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In this booklet you will find some great games and activities to use with your students. While the focus of this CAG presentation is on gifted students, I have used these games for years with all levels of students. All can and will benefit from their use, and as you will see in the next paragraph, I will discuss in great detail the ways in which these games can be adapted for various skill and age levels. Since I have taught fifth grade math for many years, most of this material has mainly been used with my fifth graders. However, the material in general is intended for students in grades 4-6, although it could be adapted for younger (or older) students as well. As many of you who have attended my presentations can attest, devising strategies for the games can be challenging and enjoyable even for adults. 
I will be dealing with the subject of differentiation throughout this booklet, as it is an important consideration which we as teachers must deal with every day.  Some teachers work with classes entirely made up of gifted students, while many other teachers may have a small group of gifted students mixed in with children of all different ability levels. . Having taught in both environments, I understand the challenges of each. Therefore, I will suggest ways to differentiate for different levels when appropriate. And again, as I mentioned before, you will find that the games are effective for a wide range of grade levels as well. It’s all in how you go about differentiating them. It is quite simple - and worthwhile - to use the games in classes with students of differing levels of ability, as all will benefit to the extent that they are capable. The gifted students will master the strategies more quickly and be able to move on to more challenging variations, while the others will still derive great benefit as well. 
 Here is an important note about this booklet, and also the presentation itself: I have done a great deal of research into games, both in books and on the Internet, and also attended various workshops and presentations. From the enormous multitude of resources out there, I have attempted to include a selection of the class-tested activities that I know are engaging, challenging and, most importantly, promote learning. I will also provide links to many more resources, for those who are interested in pursuing this further.  

There are three separate categories: games that are strategy-oriented, games that are intended for skill development, and mathematical tricks. 

All of these games and activities rely on mathematical principles. Some, like the bingo games, are targeted at specific skills, such as reducing fractions, or converting fractions and decimals to per cents. I have found over the years that there are many math skills –such as the ones just mentioned- that can be taught very effectively by using games. For example, in Decimal/Fraction Bingo, the students have bingo cards with fractions on them (1/10, 5/10, 3/100, etc.), while the teacher calls out “.1,  .5,   .03.” In Fraction Reduction Challenge, the students have an envelope of fractions such as 10/20,  4/12,  2/8, etc, while their boards have categories marked as “1/2, 1/3, ¼” etc.  Their job is to place all the fractions onto the square equaling that fraction in simplest form. The concept of putting fractions into simplest form is a critical one, and this is an excellent way to practice that skill. There are many variations of these types of games, and I will explain these in complete detail later on in the packet, as well as providing the exact materials for you, so that you can readily begin using them with your students. 
For now, we will begin with a series of games that are intended to help develop in your students the ability to think more mathematically; to look for patterns and sequences in numbers; to think logically; to learn to solve problems which require organized thinking; and to address math development in an overall sense. In the case of gifted students, that is one of the main reasons why these activities are so appropriate for this population: gifted kids crave challenge and stimulation, and if presented well, these activities will provide just that, as well as helping to train their minds to think mathematically. 

What you will find after playing The 100 Game, for example, is that subsequent games will be approached by the students in a much more organized and methodical way- they will begin to think non-randomly; not just aimlessly throwing out numbers and guesses, but rather, paying close attention to the game and trying to work out strategies. They will begin to realize that there is a logic involved; there are patterns and secrets hidden in the numbers that can help them win the game. This is a very significant and valuable realization, and one that will hopefully begin to lead them into an overall appreciation and love for the beauty and excitement of mathematics.


This, I feel strongly, is one of the greatest things with which I can leave my students. As a child I was a poor math student; I just didn’t get math at all. I have no memories of it ever being “fun” or “exciting;” those would be the last two adjectives I would ever use when it came to learning math. This is the antithesis of what I want to achieve for my students- math can be fun; it can be exciting. It can be fascinating. By using games and other activities with my young students, and watching their fascination and engagement, I feel that even for those who struggle with math, not only will their skill development be enhanced, but they will learn that yes; math can be something wonderful. And that in itself is a worthy and valuable goal.
It is very important that the games are presented in the most effective way. Therefore, I will begin with the following game; my suggestions for presenting strategy games in general will follow, as part of the explanation of this game.

The 100 Game
There are several variations of this game, and all of them are good. Start with this most basic version, which is the first game I introduce in my math class every year:

* There are two contestants

* Goal: to reach 100 before your opponent

The rules are very simple in this game: 

- players begin with 0

- one player starts with any number between 1-10, and his/her opponent follows suit by adding another number between 1-10 and announcing the total. The game progresses, each player taking turns adding numbers 1-10 to the total, until 100 is reached; that player is the winner.

Here(s how a typical game might proceed:

Player A--- starts with 5. 

Player B( adds 7, announces (plus 7, that makes 12.(
           A( adds 10, announces (plus 10, that makes 22.( 

           B( adds 8, announces (plus 8, that makes 30.(
           A( 40

           B( 46

           A( 56

           B( 65

           A( 70

           B( 79

           A( 88

           B( 89

           A( 99

           B( 100- Player B wins the game.

There is a definite strategy that will win the game every time, involving a pattern or sequence of numbers that you must follow, which is:

1 

12

23

34           

45

56

67

78

89

100

All you do is make sure you get to the numbers in the pattern on each of your turns, which results in your opponent being forced to arrive at a number from which they cannot prevent you from reaching 100. You can(t lose, regardless of what number your opponent adds.

Now that you know the pattern, here(s how a game might play out:

She starts with 9

You                 12

Her                  17

You                 23

Her                  33

You                 34

Her                  42

You                 45

Her                  55

You                 56

Her                  60

You                 67

Her                  75

You                 76

Her                  86

You                 89

Her (anything; it doesn’t matter at this point, as she will see that no matter what number she picks, she can(t win.)

Some general comments about how to present the games
There is a general strategy which I feel works optimally for presenting strategy games to your students. I will use the 100 Game to illustrate this. My rationale is as follows: just playing games by itself has, as I(ve stated, a definite value in and of itself. But to me, the great value of using the games is that it forces the children to think about mathematically-based strategy, focusing on how they can use their brains to figure out a way to win. This obviously is a tremendous motivator. I won(t make the statement that all gifted kids are competitive; not by a long shot. But my experience has shown me that most of the kids will respond to this kind of challenge, if for no other reason than it(s fun! And the very big dividend in all this, is that the children really become attuned to thinking closely and carefully about numbers and strategy. 

