Locker Break-Ins
Subject: Pre-Algebra

Time: 2 days

Materials: Attached handout, attached grading rubric, attached maps, calculators, colored pencils
Objectives:

· Students will be able to logical reasoning to maximize efficiency and minimize cost in a real world setting.

· Students will be able to apply area formulas to irregular shapes.

· Students will be able to calculate total cost when given cost per square foot.

· Students will be able to display their solution in a clear manner.

Standards:

· 8.2.1: Add, subtract, multiply, and divide rational numbers (integers*, fractions, and terminating decimals) in multi-step problems.
· 8.3.1: Analyze problems by identifying relationships, telling relevant from irrelevant information, identifying missing information, sequencing and prioritizing information and observing patterns.

· 8.5.4: Use formulas for finding the perimeter and area of basic two-dimensional shapes and the surface area and volume of basic three-dimensional shapes, including rectangles, parallelograms, trapezoids, triangles, circles, prisms, cylinders, spheres, cones, and pyramids

· 8.5.5: Estimate and compute the area of irregular two-dimensional shapes and the volume of irregular three-dimensional objects by breaking them down into more basic geometric objects.

· 8.7.4: Apply strategies and results from simpler problems to solve more complex problems.

· 8.7.6: Express solutions clearly and logically using the appropriate mathematical terms and notation. Support solutions with evidence in both verbal and symbolic work.

Prior Knowledge:

· Students will be expected to have some experience with computing areas of basic geometric shapes.
· Students will need to have experience with multiplying decimals.
Overview:

Students will work in small groups to minimize cost while placing new security cameras in the building.  After students decide where to place the security cameras, they will decide how to appropriately display the choice.  Next, each group will calculate the cost of their placement and the pros and cons of the choice.  Finally, each student will write a letter to the School Board providing mathematical justification for the decision.
Procedures:

The following procedures for this lesson plan are a guideline of how this lesson might be taught.  Each classroom is different and strict following of these procedures may be difficult or impossible for your class.  Modify the procedures as needed for your class.

Day 1
1.) Begin class with a brief discussion of school violence and crime.  Have the class brainstorm ways to prevent violence and crime in school.  Write the ideas on the chalkboard.
2.) After 10 minutes, pass out the handout and school maps.  Explain that the school has decided video cameras would be the most cost-efficient way to handle this problem.  Tell the students they have until the end of the next day to complete the activity and should work in small groups.

3.) Let the students work.  Closely monitor the class to make sure students are on track.  Try to provide as little scaffolding as possible.  As needed, remind groups that the cameras can only see 100 feet in all directions.
4.) With 10 minutes remaining in the class, have a short class discussion about what ideas have been tried.  Have various groups share their methods of tackling the problem so far.

Day 2
1.) Briefly have a student or two share what was discussed the previous day and what should be completed for the project.  Include that colored pencils may be used to help draw the pictures on the map.  Also make sure students know that grammatically correct writing is important.

2.) Let students work for the class.  Monitor the groups to make sure all students are participating in the activity.

3.) With 15 minutes of class remaining, bring the class together for a discussion.  Have each group compare its total cost to see which group had the smallest cost.  If groups are not able to monitor the entire school with $10,000, discuss ways to alleviate this problem.

4.) Assign unfinished work as homework due the following day.

Extension Activities:

· To shorten the activity, try reducing the part of the school on the map to only the second floor or only a portion of the first floor.

· To shorten the activity, change the measurements of the school to be more easily covered without overlapping of the cameras.

· For students who finish early, have them find articles (or provide them with articles) about violence and crime in schools.  Have students discuss the causes and effects of these actions and possible ways to prevent these unacceptable behaviors.

· If activity will be too short for students, try removing the measurements on the map and instead provide a key

· Students who finish early could research to see if the costs in the project are realistic and appropriate given the school’s yearly budget.

