Truck Delivery Route
Subject: 8th grade

Time: 3 days

Materials: Map, ruler, pencil, paper, calculator, attached handouts, attached grading rubrics, string, scissors
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, 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 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 markings.

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

· 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 locations on a map and then convert the measurement to miles using the key. Students will then decide in which order the locations 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 and 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 about 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 “Truck Delivery Route!” Explain that the students need to find the shortest route for a delivery truck to travel from Federal Express to all of the delivery sites and then back to Federal Express.

2.) Let students work in pairs to create the optimal path. Closely monitor the room to make sure students are first locating the delivery locations, then measuring in inches the distance between some delivery sites by following the roads, 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 locations. List ways the routes might look if they are optimized.

5.) At end of class, assign as homework to finish the writing section explaining how the route was found, along with anymore 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 delivery locations and will want two people to deliver the 16 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 drivers need to stop at the same locations.

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.
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 delivery locations or already having the corners marked on the map.

· For more advanced students, try having students consider costs, speed, traffic, or one-way streets 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 delivery truck.

Truck Delivery Route
Delivery services always try to find the best route to save on fuel and shorten route times. You are a delivery truck driver for Federal Express. You have to pick up your packages at Federal Express, deliver to six locations, and then return to Federal Express. Federal Express is located at the corner of 10th and Walnut Streets. The delivery sites are located at:

· Winslow Sports Complex at Winslow Road and Highland Avenue,
· Bureau of Motor Vehicles at 4th Street and Rogers,
· Bloomington High School South at Walnut Street and North Drive,
· College Mall Shopping Center at 3rd Street and College Mall Rd.,
· Community Mental Health Center at 1st Street and Rogers,
· Animal Shelter at Walnut Street and Rhorer Road.
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 he might find the shortest route if he decided to send out two trucks instead of one.
Remember!

This information is going to your boss!

It should be well organized and well written. 
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Truck Delivery Route Too
After spending time finding the shortest route for your delivery route, your boss contacts you and says he changed his mind. Now you and a coworker each have to pick up your packages at Federal Express and deliver them to twelve locations before returning to Federal Express. You each will have your own routes. The delivery locations are:

· Winslow Sports Complex at Winslow Road and Highland Avenue,
· Bureau of Motor Vehicles at 4th Street and Rogers,
· Bloomington High School South at Walnut Street and North Drive,
· College Mall Shopping Center at 3rd Street and College Mall Road,
· Community Mental Health Center at 1st Street and Rogers,
· Animal Shelter at Walnut Street and Rhorer Road,
· Taco Bell at Whitehall Pike and Curry Pike,
· Monroe County Library at Kirkwood Avenue and Lincoln Street,
· United States Post Office at 10th Street and Pete Ellis Drive,
· Agency for Instructional Technology at 17th Street and Monroe St.,
· Indiana State Police at State Road 45/46 and Fee Lane,
· Sam’s Club at Bloomfield Road and State Road 37.
Your boss wants you to find the shortest delivery route and then send him the following:

· Your chosen routes traced in colors on a map;
· Your choice of routes and their lengths in inches (on the map) and miles (in real life);
· A thorough explanation of how you discovered the shortest route;
· Whether you think it would be better to split up the deliveries or have one person deliver all the packages and why you feel this way;
· At least 3 reasons why your answer might be different from another group’s;
· A brief paragraph discussing how accurate the measurements should be recorded and how accurate the miles should be recorded (be sure to explain).

Remember! 

This information is going to your boss!
It should be well organized and well written. 

Grading Rubric for Truck Delivery Route
Student name: ___________________________

Group Members: __________________________________________________________________________________________________________________________

1.)
Route is 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 included on how to modify the process 
for two trucks.

  
______ / 4

Total Score:  _______/25

Grading Rubric for Truck Delivery Route Too

Student name: ___________________________

Group Members: __________________________________________________________________________________________________________________________

1.)
Routes are 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 


trucks would be better.


______ / 3

5.)
At least 3 reasons why answers may vary.

