Jennifer Vaught
Gavit M.S. 7th Grade

Hammond, IN
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Math Modeling Lesson #1
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(Teacher Page)       
Objective: Students will be able to list the outcomes for an event and find and compare theoretical and experimental probabilities. 

Materials: Each student will need a sheet of paper numbered 2-12, and 15 counters or chips. The teacher has a pair of dice, 15 transparent chips, and a similar sheet on the projector.

Standards:  

6.6.4 – Show all possible outcomes for compound events in an organized way and find the theoretical probability of each outcome.
6.6.5 – Use data to estimate the probability of future events.
Set up:  The teacher tells the class that they are going to play a game. The object of the game is to be the first one to remove all of their chips from their game board. Students then place all 15 chips on their paper, next to the numbers. The teacher tells students to put the chips on the numbers that they think will be lucky, or the numbers that they think will come up on each roll of the two die, added together. Not all numbers must have a chip next to it and some numbers may have several or even all of the chips next to it. Some students may have an idea about which numbers are more likely to come up and some may not. The teacher rolls the dice; the class adds the two numbers and removes one chip if they have a chip on that number. This continues until someone has removed all of their chips. The teacher may continue to play more games or you can have students play in groups of 3-4.  After playing the game a few times, the teacher asks the class why certain numbers are coming up more frequently. The class is given some time for discussion and exploration. 

After the class, through directed discovery, realizes why 6, 7, 8, etc. appear more often, the teacher introduces the concept of a sample space and has the class develop the sample space for rolling two die.  The teacher now introduces the concept of theoretical probability and experimental probability. Together with the class, the teacher models how to figure out the theoretical probabilities for each possible result of rolling two die. Next they move on to the experimental probability and play another game and tally the results. The teacher has the class compare the difference and has some discussion. 

Extension: The students could now play another game; now using the difference between the two numbers on the dice to remove their chips and this time design their own game board. Ultimately the students could design a game of their own.

Assessment: Pairs of students are now to design a game of their own, list the sample space of outcomes, calculate the theoretical probabilities, and present their game to class, then compare the experimental probabilities.

Students’ projects will be assessed on three assessment scales.

1.  Problem Solving

0------------1----------------2---------------3--------------4------------------5


2. Connections

0------------1----------------2---------------3--------------4------------------5


3.  Presentation

0------------1----------------2---------------3--------------4------------------5


(Student Page)
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Remove One Reflection

This was one of my favorite lessons to teach all year.  It was a wonderful activity to do at the beginning of the year in order to get students used to working with manipulatives, following directions, and to think about and discuss the math they were watching take place.  Having all numbers on the handout (1-12), it was interesting to watch the students who placed chips by the one even after the directions had been given.  It was very important that after the first game, no information was shared among the class before they re-positioned the chips on the board.  This was a great opportunity to walk around the room and see which students had clued in to what the secret to winning might be. 

The students enjoyed this lesson as well.  It was funny to watch the initial frustration of those students who continually lost.  After discussing the strategies that students used to win the game, however, their seemed to be a lot of light bulbs glowing in the room.  To check their mastery, we played a second game where the difference of the dice was recorded.  Again all numbers (1-12) were listed on the page, and it was very easy to see which students had really grasped the concept of probability.   The next time I teach this lesson, I will have students write about what they learned and ask a question about what they still don’t understand.

Providing students with this type of realistic problem was a great advantage to teaching this lesson.  The students had a mathematical model that they could see and manipulate in order to accommodate their understanding.   The results of their manipulation helped them to interpret what was actually happening and the discussion helped to solidify why.  Overall, this was a great way to help students begin understanding the mathematical modeling process.
Math Modeling Lesson #2

Menu Variables

Objective:  Students will also be able to define the word variable, equation, and coefficient.  The students will be able to write and solve equations with at least three variables.  
Materials:  students will need paper & pencil, teacher needs overhead of following teacher pages
Standards:  
7.3.1 – Use variables and appropriate operations to write an expression, a formula, an equation, or an inequality that represents a verbal description.
7.3.2 – Write and solve two-step linear equations and inequalities in one variable and check the answers.
7.3.3 - Use correct algebraic terminology, such as variable, equation, term, coefficient, inequality, expression, and constant.
Setup:  Ask students to close their eyes and imagine they are in a diner.  Ask them to envision what happens as they walk into the door.  After they’re seated at their table, what types of events take place?  How does the waitress handle taking your order?  After some discussion, present students with your diner’s menu.  Ask students to come up with several different orders that might be placed throughout your diner.  Discuss what problems might occur if waitresses had to write out each and every word for each and every order.  Next, tell students that when you were a waitress, you made your job easier by abbreviating the words in the order.  You may choose to ask students to give you some examples of how they think you made the job easier or you can show them some examples such as h + f, c + f + s, etc (on teacher sheets).  Ask them if they can identify what items were being ordered by the patrons.  After some discussion, be sure to introduce the word variable to the students.  Be sure to mention that only one variable is used to represent each item and the variables must be different for every item.

