Tutorial 1 Motion Graphs

Instructor’s Guide

Overview

This tutorial uses motion detectors to help students understand position and velocity graphs.  It also begins to address strategies for catching mistakes.  The work cycle for the students will be predict/experiment/discuss.  It is useful to discuss this with students at the beginning of class and emphasize the importance of making the predictions first.  Students will commonly make mistakes in their predictions, which they will discover as they experiment.  It is important for the instructor to encourage the students to think about their mistakes.  Since it’s rare to have a group that agrees all the time, be sure to point out differences between student predictions and use these as a jumping-off point for discussion.

Click here to see the associated ILD.
Click here to see the tutorial homework.
Click here to see the tutorial homework solution.
Click here to see the video documents for the Blue, Green, and Red groups.
I.


Students will probably not be expecting a question about mistakes.  Some students will not see this as a serious question and spend almost no time thinking about it or discussing it with their group.  Some groups will discuss it as you can see in video clip Red 1.  Since spontaneous discussion of this issue is uncommon, instructors should prompt the discussion when appropriate.  It’s vital that instructors send the message that these types of questions are valuable, especially at the beginning of the semester.  One of the goals of this question is to begin to get the students to see the importance of thinking about their reasoning.  Although one question can’t accomplish this goal, future tutorial questions will serve as support.

II.


Emphasize to the students to rotate through the tasks of controlling the detection software on the computer and doing the walking.  You don’t want only one or two students in the group to be able to run the computer since future tutorials will use it.  Also, little bumps in the graphs may distract the student from appreciating their otherwise correct thinking.  Two quick methods can help with this.  For one, if the student holds a book or other flat object in front of herself, the motion detector has a constant target.  Also, if the walker shuffles his feet, individual steps affect the graph less.

A.

1. Students will be tempted to start experimenting with the equipment, but 
they need to sketch their prediction first.  Video clip Red 2 shows students making their predictions and discussing them before experimenting.

4.  It is rare that the entire group agrees on every aspect of the graph, but students often overlook small mistakes to get done more quickly.  Point out the small differences in their graphs and ask the students about them.  One common discrepancy is where they choose to start the graph (y-intercept).  Video clip Blue 1 shows students finishing an experiment and trying to overlook a mistake.  The TA then encourages them to consider this further.  Equipment issues can lead to difficulties here as well.  Video clip Red 3 shows a TA interaction with students dealing with such difficulties.

B.


The students repeat the process with a different walking speed.  Video clip Blue 2 shows the students working through this experiment and discussing its meaning on their own.

C.


The students repeat the process again walking in the opposite direction.  Students will have many different ideas of how to change their graphs as 
the speed or direction changes.  Although no explicit checkout exists here, instructors should wander around the room to get a feel for the students’ ideas.

III.


Parts A and B ask the students to explicitly describe what they hopefully have just discovered in section II parts C and D about determining speed and direction from a distance graph.

C.


1. Here the students are given a more challenging situation to test their understanding of distance graphs.  

2. The group should come to a consensus on a prediction graph before performing the experiment.  

3. The students will need to change the time scale on the computer before performing the experiment.  Depending on your software, you may need to change the instructions in this section.

4.  Aside from the usual mistakes, students will find that if they don’t start far enough away from the detector, the “fast-toward” part of the walk will find them running into the detector.

Checkpoint 1



There are at least 2 important agendas for this checkpoint.  First, check their graphs and conceptual understanding.  They should know that slope on the distance graphs indicates speed and that direction is determined from the sign of the slope.  Make sure they understand what slope is (not to be taken for granted, even for students that have taken calculus!)  Be sure to ask each group member questions.  Just because one student understands the graphs doesn’t mean that all four students follow that reasoning.  Sometimes the quietest students need the most help, and a diagnosis is required.  Second, ask about their mistake catching.  They should have multiple discrepancies between their predictions and experiments.  Talk with the students about these discrepancies and why they occurred.  The three following video clips show examples of the checkpoint.  Video clip Red 4 shows a missed opportunity.  The TA here could have probed the students more to discover if they understand the concepts and the need to think about your mistakes.  Video clip Green 1 also shows a TA who moved quickly through the checkpoint without fully diagnosing the students thinking.  Video clip Blue 3 shows a more complete checkout by the TA.

IV.


The tutorial shifts to velocity graphs.  Again, depending on your software, the instructions for the students may need to be altered.  Students tend to make more mistakes with velocity graphs then they did with distance graphs.  Also, velocity graphs are harder for the computer to get right.  They’re bumpier and harder to keep steady.

A.  

It is suggested that the students start walking before starting the motion detector.  This will avoid the issue of acceleration (covered in tutorial 2).  Some students will predict this “start-up curve” on the graph and some will not.  Depending on when they start the detector they may get disagreement between their prediction and the experiment.  This “mistake” can be good for students to discuss, but it can also cause great confusion and eat up a lot of time.  Individual diagnosis/discretion by the instructor is called for here.  Video clip Blue 4 shows students tackling this issue.  Video clip Red 5 shows a TA helping the students analyze their mistakes in this section and the students making predictions for the next section.

B.

The students now must consider how changing direction affects a velocity graph.  Video clip Green 2 shows students finishing the previous section and then working through this section with the TA.  Again, “floating” behavior can give you a feel for the mistakes the students catch and miss.

V.


This section asks students to explicitly state what the velocity graphs tell you about the motion.  If they have carefully worked through the previous section, parts A and B shouldn’t be too challenging.

C.

This question asks students to consider what information is contained in a velocity graph and what is not.  Even good students can get confused here.  It can be useful to appeal to their intuition here.  Video clip Red 6 shows students working through this.  The TA intervenes, and after some non-productive experimenting, gets the students to reason through the issues using a hypothetical situation.

D and E.

The students are given a more challenging situation.  The instructor should check with the students afterwards to verify that they understand velocity graphs as well as the importance of thinking about the mistakes they have made.  Since this tutorial is fairly long, a one-hour session might not let them get to this point.  Customize this as you see fit.

