.  Golden Balls, though.) 



Classroom Interlude 
Some game shows work better than others. 
Games are great for test review, but also for 
openers or wrap-ups. 

Good 
Press Your Luck 

Card Sharks 
Millionaire 

High Rollers 

Bad 
Jeopardy! (yes, bad) 

Deal or No Deal 
Wheel of Fortune 

Friend or Foe 
Studs 



This… Is… Jeopardy! 
Jeopardy’s been on a long, long, long time. 

On the original show, all players kept the 
money they had after Final Jeopardy! 

Now, only the player(s) with the most money 
keep it and return the next day. 



Back 2 Da Opener 
You hit a Daily Double on the very last clue in 
the Double Jeopardy! round. 

You can wager any or all of your cash just 
before Final Jeopardy!. 
What play gives you the best chance of 
returning for another day? 

You 
$7,000 

Nancy 
$12,000 

Marge 
-$5,200 



More about Jeopardy! 
Jeopardy! is one of only a few shows to 
reward ties. (Answer: Bet $1000 and lose!) 

A huge stockpile of information is found at 
http://www.j-archive.com 

This site keeps careful track of everything, 
especially player wagering in Final Jeopardy!. 

(We have a lot more to say about that … next time.) 



Sponsored by… the 
Mathematical Practices Institute 

Visit the MPI website and blog: 
www.edc.org/cme/mpi 

That website again is: 

www.edc.org/cme/mpi 

•  EDC’s new professional development program 
•  Curriculum-neutral, focused on Common Core’s 

 Standards for Mathematical Practice 
•  One-day and one-week seminars available 



For Our Final Game… 
It’s “1 vs N, where N is the number of people 
in the room”!  (It’s a working title.) 

We’ll post a question with two possible 
answers.  Walk left or right depending on 
which answer you want. 

If you’re correct, you stay in the game. 



1 vs N 

MIT joined forces with a manufacturer to 
develop a karaoke system that always 
makes the singers sound on pitch. 

True False 



1 vs N 

Chuck Woolery was the original host of 
Wheel of Fortune. 

True False 



1 vs N 

When was the first episode of Jeopardy! 
aired? 

Before 1965 1965 or Later 



1 vs N 

What was the first game show to offer a 
$64,000 question? 

The $64,000 Question Twenty-One 



1 vs N 

Which gender won the last episode of “The 
Better Sex”? 

Men Women 



1 vs N 

51% is closer to which of these? 

1 100 



1 vs N 

The title of a famous game show is “The 
____ Pyramid”.  How many different 
numbers have filled in the blank? 

4 5 



1 vs N 

How many people have won $1 million or 
more on Who Wants To Be A Millionaire in 
the U.S.? 

10 or Fewer More than 10 



1 vs N 

The answer chosen by the fewest remaining 
teachers is… 

This one Or this one 



1 vs N 

How many states have two words in their 
name? 

9 10 



1 vs N 

What is Bowen’s favorite number? 

23 37 



More to Explore 

Many related topics are visited in CME 
Project Precalculus, and in the Park City 
Math Institute’s 2007 materials. 

PCMI materials can be found online at 
www.mathforum.org/pcmi/hstp/sum2007/morning 



Thanks and good luck! 

Any questions? 

Bowen Kerins & David Hammett 
EDC / Oakwood School 

bkerins@edc.org 
dhammett@oakwoodschool.org 

www.edc.org/cme/mpi 