  
______ / 6

6.)
Included is a 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.

Truck Delivery Route
The shortest route was from Federal Express to the Bureau of Motor Vehicles, to the Community Mental Health Center, to Bloomington South, to the animal shelter, to Winslow Sports Complex, to College Mall, and finally back to Federal Express. The total distance was 29.125 inches on the map, which is 10.9 miles. This was found because 1 inch on the map equaled .375 miles. Therefore, 
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 which allows us to cross multiply and find x.

The distance between Federal Express and the Bureau of Motor Vehicles was 1.3125 inches, which was .117 miles. The distance between the BMV and the Community Mental Health Center was 1.125 inches, which was .0468 miles. From the Mental Health Center to Bloomington South was 3.438 inches, which was 1.289 miles. From Bloomington South to the animal shelter was 4.25 inches, which was 1.594 miles. From the animal shelter to Winslow Sports Complex was 4.5 inches, which was 1.688 miles. From Winslow to the mall was 8.125 inches, which is 3.047 miles. Finally, from the mall back to Federal Express was 6.375 inches, which was 2.39 miles.
To get the shortest route, we first tried to make a circular path out of the stops. However, Winslow Sports Complex was not part of the circle route so we had to try to stick it in somewhere. We also knew that diagonal roads would get us from one spot to another faster unless the diagonal road curved too much. We had to check to see if it would be faster to take the straight roads or the curvy diagonal roads.
If given two trucks for a route, it might be a good idea to divide the stops up into two smaller groups that do not overlap. Then each part could be done, as above, with shorter routes. The stops between the circles should go to the route that naturally comes closest to the stop.

Truck Delivery Route Too

One route would be from Federal Express to Taco Bell, to Wal-Mart, to the Community Mental Health Center, to the Bureau of Motor Vehicles, and finally back to Federal Express. This route was 21.94 inches which is 8.22 miles. Our second route was from Federal Express to the Agency for Instructional Technology, to the Indian State Police, to the United States Post Office, to College Mall, to the Winslow Sports Complex, to the animal shelter, to Bloomington South, to the Monroe County Library, and finally back to Federal Express. This route was 37.8 inches long,  which is 14.18 miles.


To find this shortest route, we first divided our stops into those east of Federal Express and those west. Wal-Mart and Taco Bell caused problems because they were not easy to get to by road and because they were so far away compared to other stops. The route that included Wal-Mart and Taco Bell ended up not easily containing many other stops. Therefore, we had the second route contain most of the other stops. It made one route almost twice as long as the other, but this appears to be the most cost-efficient way to divide the routes.

It seems that having only one driver might be better. Although the two routes did not travel the same streets many times, they both originated from Federal Express. It would be quicker for the two routes to be connected without having to go back to Federal Express for the two routes. However, this does depend on whether the truck drivers have much time to make the routes and how traffic is.


One reason our answer might be different is that we did not find a shorter route. Another reason is that although we put the stops in the right order, we may not have taken the same roads between the stops. It is also possible that our group rounded differently than another group. Maybe another group was more precise in measuring the distance between stops. Since the key was an estimate, it is likely that another group did not have that .375 miles was 1 inch. It’s also possible another group decided a better route was one that divided the stops or mileage equally even if it increased the total miles.

It was important to be accurate in measuring since some measurements were very small. If we only measured to a ¼ of an inch, some lengths might be rounded to zero, which does not make sense. However, if the final answer is off by a ½ an inch or so, the total mileage will change by less than a mile, which really is not that much when talking about driving a truck. So the accuracy is not terribly important. 
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 4 stops. Instead of tackling the entire list at once, students may find it useful to break the stops into groups (i.e., those east of Federal Express and those west of Federal Express) and find solutions for these shorter problems.
Be sure all locations are on the maps prior to giving this problem to the students. To measure the length of roads that are not straight, try laying a string on the road and then measuring the string. Although this is not as accurate, it is an easy way to measure the length of curves. (This problem could also be done using centimeters instead of inches.)
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