Notes to the Educator:

Students are likely to falsely identify what and where the cameras can see.  Cameras will see part way into unintended adjacent hallways.  However, calculating this area requires trigonometry.  This lesson can be adapted for a trigonometry class if you require students to calculate this area.  However, pre-algebra students should ignore this difference.

Students will not be able to cover the entire school with the security cameras, given the budget of $10,000.  Be prepared for students to find various solutions for handling the budget.
Locker Break-Ins

South Side Middle School has had many of the lockers broken into lately and needs to do something about it.  The school has spoken with a security company that offered surveillance cameras for free if the school paid a fee for each square foot monitored by the company’s cameras.  The school board is considering giving S.S.M.S. $10,000 this year to pay for the monitoring of these areas, but it wants to know how S.S.M.S. will use the money and if it is being well spent. Mr. Hodson and Mrs. Ritchey need your help deciding where to put the cameras, so they are the most efficiently used.  Since there are no lockers in the basement, no cameras will be needed there.  For the rest of the school, use the floor plans provided to determine the most useful places to locate cameras to reduce the risk of locker break-ins on the first and second floors. Remember the school will pay for each square foot the cameras see, so make sure we get the best coverage within our budget.  Once a decision has been made, the school board wants a map of the school with the cameras marked and the areas each camera will cover clearly defined.  Along with the map, the school board also wants a letter explaining the reasons for your choices and the math to support your decision.  Most importantly, include in the letter how much it will cost.
Camera Information:

· Cameras can see 360 degrees

· Cameras can see 100 feet in all directions unless blocked by an object

· Camera fee is $0.50 a square foot
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Items Mr. Hodson and Mrs. Ritchey need from your group:

· Map of School

― Cameras clearly marked

― Area camera covers clearly shown

― Square feet of each area written in

― Cost of monitoring for each camera

· School Board Letter

― Explanation of the map

― Explanation of how you came to the conclusion

· ― Total cost of the cameras

· Calculations (your work)
First Floor
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Grading Rubric for Locker Break-Ins
Group Members: ____________________________________________________________________________________________________________________________________

__________________________________________________________________
1.)
Cameras and viewing areas clearly marked on map


______ / 4
2.)
Area view by each camera calculated correctly



______ / 6
3.)
Cost of each camera calculated correctly



______ / 4
4.)
Explanation of the map clear and well written



______ / 5
5.)
Explanation of process clear and well written


  
______ / 5
6.)
Total cost of the cameras is stated and appropriate


______ / 3
7.)
Calculations correct and shown



______ / 3
Total Score:  _______/30
Example Solutions

The following solution demonstrates how some students may interpret the problem.  However, there are many solutions that are acceptable.  The instructor should be prepared to accept various solutions as long as ample support is provided by the student.
First, to find the area viewed by each camera, we numbered the cameras so we could do the work on another piece of paper.  Then we used rectangles colored each color and calculated area as normal.  We did ignore some small areas where the camera may have seen a little around a corner. We used Excel to calculate the areas and costs and got the following spreadsheet.

	  Camera
	Square Feet Covered
	Cost of Camera
	
	Overlapping
	Cost

	1
	378
	$189.00
	
	140
	$70.00

	2
	1540
	$770.00
	
	140
	$70.00

	3
	540
	$270.00
	
	100
	$50.00

	4
	1188
	$594.00
	
	100
	$50.00

	5
	600
	$300.00
	
	100
	$50.00

	6
	1540
	$770.00
	
	140
	$70.00

	7
	420
	$210.00
	
	100
	$50.00

	8
	1240
	$620.00
	
	650
	$325.00

	9
	1600
	$800.00
	
	370
	$185.00

	10
	1340
	$670.00
	
	110
	$55.00

	11
	1340
	$670.00
	Total
	1950
	$975.00

	12
	1240
	$620.00
	
	
	

	13
	1841
	$920.50
	
	
	

	14
	384
	$192.00
	
	
	

	15
	1750
	$875.00
	
	
	

	16
	1200
	$600.00
	
	
	

