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COMPILATION: Linearizing worksheet by Joe Mahler 
[ed. note: for continuity, see the Sept. 2014 compilation on Linearizing. Joe wrote then: “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. A link to Joe Mahler’s linearizing worksheet is at 
http://modeling.asu.edu/modeling/weblinks.html ] 
 
From: David Ennis 
Date: Fri, 9 Sep 2016  
     Is anyone familiar with the Mahler worksheets on linearization, contained in the Scientific 
Methods folder of the mechanics modeling materials? 
     I tried using his Introduction to Linearizing packet for the first time yesterday, and ran into a 
snag.  At first glance it looks like it walks students through relatively simple steps so they can 
discover that quadratic-shaped plots can be linearized by plotting y vs. x², inverse ones by 
plotting y vs. 1/x, and square root ones by plotting y vs √x.  But each of those sections, after 
prompting the student to realize and state that ▲y is not proportional to ▲x, gets to a part (E.), 
which says, "Using your graph and data tables determine what ▲y is proportional to."   
     For the nonlinear plots mentioned, I don't see how this should be a straightforward task for 
the learner who is following along.  Can anyone help me out with that?   
     It seems to require trial and error mental math, regardless of whether one looks at the table or 
the graph.  And in doing the math, there is the potential pitfall of not recognizing that although 
▲x = ▲(x), ▲x² is not equivalent to ▲(x²), etc..   
     In the midst of it all, I had to hand-wave through it by saying,” well the shape of the graph 
tells us what ▲y is proportional to” (a fact that was presented in an earlier reading).  But if they 
already know that, then what is the point of it all? 
 ---------------------  
 
From: Joseph Mahler, a long-time Modeling Workshop leader 
Date: Sat, 10 Sep 2016  
David, 
I can understand your confusion with using the Introduction to Linearizing WS. When I use this 
worksheet in the Modeling Workshops I run, I walk the participants through the process of how 
to use it. 
 
First, this worksheet is meant to be used before the linearizing reading. I use the linearizing 
reading to reinforce the ideas brought out in the class discussion when whiteboarding the Intro to 
linearizing worksheet. 
 
Before you use the intro to linearizing ws you want to make sure your students have a firm 
understanding of the proportional model. Before starting linearizing, my students 
understand that two variables are proportional to one another when you can change one 
variable by a certain factor and the other variable will change by the same factor. They 
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also realize that this means the ratio of the change in the two variables will be a constant 
(slope) which causes the graph to be linear. This means that my students have a solid 
understanding that if you want to generate a linear graph, the two variables you plot must be 
proportional to each other. So the first section of the worksheet is just reviewing/reinforcing 
those ideas.  
   When you move into the nonlinear parts of the worksheet, the student can justify that y is not 
proportional to x by (a) the graph is not linear (has a changing slope) and (b) from the table, 
because if you do the ratio of change in y to change in x, that ratio is not constant.  
    Next, what I have the students do is use the table to see what factor y changes by when you 
change x by a certain factor. In the square model, using the table they can see when you change x 
by a factor of 2, y changes by a factor of 4, change x by a factor of 3, y changes by a factor of 9, 
etc. At this point mystudents propose that y is really proportional to x^2. We then square our x 
values and test their predictions.  
    The same process is used for 1/x, and x^.5. 
 
     A big reason for the worksheet is not only to help students understand why/how linearizing 
works but to help them develop proportional reasoning skills. So for example, in the energy 
unit when they are asked what would happen to the kinetic energy of an object when the velocity 
is doubled, they have the skills they needed to answer that question.  
    Finally, the worksheet is also trying to address the problem that some students think the 
equation for the linearized graph is somehow different then the equation for the non-linear graph. 
Since the linearized graph yields the equation that was used to generate the data in the first place, 
they can develop an understanding that the two graphs convey the same information, both have 
the same equation, they just look different because different things are being plotted on the x-axis. 
In one case we are plotting things that are not proportional to each other and in the second we are 
plotting things that are proportional to each other. 
 
