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COMPILATION:  Linearization and proportional reasoning 
 
Sept. 3, 2018 
From: Mark Sailer, in Virginia <msailer@gsgis.k12.va.us> 
   Hello, I am starting my second year with modeling.  I have been in discussions with my 
colleagues recently who are not modelers. The most recent discussion was about linearization 
and proportional reasoning. Do students really need to linearize all graphs or is it just as 
effective for students to use the equations provided by the computer to state relationships 
between?  One colleague is adamant that if we are calling it proportional reasoning, everything 
must be linear. Just a little concerned with cognitive load and forcing students into a specific 
algorithm for reasoning. 
 --------------------------------------- 
Sept. 3, 2018 
From: Andrew Lawrence, in Illinois   Alawrence@blmcchs.org 
     I have been questioning the linearization standard as well. This year I have let regular physics 
just use the curve fit tool to describe relationships. It is difficult for me to see the value in first 
year students keeping the linear graph only kind of standard. I’m keeping it in honors and AP, 
but I am questioning why not start it in their second year? 
 ---------------------------- 
Sept. 3, 2018 
From: Art Woodruff, long-time Modeling Workshop leader in Florida 
     I had stopped using linearization. In Unit 1 we did one or two examples but didn't use it in 
labs. One reason is, it doesn't work with the quadratic in Unit three unless you work really hard 
to keep vi and xi 0. And where's the fun in that? 
    I have brought it back in some with AP, but pick when they graph by hand and linearize and 
when they use curve fitting on the computer. 
 ------------------------------- 
Sept. 3, 2018 
From: Mark Reif, long-time modeler in Arkansas 
     Depends on the situation, how much effort you want to commit to linearization. Definitely 
takes some effort. 
    1. In its defense, it is a way to be sure that you've picked the best relationship to the graph. If 
you try to linearize it and it doesn't work, either you've got poor data or you definitely picked the 
wrong relationship.Students relying on computer best-fits often make poor choices, and it can be 
very difficult to convince them that even though the computer gives a better R^2 or RMSE, 
they've picked the wrong fit.  
     Linearization is convincing. I usually fill out some data tables of made-up data and show 
them what linearization is doing to the data. I get agreement that it's a good idea much more 
quickly from doing that before I show them how to do it themselves. 
    2. It is often easier for students to make statements about linearized graphs. Ask them to 
describe a quadratic or inverse relationship and they fumble, but teach them to say "proportional 
to the square of time or the inverse of volume" and they may do better. 
    I continue to teach it in AP, but have eliminated it in regular Physics. Students who are 
struggling with algebra just don't get it. 
 ---------------------------------- 
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Sept. 3, 2018 
From: Andrew Lawrence (again) 
    Thank you for that email! I have dropped linearization from regular first year Physics but kept 
it in AP for exactly these reasons.  
 ------------------------------------ 
Sept. 3, 2018 
From: Jane Jackson, ASU 
     Joe Mahler, a long-time Modeling Workshop leader, found that linearization improved his 
students' proportional reasoning skills so much, that almost all of them got the Lawson CTSR 
questions on proportional reasoning correct! (Q5&6). That is strong defense of linearization. 
    Last Friday, I posted a 2014 compilation of linearization to teach proportional reasoning, 
which includes posts by Joe Mahler. It is at 
   http://modeling.asu.edu/listserv2/listserv2_1stSem/Linearizing&ProptReasoning14.pdf 
(Or visit modeling.asu.edu/listserv2.html and click on it.) 
    Joe wrote: "... the basic flaw that most science/physics teachers make is they assume their 
students have a decent understanding of proportions. I speak only from my own personal 
experiences (12 years of teaching a variety of levels of physics), but even students who I teach 
that are in calculus do not understand proportions. I believe that the real reason to teach 
linearizing is to help students develop a solid understanding of proportions ..." 
    SO TRUE, about not understanding proportions! Our action research team this summer: Anna 
Field, Geoff Clarion, and JJ Plank -- found that, in AP-1 physics. See their report, which I posted 
last Friday at http://modeling.asu.edu/Projects-Resources.html. 
 
    Joe Mahler posted a linearizing worksheet and other linearizing documents at 
http://drive.google.com/drive/folders/0B8bJkNnVbHRGTHgwNGZjZGtPN28?usp=sharing 
AMTA members can download that worksheet & readings in Unit 1 of the mechanics materials 
(vs 3). 
    Joe wrote in 2016: “Since I have been teaching linearizing the way I currently do, I have seen 
my students’ proportional reasoning greatly increase, and almost every student now gets the 
proportional reasoning question on the Lawson Test correct.”  
   See the 2016 compilation: 
  http://modeling.asu.edu/listserv2/listserv2_1stSem/LinearizingWrksht-JoeMahler16.pdf 
 ---------------------------------- 
Sept. 3, 2018 
From: Matt Greenwolfe, long-time Modeling Workshop leader in North Carolina 
     I have also dropped the teaching of linearization for the reasons that others have already 
stated, but I want to emphasize the crucial importance of proportional reasoning as Joe explained 
in his original post and other materials.  
     Linearization is just one way to help students develop proportional reasoning skills, so if you 
are thinking of dropping linearization, be sure to address proportional reasoning in some other 
way and continue to emphasize it throughout the year. 
 ----------------------------------- 



 
 
 

 

 3 

Sept. 3, 2018 
From: Jane Jackson, ASU 
    Matt Greenwolfe wrote, "Linearization is just one way to help students develop proportional 
reasoning skills, so if you are thinking of dropping linearization, be sure to address proportional 
reasoning in some other way and continue to emphasize it throughout the year." 
 