Once students have grasped the idea of a variable, ask them to begin solving some of the equations you show them.  When you get to an equation such as 7f, be sure to introduce the word coefficient and discuss its meaning.  Give several equations of varying difficulty to students for solving.  Discuss in each equation what was being ordered, how they know, and how they came up with the solution (total cost).  One of the final equations 

(3c + 3d) on the following overhead pages also leads into a discussion about an unknown variable and how to go about figuring out its value.  
In order to incorporate some writing into the lesson, once students have latched onto the variable and equation idea, ask them to think about the dialogue that would take place while ordering a meal.  Give students an example equation and ask them to write what they think the dialogue would be for that order.  (You may want to enlist the help of the English teacher or you can do this on your own.  Be sure to focus on things like quotation marks, punctuation, capitalization, and writing format.)  Discuss the proper dialogue with students so that they can correctly complete the final project
Finally, the students will complete a 20 point final project.  In this project, they will be graded on four things (see following rubric).  Students should be able to create a menu with 8 items from the cafeteria and include their prices.  They should also include the variable they are choosing to use for that item.  Using the menu and variables, they should create 5 equations using at least 3 different variables.  Next, they should correctly solve the 5 equations they have created.  Finally, students should create a 6th equation and write the dialogue that would take place between themselves and the cafeteria worker if they ordered each item individually.   

Extension:  Following the lesson, students can be given a worksheet with a similar setup: menu, variables, prices, etc.  They can then solve several equations that have already been created to practice substitution.  Following this, students can be given several problems where they have to substitute, but no menu accompanies the variables and their values.  Finally, a follow up on finding the value of an unknown variable is a great way to end this lesson.  (I do not have these included with the lesson as I used material from our current textbook.)    
Assessment: (overhead needed)
Menu Variable Rubric
	Possible Points
	5
	3
	1

	Menu
	Created a menu using at least 8 items and included their prices and variable that would be used for that item.
	Created a menu listing 5-8 items including their prices, but did not include the variables.
	Created a menu listing less than 5 items including their prices, but did not include the variables.

	Written Equations
	Five equations were written with at least three different variables that correlated with the menu.
	*Three to four equations were written with at least three different variables.
*Five equations were written, but did not include three variables or the student used more than one letter to represent an item on the menu (i.e. – cheeseburger = ch instead of c).
	*One to two equations were written with at least three different variables.
*Three to four equations were written, but did not include three variables or the student used more than one letter to represent an item on the menu (i.e. – cheeseburger = ch instead of c).

	Solved Equations
	All five written equations were solved correctly.
	Three or four out of the five written equations were solved correctly.
	One or two out of the five written equations were solved correctly.

	Dialogue
	Created a 6th equation and wrote the dialogue that might have taken place between the student and café worker (assuming each item was ordered individually).
	Created a 6th equation and wrote dialogue, but each item was not “ordered” individually.
	Created a 6th equation and wrote one dialogue exchange and used variables instead of words.


Overhead Pages for Menu Variables
Page 1
Menu
Hamburger . . . . . . . . . . .$1.85
Cheeseburger . . . . . . . . .$2.15

Fries . . . . . . . . . . . . . . . .$1.05

Sodas:

   Small . . . . . . . . . . . . . .$0.95

   Medium . . . . . . . . . . . .$1.25
   Large . . . . . . . . . . . . . .$1.55
   Extra Large . . . . . . . . .$2.05
Page 2

h + f = 

c +  f  +  s = 

7f = 

Page 3

3h +  c  +  f  +  3x = 

4c  +  3f  +  s  +  m  +  l =

3c  +  3d  =  $11.10  (How much would “d” cost?)

Page 4
Here is a formula for an order at a restaurant.  Write the dialogue that the customer may have used when placing the order.   

2h  +  c  +  3f  +  2x  +  m

Menu Variable Reflection

The menu variable lesson was a great lesson that really got students involved.  It was a great way to make a real-life connection and show the students how math is used in everyday life.  It was also a really nice way to show how math and language arts can be connected.  The students did a very nice job on creating their final project.  I encouraged them to go above and beyond when developing their projects and the results were impressive.  Several students generated very organized, decorative, and coherent projects to demonstrate just how well they had grasped the concept of variables.

