Airplane Delivery
Subject:  8th grade

Time:  3 days

Materials:  Map, ruler, pencil, paper, calculator, attached handouts, attached grading rubrics
Objectives:

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

· Students will be able to efficiently use a ruler to measure with accuracy of 1/16 of an inch

· Students will be able to compute distance when given a legend

Standards:

· 6.5.6: Understand the concept of significant figures and round answers to an appropriate number of significant figures.

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

· 8.7.1: Analyze problems by identifying relationships, sorting out 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 using inductive reasoning.

· 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.

· 8.7.7: Recognize the relative advantages of exact and approximate solutions to problems and give answers to a specified degree of accuracy.

· 8.7.10: Make precise calculations and check the validity of the results in the context of the problem.

· 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.

Prior Knowledge:
· Students will know how to measure with a ruler but may not be familiar with the 1/8 or 1/16 inch marking.

· Students will know how to read a map and locate cities.

· Students will know about map scales but may not have experience using them.
Overview:

Students will work in small groups to measure the distance between specific cities on a map and then convert the measurement to miles using the key.  Students will then decide in which order the cities should be visited to minimize the traveled distance.  Students will then discuss in class the various answers and some possible explanations for variations in distances.  Each individual student will write a short response about how an answer was reached, stating factors that gave different answers.  Finally, students will apply their new knowledge to a more complicated problem, discuss the results as a class, and write individual responses to the new task.

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.) Pass out rulers, maps, and the first handout “Delivery Time!”  Explain that students need to find the shortest route for a plane to travel from Terre Haute to all of the cities and back to Terre Haute.
2.) Let students work in pairs to create the optimal path.  Closely monitor the room to make sure students are first locating the cities, then measuring in inches the distance between some cities, and then converting the inches to miles.  Once a pair finds a solution, challenge their solution by suggesting another path.  Have extra maps available if groups mess up and need a clean start.  If groups seem to be finishing up quickly, suggest they start the writing portion.
3.) After 30 minutes of working, have the entire class compile a list of the picked routes and see which one was used the most.  Then write the measured distance in inches and miles on the board as calculated by each group.  Take this opportunity to discuss why some measurements are different and how measuring to 1/16 of an inch might be more precise.  Take this opportunity to introduce proportions to calculate the change from inches to miles.  Also discuss accuracy and how many significant figures should be included in these calculations.
4.) With 10 minutes remaining, have the class begin brainstorming ways the problem would be different if two people were assigned to take different routes and deliver to these cities.  List ways the routes might look if they are optimized.
5.) At end of class, assign as homework finishing the writing section, explaining how the route was found, along with additional suggestions for having two routes.  Be sure to collect rulers and blank maps.

Day 2

1.) Begin class by saying that the Federal Express boss called in and changed his plans.  Pass out the new worksheets, maps, and rulers and explain that now the boss has added 8 more cities and will want two routes to deliver the 14 packages.

2.) Let students work for the rest of class.  Closely monitor the students but try to minimize the assistance given.  Challenge student ideas about whether the routes should cross and whether planes need to stop at the same cities.

Day 3

1.) Announce that the students have 30 minutes to finish finding their optimal routes and remind the students that a written portion of the assignment is also needed.

2.) Monitor the students while they work.  Continue to challenge ideas.  If groups begin to finish, suggest they try the problem again but with 3 routes instead of two.

3.) After 30 minutes, collaborate together to list the possible optimal paths according to the groups.  After all groups have contributed their routes, go back and add the distances in inches and miles from each group.  If there are inconsistencies, have the class discuss why differences may occur.  This would be a good time to remind the class of the 1/16 measuring on the ruler and how to use ratios to convert from inches to miles.  Have the class come to a consensus of which routes are best.
4.) After 20 minutes, have a brief discussion about whether the students think it is better to have one delivery person or two delivery people.  Bring up topics like whether it is fair to compare our two cases since the number of deliveries was increased.  Try to get the class to decide that the 14 packages gave one delivery person 7 packages when the original person only had 6 to deliver.

5.) Finish class by complimenting the students on how they worked and reminding them that the written explanations are homework due the next day.
Extension Activities:
· To shorten the activity, try reducing the number of cities or already having the cities marked on the map.

· For more advanced students, try having students consider costs and time when calculating routes.