When I introduce the game to my students,  I will let them begin, and just pick random numbers as we progress upwards. When it gets close to 89, I will use whatever number I need to get me onto the pattern, which results in a victory for me. I will do it in such a way that is not obvious, so they won(t catch on right away.

After I(ve done this once or twice to demonstrate the game- and show that I will always win- I then challenge the students to play each other several times, changing opponents as desired, (until you have arrived at a strategy that you believe will always win- then come and show it to me.( I stress the (always,( explaining that the correct strategy is foolproof, and that once they(ve figured it out, they will be invincible; they cannot lose.

I believe that this is a very effective strategy for games or puzzles of this type: demonstrate by winning the game a couple of times, then challenge them to play amongst themselves, and try to come up with a strategy that will win every time. They respond to this challenge in a very positive way. Very soon after they(ve begun playing with each other, I will always get a few that think they(ve got it beat right away. Usually, they realize quickly that arriving at 89 on your turn will do the trick. At this point, most kids will not soberly reflect on their strategy and test it several times; they will figure they(ve got it, and be eager to show me. ((All you do is get to 89!()

 Of course, I will then play them again and demonstrate that their strategy is incomplete- I just hop onto the pattern at a safe point and make it impossible for them to get to their goal of 89. The reaction to this is what I call a (delighted frustration.(They are frustrated at finding that their strategy has failed them, but they are also delighted and challenged-once again- to figure out how to make it foolproof. 

In the years I(ve used this game, it has always followed a familiar sequence: first, they think that they(ve got it at 89. Then, once disabused of this, they work back to 78. Once shown that even 78 will not work against the teacher, the correct pattern will gradually make itself clear to them. You will know this, of course, when the student says (I(ve got it!( insists on going first , and then picks (1, 12, 23….( 

This is a triumph for them, and they get a big (high five( for it. I then tell that student to (go and play the others, and see if they can figure it out.( We now have two people- myself and that student- playing the correct strategy, and this begins a domino effect, as the rest of the students catch on gradually. More and more, students who(ve caught on are walking about showing off their successful strategy, which results in more and more students catching on as they recognize the pattern. Of course, once two people who are playing each other know the strategy, the game is pointless; one will say (I go first: you lose!( (They love this, of course.)

The beauty of this approach is that as the rest of the group starts to gradually (get it,( all of them feel proud and smart, whether they were the first or the 20th. I have found that even if there are one or two who never quite get the concept by themselves, they still are delighted when they find out how it(s done- it(s almost like learning a magic trick to them. And if they didn’t(t get it in the context of the class, they still have lots of other people-including other kids, siblings, parents, another teacher, etc.- with whom they can play it, and feel clever.

Differentiation:

This game- and all the others which follow- lend themselves very well to differentiation, either for entire classes of different skill levels, or differentiation within the same class. What I do is this: As I mentioned, when a student has figured it out, I have them play others so that they rest of the students can be exposed to the strategy in action, which helps them in turn to master it. After a little while of that, I will tell the advanced kids “Ok, here’s your next challenge: now, you must force the other player to take the last number! Your task, once again, is to figure out a strategy that will win every time.” (see below for the winning strategy.)


 Once they’ve solved that one - and they will solve it much more quickly than the first one- move them into further variations. In this way, you can easily have multiple levels of the game going on in the classroom at once. It’s easy to manage, and keeps everyone focused on their level of challenge. Students of all levels benefit.
Variations of the 100 Game:

The first and most obvious variation is to switch the objective to forcing the other person to reach 100 first. In this case, you want the other person to go first. The pattern changes, and looks like this:

11

22

33

44

55

66

77

88

99 
- In other words, multiples of 11-
(Of course, once you’re at 88, the other player will recognize that their goose is cooked; no matter what number between 1-10 they choose, you can always leave them with the last number, which they must take- and lose!) 

I always present this variation to advanced students once they’ve solved the original game, so that they can continue to be presented with challenges that will intrigue them. However, I will also introduce this as well to the whole class, as soon as a fair amount of them have achieved mastery of the original game. This one won(t take them nearly as long to figure out, primarily because they are now aware of what(s called for: they aren’t(t looking to (get to 89,( or whatever; they are looking specifically for a pattern that they know will do the trick. 

This is a great lesson in developing their ability to organize their thinking and search for patterns; not just aimlessly cast about for solutions. They become highly focused and concentrated on finding a pattern that they know exists. What adds so much to their motivation, obviously, is the fact that discovering this pattern allows them to win; this is a strong motivator.
Using different numbers:
* A further variation is to have them try other numbers besides 1-10; say, between 1-8, or 1-9. 

 
If the players can select numbers 1-9, and the winner is the one who gets to 100, the strategy is simple: let them go first, and then make sure you always wind up with multiples of 10 (10, 20, 30........you wind up at 90, and no matter what they pick, you can always take the last number!)

Still using numbers 1-9…if you now want to force the other player to take the last number, then your final number will be our old friend 89 once again. If you’re at 89, then no matter what they pick between 1-9, you can always leave them with the last number. 
For example: 

 You are at 89. If the other player takes 1 to get to 90, you take 9 to leave him the last number. If he takes 2 to get to 91, then you will take 8 to leave him once again at 99, tasting the bitter ashes of defeat…
The pattern is:  Let the other player go first, and then get to    9      17     25      33      41       49       57       65      73    81     89 
In all of these 100 Game variations, you can use the same approach to teaching these to the whole class: demonstrate, challenge, they disperse to attempt to figure out strategy, and report back to you as they work out their methods. 

This approach works beautifully with all strategy games...try it on the following series of games, based on the classic, ancient game of NIM…..
    NIM-Style Games
There are countless variations of this game, dating back thousands of years. The difficulty of the variations extends from fairly basic to staggeringly complex. The version(s) I will be including here are of the more basic variety; in fact, the first version is a well-known (bar bet,( which has been used for untold years by hustlers to fleece unsuspecting bar patrons. In any case, this game provides much enjoyment and challenge, and above all, excellent practice in mathematical thinking, problem-solving, and logic. 

