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A Cell Phone Tower Problem

Subject: 8th grade, Algebra 1, Algebra 2, Geometry
Time: 1 day

Materials: large maps of the county (1 per 2 students), compasses
                  (class set), pencil, paper, scissors (optional), rulers (class set),
                   attached handout, grading rubric

Objectives:

•    Students will be able to proficiently use a compass to make circles
         with a given radius

  •    Students will be able to support their decisions with sound mathe-
         matical arguments expressed in a grammatically correct form.
•    Students will be able to apply ratios to a real live situation.
•    Students will experience a real-world situation involving mathematics.
Standards:

· 8.5.3: Solve problems involving scale factors, area, and volume using ratio and proportion.

· 8.7.1: Analyze problems by identifying relationships, telling relevant from irrelevant information, identifying missing information, sequencing and prioritizing information, and observing patterns.
· 8.7.2: Make and justify mathematical conjectures based on a general description of a mathematical question or problem.

· 8.7.3: Decide when and how to divide a problem into simpler parts.

· 8.7.5: Make and test conjectures reasoning from the particular to the general (Induction).
· 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.

· 8.7.11: Decide whether a solution is reasonable in the context of the original situation.

· 8.7.12: Note the method of finding the solution and show a conceptual understanding of the method by solving similar problems.

· A1.9.1: Use a variety of problem-solving strategies, such as drawing a diagram, making a chart, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A1.9.2: Decide whether a solution is reasonable in the context of the original situation.

· A2.10.1: Use a variety of problem-solving strategies, such as drawing a diagram, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A2.10.2: Decide whether a solution is reasonable in the context of the original situation.

· G.2.5: Find and use measures of sides, perimeters, and areas of polygons. Relate these measures to each other using formulas.

· G.6.7: Define, find, and use measures of circumference, arc length, and areas of circles and sectors. Use these measures to solve problems.

· G.8.1: Use a variety of problem-solving strategies, such as drawing a diagram, making a chart, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· G.8.2: Decide whether a solution is reasonable in the context of the original situation.

Prior Knowledge:

· Students will know how a compass works but will not necessarily be proficient with it.

· Students will know how to locate cities and major roads on a map along with the meaning of the legend.
Overview:

Students will work in groups of two to: 1) interpret information, and then 2) try to determine which information is pertinent to the problem.  Students will then determine the appropriate scale of the map and place circles on the map to represent cell phone coverage.  Lastly, each student will write his or her own individual response explaining why the group chose to cover certain areas of the map and why their placement is best.  Each pair of students will finally determine if any additional information was needed for this problem or if too much information was provided.  Each individual student will write a short response explaining why more information was needed or how too much information was provided.
Procedures:

The following procedures for this lesson plan are a guideline of how this lesson might be taught.  Each classroom is different, so strictly following these procedures may be difficult or impossible. Modify the procedures as needed for your class.
1.) Explain how the cell phone company BOLT has hired the class to determine where cell phone towers should be placed.  Hand out attached directions and grading rubric and explain the requirements from the company along with pointing out the additional information.  Pass out one map and two compasses to each group.

2.) Let students work in pairs to determine the size of the circles and where they should be placed.  Offer assistance to groups who need help or are struggling but try not to tell the groups what to do.  For groups having trouble with using the compasses, suggest making one circle on white paper and cutting it out to trace others.  Circles can then be manipulated easily on the map.
3.) After 20 minutes, announce that the students should be finishing up deciding where to place the towers.  Remind the class to discuss whether more information would have been useful or if too much information was given.  Lastly, remind the class that written responses are needed from each student.
4.) Monitor the class to make sure each pair of students has decided where to build the towers.  If discussions seem to be lacking reason, try providing scaffolding questions such as “Is it important that BOLT phones only work with BOLT towers?  What if BOLT phones could use other towers?  Would it change the problem?”

5.) With 15 minutes left of class, begin a class discussion with a few pairs of students presenting their plan for BOLT.  Try to pick groups who made different choices on tower locations as presenters.  Have students challenge other students’ ideas and choices.
6.) If time permits, discuss with the class what information would have been helpful for this problem and what information was not used and, therefore, unnecessary.  Ask students to explain answers.
7.) Assign the homework that each student should finish writing out his or her response to BOLT’s questions, to be turned in the next class day.
Extension Activities:

· If activity needs to be shortened, students can be provided with the required radius of each circle according to the legend.
· Students who have trouble manipulating the compass can be provided with circle cutouts representing the coverage area of each tower.

· Students who finish early can try to determine the smallest number of towers needed to cover the entire county. 

· Students who finish early can be asked if better coverage could be obtained by having the tower coverage not be circles.  The students can try to determine what shape of coverage from the towers would be most efficient in covering the county.

· The problem can be modified by making the radius of tower coverage be directly proportional to the cost of each tower.
Notes to the Educator:

There are two levels at which this problem can be solved.  The eighth grade worksheet is intended to promote problem solving and reasoning.  The high school worksheet uses the same methods of problem solving but involves a more difficult problem.  The procedures are the same for both the eighth grade and high school worksheets although the high school activity may be more manageable with groups of three students.

This lesson should be attempted by the teacher or an assistant before using with the class.  The costs of the cell phone towers and the radii of coverage may need to be altered depending on the size of the county and the location of cities in the county.  Pick costs and radii so that it is impossible to cover the entire county.
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Eighth Grade
The new cell phone company BOLT is going to spend two million dollars to construct cell phone towers in our county.  The company has hired you to decide where to place the cell phone towers.  BOLT has only one rule: towers must cover all of the major cities.

BOLT has provided us with some additional information:
· Each tower costs $250,000.00.

