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Introduction
This activity challenges small groups of students (2-3) to apply their understanding of constant speed and constant acceleration by replicating and interpreting position v. time and velocity-time graphs that display a variety of examples of motion in one dimension.
This lesson uses the Mantis MODI Sensor. 
Florida Standards
· SC.6.P.12.1: Measure and graph distance versus time for an object moving at a constant speed. Interpret this relationship.
· MAFS.6.EE.3.9: Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables, and relate these to the equation.
STEM Skills and Practices
· Attend to precision
· Reason abstractly and quantitatively
· Model with Mathematics
· Analyzing and interpreting data
Guiding Questions
· How can we describe motion? 
· How do we interpret motion from a graph of distance traveled over time?
Learning Objectives
· Recognize the motion of an object is always judged with respect to some frame of reference.
· Interpret position and time data to describe and quantify the motion of an object.
· Construct, interpret, and predict position-time and velocity-time graphs for linear motion
Timeline
Estimated number of class periods:  1
Time per class period:  55 minutes


Required Materials
	Per Teacher
	Per Student
	Per Group
	Item	

	1
	
	1
	· Mantis MODI Sensor (Click for instructions)

	1
1
	
	1
1
	· Car and ramp (not included)
· Support stand and clamp

	
	
	
	Documents

	1
	
	
	· Teacher Guide (3DSTEM-WalkThisWayMODI-TeacherGuide.docx)

	
	1
	
	· Student Handout (3DSTEM- WalkThisWayMODI-StudentHandout.docx) 



Procedure
1. At the beginning of the class period on day 1, divide students into groups, distribute the MODI sensors to each group, and make sure they are paired properly with the tablet or computer.  
2. Have students use a clamp to attach the MODI to a support stand about chest high.
3. Help students locate spaces to move backward and forward safely.
4. When all students have completed the activity, the teacher should have student groups share their graphs and calculations during a class discussion. 
5. Use the Assessment to check for mastery of the learning goals.
Teacher Note
The last problem involving a Velocity vs. Time graph is completely optional and is designed for classrooms that have access to a low friction dynamics cart set, which is not included.
Answer Key Note
Because each student’s description of the motion required for each graph will vary.  However, be sure to help students focus on the slopes of the different parts of each graph and how that relates to actual motion. See graphs on the next page.


Challenges
	 Position vs. Time Graph
	Description of Motion

	[image: ]
	Basic description: The person (P) moves at a constant speed away from the sensor, stops for a couple seconds, and walks back toward the sensor at a constant speed.
Detailed description by section:
0 s – 1.5 s: The person (P) starts around 0.4 m from the sensor. The upward curve of the plot means that the person briefly accelerates away from the sensor. 
1.5 s – 4 s: P moves at a constant speed away from the sensor until they are about 1.4 m from the sensor.
4 s – 4.2 s: P has a negative acceleration (slows down to a stop).
4.2 s – 6 s: P is at rest about 1.55 m from the sensor.
6 s – 7 s: P accelerates (speeds up) from rest toward the sensor
7 s – 8.2 s: P moves at a constant speed toward the sensor.
8.2 – 9.2 s: P slows down (accelerates) to a stop about 0.63 m from the sensor.
9.2-10 s: P is at rest 0.63 m from the sensor.

	[image: ]
	Basic description: The person (P) speeds up toward the sensor, then pauses, moves toward the sensor and then reverses direction and moves away from the sensor at a constant speed.


	Position vs. Time Graph
	Description of Motion

	[image: ]
	Basic description: P moves away from the sensor at a constant speed, reverses direction and moves toward the sensor at a constant speed, reverses direction again and moves away from the sensor at a constant speed, reverses direction and moves toward the sensor at a constant speed and then stops.


	[image: ]
	Basic description: P is at rest over 1.1 m from the sensor, then slowly moves away from the sensor at a constant speed, then slowly reverses direction, moves back toward the sensor , then pauses, then moves toward the sensor again.






[Optional] If you have a Dynamics Cart System, move the cart along a flat track to match the following velocity graph.
	[bookmark: _GoBack]Velocity vs. Time Graph
	Description of Motion

	[image: ]
	IMPORTANT: This is a VELOCITY vs. Time graph, which many students may miss.
Brief Description: The cart is a rest, then moves away from the sensor at a constant speed, then stops, then then moves toward the sensor at a constant speed. Then stops and stays at rest.
Fun fact: This is essentially the same type of graph as the first Position vs. Time graph in this lesson. 
Cart motion: This can be achieved by using a very low friction cart on a perfectly flat track. Just give the cart a single push away from the sensor, stop it about one meter from the sensor, then push it back toward the sensor, then stop it and leave it at rest..
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