The Vending Machine
Crystal was visiting her grandmother in the hospital and needed to find something for lunch. The snack room at the hospital had a vending machine with sandwiches. Crystal selected one that cost $1.65. She paid for the sandwich with exactly 19 coins. If the vending machine accepts nickels, dimes, and quarters, what combination of coins could Crystal use?
1. Write a system of equations.Remember to use the REACT framework!
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2. Solve the system algebraically by finding a solution?
3. How do you know your solution is correct?
4. Is there more than one solution? If so what are they?
5. Use a graphing tool to find the solution(s).
6, Use a spreadsheet tool to find the solution(s).
7. Discuss any patterns observed in the table.
8. Explain the strategy you liked best and why.

Mathematical Content
· Functions 
· Systems of Linear Equations in two variables
· Patterns
· Creating and interpreting equations, graphs and tables

Learning Objectives
1. Students will create a model (set of equations) based on given information.
2. Students will be able to solve systems of equations algebraically that have multiple solutions.
3. Students will also represent the scenario graphically.
4. Students will create a spreadsheet and explore patterns.
5. Students will use these multiple representations to illustrate the situation and solutions.

Mathematical Understandings
1. Students will understand how two different measures of the independent variable are considered together leading to systems of linear equations with two unknowns.
2. Students will understand that algebraically solving a system of equations may yield a solution set. 
3. Students will understand that graphically, the intersection of the system of equations yields the same measurable solution to the situation. 
4. Students will understand that spreadsheets can be created to arrive at the same solutions as the algebra and graphing techniques.
5. Students will understand the change in value of one variable can create changes in the other.

Articulation of how activity engages students in active learning, meaningful applications, and academic success skills.

Active Learning: The activity requires students to work through a mathematical scenario/problem in order to construct and solve a set of linear functions, after which students will analyze and verify/critique their findings using multiple representations.  At first, students are required read and understand the problem before selecting/writing the correct initial set of linear equations (MA1). With two equations and three unknowns, students must realize/reason the need to eliminate one variable in each equation, in order to get the scenario to a system of two equations and two unknowns. Students may struggle here, however with active learning techniques like think-pair-share between students or prodding questions, students will persevere through this essential moment in solving the problem. Students then actively solve the systems and verify their solutions are correct (MA2-MA3). Students will actively look for other solutions and verify those as well (MA4 and MA3). Once students find the solutions using one mathematical strategy (Solving equations algebraically) they will use a graphical and spreadsheet approaches to solve the same problem, thus demonstrating multiple representations for this activity, while lastly discussing their “favorite” approach (MA5-MA6). 
Meaningful Applications: Though this activity is not necessarily realistic because of the need for 19 coins, it could be considered a real-world application because it includes a vending machine which students are familiar with. The ultimate goal is for students to realize that there are many examples in mathematics in which problems not only have multiple solutions, but there can be multiple mathematical methods to solving problems. Activities like this helps students realize and establish relationships between graphs, spreadsheets, and functions/equations, for example. This activity also clearly has students justify their claims not only via one mathematical approach but three. 
Academic Success Skills: Representing and refining one’s own ideas and being receptive to other ideas are an integral part of this activity. Students often are not able nor comfortable with identifying appropriate modeling techniques or recognizing flaws in the process. Guide students to successfully identify an appropriate mathematical model and help them describe and justify their choice. Engage students in the problem-solving activity of troubleshooting and improving their own arguments.

Suggested materials:
· Notebook and pencil
· Graph paper
· Use Desmos, GeoGebra or other online tool to illustrate the problem.  
· Microsoft Excel






Teacher Notes:
· Students may need help writing one of the two initial linear equations that contain three variables in each. The first equation should come to the students quickly, as the sum of the three coins is 19. For the second equation, guide students to think about using the monetary value of each coin as a coefficient for that coin while setting it equal to the total amount required for a purchase in the vending machine. 
· Students may next have difficulty with eliminating one variable in each equation in order to get the system to two equations and two unknowns (two and two) which they are familiar with solving, hopefully. To guide them in eliminating one variable, have the students think about leaving one coin out of each equation. This results in the two and two-scenario, which students should be able to solve. Suggest leaving the quarter out, it’s the largest denomination and this will likely “shorten” up the other problem solving/equation writing scenarios.
· Once solved, ask the students to verify their answers are correct before moving onto the next possible solution. (19 coins should add to $1.65).
· Ask students to look for another possible solution. If students struggle here, suggest they would use one quarter in the machine. Make sure students still write only two equations with two unknowns. If they have more difficulty remind them there will only be 18 coins left, and the total left to put into the machine will be 25 cents less, i.e., $1.40. Have students verify this solution set, once solves, before moving on to the next possible scenario. 
· If students do not automatically repeat the above bullet with two quarters, and then again with three quarters, suggest it, and give them time to produce those solution sets. Have them try four quarters, and discuss why this is an impossible for the specifics of this activity.
· Once students have found all of the solutions algebraically, ensure students can enter each set of two equations with two unknowns, into a graphing tool. Also make sure students know which variable x or y, represents which monetary denomination. Have students explain what the intersection represents. Have students repeat this for the other sets of pairs of equations, including explaining their findings.
· Once students have found all of the solutions algebraically and graphically, ensure students can enter each solution set into a spreadsheet tool. Students may struggle with Microsoft Excel, thus the teacher may lead the class through entering the first solution set. Have students complete the solution sets by themselves. Afterwards have students share their thoughts on their “favorite” method for arriving at solutions to this activity.
· Throughout the activity, students will understand the need to use critical thinking and deductive reasoning to help justify their conclusions (answers). 
· Throughout, students should continuously monitor their progress, check outcomes, redirect failed efforts and try again. Once the first one solution is found, students search for and test the next solution.
· During the entire problem-solving exercise, the teacher should guide, monitor, give adequate time, acknowledge their struggle, and encourage students throughout the assignment.