· For more advanced students, add a differentiation between large and small packages and the number of packages per stop.  This would involve the capacity of the aircraft.
Delivery Time
Delivery pilots always try to find the best route to save on fuel and shorten route times. You are a delivery pilot for Federal Express Airways.  You have to pick up your packages in Terre Haute, deliver them to six Indiana sites, and then return to Terre Haute. Each city has to be visited because you have packages for all six. The delivery sites are located in:

· Columbus,
· Elkhart,
· Martinsville,
· Decatur,
· Jasper,
· Logansport.
Your boss wants you to find the shortest delivery route and then send him the following:

· Your chosen route traced in color on a map;
· Your choice of route and its length in inches (on the map) and miles (in real life);
· The distance between the stops on your route in inches (on the map) and miles (in real life);
· A thorough explanation of how you discovered the shortest route;
· Ideas on how your boss might find the shortest route if he decided to send out two planes instead of one.
Remember!
This information is going to your boss!
It should be well organized and well written. 
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Delivery Time Too
After spending time finding the shortest route for your deliveries, your boss contacts you and says he has changed his mind. Now you and a coworker each have to pick up your packages in Terre Haute and deliver them to fifteen Indiana sites before returning to Terre Haute. Each of the fifteen cities has to be visited because there are packages for each. For efficiency reasons, no city should be visited more than once. You and your coworker each have your own route. The delivery sites are located in:

•  Valparaiso,


•  Washington,

•  Crawfordsville,

•  Madison,
•  Seymour,


•  Warsaw,
•  Corydon,


•  New Castle,
•  New Haven,


•  Wabash,
•  Ft. Wayne,


•  Bloomington,
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•  Franklin,
•  Auburn.
Your boss wants you to find the shortest delivery route and then send him the following:

· Your selection for the shortest routes traced in colors on a map;
· Their lengths in inches (on the map) and miles (in real life);
· A thorough explanation of how you discovered the shortest route;
· Why you think it would be better to split up the deliveries into two routes or have one person deliver all the packages;
· At least three reasons why your answer might be different from another group’s;
· A brief paragraph discussing how accurate the recorded measurements should be and how accurate the recorded miles should be. Be sure to explain.
Remember!  This information is going to your boss!
It should be well organized and well written. 
Grading Rubric for Delivery Time

Student name: ___________________________

Group members: ____________________________________________________________________________________________________________________________________
__________________________________________________________________

1.)
Route clearly traced on map.

______ / 3

2.)
Route stated with length given in inches and miles.


______ / 6

3.)
Distances between each stop given in inches and miles.


______ / 7

4.)
Explanation of how shortest route was found.


______ / 5

5.)
List of ideas on how to modify the process for 
two planes.

  
______ / 4

Total Score:  _______/25

Grading Rubric for Delivery Time Too

Student name: ___________________________

Group Members: ____________________________________________________________________________________________________________________________________
__________________________________________________________________

1.)
Routes clearly traced on map.

______ / 3

2.)
Routes stated with lengths given in inches and miles.


______ / 7
3.)
Explanation of how shortest route was found.


______ / 5
4.)
Explanation of whether one or two delivery 


people would be better.


______ / 3
5.)
At least three reasons why answers may vary.

  
______ / 6
6.)
Brief paragraph explaining accuracy.
______ / 6

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.

Delivery Time:

The shortest route was from Terre Haute to Jasper, to Columbus, to Martinsville, to Decatur, to Elkhart, to Logansport, and finally return to Terre Haute.  The total distance was 20.1875 inches on the map which is equivalent to 538.3 miles.  This was found because .75 inches on the map equaled 20 miles.  Therefore, 
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 which allows us to cross multiply and find x.

The distance from Terre Haute to Jasper was 2 13/16 inches, which was 75 miles.  From Jasper to Columbus was 2.75 inches, which is 73 miles.  From Columbus to Martinsville is 1 15/16 inches, which is 28 miles.  From Martinsville to Decatur was 4.5 inches, which was 120 miles.  From Decatur to Elkhart was 2 7/8 inches, which was 77 miles.  From Elkhart to Logansport was 2 7/16 inches, which was 65 miles.  From Logansport to Terre Haute was 3.75 inches, which equals 100 miles.  To calculate from inches to miles, we used the same equality as above.