Materials: 20 toothpicks or matches, or beans, or paper clips, or pretty much anything similar. I use toothpicks in my classroom. 

Procedure: There is a pile of twenty toothpicks on the table. The Players take turns, taking anywhere from 1-3 matches at a time. (Each Player must take 1-3 on his or her turn; you may not (pass.() The winner is the Player who takes the final toothpick. 

Example: 

( Player A takes 2

( Player B takes 1

( Player A takes 3

( Player B takes 3

( Player A takes 2

( Player B takes 3

 (At this point, only six toothpicks remain.)

( Player A takes 3, (leaving 3 in the pile.) 

( Player B takes the final 3, which wins the game.

Of course, Player A(s last move was a bonehead play, since it obviously leaves the game wide open for Player B to take the last three. In real life, your gifted students will see this coming by the second or third game they play. They will quickly realize, just like in the 100 Game, that once they have arrived at a certain point- in this case, that there are four toothpicks left, and it(s their turn- they are toast.  They will therefore assume that the strategy is (get to four on their turn.(
Winning Strategy:

The true strategy is this: Player B allows A to go first, and simply matches their opponent(s take with a quantity that will complete a multiple of four. For example:

( Player A takes 2

( Player B takes 2 ( 2 + 2 =4)

( Player A takes 3

( Player B takes 1 (3 + 1 = 4)

( Player A takes 1   

( Player B takes 3   etc...

( Player A takes 3

( Player B takes 1

 (At this point, only four toothpicks remain, and Player A is stymied; no matter what quantity they take, Player B will be able to take the final toothpick.

As a Bar Bet...
Curious to know how hustlers use this as a (bar bet( to win money? Well, it(s very simple: they let it be assumed that the quantity of matchsticks or toothpicks is unknown, when in reality, they know exactly how many are in the pile to begin with. No matter how many are in the pile, they plan their moves accordingly so as to arrive at the desired situation; i.e. it(s their victim(s turn when the pile contains a multiple of four. 
However, a true “con” is more involved: To set up the “con,” the “mark” finds himself talking to a friendly, slightly tipsy stranger, who, in the course of their conversation, offers to teach him a little game. They play, the mark loses a couple of quarters maybe; hey, it’s all in fun. And after awhile, the mark catches on, and the hook is set:
You see, the hustler will deliberately manage it so that the mark thinks they know the secret- which they do, and eager at that point to keep playing. After all, it’s plain to see that the stranger, who seems to be getting more and more tipsy, is obviously unaware that the mark has figured out the game. (“I’ve got this figured out now…and this guy is too out of it to realize it! I’m going to win me some cash!”) The stranger suggests – perhaps with slightly slurred speech: “Hey, you’ve been getting lucky here; let me have a chance to make my money back- how about a real bet? Say, $200?”)
 The mark jumps at the chance for easy money, and plunks down the cash, even if it means borrowing it or looking for an ATM machine. But somehow, when it comes to the end of the game, the mark finds that he has somehow inadvertently miscounted, and loses! 

The mark can’t believe it…how could he have blown it, especially when he had plopped down $200? He figures he must have counted wrong somewhere…

He can(t know that the hustler has deliberately (played him,(  leading him to believe that he couldn’t lose, and the truth is that he couldn’t, if things were on the up-and-up, but of course they are not: the hustler has used simple sleight of hand: at the same time as he took a matchstick during one of his turns, he also added to the pile the matchstick which was secretly located in his palm, which changes the odds back in the hustler(s favor.  Like all classic cons, it plays off greed…it sets up a situation where the mark thinks he’s going to take somebody for some easy money, when it’s he who is about to be taken…
For the record: I do explain this aspect of the game to my students, with all its fascinating details and psychology. But while it’s natural to admire the cleverness of the con artist, I stress-repeatedly- that to do this is thievery, plain and simple- anyone who would do this to another person is cheating them out of their money; it is a crime. The students can’t be allowed to come away with any other conclusion.
Differentiation:

As in the 100 Game, what I will do for advanced students is to move them quickly into alternate versions of the game, so that they are forced to develop a new strategy to meet the new challenge. The variations below will give you a very good idea of how simple it is to differentiate within your heterogeneous classroom. I have often had three or more different versions going at once: the basic game for those who are still working on grasping the strategy; a variation for those who are ready for a new challenge, and a more complex variation for those who’ve conquered the basic concept of multiples and can’t be stumped no matter how you set up the game. 
Variations

1) A great variation I use is to alter the number of toothpicks that can be taken in a turn. For instance, change the rules so that now, a Player must take either 1 or 2 on each turn. When I do this, I tell them to use a pile of 18. The winning strategy is now to match your opponent(s take with a quantity that will complete a multiple of three.. In other words: 

( Player A takes 2

( Player B takes 1 (2 + 1 =3)

( Player A takes 1

( Player B takes 2 ( 1 + 2=3)

( Player A takes 2

( Player B takes 1, Etc...you will soon arrive at a point where your opponent will realize that they are ‘toast.” 
2)  A challenge I always give my students after they have become adept at the basic version, is to ask them what they would do if there were, say, 23 toothpicks in the pile? The answer to this is deceptively simple, yet in my experience, it takes a long time for them to grasp the answer, which is: simply plan your moves- just as a hustler would- so that on your opponent(s turn, the pile is a multiple of four- you will be surprised how challenging this is.

3) Use any variation in quantity to drive home the point that the secret of the game lies in multiples: 

For example, start with a pile of 25, and players take between 1-4 on each turn- the secret is now multiples of five. Or start with a pile of 28, and players must take between 1-7. The principle remains the same in all cases.

“Survivor” Variation:

This, believe it or not, was used on the TV show “Survivor: Thailand.” There were 20 flags in a circle. Two teams were challenged to take 1,2 or 3 flags each turn; the last team to take a flag won the challenge. Well…anyone who knows NIM will recognize the correct strategy instantly. 

This is a terrific game to use as a whole class activity. I’ve started using this variation recently with great success. My current class is a heterogeneous fifth grade math group with a wide range of ability, so I can attest to the game’s appeal and value to children of various levels of math ability. 

