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	Program Information
	[Lesson Title]

Oh the Possibilities

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
4
	TIME FRAME
120 minutes

	Instruction 
	ABE/ASE Standards – Mathematics

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	 
	Statistics and Probability
	D.4.8, D.4.9

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center (TRC).

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP51)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

Students will compare and contrast the ideas of permutation and combination.

Students will compute possible number of outcomes based on a contextual situation.

	ASSESSMENT TOOLS/METHODS
Part 4 allows students the chance to demonstrate the mastering of the concepts.  The teacher should actively listen to students during part 3 for signs of understanding or misconceptions.

Exit Slip:

How many 7 card hands are possible in a game of rummy using a standard deck of 52 playing cards? (133,784,560)

How many different four letter acronyms are possible that have no repeating letters? (358,800)

	
	LEARNER PRIOR KNOWLEDGE

Students should be familiar with basic mathematical operations


	
	INSTRUCTIONAL ACTIVITIES 

Part 1: (I do) Start the lesson by defining combinations and permutations on the board (both with formulas and calculator representation), and giving examples of both.  Mention that although both are arrangements of a group, order does not matter with combinations, but it does with permutations. For example, with combinations the word “FAMILY” is the same as “LIFYMA” but they are different when considering permutations.  If students are unaware of what the factorial is, provide a couple of examples such as 3! = 3*2*1 = 6 and 6! = 6*5*4*3*2*1 = 720.  For a contextualized example, consider a little league baseball roster with 15 members on the team (see Teacher Answer Sheet).  Since there are only 9 players allowed to start the game, the coach wants to know how many different ways he can select who starts the game.  Since order doesn’t matter (he just has to select 9 players), this is a combination problem.  To start, list three different starting rosters where two of them have exactly the same players and explain that since order doesn’t matter, these rosters are the exact same (on the Teacher Answer Sheet the last two are exactly the same since order doesn’t matter and they are composed of the same players).  To compute by hand, from the formula on the board, the number of starting rosters is equal to [image: image2.png]15!
(15-9)5!




.  Also show students how to use the calculator’s “nCr” button (if using a graphing calculator or the Casio).  By changing the problem just slightly to how many different lineups are possible, you now have a permutation problem; the same starting roster in a different batting order constitutes a different lineup.  Now the number of possible lineups is equal to [image: image4.png]= 1,816,214,400

(15-9) _ &



.  Double check this total with the calculator’s “nPr” button.  It’s a wonder that most little league coaches are not paid.

Part 2 : (We do) For this part of the lesson you may want to have a deck of playing cards as reference.  Explain to your students the idea of five card stud poker.  (In this game, players are dealt one card face down and one card face up.  They are then dealt three more face up cards with rounds of betting in between the dealing of each face-up card.  More information on this game can be found in the technology integration section.)  Then tell your students you would like to know how many different five card hands are possible.  (Note: We are worried about the final five card hand, not the order in which the cards are dealt, so order does not matter.)  Ask your students if this would be a combination or permutation problem and have them provide reasoning.  Then ask if any students are able to calculate the answer.  If you have a volunteer, have them provide reasoning. If they used the nCr button on their calculator, check their answer by using the formula and vice versa.  Now ask your students how many different ways a dealer can flip over five cards (order does matter).  Again ask for a student to provide an answer using one method and check the answer using the other method.  Another popular poker game is Texas Hold’em where each player only holds two cards.  Ask if any of your students are able to calculate the number of possible starting hands in Texas Hold’em.  (Note: We are only worried about the two cards players start with.  As it doesn’t matter the order you are dealt your two starting cards, we have a combination.)  Again be sure to demonstrate both methods of calculation.  Now ask your students how many different ways a dealer can flip over two cards (order does matter).  Again, be sure to demonstrate both methods of calculation.
Part 3: (You do) Handout the Combinations and Permutations Tasks to your students.  Have your students work individually through the problems.  Once they have finished, have them pair up and check their answers.

Part 4:  Go through each of the problems having a different student present their solution for each problem.  As students present their solutions, make sure they provide reasoning for solving the problem as a combination or permutation.


	RESOURCES

Calculator

Decks of Playing Cards

Combinations and Permutations Tasks handout
(Optional)Microsoft Excel
http://poker.oddschecker.com/poker-games-reviews/5-card-stud-rules.html
http://poker.oddschecker.com/poker-games-reviews/texas-hold-em-rules.html


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

Next Steps

Combinations and permutations are great as a lead into probability.  Now that students are able to calculate the total number of ways something can happen, they can take the number of things they want to have happen and divide it by the total number of possible outcomes (e.g., the probability of being dealt “pocket aces”, or two aces to start with, in texas hold’em).
Purposeful/Transparent

This lesson begins with the definitions and examples of combinations and permutations.  The teacher then uses a contextualized example to demonstrate how to determine what formula to use and how to use the calculator.  Then students will help walk through a series of tasks using playing cards and wrap up working individually and in pairs to gain understanding of and independence when dealing with the concepts.
Contextual
This lesson uses multiple different everyday situations that involve combinations and permutations, such as baseball lineups, playing cards, and lotteries.
Building Expertise

Students will build upon their understanding of how the number of options available and the number of those selected are related to apply them to real life situations.