    And be sure to measure it, pre- and post-instruction, to see if kids improved. 
 
    For those of you who dropped linearization: did you try Joe Mahler's detailed instructions on 
how to use linearizing to teach proportional reasoning? You can download them at this URL  
   modeling.asu.edu/listserv2/listserv2_1stSem/LinearizingWrksht-JoeMahler16.pdf . 
 
    As I said earlier today, an action research team of 3 ASU MNS degree candidates enhanced 
their instruction on proportional reasoning in all but one of the mechanics units, last year (but did 
NOT use linearizing, apparently). They found NO EFFECT, compared to well-matched control 
groups. This was in AP-1 physics and in regular/honors physics. 
    Their CTSR POST-Test results for the pair of questions #5 & 6 are as follows. (Modeling 
Instruction was used in all classes. Students were 11th and 12th graders.) Students who got the 
pair right were: 
    AP-1 physics: 55 out of 83 students; i.e., 2/3 (an upper-middle class public school), 
    regular physics: 8 out of 22 students; i.e., 1/3  (an independent school) 
Contrast these scores for the paired questions #5 & 6 with the percentage of correct responses for  
4397 randomly selected 7th, 8th, and 9th grade Japanese students, which was 53% (Lawson, 
1990). 
    Also, the ASU Action research team reported that in AP-1 physics,  only 5 of the 83 students 
got questions #7 & 8 right! i.e.,  6%. 
 
    AP physics teachers should give both pairs of questions (Q5&6, and 7&8), or the entire CTSR, 
as pre-test and posttest. Reply to me if you would like those two pairs in an easy-to-
administer pdf (or the entire CTSR). jane.jackson@asu.edu 
 
Ref: Lawson , A. E. (1990). Science Education in Japan and the United States: Are the Japanese 
beating us at our own game?  Science Education 74(4): 495-501. 
 ----------------------------------------- 
Sept. 4, 2018 
From: Jim Deane, long-time modeler in Kansas 
    Andrew Lawrence wrote: I have been questioning the linearization standard...I have let regular 
physics just use the curve fit tool...I am questioning why not start it in their second year. 
 
    One of the dangers inherent in using curve fitting tools without understanding linearization 
and the purpose behind curve fitting is that your acceleration data may be extremely well fit by a 
sixth-order polynomial, or maybe a polynomial with a sine component...because the computer 
doesn't usually make a distinction between noise and data. If you know what linearization is 
about and have experience with it, you are more likely to look at that complex curve fit model 
and investigate whether it really ought to be that complicated. 
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Sept. 4, 2018 
From: Matt Greenwolfe 
     Another way to address this problem is to use a graphing and curve fitting program that does 
not give students access to automatic curve fits or a long list of complex mathematical functions.  
Desmos, for example, has the automatic curve fitting well hidden.  Students must type in a 
function from scratch, and then manipulate the coefficients of the function using sliders.  
Especially after some experience, they prefer to choose the simplest function they can find that 
fits.  In this way, the graphing program mimics one of the aspects of linearization. 
 ----------------------------------------------- 
Sept. 4, 2018 
From: Ron McDermott, a long-time modeler (now retired) in New York 
    Fwiw, however you arrive at a straight-line graph, the value is in relating something 
tangible to both the slope of and area under the graph, as well as being able to simply 
generate a mathematical relationship between the variables that doesn't involve 'magic'.  
Physics equations are naturally generated from actual observations!   
    That the relationship doesn't HAVE to involve first-order variables (you CAN plot V^2 on an 
axis) is a bonus, since kids never really SEE one of those graphs in math class.  I know it 
surprised my grandson (National Honor Society, etc, etc)!   
    To me, "curve fitting" involves too much 'magic'.  ;-) 
 ------------------------------------------------- 
Sept. 4, 2018 
From: John Clement, a long-time modeler in Houston who has a PhD in physics & knows 
physics education research. 
     I was at first in doubt about the linearization, but after using it and also thinking about it, I am 
pretty sure it is needed, especially for the lower level students.  The upper level students tend 
to already have proportional reasoning, but the lower level ones do not.  The linearization brings 
home the various aspects of proportional reasoning.  Letting them just do a curve fit in a program 
or calculator to an equation introduces a magic black box, and short circuits the thinking.  The 
straight line fit gives visual confirmation of the fact that you have the correct equation.   
    Actually Newton didn't like algebra because he knew it could short cut the reasoning and 
understanding.  Yes, he taught it, and even used it, but the Principia  is written using geometry. 
    Most science and math teachers are not aware that students in lower level classes usually do 
not have proportional reasoning.  When I told a math teacher that, she replied that had already 
been "covered" in previous classes and there was not time for it.  The most important thing 
that students can acquire is proportional reasoning.  That means they recognize 
proportions and then use the idea to understand how things work.   
    My famous example of this is the HiHoDiDo memorized mnemonic for optics.  Hi/Ho=di/do.  
I was always puzzled why students would memorize it when it was obviously just a 
proportionality and you could see the relationship between the triangles.  Of course the students 
do memorize, didn't have proportional reasoning.  They could make ratios on the section of the 
test so labeled, but mixed problems were impossible. 