Procedure:

Place 20 marks on the board, or circles, or whatever you like (what I do is put 20 round, colored magnets on my white board.) You, the teacher, will be playing against your class. The rules are the same as in standard NIM: opponents may take 1,2 or 3 each time; last one to take a magnet wins. 

Announce the rules, and tell them that if you win, they are “off the island.” Of course, the reverse is also true- they win, and you start swimming… (looking for student engagement? You’ve got it…) 

When I do this, I will usually pick a “captain” for the class; the captain gets to decide who goes first, teacher or class, and also calls on individual members to take the class turn. However, the students have the right to consult their classmates before making their official choice. Of course, the success of this approach will depend on whether or not your class environment is such that a bad choice won’t lead to “Rico blew it!” It’s all in how you set it up. I will very often allow a student who has made a fatal choice to take a “do- over:” (so after the clamor of “no…no…no…don’t take 1…take 2, take 2…!” I will say “ok, Maria, I’ll put this one back; do you want to try another choice?” This time she’ll take 2 (which is presumably the right move), the class will be successful, and Maria will have triumphed. 
This isn’t the time or place to delve into psychology and management; you know your class and can judge whether or not this approach will work with your particular group of kids; for me, it’s been a fun and challenging short activity that they love. I’m confident that you can make it work, and you can always adapt this to however you feel will work best with your students. 
Play a few games, giving them a chance to catch on. I did this after introducing them to NIM, and as a result, some students already knew the strategy, which helped the class to be successful and “throw me off the island.” You might also think about introducing NIM in this “whole class” way before actually having them play the game individually, but that option I’d suggest you utilize with non-GATE classes; for the GATE students, you really want to give them a chance to work out the strategy individually. 

Note: Check the (links( section at the end of the packet, for some great resources on NIM-style games. Some of these resources are web sites which provide many variations for all age levels, including as young as 5.

At this point, I would like to put in a strong plug for a terrific book by Christopher M. Freeman entitled NIM: Serious Math With a Simple Game. This is a really excellent book that shows you how to use many variations of NIM to teach students mathematical problem-solving through this fascinating game. He shows 22 variations on the basic game, including some highly complex versions requiring a high degree of math skill. But many of the games are perfectly appropriate for grades 4-6. I highly recommend this book- it is well thought-out and clearly presented. This is not a book that will sit on your shelf; you will definitely use it.

Guess Any Number Between 1-100 in Ten Guesses
Number of players:
2, or any number really. It can be done as a whole class exercise, with the teacher doing the guessing. 
Materials:
For the typical gifted fifth grader, none- however, an excellent idea for differentiating this to use for less-capable or younger players is to use a grid; I will explain this afterwards...

Object: One player thinks of any number between 1-100, and the other is challenged to figure out what it is in ten guesses or less. The questions asked must be answered only yes or no.

Example:
(Player A thinks of, say, the number 23.)

Player A: is it larger than 50?
Player B: no
Player A: is it larger than 40?
Player B: no.
Player A: is it an odd number?
Player A: yes.
They keep track of the number of guesses, and Player A wins if he or she can guess the number 23 in ten guesses or less.

This is a game the kids really like, and it is one in which- more than any other you play- the students will insist they have discovered a winning strategy long before they actually have. The reason is that the game can often be won with an element of luck. The secret- and what you must stress to them- is that their challenge is to find a strategy that is guaranteed to get the number every single time. A pretty good strategy  plus some luck is not a guaranteed effective strategy. This usually takes some time to sink in. 

This game requires a little more (modeling( on your part. You will need to demonstrate your correct strategy a few times; they need to listen carefully and absorb what you do. 

Strategy:
The strategy is that the guesser starts by establishing whether the number is great or less than 50, and at that point,  halves every guess until he or she arrives at the correct number. Done in this manner, it is a mathematical certainty that one can always arrive at the correct number within ten guesses. (Believe it or not, this strategy will also work on any number between 1-1000, which your students will really have trouble believing, but it(s true.) 
For Example: 

(Player B thinks of the number 23.)
Player A (guess #1): Is it 50 or greater?

Player B: No.

Player A: (guess #2): Is it 25 or less?

Player B: Yes.

Player A: ( guess #3): Is it 12 or less?

Player B: No.

Player A: ( guess #4): Is it between 13 and 18?

Player B: No.

Player A: (guess #5): Is it between 19 and 21?

Player B: No.

Player A: Is it 22?

Player B: No.

Player A: Is it 23?

Player B: Yes!

So the number must be between 1-49

So the number must be between 1-25

So the number must be between 13-25

So the number must be between 19-25






So the number must be between 22-25. It is academic at this point, as Player A has five guesses remaining and only four possible numbers it could be; he or she can just guess until they hit it.

In discussing this with my friend Suzette, an excellent fifth grade teacher at Franklin Elementary in Santa Barbara, she suggested that a good idea for differentiating this for non-gifted students would be to have the students use a 100-grid to follow along and map the progress of their guesses. This makes the game highly visual, and eliminates the necessity of keeping the numbers straight in your head. It will also help them to visualize what the correct strategy will be, as the random guesses they throw out there will show up well on the grids as being off-base. The correct strategy will present itself as they see the grid gradually, inexorably closing in on the secret number. (Yes! I managed to slip “inexorably” into a math packet…) 
The best way to approach this is to first pass out sheets with four grids on each side, and, after explaining the rules and object of the game, have them play it with each other using the grids. Continue as in the previous games, inviting those who “have figured it out” to come and see you and present you with their theory as to the strategy. After they have had ample time to play on their own, do this as a whole class activity, in this manner: 

· The students will all use a grid like the one below.  One student thinks of a number (let’s say it’s 52.) 
· The teacher asks “Is it between 1-50?” (important: explain to them that “between” in this case means that it includes 1 and 50.)  They say no. The teacher says to the students: “Great! Let’s cross out all those numbers it can’t be, which are all the numbers between 1-50.” They do so.
· The teacher asks: “Is it between 51-75?”  Yes. So, once again the teacher directs the students to “cross out all the numbers it can’t be,” which are the numbers between 76-100.