NOTE: The content in the Additional Information box exceeds what is required for the OBR Approved Lesson Plan Template. This information was provided during the initial development of the lesson, prior to the creation of the OBR Approved Lesson Plan Template. Feel free to remove from or add to the Additional Information box to suit your lesson planning needs.
Vocabulary Sheet

Factorial — For an integer greater than 0, call it [image: image6.png]


, it is the product of all natural numbers less than or equal to n.  Denoted by an exclamation point (!), [image: image8.png]n! =n(n—1)(n—2)..(1)



.  For example [image: image10.png]6! = 6(5)(4)(3)(2)(1) = 720



.  We read [image: image12.png]n!



 as “n factorial.”

Combination — Collection of objects selected from a larger or as large collection, where the order of selection is not important.  Denoted by [image: image14.png]


 where [image: image16.png]


 stands for the number of objects in the collection to be selected from and [image: image18.png]


 stands for the number of objects to be selected, and is equal to [image: image20.png](n—r)irt



.  For example, if you select 2 people out of 8 to win a prize, the number of possible combinations is equal to [image: image22.png]B _ MDOG@@D® _ K1)
(82121 6(5)(4)(3)(2D(D=(2)(1) 2

o2



.

Permutation — Collection of objects selected from a larger or as large collection, where the order of selection is important.  Denoted by [image: image24.png]


 where [image: image26.png]


 stands for the number of objects in the collection to be selected from and [image: image28.png]


 stands for the number of objects to be selected, and is equal to [image: image30.png]go—




.  For example, if you want to find how many ways 8 people can finish first and second in a race, the number of possible permutations (since finishing first is different than finishing second) is equal to [image: image32.png]8 _ 3(NEGMHE @MW

P2 =G (5@ P @)

=8(7)= 56



.

Combinations and Permutations Tasks

1. Josie is hanging pictures in her new room.  She has 6 pictures but only 4 spots to hang her pictures.  How many different choices does she have to hang her pictures?

2. Patty is packing for a three day business trip and has to choose between 12 different outfits.  If she needs to pack 3 different outfits, how many different selections can she make?

3. The lottery has 40 numbered balls and picks 5 balls.  How many different ways can the numbers be picked if order does not matter?

4. The chess club has 14 members.  Due to new rules, the club must elect a president, vice president, secretary, and treasurer.  How many different ways can they fill these positions if no person can hold two positions?

5. There are five women and six men in a group. From this group a committee of 4 is to be chosen.  How many different ways can a committee be formed that contains three women and one man?

6. The game of euchre uses only 24 cards from a standard deck of cards.  How many different 5 card euchre hands are possible?

7. How many different ways can 8 people fit around a circular table? (*Hint: The seat that the first person occupies is unimportant.) 

8. In a co-ed softball league, lineups consist of 10 players of which 5 are men and 5 are women.  The batting order must alternate gender.  How many different lineups are possible if there are 7 women on the team and 9 men?

Teacher Answer Sheet

From Lesson Plan:

Roster of baseball team:

	1. Al
	2. Bob
	3. Chris
	4. Dan
	5. Ed

	6. Fred
	7. Greg
	8. Hal
	9. Isaac
	10. Jack

	11. Ken
	12. Luke
	13. Mike
	14. Nick
	15. Omar


Possible lineups:

	1. Al

2. Ed

3. Isaac

4. Mike

5. Omar

6. Bob

7. Fred

8. Jack

9. Nick
	1. Al

2. Chris

3. Ed

4. Greg

5. Isaac

6. Ken

7. Mike

8. Omar

9. Bob
	1. Chris

2. Isaac

3. Al

4. Bob

5. Ken

6. Mike

7. Ed

8. Greg

9. Omar


Number of five card hands:

52C5[image: image34.png]= ——=2,598,960
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 possible hands

Number of ways to deal five cards:

52P5[image: image36.png]52
Toog = 3 = 311,875,200




 possible ways

Number of two card hands:

52C2[image: image38.png]52t

52
Trom = som = 1326




 possible hands.

Number of ways to deal to cards:

52P2[image: image40.png]s _ 5%
Gz=2: 5o




 possible hands.

From Combinations and Permutations Tasks:

1. Permutation; (6 options, choose 4) 360

2. Combination; (12 options, choose 3) 220

3. Combination; (40 options, choose 5) 658,008

4. Permutation; (14 options, choose 4) 24,024

5. Combination; (5 women, choose 3; 6 men, choose 1) 5C3 * 6C1 = 60

6. Combination; (24 options, choose 5) 42,504

7. Permutation; (8 options, choose 8, however, since we have a circular table, there are 8 configurations that are actually all the same; we are not worried about where that first person sits, so we divide 40,320 by 8) 5,040

8. Permutation; (7 women, choose 5; 9 men, choose 5; Start lineup with a man or with a woman) 
 7P5 * 9P5 *2P1 = 76,204,800
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