
Portable City  

Subject: Algebra 1
Time: 2.5 days

Materials: Graphing program or calculator (optional), attached handout, attached grading rubric, paper

Objectives:

· Students will be able to read a problem and identify and interpret important pieces of information

· Students will be able to make informed predictions before investigating the problem in detail

· Students will make decisions based on analyzing and comparing data, doing computations, and using mathematical logical reasoning

· Students will be able to set up linear equations to represent three different linear situations

· Students will be able to apply their knowledge of solving systems of two linear equations to a specific setting

· Students will be able to support their decisions with sound mathematical arguments that are expressed in a grammatically correct form

Standards:

· A1.2.6: Solve word problems that involve linear equations, formulas, and inequalities.

· A1.4.1: Graph a linear equation.

· A1.5.3: Understand and use the substitution method to solve a pair of linear equations in two variables.

· A1.5.6: Use pairs of linear equations to solve word 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.

Prior Knowledge:

· Students will be expected to have some experience with forming linear equations from word problems

· Students will have an understanding of solving linear equations using either graphing, substitution, or addition

Overview:

Students will work in small groups to create linear equations to model the relationship between time and cost of expanding capacity by using specific types of classrooms. The students will then compare the equations to determine the intervals where each method is the cheapest. Last, each student will write his or her own explanation of each step of the activity so that a member of the school board would be convinced of the student’s 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.) Explain the problem that the school board has and how they would like our help. Then hand out papers and explain the requirements and grading rubric.

2.) Let students work in small groups for rest of class. Be sure to constantly monitor the room and check on student progress.

3.) After twenty minutes, make an announcement reminding the students that their projects will be presented to the school board and therefore clearly written explanations are needed for each step.

4.) Spend the last fifteen minutes of class in a discussion comparing the predictions, calculated costs for four and ten years, and the equations comparing cost to time. Try to have students support their answers and discuss why other answers are better or worse.


Day 2
5.) Begin with a quick recap of what was done the previous day. Spend about fifteen minutes with the class brainstorming ways to discover when each option would be the cheapest. Allow students to mention graphing the lines, and using the substitution and addition methods. Do not worry if less efficient methods are mentioned but try to get one of the previous three methods from the class.

6.) Release the students to work for the remainder of class. Monitor the room to answer questions and observe the students. Try to answer questions without telling the students what to do.

7.) With fifteen minutes remaining, bring the class back together for a discussion on the time intervals that each method is cheapest. Do not say whether answers are right or wrong but ask for possible answers and be sure the students explain how they got their answers. If time permits, the discussion could include why negative x values are not important and how to write answers in interval notation.

8.) Assign homework to be due the next day including the final decision of which option is best and all written explanations for the school board.


Day 3
9.) Begin with a class discussion of which methods students picked as being the best and why. Be sure to challenge student decisions by bring up things like the possibility of the student body growing many years in a row.

10.) End the project by telling the students their ideas sound wonderful and that the school board will be thankful for the help. If the students seem to be on the right track, collect their projects after the class discussion. If it seems as if some major discoveries were made in the class discussion, allow students to revise their papers and turn them in the next day.

Extension Activities:

· If activity will take too long, option 3 can be removed and students can focus on options 1 and 2. If two options will be too long, groups of students can each take a different option and compare their results to see which one is cheaper.

· Students who finish early could be asked how soon the school would need to grow again to make option 3 the cheapest in a given time interval. (E.g., if the number of students does not change for five years but then grows by 118 more students, which method would be cheaper after ten years? After twenty years?)

· If problem is modified to fit the real growth and prices for the school, students who finish early could actually make a packet of data to be presented to the school board.

Portable City
The school board needs your help! There is expected to be 118 more students next year at our school than there is this year. As you know, our school is already out of classrooms, so we need to find somewhere to teach these students. The school board has already come up with three different options for our school, and they need YOU to help them decide which of these options would be best for the school. The three options created by the school board are explained below.
Option 1 — Buy portable classrooms
* Cost: $10,000 each and approximately $9,000 per year to maintain (per portable)

** Each portable classroom can support up to thirty students

*** Each portable classroom eliminates five student parking spots
Option 2 — Build on to school (four classrooms)
* Cost: $200,000 to build and approximately $6,000 per year for extra bills and maintenance

** Eliminates forty parking spots

*** Takes more time to build than it does to move in a portable classroom
Option 3 — Build on to school (eight classrooms)
* Cost: $320,000 to build and approximately $12,000 per year for extra bills and maintenance

** Eliminates eighty parking spots

*** Takes more time and space than either of the first two options

The school board would like from you:

1. A prediction about which option would be best with a short paragraph explaining why;

2. The cost of each option for four years;

3. The cost of each option for ten years;

4. An equation to represent each situation so the school board can calculate the cost after any given number of years. Be sure to label what x and y represent and which equation represents each option. You should have three equations;

5. When option 1 would be the cheapest, when option 2 would be the cheapest, and when option 3 would be the cheaper;

6. Your final decision on which option should be picked and an explanation. Was your prediction correct? Why was your prediction a good or bad one?