To discover the shortest route, we used an educated guess-and-check method.  We knew we did not want to try all options (there would be too many) so we only checked those that seemed like they might be short.  Besides our shortest route, we also tried Terre Haute to Martinsville, to Columbus, to Jasper, to Decatur, to Elkhart, to Logansport, and finally to Terre Haute.  This route was 21.9375 inches long which was longer than our previous route.  We also tried Terre Haute to Jasper, to Logansport, to Elkhart, to Decatur, to Columbus, to Martinsville, and then back to Terre Haute.  This route was 21.5625 inches long which was shorter than the previous route but still longer than our first route.  These were the only routes suggested by group members that might be shorter so we concluded our original path was the shortest.
Our thought on how to find the shortest route if given two planes would be to divide the cities into two groups.  It might be a good idea to make each group have the same number of cities but it might also be a good idea to make one group have cities from Northern Indiana and one group have cities from Southern Indiana.  Finally, we would suggest that the boss use the method we used today to find the shortest route within each group of cities.  Also, it might not be a good idea to have the routes cross each other.

Delivery Time Too:


We had one plane go from Terre Haute to Crawfordsville, to Valparaiso, to Warsaw, to Auburn, to New Haven, to Ft. Wayne, to Wabash, to New Castle, to Lebanon, and finally back to Terre Haute.  This route was 19.1875 inches, which is 512 miles.  We had the other plane go from Terre Haute to Washington, to Corydon, to Madison, to Seymour, to Franklin, to Bloomington, and finally back to Terre Haute.  This route was 11.875 inches, which is 317 miles.

We found the shortest route by an educated guess-and-check method.  First we decided it would be a good idea to send one plane to northern Indiana and one plane to southern Indiana.  However, we did not know whether New Castle should go in the northern group or the southern.  We decided to try it both ways.  The first route we tried for the northern plane was Terre Haute, to Crawfordsville, to Valparaiso, to Warsaw, to Auburn, to New Haven, to Ft. Wayne, to Wabash, to New Castle, to Lebanon, and finally back to Terre Haute.  This route was 19.1875 inches long.  We also tried removing New Castle from the route by going from Terre Haute, to Crawfordsville, to Valparaiso, to Warsaw, to Auburn, to New Haven, to Ft. Wayne, to Wabash, to Lebanon, and finally back to Terre Haute.  This made that route only 17.3125 inches long.  However, for the first northern route, the southern route went from Terre Haute, to Washington, to Corydon, to Madison, to Seymour, to Franklin, to Bloomington, and finally back to Terre Haute for a total of 11.875 inches.  For the second northern route, the southern route went from Terre Haute to Washington, to Corydon, to Madison, to Seymour, to New Castle, to Franklin, to Bloomington, and finally back to Terre Haute.  This route was 15.9375 inches long. So in all, the first route was 19.1875 + 11.875 = 31.062 inches long and the second route was 17.3125 + 15.9375 = 33.25 inches. We tried a couple of other routes that were not as short as the 31.062 inches.

We think one delivery person would be better.  When having two delivery people, you waste time and money flying in and out of Terre Haute more than if you only have 1 person.  Assuming that one person is capable of delivering all these packages in one day without needing to return to Terre Haute until finished, one person would save money.


Answers may vary depending on how we rounded our measurements and ratios.  Answers may also vary due to errors in using the rulers.  We might also have measured from different locations in the city.  It is also possible another group found a shorter answer that our group simply did not see.  It is also possible that other groups decided the cities should be divided up evenly among the two routes or that each plane should be traveling about the same time. These assumptions would change the solution.


In measuring with the ruler, it was necessary to be extremely accurate.  Being off by ¼ of an inch would mean being off about 7 miles in the end.  If we did this too many times, our answer would be extremely wrong and our planes might run out of fuel.  If we decided to round in this problem, we should have rounded up to account for the fuel usage. Once we changed our answers to miles, we needed to be less accurate.  Because 2/3 of a mile will not make much of a difference when the trip is over 500 miles long, 511 2/3 miles should be rounded up to 512 miles, which would be accurate enough for this problem.  Plus, 2/3 of a mile would be 3,520 feet, and the chance of a plane being able to measure 3,520 feet seems unlikely.

Other things to note about this problem

There is no easy way to solve this problem.  Finding all possible solutions is too large of a list for any variation of this problem with more than four cities.  Instead of tackling the entire list at once, students may find it useful to break the cities into groups (i.e., those north of Terre Haute and those south of Terre Haute) and find solutions for these shorter problems.
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