· Continue in this fashion until the secret number has been squeezed into such a small range that it’s elemental to get it within the 10 guess allowed. This usually occurs within five guesses. At that point, you’re guaranteed to get the number just by guessing, since you’ll only have two or three possibilities and plenty of guesses left. 
This makes the technique so visual that the students can grasp the concept more readily. But you still should not expect it to be completely obvious until after a few trials. 
· Now that you’ve done this once, have them do it again, but this time, explain the strategy as you go, phrasing it as: “which number is halfway between 51-100?” “75!” Okay, so our next question to Keith is, is your number between 51-75?” Etc. Keep phrasing it this way: “What number is halfway between ______ and _______?” 
Here is a sheet of grids that you can use to copy off for your students if you wish:
(forgive me for my lack of MS Word formatting 
technique…please, if you can format these better yourself, be my guest…)
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Differentiation:
The first, and simplest differentiation, is to challenge the most capable to do this in their head, without using grids. That is, in fact, the way I typically  presented it in the past when I have had homogenous GATE/high-achieving groups. Capable kids can handle it. 

After that, I kick it into higher gear: The technique will work with numbers from 1-000, so that’s exactly where I steer the kids who have it figured it out. They find it hard to believe- most would, I imagine- but it does work, and it’s a thrill for them to find that out for themselves. You are guaranteed to get the number in ten guesses if you keep halving your guesses. 
Bagels, Pico, Fermi
Overview:  This is a classic and popular game that is widely used in math classrooms across the country. I have found that students enjoy playing it a great deal, and it really makes them think in a logical way, as you will see from the instructions. If you have individual white boards, you can also split the students into several groups, but I have rarely done this; the group setting is ideal in this game. 

ADVANCE \d4ADVANCE \d4In the version normally followed, students work as a class to figure out a three-digit mystery number. Students use logic and the process of elimination to find the answer. This is a great change-of-pace activity, or a reward for good work. Once students learn the rules, they can lead the exercise themselves.

ADVANCE \d4Procedure 

ADVANCE \d4The teacher (or student leader) thinks of a three-digit number. Do not start the number with a zero (012 is no good, though 102 is fine), and do not use the same digit twice (122 and 212 are both unacceptable). 
The first few times you play, we suggest you write the number down. When students start guessing, it's easy to forget your number!

ADVANCE \d4Prepare the board by writing the digits 0 1 2 3 4 5 6 7 8 9 and then, below that, three blank spaces. When students eliminate a particular digit, you can cross it off the list. When students think they are certain of a digit, you can write it in the appropriate blank space.

ADVANCE \d4Students now try to guess the number. We only call on students who raise their hands and ignore all other guesses. Call on a student and write his or her number on the board. If the mystery number were 567, here is how the game might progress:

ADVANCE \d4
If a student guess has no correct digits, the teacher responds with the word Bagels, and writes the letter B next to the guess. Those digits may now be crossed off the list because they have been eliminated. guess: 
For example:  guess: 123   response: B (for bagels)
ADVANCE \d4If a student guess has one or more correct digits, but none is in the correct position, write one letter P (for Pico) for each correct digit. 
For example:  guess: 125 response: P (for Pico; the 5 is correct, but in the wrong place.)
Guess: 175 response: PP (pico, pico - 5 and 7 are both correct, but in the wrong places.)

ADVANCE \d4If a student has one or more correct digits, and they are in the correct places, write one letter F (for Fermi) for each digit. 
For example:  guess: 543 response: F (for Fermi - The 5 is correct and in the correct place.)
Guess: 597  response: FF (5 and 7 are both correct and in the correct places.)

ADVANCE \d4Finally, if a digit is correct but in the wrong place and another is correct and in the correct place, write a P and an F as appropriate. We always list the Ps first, so as not to give away too much information. 
For example:  guess: 357 response: PF (P for the 5. F for the 7.)
Guess: 573 response: PF  (P for the 7. F for the 5. List P first.)
Guess: 576 response: PPF (PP for the 6 and 7. F for the 5. List Ps first.)

ADVANCE \d4
When a student guesses the entire mystery number correctly with the digits in the correct order, that's a Fermi Fermi Fermi, FFF!  
For example:   Guess: 567 Response: FFF 
ADVANCE \d4
The above rules may seem complicated, but after a few rounds, it will all seem quite simple. Also, after a few rounds led by the teacher, you can elect to have a student lead the game. I have found that there are students who will be able to do this very well, but of course you’ll have to be careful in whom you select, as the game requires an efficient leader who can mark the guesses and responses down accurately. ADVANCE \d4
Here is a sample game with student guesses followed by teacher responses. The mystery number is 684
ADVANCE \d4



Guess/ Response/ Explanation 
ADVANCE \d4456 

ADVANCE \d4PP 4 and 6 are correct but in the wrong places. 

ADVANCE \d4123 

ADVANCE \d4B No correct digits. 1, 2, and 3 are eliminated. 

ADVANCE \d4678 

ADVANCE \d4PF P (8) listed first, then F (6), but students can't know for sure. 

ADVANCE \d4687 

ADVANCE \d4FF Students still can't be sure which ones are the Fermi’s. 

ADVANCE \d4683 

ADVANCE \d4FF 6 and 8 must be correct since 3 was eliminated earlier (123 was B). 

ADVANCE \d4685 

ADVANCE \d4FF Good guess since 456 was PP. 

ADVANCE \d4684 

FFF Got it!

.

 SEQ CHAPTER \h \r 1Bingo -Style Games For Skill Development 
Here is a series of Bingo-type games which are excellent for practicing skills. I have used these for years with good results. These games can be geared for all skill levels, depending on pace and also the content of the cards. As always, the gifted students need challenge. You can provide challenging differentiation in several ways, including:

a) Increase the pace at which the game is played. The faster you play, the less time to think, and the more automatic must be the students’ responses. 

b) Vary the content of the cards.  Bingo readily lends itself to differentiation- you can prepare the cards to target any skill level you wish, as well as differentiating within a heterogeneous classroom in which all are involved in the same activity, even though there are students with varied skill levels participating. Note what I’ve done with the Fraction Reduction Challenge to get an idea what I mean.


c) Students can play more than one card at a time. This is especially effective in a heterogeneous setting, as no additional preparation is needed. The result is more challenge, as the gifted player must think very quickly and accurately.