Note: Discuss the following things in your explanation:

· the cost of the option that you chose;
· how long portables last compared to building classrooms;
· how many parking spots will be affected and how to deal with the loss of parking spots;
· the possibility of an increase of students in the future;
· any other factors you took into account when making your decision.
Keep in mind that the school board members are not mathematicians. Therefore, be sure to explain things clearly and thorough enough so they can follow what you did and why you did it. If they can not follow your reasoning, they will not be able to take your suggestion.
Portable City Grading Rubric 
	Task 1:
	No prediction made.
0 points
	Prediction made but not explained.
2 points


	Prediction made but is weakly supported.
3 points
	Prediction made and is supported but has major grammatical errors.
4 points


	Prediction made and is supported in a well written paragraph.
5 points
	

	Task 2:
	Miscalculated all 3 options.
0 points
	Correctly calculated 1 option.
2 point
	Correctly calculated 2 options.
4 points
	Correctly calculated 3 options.
4 points
	Correctly calculated all options and roughly explained the reasoning.
8 points
	Correctly calculated all options and thoroughly explained the reasoning.
10 points

	Task 3:
	Miscalculated all 3 options.
0 points
	Correctly calculated 1 option.
2 point
	Correctly calculated 2 options.
4 points
	Correctly calculated 3 options.
4 points
	Correctly calculated all options and roughly explained the reasoning.
8 points
	Correctly calculated all options and thoroughly explained the reasoning.
10 points

	Task 4:
	Equations lack sense with no work shown.

0 points
	Have major errors in the equations but have made a shown attempt.

2 points
	Have minor errors in equations.

4 points
	Have 3 correct equations but lack labels explaining what x and y represent.

6 points
	Have 3 correct equations with x, y, and the equations labeled. Lacks an explanation of the process.

8 points
	Have 3 correct equations with x, y, and the equations labeled. Clearly explains the process of forming the equation.

10 points

	Task 5:
	Wrong answers with no work shown.
0 points
	Work shown is leading toward an answer but the answer is not obtained.
2 points
	Have only 1 correct answer but clearly explains why.
4 points
	Have 2 or 3 correct answers and no explana-tion.
6 points
	Have 2 or 3 correct answers and an explanation that lacks clarity.
8 points
	Have 3 correct answers and have clearly ex-plained and pro-vided proof for each answer.
10 points

	Task 6:
	No explanation.

0 points
	Explanation lacks reasoning.

3 points
	Explanation contains some major errors in reasoning.

6 points
	Explanation is written with some minor errors in the argument.

9 points
	Explanation is written with some minor grammatical errors and thoroughly explains the reasoning for the solution.

12 points
	Explanation is clearly written and thoroughly explains the reasoning for the solution.

15 points


Name: _____________________


           Total Score:  _____ / 60
Portable City Grading Rubric
Student name: ___________________________

Group Members: ____________________________________________________________________________________________________________________________________
Task 1: Prediction made and is supported in a 

well-written paragraph.


______ / 5
Task 2: Correctly calculated all options and thoroughly 

explained the reasoning.



______ / 10
Task 3: Correctly calculated all options and thoroughly 

explained the reasoning.



______ / 10
Task 4: Have three correct equations with x, y, and the 
             equations labeled. Clearly explains the process
             of forming the equation.


______ / 10
Task 5: Have three correct answers and have clearly
             explained and provided proof for each answer.


  
______ / 10

Task 6: Explanation is clearly written and thoroughly
             explains ​the reasoning for the solution.


______ / 15

    Total Score:  _______/60

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.

1.) I think option 2 would be best because portable classrooms are disliked by students. It’s annoying to have to walk to and from the main building through the cold during winter, so we should just build on to the school. Option 2 costs $120,000 less than option 3, and our school really needs a new football field, which will cost a lot, so we shouldn’t spend as much on building the classrooms.

