How to teach slope and rate

COMPILATION. How to teach slope and rate

Date:    Wed, 29 Aug 2007 
From:    Rebecca Wenning 
     I am a first year teacher, and started the school year a week ago, and was somewhat shocked and disappointed to find that many of my juniors and seniors were not familiar with the concept of slope and rate.
     I've done multiple activities, such as having students plot the Fahrenheit and Celsius scales, circumference versus diameter, etc. Still, some of my students struggle to understand slope and y-intercept for even simple relationships. We did graph mapping today to get a conceptual "feel" for the meaning of slope on position-time graphs, and while I think that this was helpful, I still lose them on the math.

     Does anyone have any suggestions for where my students might be getting lost, and any remedies? 
     Or, perhaps understanding slope is meant to be a work in progress that is developed along with the study of kinematics. How well should students be able to do the math before I begin diving into the physics?
******************************************************************************

Date:    Wed, 29 Aug 2007 
From:    Park, Nicholas

     You've got it right when you say that "perhaps understanding slope is meant to be a work in progress that is developed along with the study of kinematics." For many students, it takes longer than that. The key thing is to consistently make them interpret what slopes and ratios mean in a variety of contexts; get them to say (don't tell them yourself) "the object's change in position in each one second time interval," "the gravitational force applied by the earth on each one kilogram of mass," "the additional force exerted by the spring for each additional 1 cm of stretch," etc. The concept is subtle, and must solidify over time.
******************************************************************************Date:    Wed, 29 Aug 2007 
From:    Richard Hewko 
     A good way that I have found to teach slope is to start with direct variation (y intercept zero) and especially to start with made-up tables that would plot elevation in feet compared to distance from shore in feet.  Now slope of the line is the same as the slope of the real situation, the names mean the same thing, and the slope is unitless, so easier to understand.
     Then move to elevation in feet vs. distance from shore in miles or some such to have "like" units (both distance units) involved.  Then move to distance-time graphs where the slope matches the speedometer of a car, gradually increasing the complexity of the situation.
     Now do negative slopes and talk about what that might mean.  Finally introduce the y intercept as a time or distance shift having to do with the position when we started the clock, etc. 

     Slow simple steps that allow the weak student to really understand what is happening.
     This is the way we teach it in the Dots Math Text (CIMM) "Catch a Wave". Our pilot teachers raved about the approach.  It feels very slow-paced, but it really works.
******************************************************************************

Date:    Thu, 30 Aug 2007 
From:    Dawn Rico 
     I am a 2nd year teacher and am doing the Physics First Curriculum from Schober's website.  Mr. Park was my modeling teacher this summer and I second what his feedback was about it being a work in progress.  I would suggest that if they are struggling with the math to look over the physics first materials.  It really baby steps them and allows for lots of repeated exposure to the concept and the math.
******************************************************************************

Date:    Thu, 30 Aug 2007 
From:    Bob Baker  
     The slope is 5.0 m/s in a constant velocity lab; position depending on clock reading.  What does the 5.0 mean?
     The slope is 0.3 N/N in a friction lab; force of friction depending on force normal.  What does the 0.3 mean?
     The slope is 0.0 s/kg in a pendulum lab; period depending on mass.  What does the 0.0 mean?
******************************************************************************
Date:    Thu, 30 Aug 2007 
From:    Tim Erickson 
    Couldn't agree more with this whole thread. I have been presenting math/function/graphing/modeling activities to HS kids and teachers for ages and it really seems to take time to understand -- or re-understand -- slope in all its forms and glory. By all means, force interpretation relentlessly.
     Now, a fun suggestion for negative slope:  Each student gets a standard school ruler. On one side you have inches; on the other, centimeters. But (as they may never have noticed) they go in opposite directions. So they collect "data": the numbers on the ruler that are across from one another, that is, what number on the centimeter scale corresponds to what number on the
inches scale.
     Then they predict what they will see when they plot inches versus centimeters; then they do it and find a suitable line.
     A cool result if you use Fathom (which understands units) is that the students who enter the data without units get a slope of -2.54 (or its inverse); those who enter the data with units get a slope of -1.00. THAT creates a rich discussion of the difference between numbers and quantities.
     This activity appears in a booklet I'm putting together called EGADs (Enriching Geometry and Algebra through Data). For the time being, anyone can download a partial draft at
http://www.eeps.com/resources/index.html
******************************************************************************

Date:    Thu, 30 Aug 2007 
From:    Bob Warzeski 
    This is getting ahead of the Unit 2 activities a bit, but set up a starting point in your room (or outside on a sidewalk or the football field), and a scale (meter marks on cash register tape in the classroom, a 30-m tape measure outside, etc), and have them walk away from it at a constant speed.
      Pat Burr and Lee Rodgers have the students clap in time to give a time scale (which gets everyone focused), or you could use inexpensive stopwatches.  Two students can move at different speeds simultaneously, and their location after a certain number of claps noted.
     Several modelers have suggested working with motion maps first and then (turning it on its side) adding a time axis.
     To get at the y-intercept issue, do this with one student starting at the origin, and another at some positive position.  Try for the same speed to limit the number of things varying at once. When the students plot the motion map or their position vs. time, it will be obvious that the y-intercept was simply Fred's initial position, and that it has units.  This is also the way to get across the concept of negative position.  Have a student start BEHIND the starting line by a measured distance.  There's no real math involved at first, just the numerical measurements and plotting the graph.  Talk about the physical meaning of the intercept and lines. THEN you can do slope to find out how fast they were going.   
     This understanding can then be explicitly compared to other graphs with which have y-intercepts, so that they reach the realization that the intercept is simply the initial value of their y-axis variable (dependent variable).


     As a general comment to the listserv, I found some inexpensive, round silicone hot pads in red and blue at a Dollar Store, and they make perfect markers for a literal motion map of a person walking.  They are very visible, thin (so you can hold a stack easily), just the right weight to be tossed to the ground without fluttering off, and 18.5 cm (7 1/4 in.) across. It is easy to wash off, too.  One student calls times (every two seconds works well) and the "walker" throws down a pad on each time mark.  I bought 10 of each color and have looked unsuccessfully for more at the Dollar Store and Big Lots, but have yet to try online.  I suspect they could be found.
*****************************************************************************

Date:    Mon, 28 Jan 2008 
From:    Lee Trampleasure Amosslee 
      I'm in my first year of using the Modeling curriculum (after eight years of conventional physics teaching), and just introduced mu (friction coefficient) to my students. I was impressed with how easy it is to use a graph to determine mu (that is, now easy it is when students are used to using graphs to discover relationships!).
IV = Force of gravity
DV = Force of friction
     It's just like the introductory "bouncy ball" lab where the slope represents the bounciness of the ball: here the slope represents the "stickiness" of the surface.
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