FOR KIDS: Shuffling shenanigans
A magician-turned-mathematician figures out how many times to shuffle a deck of cards before playing Old Maid
      
 
By Julie Rehmeyer
Web edition: September 30, 2009
A+ A- Text Size
[image: C:\Users\Ray\Desktop\TB13 Readings\FOR KIDS  Shuffling shenanigans   Numbers   Science News_files\saved_resource]
ENLARGE
Using math, a magician can figure out how to find one card in a deck or how many times to shuffle the deck to really mix it up.
Julie Rehmeyer
View the question sheet / student exercises at the bottom of this article.
When Persi Diaconis was a kid, his favorite hangout was the magic store. He and his friends goofed around, practiced their tricks and longed for the books and tools.
Then one day, in walked the world’s greatest living magician.
Diaconis, a thirteen-year-old whippersnapper, decided to show off his card tricks. The great magician, Dai Vernon, was so impressed that he decided to teach the teenager a few new things. Each time the pair met in the shop, Vernon taught Diaconis a bit more. And within a year, Vernon offered to take Diaconis on the road with him.
Diaconis didn’t think twice. He packed his bag, met Vernon on the corner and became a professional magician at age 14.
As Diaconis learned the card tricks, he found himself asking questions. How many different ways can you arrange the cards in a deck? What if you ignore the number and suit and only consider card color – then how many different ways can you arrange the deck? Vernon taught Diaconis a sneaky trick to deal the cards out to four players while making sure that all the aces would end up in his own hand. Then Diaconis wondered how he could do the trick with five players.
To answer questions like those, Diaconis eventually realized, he needed mathematics. So he went back to school.
Now he’s a mathematician at Stanford University and one of the world’s greatest experts in probability, the study of chance. But he hasn’t left his magic days behind. Even today, he says, much of his research is motivated by questions about shuffling cards. “Sometimes it’s a little embarrassing,” he says.
A trick explained
In 1992, Diaconis and his friend Dave Bayer of Columbia University finally answered a question that had bugged Diaconis since he was a kid: How many times do you need to shuffle the cards in a deck to make sure they’re all mixed up?
It all got started when Bayer saw Diaconis perform a magic trick. Diaconis started with a deck of cards with each suit in perfect order, ace through king. He handed the deck to someone in the audience. Cut and shuffle the deck three times, he said, and then look at the top card without showing anyone.
“I’m sure you’ll agree that no living human could know the value of that card,” Diaconis declared grandly.
Then Diaconis asked the audience member to insert that card anywhere in the deck and cut and shuffle it a final time.
Finally, he spread the cards face up in a wide arc on the table, stared for several long moments, and plucked out the right card.
“How did you do it?” Bayer asked in amazement.
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Diaconis winked at Bayer and, since he was a friend, explained how it worked – once the two were alone. Diaconis put the deck in order again and cut the deck and shuffled the cards once. Then he spread the cards out on the table, face up.
“Look at just the hearts,” he said. Because the cards were in order to begin with, Bayer could clearly see rising sequences of hearts, such as 3, 4, 5, 6, with cards from other suits mixed between the sequences. And if he looked at just the clubs, the diamonds or the spades, ignoring the other suits, he could see the same thing.
Diaconis swept the cards up again, leaving the order the same. Then he cut, shuffled and spread them out again. And again, Bayer saw rising sequences of cards – the sequences were just shorter this time.
“The same thing is true after the third shuffle,” Diaconis said. “But the moved card is usually all by itself, not part of a rising sequence. Once you know the pattern, the moved card usually stands out.”
Bayer admired the trick for a moment and then he had a realization. He could use the card trick to figure out the answer to Diaconis’ old question: How many times should you shuffle a deck?
Counting shuffles
If the cards in a deck are perfectly mixed, their order is random: There are no patterns anyone could use to guess what the next card will be. Diaconis’ trick relied on detecting a pattern in the cards that the moved card didn’t fit into. So in a perfectly mixed deck, Diaconis’ trick wouldn’t work at all.
What Bayer figured out is that if he knew just how often this trick worked, he’d have a way of figuring out how well mixed the deck was.
To calculate that precisely, though, Bayer would have to make Diaconis perform his trick thousands and thousands of times. That seemed kind of mean. So, instead, Bayer decided to teach the trick to someone a lot more patient: a computer.