2.) Option 1 will cost $184,000. The school needs four portable classrooms, so that’s $40,000 to buy them. Then it will cost $9,000 a year per portable classroom, so that’s $36,000 a year to maintain them. It would cost $40,000 +$36,000 for the first year; $40,000+$36,000+$36,000 for the second year, and so on to get $184,000 for four years.
Option 2 will cost $224,000. It will cost $200,000 to build the classrooms and then $6,000 a year so it will cost $200,000+$6,000 for the first year. Then $200,000+$6,000+$6,000 for the second year and so on.
Option 3 will cost $368,000. It will cost $320,000 to build the classrooms and then $12,000 a year, so it will cost $320,000+$12,000 for the first year. Then it will cost $320,000+$12,000+$12,000 for the second year and so on.

3.) Option 1 would cost $400,000. It’s done the same way as in option 2, but we kept going until we got to ten years.
Option 2 would cost $260,000. It’s done the same way as before, but we kept on going to get to ten years.
Option 3 would cost $440,000. We did it the same as above but for more years.

4.) Option 1: y=4*10,000 + 4*9,000*x, where x is the number of years and y is the cost in dollars.
Option 2: y=200,000+6,000*x, where x is the number of years and y is the cost in dollars.
Option 3: y=320,000+12000*x, where x is the number of years and y is the cost in dollars.
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	     Year
	Option1
	Option2
	Option3

	  1
	  76000
	206000
	332000

	  2
	112000
	212000
	344000

	  3
	148000
	218000
	356000

	  4
	184000
	224000
	368000

	  5
	220000
	230000
	380000

	  6
	256000
	236000
	392000

	  7
	292000
	242000
	404000

	  8
	328000
	248000
	416000

	  9
	364000
	254000
	428000

	10
	400000
	260000
	440000

	11
	436000
	266000
	452000

	12
	472000
	272000
	464000

	13
	508000
	278000
	476000

	14
	544000
	284000
	488000

	15
	580000
	290000
	500000

	16
	616000
	296000
	512000

	17
	652000
	302000
	524000

	18
	688000
	308000
	536000

	19
	724000
	314000
	548000

	20
	760000
	320000
	560000

	21
	796000
	326000
	572000

	22
	832000
	332000
	584000

	23
	868000
	338000
	596000

	24
	904000
	344000
	608000

	25
	940000
	350000
	620000

	26
	976000
	356000
	632000

	27
	1012000
	362000
	644000

	28
	1048000
	368000
	656000

	29
	1084000
	374000
	668000

	30
	1120000
	380000
	680000

	31
	1156000
	386000
	692000

	32
	1192000
	392000
	704000

	33
	1228000
	398000
	716000

	34
	1264000
	404000
	728000

	35
	1300000
	410000
	740000

	36
	1336000
	416000
	752000

	37
	1372000
	422000
	764000

	38
	1408000
	428000
	776000

	39
	1444000
	434000
	788000

	40
	1480000
	440000
	800000


Option 1 is cheapest through year five. Option 2 would be the cheapest after five years. Option 3 will never be the cheapest.

1.) I was right that option 2 would be the best. If enrollment increases in the future, then option 3 might be less expensive than option 2. For example, if enrollment increases by another 118 students in year eleven, then in year eleven and beyond, option 3 will be less expensive (due to the lower cost of building eight classrooms at once rather than building four at two different times). In this example, option 1 will be cheaper during years one through five, and option 2 will be cheaper in years six through ten. 

Using options 2 and 3 will cause the school to lose some parking spots. Perhaps this problem could be fixed by only allowing juniors and seniors to drive to school. Many sophomores drive to school and by not allowing them to do so, there should be enough spots for everyone else. If the sophomores are upset about this, maybe the school could allow only part of the sophomores to drive each day, like Mondays and Wednesdays are boys, Tuesdays and Thursdays are girls. Also, options 2 and 3 may be the best because students do not like learning in portable classrooms. This is a high school, and it should feel like the school cares about its students. We should build the classrooms as quickly as possible so the students can feel respect for their school.

            2.)
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Year

Option 1 
Option 2
Option 3
  1

  76,000
206,000
332,000

  2

112,000
212,000
344,000

  3

148,000
218,000
356,000

 


  4

184,000
224,000
368,000

  5

220,000
230,000
380,000

  6

256,000
236,000
392,000

  7

292,000
242,000
404,000
  8

328,000
248,000
416,000

  9

364,000
254,000
428,000

10

400,000
260,000
440,000

11

476,000
532,000
452,000

12

512,000
544,000
464,000

13

548,000
556,000
476,000

14

584,000
568,000
488,000

15

620,000
580,000
500,000

16

656,000
592,000
512,000

17

692,000
604,000
524,000

18

728,000
616,000
536,000

19

764,000
628,000
548,000

20

800,000
640,000
560,000
1