Answer key with connections to LOs and MUs
Crystal was visiting her grandmother in the hospital and needed to find something for lunch. The snack room at the hospital had a vending machine with sandwiches. Crystal selected one that cost $1.65. She paid for the sandwich with exactly 19 coins. If the vending machine accepts nickels, dimes, and quarters, what combination of coins could Crystal use?
1. Write a system of equations.
2. Solve the system algebraically by finding a solution?
3. How do you know your solution is correct?
4. Is there more than one solution? If so what are they?
5. Use a graphing tool to find the solution(s).
6, Use a spreadsheet tool to find the solution(s).
7. Discuss any patterns observed in the table.
8. Explain the strategy you liked best and why.

1.	     Q +      D +     N = 19       (where Q = quarters, D = dimes, and N = nickels)
.25Q + .10D + .05N = 1.65

LO
1. Students will create a model (set of equations) based on given information.

2.	First Solution: Assume No Quarters:		    D +      N = 19  	(A)
							.10D + .05N = 1.65	(B)

Multiple equation (A) by -.05 and add to equation (B)

   -.05D - .05N = -.95  	
    .10D + .05N = 1.65	
     .05D = .70

Therefore D = 14. Plug into equation (A) gives N = 5.

3. 	So, 14 + 5 + 0 = 19 and 14(.10) + 5(.05) = 1.65 thus a correct solution.

4.	Second Solution: Assume One Quarter:	
Subtract 1 coin from equation (A) and 25 cents from equation (B).

	     D +      N = 18  	(C)
.10D + .05N = 1.40	(D)

Multiple equation (C) by -.05 and add to equation (D)

   -.05D - .05N = -.9  	
    .10D + .05N = 1.40	
     .05D = .50
Therefore D = 10. Plug into equation (C) gives N = 8.

 	So, 1+ 10 + 8 + 0 = 19 and 1(.25) + 10(.10) + 8(.05) = 1.65 thus a correct solution.

LO
2.   Students will be able to solve systems of equations that have multiple solutions.
5. Students will use these multiple representations to illustrate the situation and solutions.

MU
1. Students will understand how two different measures of the independent variable are considered together leading to systems of linear equations with two unknowns.
2. Students will understand that algebraically solving a system of equations may yield a solution set.

Other Solutions: 

Using a similar technique as above:

· 2 Quarters, 6 dimes and 11 nickels
· 3 Quarters, 2 dimes and 14 nickels

MU
5. Students will understand the change in value of one variable can create changes in the other.























5(a) Using a Graphing Tool

No Quarters and where x = nickels and y = dimes

    x +      y =  19  	(A)	
.10x + .05y = 1.65	(B)
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x = 5, y =14 therefore 5 nickels, 14 dimes and no quarters = 19 coins and $1.65

LO
3.   Students will also represent the scenario graphically.
5. Students will use these multiple representations to illustrate the situation and solutions.

MU
1. Students will understand how two different measures of the independent variable are considered together leading to systems of linear equations with two unknowns.
3. Students will understand that graphically, the intersection of the system of equations yields the same measurable solution to the situation.
One Quarter and where x = nickels and y = dimes

	     x +      y = 18  	(C)
.10x + .05y = 1.40	(D)
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x = 8, y =10 therefore 8 nickels, 10 dimes and 1 quarter = 19 coins and $1.65
LO
3.   Students will also represent the scenario graphically.
5. Students will use these multiple representations to illustrate the situation and solutions.
MU
1. Students will understand how two different measures of the independent variable are considered together leading to systems of linear equations with two unknowns.
3. Students will understand that graphically, the intersection of the system of equations yields the same measurable solution to the situation.
5(b) Using Microsoft Excel

For each colored row do the following to get the total cost:

    First column times second column
+ Third column times fourth column
+ Fifth column times sixth column
=  Total Cost

For each colored row do the following to get the total coins:

    First column
+ Third column
+ Fifth column
=  Total Coins


	
	Nickel
	
	Dime
	
	Quarter
	
	

	Number of
	Value
	Number of
	value
	Number of
	Value
	Total
	Total
Coins

	Nickels
	(Cents)
	Dimes
	(Cents)
	Quarters
	(Cents)
	Cost
	

	5
	0.05
	14
	0.1
	0
	0.25
	1.65
	19

	8
	0.05
	10
	0.1
	1
	0.25
	1.65
	19

	11
	0.05
	6
	0.1
	2
	0.25
	1.65
	19

	14
	0.05
	2
	0.1
	3
	0.25
	1.65
	19



Patterns: the number of nickels go up by three and the number of dimes goes down by 4 as the quarters increase by 1 each row. There cannot be 4 quarters because based on this pattern there would be negate 2 dimes, which is impossible.

LO
4.   Students will create a spreadsheet and explore patterns 
5. Students will use these multiple representations to illustrate the situation and solutions.

MU
1. Students will understand how two different measures of the independent variable are considered together leading to systems of linear equations with two unknowns.
4. Students will understand that spreadsheets can be created to arrive at the same solutions as the algebra and graphing techniques.
5. Students will understand the change in value of one variable can create changes in the other.


6) Answers may vary based on student preferences.
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