SPIRIT 2.0 Lesson: 

The Shortest Line Mystery
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[image: image5.jpg]


Lesson Title: The Shortest Line Mystery

Draft Date: 12/3/09
1st Author (Writer): Dr. Elliott Ostler

2nd Author (Editor/Resource Finder): 

Instructional Component Used: Graphing Calculator Efficiency/Optimization

Grade Level: Middle School and High School

Content (what is taught): 

· Calculating various forms of distance

· Formulating, building, and interpreting graphs for optimization problems

· Re-conceptualize vocabulary and ideas related to optimization and efficiency

Context (how it is taught):

· Students will be given a scenario to analyze
· Students will ask the following questions when analyzing the scenario:  How fast can we get from point A to point B?  What is the best way to do something?  What is the cheapest way?  What takes the least amount of energy?
· Students will compare and contrast graphs created by hand versus graphs created on a graphing calculator.

Activity Description:

The students will measure various lines and curves on a graph, define conditions that may cause a straight line path for a robot to be inefficient, and determine how the most efficient paths can be found by interpreting graphs.  Students will be given a scenario and will be asked to explore some possible paths a robot could take to get to where it needs to go. Students will collect data by constructing a scale model of a situation, measuring or calculating based on modeled conditions, and then recording and graphing the results. 
Standards:
Science 
Technology

SA1, SA2, SB1
TC1, TD1, TC4

Engineering
Math

EA1, EA4, EA6, EB1



      MB2, MD2

Materials List: 

Robot

Graph Paper

Rulers and/or Other Measurement Instruments (for scale drawing)

ASKING QUESTIONS:  The Shortest Line Mystery 

(Graphing Calculator)
Summary:  The students will measure various lines and curves on a graph, define conditions that may cause a straight line path for a robot to be inefficient, and determine how the most efficient paths can be found by interpreting graphs.

Outline:

· Complete the following statement:  “The shortest distance between two points is…”

· Students will determine if a straight line is always the best path for the robot to follow

· Students will construct a list of ways that best, most efficient, or optimal can be measured or calculated using alternatives to distance such as time, energy use, or cost.

· Using a graphing calculator, students will construct and interpret graphs of robot paths where distance, time, energy, or cost is a function of the path the robot travels.  

Activity:

Have students enter the function:  
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 and use the trace option on the calculator to find the highest point.  Describe how  could be a variable such as cost, while x could be another variable such as speed.  Describe how the variables are related (cause/effect). Using the graph below, have students discuss where the robot used the least amount of energy traveling a given distance at different speeds. 

	Questions
	Possible Answers

	· How is a straight line defined practically?
	Answers will vary, but should include the idea of a direct geometric route.

	· How is a straight line defined mathematically?
	A set of collinear points in a plane

	· What are good alternatives to measuring distance, and what are the terms we use to measure efficiency or the best possible path?
	Amount of time, amount of energy, lowest cost, etc.



	· How can graphs help interpret efficiency as defined above?  
	Define using the terms above and the graph example below


Worksheet:  M044_TheShortestLine_A_WS.doc
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Model:  M044_TheShortestLine_A_Model.xls
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EXPLORING:
The Shortest Line Mystery (Graphing Calculator)
Summary:  A robot’s battery needs to be recharged.  The robot spots a “Charging Station” and wants to get there in the least amount of time, but different paths have different terrains and therefore would take different amounts of time and energy.  Explore some possible paths the robot could take to get to the charging station and define a way for calculating the time it would take it to reach the destination given the following conditions:  The robot can travel at 6ft/min over solid ground and travel 3ft./min in shallow water.

Outline:

· Students will predict what the fastest time of the robot from a designated starting point to the charging station based on the information given above.

· Students will calculate the time and distance of their predicted path and compare to other student’s calculations.  (calculations can be done by measurement or formula depending on the level of the course)

Activity:  

1. Using a scale of 1 inch equals 4 feet, recreate the diagram below so that the distance between point A and point B is 6 inches (24 feet of actual distance) and the distance from point B to the Charging Station is 3 inches (12 feet of actual distance).

2. Calculate the straight line distance and time it would take for the robot to travel between point A and the Charging Station.  Calculate the distance and time it would take for the robot to travel from point A to point B and then to the Charging Station.  

3. [image: image9.wmf]Pick what you believe would be the fastest path for the robot to travel to the Charging Station and calculate the distance and time it would take.  Compare your guess and calculation results to another person’s results.            
     











C

Shallow water area above the line

M




A

N

X


B


Solid ground area below the line

Model:  M044_TheShortestLine_E_Model.doc


INSTRUCTING:  The Shortest Line Mystery (Graphing Calculator)
Putting "Distance Optimization" in Recognizable terms:  Other words for distance might be “how far,” “how long does it take to get from point a to point b,”  “how fast can we get from point a to point b.”  Other words/phrases for optimization might be finding the best way to do something, the fastest way, the cheapest way, the way that takes the least amount of energy, etc.