I have provided all the boards, call numbers, etc., so that all you need to do is copy them off, cut out the numbers, and use them. The number preparation is a big job for one person, but once it’s done it’s done, and you can also just have the kids do it. For the sake of accuracy and neatness, I usually prepare them myself, but it’s your call. Once prepared, the game is set for years, as long as you stress to the students to take good care of everything and make sure they’re put away properly- I recommend envelopes of various sizes.

I feel that once you use these, you’ll be inspired to practice other skills this way- which the students really enjoy- and with the blank cards I’ve included here, it will be easy for you to prepare any version you like. 

The three Bingo games I provide here are: 

Decimal Fraction Bingo - Practice converting decimals to fractions
Decimal/Fraction/Per Cent Bingo - Practice in converting decimals and fractions to per cents.
Fraction Reduction Challenge - practice in reducing fractions
There is no limit to the Bingo-style games that can be created to practice skills. Some examples are:

* Factor Bingo: The teacher calls out “Factors of 6!” and somewhere on their boards the students have 1,2,3 or 6. What makes it especially interesting and worthwhile for the concept is that of course, there are many shared factors. Those who recognize these will complete their cards first. For example: since 8 and 12 share the factors 1,2,4, when the teacher calls out “Factors of 8!” (Or 12), students can and should put down pieces on any spaces marked 1,2, or 4 (and 8 or 12, if they have them.)

Multiple Bingo: The teacher calls out “Multiples of 6!” and their boards might have 12, 18, 48, etc, etc. This game, like Factor Bingo, gives a great advantage to understanding shared multiples. 

Division Bingo: the teacher calls out “8!” etc. On their boards, the students have various division facts, such as 48 [image: image1.wmf]¸



ADVANCE \u 26,    24 [image: image2.wmf]¸



ADVANCE \u 23,    56 [image: image3.wmf]¸



ADVANCE \u 27   etc. This is very different than just giving them the facts (“24 divided by 3!”)- I think it requires them to recognize the equation and that has great value. 

Note: The exact bingo boards I use are at the end of this packet 
Fraction Reduction Challenge

Practice in reducing fractions instantly. My objective in this game is for the students to develop a sense where they are able to recognize and instantly reduce simple fractions,  without thinking; e.g.   25/100 = 1/4, 8/16= ½, 20/100 = 1/5, etc, etc. This is a great help to them in their work, especially more advanced work, where they will save a great deal of time by being able to recognize these.

I have included a more challenging version of the game as an example of how one can differentiate these types of games very readily. Obviously, one can also differentiate downward: for example, if playing this with a fourth grade class that is not at this level. 

Directions:

The object of the game/activity is to place all the pieces in their correct places on the board. You can do this as either just an activity where they take their time, or as a game, where they are challenged to complete the board as quickly as possible. Because I have two different levels available, this can be differentiated easily for more capable students; just have them do the more advanced version at the same time. 

To prepare:

* Print out enough “boards” for every student.


* Print out enough of the “number pieces” to have a full set for each student- or, to save time/work, you could have them do this in pairs. 

* Cut out the number pieces and place them in individual envelopes. This is the easiest and best way to manage the materials. It is labor-intensive the first time, but you will use this for years; it’s worth the time investment that first time. 

* To do the activity, they will have their boards and envelopes in front of them (“but don’t open the envelope yet! Are you ready? One...two...begin!”) You can do this in various ways. What I usually do is to do one “slow round,” where they just take their time and place the strips where they belong. Then, they put the pieces back in the envelopes, wait for your signal, and then treat it as a competition to see who can complete finish first. 

	                                     Fraction Reduction Challenge

	      ½
	  1/3
	 1/4
	 1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5

	1/2
	1/3
	1/4
	1/5


Fraction Reduction Challenge- number pieces
  40/80           10/20                 10/30                12/48        8/32

20/60              3/12               3/6                 4/16               2/4              8/16            8/24               

5/10                     9/45                     7/28                30/90                9/18           11/44 

30/60                 4/12                              2/6             6/18               9/27                2/8              

6/24                                 12/24                         30/120                3/15

2/10                 5/25              4/20                  10/50                  20/100                  7/35

8/40           5/15            5/20          11/55        7/14           7/21 

	                                 Fraction Reduction Challenge-  Advanced

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5

	2/3
	3/4
	1/7
	4/5


Number pieces for Fraction Reduction Challenge- Advanced
4/6

8/12
       2/14
     8/10
      6/9
    6/8
   3/21

12/15        20/30
         30/40
   10/70
      40/50            60/90

15/20          5/35
           20/25            10/15             36/48           

80/100    7/49
   32/40           18/24             8/56                48/60               

Decimal Fraction Bingo

The purpose of this game is to practice converting decimals to fractions. I have created three different levels in order to provide differentiation. Level 1 is more basic, and the other levels become more involved. I will say, however, that even Level 3 is well within the capability of what’s expected in the CA standards for fifth graders, but for less than gifted students, you would need a fair amount of practice; and/or a slower pace.


You will notice that there is a very important factor I’ve included in the game at levels two and three: The boards all have at least one example of equivalent fractions which result from the same call number: that is, the teacher calls “.5", and on their boards they will have, say, 5/10 and 50/100. They must recognize this, or wind up with an open space at the end. 


The teacher should point this out clearly: it is our goal to be able to quickly recognize equivalent fractions.


Again, once you use this game and the others, I hope you’ll be inspired to create your own variations; the game boards I provide should make the task simple. 