The students did a wonderful job of coming up with abbreviated ways to take an order and eventually determining that a single letter can be used to represent something.  Giving them an opportunity to solve simple expressions and create their own was an awesome introduction and helped the students feel very confident.  Using the original setup of the menu helped to make the transition into more complex expressions very simple.  For example, the idea of 7f  (7 French fries) was easy to understand and therefore made the process of how to solve this type of problem a cinch.  
When the students were actually asked to solve an equation (3c + 3d = $11.10) I was impressed by how easily they came up with the solution.  Even though we didn’t have a “d” on our menu, they were still able to give it a value based on what we had already discovered.  This was a nice way to start transitioning into variables that have no known item attached as they did with the menu. 
The final step of the lesson, where students had to write a dialogue, was beneficial in two ways.  First, it helped students work on their writing skills, including grammar and punctuation.  Secondly, as students were forced to write out what the expression stated, it forced students to really think about what 2h really was, what it was worth, and why.  This really helped to solidify their knowledge base.  

In doing this project, students really used every aspect of mathematical modeling.  They were given a realistic problem in which they came up with the initial mathematical model.  After fine-tuning this model, with some assistance, they were able to calculate and come up with results to simple algebraic problems.  After interpreting these results, students were able to solve more difficult problems and work upward from there.  I can’t tell you how many times I’ve referenced this lesson when solving equations.  I can’t imagine how much more difficult solving equations might have been if I hadn’t taught this lesson.

Math Modeling Lesson #3

Cafeteria Chaos

Objective:  The students will be able to recognize the difference between perimeter and area as well as use the four step problem solving approach in order to determine the “best” setup for the new cafeteria.  The students will also be able to write a professional business letter.
Materials:  students will need the handout, paper, pencil, poster board, markers or crayons, a ruler, possibly scissors and glue; the teacher needs an overhead of the handout and rubric, and a copy of the final solutions to present to the students at the end
Standards: 
7.7.1 - Analyze problems by identifying relationships, telling relevant from irrelevant information, identifying missing information, sequencing and prioritizing information, and observing patterns.
7.7.6 – Express solutions clearly and logically by using the appropriate mathematical terms and notation. Support solutions with evidence in both verbal and symbolic work.
Extension – 7.7.12 – Note the method of finding the solution and show a conceptual understanding of the method by solving similar problems.
Setup:  The school cafeteria is being remodeled.  The new cafeteria will be rectangular with dimensions of 120 feet by 90 feet.  The students are in charge of purchasing new tables, and they need to choose tables that will allow for the greatest number of SEATS in the cafeteria.  The students may choose only one table shape, or any combination of the three shapes.  The students must also be sure that all tables will fit within the cafeteria dimensions.

The three types of tables are as follows:  

	Table Type
	Round
	Square
	Rectangular

	Dimensions
	12 feet by 12 feet
	15 feet by 15 feet
	12 feet by 21 feet

	Number of Seats
	6
	8
	10


All dimensions include any necessary walking/moving space that would be needed.  

Students will be responsible for three things upon completion of the project.  The first will be the visual representation.  Students should make a to-scale model of what their cafeteria design would look like.  Encourage students to make the model large enough so that it is easy to see from a distance.  You may also want to throw some art in the discussion and talk about contrasting colors – i.e. blue/orange, red/green, yellow/purple – to emphasize how to make their visual stand out.  
The second will be the written proposal.  When students have finished the project, they will be writing a professional business letter to the school board explaining why they are writing the letter, how they solved the problem and why their proposal should be selected.  Be sure that students research the correct address and names of persons they are writing to.
The third responsibility for students is the actual presentation.  In addition to the requirements of the rubric, students may also want to create note cards so that each group member is aware of what they should discuss.  All members should know the material so that they can answer any or all of the questions asked by the teacher.    

Extension:  Following the presentation, students can complete the self-assessment (see additional pages).  They can also complete the extension worksheet that is provided.
Assessment:

Cafeteria Chaos Rubric
	Possible Points
	10
	8
	6
	4 or less

	Visual

Representation

___/10
	The visual gave an exact image of the proposed cafeteria.  The visual was drawn to scale.
	The visual gave an image of the proposed cafeteria.  The visual was somewhat drawn to scale.
	The visual gave an idea of what the cafeteria would look like.  A to-scale drawing was attempted.
	The visual gave little idea of what the cafeteria would look like and no scale was used for the drawing.