	17
	1369
	$684.50
	
	
	

	18
	1780
	$890.00
	
	
	

	19
	392
	$196.00
	
	
	

	20
	1200
	$600.00
	
	
	

	21
	1310
	$655.00
	
	
	

	Total:
	24192
	$12,096.00
	
	
	


Our formulas used are as follows:
	Camera
	Square Feet Covered
	Cost of Camera
	
	Overlapping
	Cost

	1
	=27*14
	=B2/2
	
	=14*10
	=E2*0.5

	2
	=154*10
	=B3/2
	
	=14*10
	=E3*0.5

	3
	=20*27
	=B4/2
	
	=10*10
	=E4*0.5

	4
	=36*33
	=B5/2
	
	=10*10
	=E5*0.5

	5
	=20*30
	=B6/2
	
	=10*10
	=E6*0.5

	6
	=154*10
	=B7/2
	
	=14*10
	=E7*0.5

	7
	=14*30
	=B8/2
	
	=10*10
	=E8*0.5

	8
	=124*10
	=B9/2
	
	=10*(16+39+10)
	=E9*0.5

	9
	=160*10
	=B10/2
	
	=10*37
	=E10*0.5

	10
	=134*10
	=B11/2
	
	=11*10
	=E11*0.5

	11
	=134*10
	=B12/2
	Total
	=SUM(E2:E11)
	=SUM(F2:F11)

	12
	=124*10
	=B13/2
	
	
	

	13
	=39*39+32*10
	=B14/2
	
	
	

	14
	=16*24
	=B15/2
	
	
	

	15
	=175*10
	=B16/2
	
	
	

	16
	=48*25
	=B17/2
	
	
	

	17
	=37*37
	=B18/2
	
	
	

	18
	=37*10+20*25+91*10
	=B19/2
	
	
	

	19
	=14*28
	=B20/2
	
	
	

	20
	=10*120
	=B21/2
	
	
	

	21
	=131*10
	=B22/2
	
	
	

	Total:
	=SUM(B2:B22)
	=SUM(C2:C22)
	
	
	


Dear School Board,

Attached you can find a copy of our school’s map.  Each camera is marked by a black dot and is given a number.  As you can see, there are 21 cameras in all.  Each camera can see 360 degrees when it is not blocked by anything.  For each camera we colored in the viewing area using either orange, green, or blue.  All the colors play the same role.

We felt it would be best to try to cover the entire school.  We started working on the second floor since the floor plan was simpler.  We initially thought it would be a good idea to put the cameras in the middle of the long hallways so that each camera could cover 200 feet.  However, we remembered that the cameras were being provided for free, so we could use as many cameras as we wanted.  Therefore, we slid the cameras toward the end of the hallways to minimize overlapping of their viewing areas.  Finally, we stuck cameras at the end of the small hallways since these locations would be easier for students to go unnoticed while vandalizing the school.  After we completed the upstairs, we did the same method on the first floor.  In the long hallways we pushed the cameras toward the ends so that they did not overlap in the middle.  After the long hallways were covered, we put cameras in the small hallways.
Unfortunately, the total cost of monitoring our school using our cameras is $12,096.  Unfortunately, this is $2,096 more than you are willing to give us.  However, we would like to argue that you should provide this extra money for us.  In the attached chart that shows our work, we also include a column of the areas that our cameras overlapped.  Our cameras overlapped as caused the school to spend $975 too much.  However, even if we could remove this overlap of the cameras, we would still be spending more than the $10,000 you have granted us.  School safety is important to us.  Investing this extra money would be beneficial.  The cameras will deter students from costly vandalism that occurs each year.  The amount of time and money spent fixing the vandalized school property and dealing with the students who vandalize will quickly surpass the cost of the cameras.  Furthermore, many schools in the area are hiring fulltime security officers. With the security cameras, we could spend less money on professional police officers and still hold a respectable place in the local schools.

Thanks for your time and consideration.

Mr. Thompson’s Math Class 
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