     I hope this helps. If not please let me know. You can contact me on or off the list. Also I 
don’t know what version is included in the materials, but I do have an updated version. 
https://drive.google.com/drive/folders/0B8bJkNnVbHRGTHgwNGZjZGtPN28?usp=sharing 
 
 ---------------------------------- 
From: Brian Martin  
Date: Sun, 11 Sep 2016  
     In his very clear linearizing discussion Sat, 10 Sep,  Joseph Mahler stated, "We then square 
our x values and test their predictions. The same process is used for 1/x, and x^.5." 
     Since it seems he handles side-opening parabolas the way I do, it prompts me to ask how 
many others use square root of x when linearizing side-opening parabola instead of squaring y? 
And why? But more importantly, does anyone see that I may in some way be undercutting my 
students' understanding by linearizing this way? 
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     I have always gone this route of finding root x because then the linearizing technique is 
consistent for my students in all cases: i.e. you always create a new calculated column by 
changing the independent variable in such a way that it creates a new graph that is linear etc etc. 
I have not found any reason not to do it my way.And thankfully I have never been caught doing 
this by the "Modeling Police"  :-) 
     The technique of linearizing was the practical math "hook" that first made me love Modeling, 
and I otherwise follow the Modeling materials all but religiously; so I am very interested to hear 
others' perspectives on this specific issue. 
 ---------------------------------- 
From: Joe Morin  
Date: Sun, 11 Sep 2016  
 Brian Martin wrote: 
> how many others use square root of x when linearizing side-opening 
> parabola instead of squaring y? And why? But more importantly, does anyone 
> see that I may in some way be undercutting my students' understanding by 
> linearizing this way? 
 
     I don't think that there is anything inherently wrong with that. When my students struggle 
with the period vs. orbital radius of the planets problem, they first square the radius and 
complain that they end up with a new parabola curving in the opposite way from the first. I tell 
them that they "squared it too much", and they finally figure out that the exponent should be 1.5 
rather than 2. (Sometimes they figure out on their own to raise the radius to the third power and 
square the period). 
     It is more convenient when doing kinematics to express velocity as a function of position as: 
v2 = 2ax because when we talk about what that would look like if we had an initial velocity, it’s 
easy to see that the equation would be v2 = v02 + 2ax by simply showing v02 as the y-intercept. 
So that's one reason to square the dependent variable rather than use the square root of the 
independent variable. 
 --------------------------------- 
From: Jeff Steinert, a long-time Modeling Workshop leader 
Date: Mon, 12 Sep 2016  
Joe Mahler wrote: 
> It is more convenient when doing kinematics to express velocity as a 
> function of position as: v2 = 2ax because when we talk about what that 
> would look like if we had an initial velocity, it’s easy to see that the 
> equation would be v2 = v02 + 2ax by simply showing v02 as the y-intercept. 
> So that's one reason to square the dependent variable rather than use the 
> square root of the independent variable. 
 
     I think there *is* a reason to use y^2 v. x. It's because when students linearize the velocity vs. 
displacement graph in the accelerated motion paradigm lab, the units will come out as m/s^2 and 
not m^0.5/s. The numerical value is also easily identifiable as twice the slope of v vs. t 
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and makes it *much* easier for students to identify this new slope as simply *twice* that of v 
vs. t and four times that of displacement vs. time. 
     The only place I need to provide guidance is in defining all of these values in terms of the 
slope of the simplest graph (v vs. t), which we only name as the acceleration *after* students 
have found this connection on their own and/or explained the connection to one another. Ideas 
first and names later! 
 ------------------------- 
From: Joseph Mahler  
Date: Wed, 14 Sep 2016  
     Here is a link to a Google folder:  
https://drive.google.com/drive/folders/0B8bJkNnVbHRGTHgwNGZjZGtPN28?usp=sharing  
with the latest Intro to Linearizing WS as well as some other files on linearizing. Two of the files 
are from the Modeling materials, just renamed to fit what I call them in the students’ assignment 
calendar. Any suggestions on how to improve the Intro WS are welcomed. 
 
     Secondly I agree with Jeff's approach. I try to teach the students that there are conventions 
that we usually follow in class, but there are times that it makes more sense to go against 
convention. For example, I tell that students that we usually plot the independent variable on the 
horizontal axis and the dependent on the vertical, but there are times where you might flip it 
because it makes analyzing the data easier and it makes more sense! 
     So when we start off linearizing, we stick with the idea of just manipulating the independent 
variable because it follows the class convention and it makes more sense to my students. Since 
they are just learning about linearizing (a tough idea) we take baby steps so they can build a solid 
understanding and then we can go from there. It is not until we are doing constant acceleration 
and we graph velocity vs. position and some students point out that it seems like squaring the 
velocity makes more sense to them. So we discuss this as a class and in the end that is what we 
do because in this case it makes analyzing and understanding the data easier. 
     Once the students understand an idea, they then can extrapolate it to different situations. I 
think it is important not to throw too much at them at once or they are going to get confused. 
 --------------------------- 


