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Date:    Thu, 20 Sep 2007 
From:    Casey O'Hara 
Subject: Linearization
     I'm curious about alternate ideas to data analysis, in place of linearization.  This was my second year of teaching it, and it went better than last year but still was frustrating for my students with low math skills.  Even my math-skilled students, I don't think they'll remember it by the time we need to use it in Unit 3...
     From what I've seen, linearization is a powerful tool for data analysis and developing models based on simple data.  It helps reinforce proportional reasoning skills; it fairly unambiguously
defines the math model based on data; the process can be applied to pretty much any data (esp. if you are familiar with log or exp functions).  Once students understand the concept, it helps students see that data makes sense, that the world makes sense through data.
     But it's also a pretty complex and abstract process that seems to require a pretty good mind for symbolic manipulation.  It takes time to teach, and time is always at a premium.  Once they "learn" it, we don't really use it often enough to cement it in students' heads.
     I think a lot of the labs can be analyzed based on a simple linear model (x vs t for unit 2, v vs t for unit 3; a vs F for unit 5; and so on) without having to linearize data.   I've heard of other teachers applying curve fits to the non-linear models but I feel like that has other drawbacks and difficulties.
     Seems like Modeling does not necessarily require linearization, though they clearly work well together.  Are there other options out there that could work reasonably well?  Are there other reasons why linearization seems to be the preferred method?

******************************************************************************
Date:    Fri, 21 Sep 2007 
From:    George Przywolnik 
     Here in Western Australia we regularly ask questions testing this skill in our university-entrance public examinations. The International Baccelaureate exams do likewise. Historically, the consistent evidence is that only the high-fliers (say, the top 20% of our cohort) can do it. For
those who master it, it is a powerful tool for reducing noise/ambiguity: there is an infinite number of functions which yield curves, but only one yields a straight line.
     Whether it is worth investing the time and effort needed for success depends on the target population for your course. Many of the 20% or so of candidates who can apply the technique go on to major in math, physics, engineering and similar studies. For those guys, it appears to be
worthwhile.
******************************************************************************

Date:    Fri, 21 Sep 2007 
From:    Tim Erickson 
     Great issue. It is possible to fit curves in what I think of as a more humane, modeling-friendly way if you have more modeling-friendly software to help you. The basic idea is to write the formula for the curve (e.g., D = (1/2) A T^2) and then dynamically change the parameter (A) until the curve matches the points as well as possible.
     I describe this procedure in "A Den of Inquiry" (DOI) but more cheaply in a paper that's just been accepted to "The Mathematics Teacher" which, for the time being, you can download from
http://www.eeps.com/resources/index.html 

It’s called "A Pretty Good Fit." There's a link to DOI there too.
******************************************************************************
Date:    Fri, 21 Sep 2007 
From:    Andy Edington 
    I use linearization even with freshman physical science.  "Studentizing" the terms and process greatly enhances skill acquisition and mastery.
    The key is recognizing "graph shapes" and the associated "parent functions."  (I call them "guide equations" for the 9th grade.)
     Here are the four "parent functions" that go with the "graph shapes" we usually see in physics (I can't draw the graphs in email):
     Straight line graph shape  y=ax + b  (or y=mx + b depending on which your math dept. uses.)
     Top opening parabola graph shape  y=ax^2 + b  (most of our situations have the x term as zero.)
     Hyperbola graph shape   y = a 1/x + b
     Side-opening parabola graph shape  y=a x^1.2 + b  or  y^2 = ax +b   (their choice.)
     When we see a graph, we guess what graph shape it is.  To check our guess, we do "linearization."
     For example, if we guess the graph shape is a top opening parabola graph shape, we check to see if we are correct by "linearizing."
     Here's how we "linearize".  Let the parent function y = ax^2 + b guide your thinking.  y:  Leave whatever is on the "y goes high" axis alone.  x: since the x in the parent function you are checking is squared, make a column in your data table of your "x" values squared.  Now, plot your "y values" vs. your "x values squared".  If that comes out to be a straight line graph shape, then you guessed the correct graph shape. If not, try again with a different graph shape.
     Now for the graph shape parent function's a and b values.  If you guessed the correct graph shape, the parent function’s a-value is equal to the slope of the straight line graph shape.  If you guessed the correct graph shape, the parent function's b-value is equal to the intercept of the
straight line graph shape.  If you (the students) don't understand why, eventually you will...it may take several months!
     In our algebra I classes, the students learn the four graph shapes and parent functions above.  In our algebra II classes, the students learn about 12 graph types and the associated parent functions.  In physics, I review the four we need in physics at the start of the year, and then make them pass a flashcard "entrance test" to get in the room for the next several days.
     Using "linearization" in physics GREATLY enhances their understanding of math "functions".  I have many honors physics students who are surprised that one set of data can be graphed two different ways and have two different graph shapes.  (Most math teachers only graph y vs x.)  Some students take many months before the "light bulb goes on", but most eventually will understand.
     At some point in the year, I use a physics simulation of gravitational attraction, an inverse square shape.  They really love it when they try to linearize the hyperbola graph shape, only to find they get a parabola graph shape.  They then have to do a second linearization.
     I have tried using software "curve fitting."  The students can run the software, but no increased algebra understanding occurs - it's just magical.
     In our stats class, the students learn three types of regression analysis as well as semilog plotting to find the "a" and "b" values.
******************************************************************************

Date:    Sat, 22 Sep 2007 
From:    Bob Baker 
     Many high school students are quite hazy in their understanding of y=mx+b and the meaning of the slope of a straight line.  I like linearization because it reinforces the concepts learned in Algebra I.  In-depth discussions about the meaning of elements of y=mx+b as they apply to physics helps students understand both the math they theoretically have already learned and the physics they are learning.  There are many interesting questions that can be asked about the elements of a y=mx+b graph.  Some of the questions I like to ask include.
1. What does x on the x axis of the graph mean?
2. What is the difference between the variable t and the variable tf (t sub f)?
3. What is the difference between a variable and a unit of measure in the y=mx+b equation applied to position clock reading graph?
4. When a graph has a slope of 2 m/s, what does the 2 mean?
5. How can you quickly estimate the slope of a graph using one unit of x?
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