Note: due to formatting “issues” I have included the completed bingo cards at the end of this packet. What you will see first here are the blank cards that you can use to create your own versions. See the end of the packet for the completed cards.
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Decimal/Fraction Bingo: Call Numbers

Level One
	   .5
	   .05

	   .26
	   .6

	     .8
	   .4

	   .9
	   .7

	             .45          
	   .08

	   .3
	   .03

	   .01
	    .2

	   .06
	    .02

	   .1
	   .16

	     .68
	.13


Level Two
	.23
	.2

	.2
	.18

	1.2
	5.08

	.07
	.006

	.03
	.56

	.003
	.6

	1.5
	.9

	.02
	.19

	.022
	.23

	.8
	.5

	2.3
	3.1


Level Three
	.15
	.04

	.004
	.08

	5.1
	.5

	.001
	.15

	3.4
	.3

	.40
	.17

	.4
	1.23

	.1
	2.8

	.008
	5.1

	2.06
	.28

	.9
	3.6






Mathematical Magic

Kids love magic, they love learning tricks, and this is a great way to capitalize on the enthusiasm of your students, by showing them how math can be used to create some exciting and intriguing tricks. I have included the worksheets for each of these tricks, so that you can see my approach to teaching them. I feel that it is important for your students not just to learn the tricks, but to perform them, so I generally require them to do so for at least two different people, and to record the results, as well as the reactions of the spectators. This is very rewarding to the children, and increases their appreciation of how math can form the basis of some really amazing tricks.

In insisting that they perform the tricks, I urge you to be as dramatic and a entertaining as you can. For myself, I bring in my own experience as an amateur magician, particularly in presentational aspects. There are many baffling tricks that rely on mathematical concepts, but the true secret is in presenting such tricks in an entertaining and intriguing way. Especially for gifted children, this is an aspect that really appeals to their sense of adventure and mystery and fun. So...rather than just have them go through the motions, I present the trick to them in full regalia; it is a “psychic miracle!” or “a mind-reading feat of stupendous proportions!” 


Have fun with these, and your students will too. And not only that, but these effects will help to nurture a true sense of the endless magic and mystery of numbers. 

The “Mystery Animal” trick
 
This is such a good trick that even professional magicians have used it. It is partly mathematical, partly psychological. As in many other math tricks, the final result is forced on the spectator. In this case, however, at the point that the spectator has arrived at the number at which you wanted them to be, they are obliged to make a decision: they must pick an animal that begins with the fifth letter of the alphabet (derived from their number; i.e. using a=1, b=2, c=3, etc.). In 99/100 cases, they will choose the first country that comes to mind, which is Denmark (just try to think of another country that starts with D!) They are then asked to pick an animal that begins with the second letter of their country’s name,  which gives them E. Almost invariably, they will think of an elephant. When you then ask them quizzically whether or not elephants can be found in Denmark, they are generally floored.


This trick has an interesting psychological angle to it: its success is frequently age-dependent; that is, with adults, it will almost always work, because the typical adult will try to go along and be cooperative and  polite. With kids, however, especially at this age (9-12), they will do anything they can to mess it up, and “beat the magician.” A gifted 11 or 12 year-old (or a smart-aleck adult!) may come up with an “Eel from Djibouti,” or similar. But it does work often enough with kids that they will still come up with the right answer a good deal of the time, depending on the personality of the child. However, it certainly works 95 % of the time on adults, which makes it really worthwhile and fun for the student/magician..

The Digit Trick
This makes use of an interesting mathematical set of circumstances to arrive at a pre-determined, “psychically-predicted” number. (Note: use a  calculator, for the sake of accuracy and speed
The Birthday Trick
This trick will generate the exact day and month of someone’s birth, as well as their current age. Kids are delighted by this; when presenting the trick to your class, be prepared to have to do it for just about every student. As always, encourage (or require) them to perform it for others. They will not need much urging..) 

Name _______________________________


Math__________________

Mystery Animal Trick

Here's a trick you can play on your friends, but especially on adults...!

Your assignment is to do this trick at least twice, for at least two different people (that means two separate times, not just once for two people at the same time.) You will then write a brief description of how the trick went. 

 
Be sure to follow these steps exactly, and make sure you practice a couple of times before doing the trick.

Ask the spectator to:
Pick a number between 1 and 9. …………… Multiply it by 3……………………. Add 5 to that answer…
…..Double your answer…………………………Subtract four ………………..Divide by six ………….

…Add three to your number …………..Subtract your original number 


Think of a country that begins with that letter of the alphabet
(A=1, B=2, C=3, D=4, etc.) 


Think of an animal that starts with the second letter of that country name. 

“Okay, I'm reading your mind . . . here's what I think you came up with”: ( be sure to reveal this dramatically. Furrow your brow, pretend like you’re really concentrating, and then dramatically announce your prediction.)

“I think you might be thinking of an elephant from Denmark!” or....”Are you sure there are  elephants in Denmark?”

It won't work with everyone you try this on, but you'll be amazed as to how many people get this answer, especially the adults. 

	Spectator___________________________


	Spectator__________________________




Name ____________________________





Date _________________

The Digit Trick
To do this trick you will need a calculator, a pen or pencil, a piece of paper, and one die.

Your assignment is to do this trick at least twice, for at least two different people (that means two separate times, not just once for two people at the same time.) You will then write a brief description of how the trick went. 

 
Be sure to follow these steps exactly, and make sure you practice a couple of times before doing the trick

...........................................................................................................................................................

- Tell your spectator “ I would like to show you something amazing. To begin, I will write down a prediction, but I’m not going to show it to you just yet.” (Write down the digits 124578, fold the paper in half, and then place it somewhere in plain sight so that no one thinks you touched it in any way.)

- Say:  “We’re going to need a mystery number, so what I’d like you to do is to take this calculator and enter in the number 999,999. Now, divide by the number of days in the week, which is 7.
- Say: “now, I’d like you to roll the dice, so that we come up with a number that is totally random.” (Have them roll the dice.)

- Say: “Ok, you rolled a (1,2, 3, 4, 5, or 6.”) Say: “Because you rolled a (1-6), would you please  multiply our mystery number by (1-6).”  

- Say: “Ok, now I’d like you to write down the digits of that number in order, from least to greatest.” (Give them time to do so, and explain it again if they’re confused.) 

- Say: “Now remember, I wrote down my prediction before you did anything, and especially before you rolled the dice. I had no way of knowing what number you would roll. It could have been 1, 2, 3, 4, 5, or 6. For the first time, please reveal your number.” 

- Say (dramatically): “And what number did I predict you would come up with?” (Show that the numbers match, and take your applause.)

	Spectator_________________________


	Spectator____________________________


Name _________________________________

      Date ____________________






The Birthday Trick
A) Ask the person to write down- at the same time making sure you can’t see what they’re writing-  a number representing their date of birth. Tell them to count January as 1, February as 2, March as 3, etc., and write the number down on a piece of paper. 