· Towers will be aesthetically pleasing.

· Towers have a coverage radius of 5 miles.

· Towers will be 100 feet tall.
· BOLT phones will only work with BOLT towers.

BOLT would like you to provide them with the following things:

· A detailed map with BOLT tower locations and coverage areas marked.

· An explanation of why you chose to cover certain areas of the county.

· An explanation of why you feel your model has the best possible placement of towers.
· A list of any additional information that would have helped you in your decision making with an explanation of why it would have been useful. If no other information is needed, explain why.
· A list of any information that was not useful to you and an explanation of why it was not needed. If all information was needed, explain how it was used.
Don’t forget!  BOLT has hired you to do this, so your interactions with them should be professional. Writings should be clear and grammatically correct and the map should be easy to read.
BOLT is depending on you. If their customers cannot get good service, BOLT risks going bankrupt!
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High School
The new cell phone company BOLT is going to spend two million dollars to construct cell phone towers in our county.  The company has hired you to decide where to place the cell phone towers.  BOLT has only one rule: towers must cover all of the major cities.

BOLT has provided us with some additional information:
· 50-foot-tall towers have a radius of 1 mile and cost $100,000 a piece.

· Towers will be aesthetically pleasing.
· 100-foot-tall towers have a radius of 5 miles and cost $500,000.00 a piece.
· BOLT phones will only work with BOLT towers.
· 75-foot-tall towers have a radius of 3 miles and cost $300,000.00 a piece.
BOLT would like you to provide them with the following things:

· A detailed map with BOLT tower locations and coverage areas marked.

· An explanation of why you chose to cover certain areas of the county.

· An explanation of why you feel your model has the best possible placement of towers.

· A list of any additional information that would have helped you in your decision making with an explanation of why it would have been useful. If no other information is needed, explain why.
· A list of any information that was not useful to you and an explanation of why it was not needed. If all information was needed, explain how it was used.
Don’t forget!  BOLT has hired you to do this, so your interactions with them should be professional. Writings should be clear and grammatically correct and the map should be easy to read.
BOLT is depending on you. If their customers cannot get good service, BOLT risks going bankrupt!
Grading Rubric for Cell Phone Tower Problem

	Map Completion
	Tower radius calculated wrong, circles poorly drawn.
    (4 points)
	Towers are marked and circles are drawn but did not cover major cities.
    (6 points)

	All available funds are used and towers are correctly drawn but is obviously not optimizing coverage.
   (8 points) 
	All available towers are used, the major cities are covered, and it appears as if optimization was attempted.
     (10 points)


	Placement Explanation
	Explanation makes little sense and shows no support for decisions.

    (5 points)
	Paragraph misses major considerations such as the city and roads.

   (10 points)
	Paragraph explaining placement of towers shows consideration of many aspects of placing the towers but is poorly written.
   (15 points)
	Paragraph explaining placement of towers is clearly written and shows consideration of many aspects of placing the towers.
     (20 points)

	Explanation of Additional Information Needed
	Claim of whether more information is needed has been made but lacks any support

    (4 points)
	Explanation has flaws either in grammar or lacks strong support.

   (6 points)
	Explanation is clearly written but contains illogical arguments.
    (8 points)
	Explanation is clearly written and contains support.
    (10 points)

	Explanation of Too Much Information Provided 
	Claim of whether too much information was provided is correct but lacks any support.
   (4 points)
	Explanation has flaws either in grammar or lacks strong support.

    (6 points)
	Explanation is clearly written but contains illogical arguments.
     (8 points)
	Explanation is clearly written and contains support.
     (10 points)


Grading Rubric for Cell Phone Tower Problem

Student name: ___________________________

Group members: ____________________________________________________________________________________________________________________________________

__________________________________________________________________

1.) Cell phone towers and BOLT coverage are clearly and 


accurately marked on map.

________ / 10

2.) Paragraph explaining placement of towers is clearly 


written and shows consideration of many aspects 


of placing the towers.


________ / 20
3.) An explanation of what additional information was needed.


________ / 10
4.) An explanation of what information that was not needed.


________ / 10

Total Score:  _______ / 50

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.*
I decided to cover all of Terre Haute because it is the largest city in our county.  Then we covered Interstate 70 because people would want to be able to talk while driving and the interstate is the most often used road.  Then we also stuck towers at North Terre Haute, Seelyville, and Riley since they are towns.  Finally, we stuck the last tower between our houses so we would have good coverage from our homes.


Our model is the best possible because we cover as many cities as possible.  Although people like talking on their phones while driving, they are most concerned with whether their coverage works from their homes.  People would not buy cell phones unless they worked from their homes.  Covering Interstate 70 was a smart idea because it is the road most often traveled by people trying to cross the county by car.  Plus, since the towers were in a line, not much overlapping coverage was wasted.


It would have been helpful to have a list of populations in cities.  It also would have been nice to know how often roads are traveled in the county.  These two pieces of information would tell us which places in the county had the densest population and the most people to use the phones.  It would have also been nice to know where other cell phone providers do not have service.  If BOLT could be special by providing service in other areas, they would have a marketing edge.

The information regarding the height of the tower seemed irrelevant.  We do not think the height of the tower changes the radius of its coverage.  As long as there aren’t building laws saying towers can’t be 100 feet tall, then this isn’t important.  Everything else is needed.

Other things to note about this problem

Some students may interpret “best” coverage as having no gaps in the coverage area. Other students may interpret it as minimizing overlaps in the coverage. Either method is acceptable as long as students justify their reasoning with personal experience or mathematical topics.
*Coverage on maps will vary depending on the county.
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