Suggested Instruction:  Class discussion and demonstration of how distance can be applied to measurements other than length such as time, profit, or energy use to create distance functions.
Putting "Distance Optimization" in Conceptual terms:  Distance on a flat surface can be measured by using a ruler, a tape-measure, a formula (if the path is unobstructed), or by counting on a grid.  Optimal distance can be found by comparing measured, calculated, or counted values of distance.  If distances are graphed, the optimal distance would be the highest point or possibly the lowest point on the graph.  Optimization is often done by interpreting the highest or lowest points on a graph.

Suggested Instruction:  Use guiding questions and graph interpretation..  Have students measure straight and diagonal distances on a coordinate plane.  Review Pythagorean Theorem as a means to calculating distance on a plane.

Putting "Distance Optimization" in Mathematical terms:  Distance of straight lines and curves in a coordinate system are all measured using variations of the Pythagorean Theorem.  Note that optimization is often interpreted by locating and identifying relative maximum and minimum points on a graph.

Suggested Instruction:  Use the Pythagorean Theorem to calculate distance.  Discuss how distances change based on other variables and become functions.  Have students enter graphical functions on their graphing calculators that could represent distance, time, energy use, or other variables as a function of conditions, and then interpret highest and lowest point(s) using the trace function.  

Putting "Distance Optimization" in Process terms:  
INTERMEDIATE: The straight line distance on a coordinate plane can be calculated as follows:  
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ADVANCED:  The distance along a curve can be calculated by:  
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Suggested Instruction:  Demonstration and guided practice with text problems

Putting  "Distance Optimization" in Applicable terms:  Solve a problem where distance, time, or energy consumption vary based on other conditions and variables.

Suggested Instruction:  Use an integrated modeling activity as an instructional strategy.
ORGANIZING:  The Shortest Line Mystery (Graphing Calculator) 

Summary:  Students will collect data by constructing a scale model of a situation, measuring or calculating based on modeled conditions, and then recording and graphing the results.  Beginning groups will construct graphs on graph paper.  Intermediate and advanced groups will be strongly encouraged to use a graphing utility.

Outline:

· Construct a scale model base on the conditions described in the Data Table Template

· Measure or calculate to collect and record the appropriate data

· Graph the results of the data table (as described above for beginning, Intermediate, and advanced groups)

· Derive an algebraic formula based on the model **

· Use the graphing calculator to graph the function derived in the previous step **

· Define the solution by interpreting the graph. 

Activity:

Depending on the level of the students engaged in this activity, they will create a scale model of the situation described in the Data Table Template of a robot needing to be recharged and the most efficient path the robot can take to a charging station.  Some discussion of the reasons for collecting the data should precede the actual measurements and calculations.  Once students have filled out the data table, they should be drawn back to the INSTRUCTION portion of the lesson to reinforce and apply the formulas/techniques learned.  The data should then be graphed on paper, and on the graphing calculator as a function for more advanced groups.  They should then make conclusions based on the collected data.

Specific skill sets to be gained from the activity:

· Define terms: straight line, distance, optimal path

· Produce an accurate scale model of the situation

· Measure or calculate based on the given conditions

· Algebraically model the path using time as a function of conditions and define cause vs. effect

· Collect data from measurements/calculations

· Graph results of data collection

· Use the graph to define the optimal path

Worksheet:  M044_TheShortestLine_O_WS.doc


UNDERSTANDING: The Shortest Line Mystery 

(Graphing Calculator)

Summary:  Students will produce the chart and graph based on data from the Data Table Template.  After having completed this, they will prepare a description/interpretation of the data table and graph.  In this description/interpretation, they will specifically address the following terms: straight line, distance, optimal.  Students will also be able to determine distance by measurement or by calculation.

Outline:

· Formative assessment of measurement and calculation of textbook problems

· Formative assessment of algebraic model produced from the conditions of the scenario

· Formative (observational and journal based entry) assessment of vocabulary

· Graphs of the Data Table Template will be assessed according to the following:  Accurate measurement/calculation, labeling of coordinate axes, placement of data points, and interpretation of maximum and minimum points

· Description/interpretations will be evaluated based on accuracy and clarity.

Activity:

· Students will complete problems using the distance formulas or arc-length formula depending on the level

· Students will produce an algebraic formula appropriate for the robot scenario and demonstrate how to graph it using the graphing calculator

· Students will produce a short narrative describing the interpretations of the graph and provide an explanation of how the “optimal” path can be determined from the graph.

· Students will program the robot to travel the “optimal” path and time the event so that it may be compared with data from the Data Table Template.

Worksheet:  M044_TheShortestLine_U_WS.doc
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