The computer shuffled the deck some number of times, remembered what the top card was, put that card somewhere else and shuffled again. Then the computer used Diaconis’ method to try to pick out the card that had been moved and then check to see if it got the right answer. It repeated the trick over and over and over, with different numbers of shuffles.
After the first few shuffles, the computer almost always picked the right card since the deck wasn’t very random. And no matter how many times the cards were shuffled, the computer always managed to pick the right card at least a little more often than 1 in 52 times — the probability expected for a perfectly random deck. So the deck never got absolutely, perfectly mixed.
After seven shuffles, though, the deck suddenly became pretty well mixed. The computer picked the right card only about 1.5 times in 52.
“Shuffling cards is like mixing marble pound cake,” Bayer says. “For a long time, there are clear streaks of black and white. Then, all of a sudden, it turns brown.”
The computer program wasn’t enough to prove that seven shuffles was the right number, though. To do that, it would have had to find out how well the trick works for every possible arrangement of cards.
But there’s a problem with that. “There are more ways to arrange 52 cards than the number of particles in the universe,” Diaconis says. “So even if all the atoms in the world were little computers, computing for a long time, they’d never run through all the arrangements.”
The only way to know for sure that seven shuffles got it sufficiently mixed was to use mathematics, because with math, you can reason about all the arrangements at once.
With a lot of hard work, Diaconis and Bayer worked out a formula that told them how random a deck was after any number of shuffles. Just as the computer had hinted, the formula showed that after seven shuffles, the deck was pretty well mixed, ready for a game of cards.
This result shocked casinos and bridge players because they’d mostly been shuffling many fewer times. Even drug manufacturers were interested. Mixing two drugs together into a single pill, it turns out, is a bit like shuffling cards.
Making Old Maid fit
Diaconis couldn’t stop thinking about one card game, though: Old Maid. Old Maid is special, he realized, because the suit doesn’t matter. Each time you get two cards whose numbers or face values match, you take the pair out of your hand, regardless of what suits they are. Before the game begins, one of the queens is removed from the pack. So you hope you don’t get stuck with the queen that doesn’t have a pair!
Because the suits don’t matter, the deck doesn’t have to be quite as random. Suppose, say, that a deck had all the numbers mixed up, but every fourth card was always a heart. That deck wouldn’t really be random, but it would still be good enough for Old Maid.
So Diaconis wondered, how many times do you have to shuffle for card games like that?
Diaconis mentioned the question over lunch one day to a new friend of his, Sami Assaf of the Massachusetts Institute of Technology. She was intrigued. “Most of the math I work on is really hard and abstract, so it was fun to think about a problem I could explain to my friends,” she says.
This time, the researchers didn’t use computers at all. “That might have been smarter,” Assaf says, “but neither of us knew how to do it.” Bayer had done all the computer work in the previous project.
Instead, she made up a smaller deck (with only four cards, say), and shuffled and dealt and shuffled and dealt. With fewer cards, the mathematics was simpler. She and Diaconis used her understanding of these simpler cases to develop a formula that predicted how random the deck would be, ignoring suits.
This time, it turned out that just four shuffles were enough.
So the next time you play Old Maid, be sure to shuffle at least four times. But if you’re playing Crazy Eights, where suits do matter, don’t stop until you get to seven.
Diaconis says there are still lots and lots of questions about shuffling that no one in the world can answer. Perhaps learning some magic tricks will inspire you to answer one!
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Question Sheet: Shuffling Shenanigans
SCIENCE
Before reading:
1. How do you shuffle cards, and what is your particular precise (or imprecise) procedure?
2. How many times do you think you need to shuffle a deck of cards before they’re totally mixed up?
3. Why does it matter?
During reading:
1. What made Persi Diaconis become a mathematician?
2. What does “probability” mean when playing card games?
3. What does it mean for cards to be perfectly random?
4. What is the likelihood that you can pick a desired card, without seeing its face value, from a randomly shuffled deck of regular playing cards (or example: one in X number of tries)?
5. How many times did the Diaconis and Bayer computer program indicate that cards must be shuffled to be completely (or almost completely) random?
6. When you don’t worry about shuffling four suits but only the equivalent of two suits (as in Old Maid), how many shuffles are necessary to get a fairly random ordering of the cards?
After Reading
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