-Tell them they are to link the numbers together so they get one complete number, like this: let’s say they were born June 10. They would write this as 610 (6 for June, 10 for the date.) If they were born on March 13, they would write 313.
B) Now, tell them to multiply the number by 2.

C) ......add 5 to the result

D) ......Multiply by 50

E) ......Add their current age

F) ......and tell you the result

G) At this point, what you will do is merely subtract 250 from the total they give you, and you will have the answer. Let’s follow an example to see how this works:

Let’s say the person was born on June 29, 1955. Following the above procedure, you would write this as 629.

Multiply the number by 2, which makes 1258.

Add 5, which makes 1263.

Multiply by 50, which gives you 63150.

Add their current age, which, let’s say, is 50. This gives you 63200.

Subtract 250, which leaves you with 62950. Therefore, they were born on June 29, and they are 50 years old. 

(6 for June, 29 for the date, and 50 for their age.) 
	Spectator_________________________


	Spectator____________________________






A Few Resources For Games and Tricks

First of all, I must credit a wonderful book by Jack Frohlichstein, entitled Mathematical Fun, Games and Puzzles. This is a treasure trove of terrific material that you will find yourself referring to again and again. Several of my favorite games and activities were found here. The link is to Amazon.com, where as you will see, you can purchase a used copy of this amazing book for less than a buck (!)  Get a copy for yourself and your teammates; you’ll be glad you did.
Once again…be sure to get NIM: Serious Math With a Simple Game, by Christopher M. Freeman. You’ll use it, trust me. It is full of great NIM games, and just as importantly- great advice on how to present them in sequence to your students, no matter their grade or skill level. 
	For some great online tricks and pseudo-psychic demonstrations, check out richferguson.com. Rich is a magician and mentalist based in the San Luis Obispo area, and his website has some amazing tricks, particularly the one called “Rich Ferguson’s Mind Reader,” (billed on the “try some tricks” page as “The Best Mind- Reading Trick Over The Internet.” It is indeed a stunner, and completely mathematical, as is the “Fun Animation...” that will predict any number you are thinking of. If you are able to show these to your class via an LDC projector, as I have in my classroom- you are in for some amazing reactions. Furthermore...


The principle behind “Rich Ferguson’s Mind Reader” can be figured out after you’ve played the game a time or two. And for your gifted students, it is a great idea to challenge them to figure it out. Give them some time in pairs or groups to check it out and really study it. A gifted 5th grader can and will figure it out given enough time- be warned, though, that not all will grasp this without a lot of coaching. 


I am purposely not revealing it here, so as to preserve for you the fun and challenge of figuring it out for yourself. Variations of this have been used by magicians such as David Copperfield on his television shows. 



	http://www.cut-the-knot.org/Curriculum/index.shtml#games
This site, called  Interactive Mathematics Miscellany and Puzzles,” is a tremendous compendium of tricks, games, illusions, puzzles, and every other conceivable mathematical curiosity. I have barely scratched the surface of this site, and I look forward to hours of enjoyable exploring. Scroll down to any of the categories, which include Math Magic, Puzzles, Illusions, etc, etc, etc. 



	http://everything2.com/index.pl?node_id=286557&lastnode_id=0
This page is on the everyhing2.com site, which is NOT appropriate for kids to access (trust me- take one look at the home page and you’ll see.) However...these particular pages involving NIM games are terrific; they include variations on the game to differentiate it for children as young as 5.  

	http://www.math.uncc.edu/~hbreiter/The%20Secret%20of%20NIM.htm
This page contains a great discussion/explanation of how the NIM concept was adapted to provide a challenge on “Survivor: Thailand” from 2002. It is the classic concept of NIM, presented in a dramatic way. If you are particularly adventurous, you could even have your students go outside and play the game this way as a challenge. Want riveting student engagement? It’s guaranteed with this variation...

	http://www.michaelbach.de/ot/
Not a “games or tricks” page per se, but a great collection of “optical illusions and visual phenomena” that delights students. 



	http://www.madras.fife.sch.uk/maths/games/
Some interesting classic games here.

	http://www.math.washington.edu/~warfield/news/news68.html
No games here, but a beautifully-written treatise on the value of games in math.

	http://www.jimloy.com/puzz/puzz.htm
Jim Loy’s Puzzle Page, which has some very cool puzzles, games, etc, that your gifted students will really enjoy.


Call Numbers for Decimal/Fraction/Per Cent Bingo

	.03
	13/100
	   .36
	.52
	11/100
	  .06
	1/4
	25/100

	.08


	.28
	1.64
	3.2
	¼
	.01
	32/100
	1

	34/100


	  .29
	.04
	9/100
	.10
	.04
	3
	82/100

	15/100


	  .98
	1.25
	48/100
	  .05
	2
	87/100
	29/100

	.17


	98/100
	   .34
	28/100
	  .09
	  .36
	
	


	3 %
	8 %
	34 %

	15 %
	Decimal/Fraction/

Per Cent

BINGO!
Card 1
	200 %

	98 %
	
	5 %

	125 %
	48 %
	87 %


	13 %
	28 %
	164 %

	19 %
	Decimal/Fraction/

Per Cent

BINGO!

Card 2
	320 %

	         48 %
	
	        25 %

	87 %
	         48 %
	1 %


	32 %
	48 %
	10 %

	100 %
	Decimal/Fraction/

Per Cent

BINGO!
Card 3
	5 %

	         48 %
	
	        200 %

	29 %
	            4 %
	          9 %


	13 %
	82 %
	300 %

	15 %
	Decimal/Fraction/

Per Cent

BINGO!
Card 4
	36 %

	         48 %
	
	        8 % 

	87 %
	         48 %
	1 %


	52 %
	1 %
	11 %

	10 %
	Decimal/Fraction/

Per Cent

BINGO!
Card 5
	          6 %

	       164 %
	
	        25 %

	125 %
	         48 %
	8 %


	29 %
	100 %
	200 %

	15 %
	Decimal/Fraction/

Per Cent

BINGO!
Card 6
	        320 %

	         5 %
	
	25 %

	3 %
	         17 %
	11 %
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