	Written 

Proposal

___/10
	Letter to the School Board reflects how students came up with their plan and why their plan should be chosen.
	Letter to the School Board states the students’ plan and why it should be chosen.
	Letter to the School Board states the students’ plan, but does not state why the plan should be chosen.
	Letter to the School Board does not state the plan or why it should be chosen.

	Final

Presentation

___/10
	Every group member participated.  All questions were answered in a coherent manner.
	Every group member participated.  Most questions were answered in a coherent manner.
	Most group members participated and answered most questions in a coherent manner.
	Only 1 or 2 members participated and the group could not answer questions about their proposal.

	Comments-->

Total:___/30
	
	
	
	


Some extra questions to ask:
1. Could you have rearranged the tables and used up the extra space in your visual?

2. Can we change the arrangement of the tables, or is it stuck like this forever?

3. How many other combinations did your group come up with?

4. How did you know that your setup was the best?  Or, How did your group know when you were done?

And anything else you think is applicable.

Student Pages

(Additional Pages)

Extension Worksheet

Name: ______________________
Fellow Group Members: _____________________









    _____________________









    _____________________

1. How many seats would be available if you used an equal amount of all three types of tables?

2. What is the greatest amount of rectangular tables that can fit in the cafeteria?

3. If there were a fourth table, a triangle shaped table, with dimensions of 10 feet on each side and 6 seats, what would the cafeteria’s optimal seating capacity be?

Self-Assessment

Name: ______________________
Fellow Group Members: _____________________









    _____________________









    _____________________

1. From this project, I have learned . . .

2. The thing I found most interesting in doing this project was . . .

3. How will you be able to apply the things you learned from this project in your own life?

4. How do you feel all of the members of your group contributed to this project?  

Teacher Pages
(Possible Solutions)

The “best” solution to this problem is to use 40 round tables and 20 rectangular tables.  This will use up all of the area in the cafeteria and provide the most seating with 440 people.  The following illustrations are possible setups that could be used containing the 40 round and 20 rectangular tables.

Each square represents 3 square feet.  The tables are not outlined, but each rectangular table is 7 x 4 blue squares (21 x 12 in actuality) and each round table is 4 x 4 red squares (12 x 12 in actuality).

Cafeteria Chaos Reflection

The cafeteria chaos project is set up so that students are given the initial information and then they’re on their own.  I did spend some extra time focusing on specific details such as the dimensions for each table (that walking/sitting space was included), how to draw a to-scale model, and tips on giving a presentation.  When all of the students had completed their presentation, I presented my version.  The students benefited not only from listening about the math and calculations I performed, but also from observing what a rehearsed and organized presentation should look and sound like.  

Area and perimeter seem to be a constant source of confusion for many students at the middle school level.  In doing this project students were forced to think about the similarities and differences between the two.  What was great about this project, was that when students came up with a solution and asked me to check it, I could simply tell them to draw me a picture of what they had come up with.  These pictures helped several students see that dividing the dimensions of the cafeteria by the dimensions of the table did not always result in filling up the cafeteria.  The pictures also helped students to see that taking the entire area of the cafeteria and dividing it by the area of a certain table did not always result in a perfect fit.  These drawings helped the students to at least realize there is some connection between area and perimeter.

The students always enjoy a problem when they feel that their results might actually be pertinent to solving a real problem.  In this project, students were given a real problem that they came up with their own mathematical model for.  After doing this project, I noticed that many of the student’s calculations and interpretations were inaccurate.   During student presentations, I saw many students realize what their mistakes were.  While they did follow the math modeling process, I view this project as a stepping stone for the future.  I truly believe that in future projects the students will be more focused on their calculations and interpretations so as to solve the problem more accurately.
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Option 8
Understood the problem well enough to make a plan and to work toward a solution.





Made a plan, used it to solve the problem, and  verified the solution.








Did not understand the problem well enough to get started or  did not show any work.





Attempted or solved the problem and then stopped.





 Extended the ideas in the solution to the general case, or  showed how this problem relates to other problems, mathematical ideas or applications.








 Found patterns and used them to extend the solution to other cases, or  recognized that this problem relates to other problems, mathematical ideas, or applications.








The presentation of the solution and reasoning is clear in most places, but others may have trouble understanding parts of it.





The presentation of the solution and reasoning is clear and can be understood by others.








The presentation of the solution and reasoning is unclear to others.








