
 
 
 

 

 1 

COMPILATION: science is 3 languages 
 
May 23, 2018 
From: David Ennis 
 
Whether you place a cart on an inclined track and let it roll down freely, or you place the same 
cart on a level track and push or pull it somehow with the same force as the gravitational force it 
had on the incline, the time, Δt, to travel through the same displacement, Δx, will be the same, 
correct?  As physics instructors we know that this is true with no need for any calculations, 
because we know that nothing will have changed for the cart.  And after all the months of work 
our students have done with kinematics, forces, force diagrams and Newton's laws, they should 
know this too, shouldn't they?  You may be surprised, even if you have honors or college 
students.  If you have AP I students, they may fare better because they've had some deliberate 
practice in thinking this way in preparing for the new exams.  On the other hand, their first 
impulse is to calculate, and that avenue is cloudy in this question, so I'm not sure.  At any rate, if 
you want to see and hear how  your students think and don't think at this stage, here's a fun 
challenge: 
 
Make sure that there are no equations on the board.  Place an inclined track or ramp on your 
demo bench with a rolling cart on it.   Using tape or some other marking visible to students, mark 
off a displacement of 40 cm or so near the lower end of the ramp.  Run the cart down the ramp 
repeatedly as you discuss the motion with the class.  Draw out a few simple qualitative facts in 
the discussion which the students should well understand by this time, particularly that: 
- for the marked displacement there is an initial velocity and a final velocity, 
- there is a change in velocity equal to the final velocity minus the initial velocity, 
- there is a definite time for the car to travel through the displacement, 
- the force causing the cart to accelerate is the portion of its weight which is directed down the 
track, Fg sinθ, 
- there is an average velocity associated with Δx. 
For extra fun you may want to ask them to describe what the average velocity means without 
saying how it is calculated (e.g., the constant speed at which the time to traverse Δx would be the 
same as the time when it accelerates through Δx). 
 
Raise the lower end of the track until it is level and say, "Now there is no portion of gravitational 
force in a direction to accelerate the cart, right?  Here's a question:  If I were to exert a constant 
pushing or pulling force on the cart exactly equal to the amount of gravitational force it had on 
the incline, would the Δt to travel through the displacement be the same?"  You may need to 
repeat that the force would be constant, just like the gravitational force, because some will think 
they heard you say you give it an initial push. 
 
If someone thinks they know the answer, invite them up to the board to explain to the class.  
Stipulate that they have to explain using a labeled diagram.  Some who think that they know the 
answer will run into a problem.  They will realize themselves, or be told by the class, that they 
are using Vf even though they haven't established that Vf is the same.  After there has been 



 
 
 

 

 2 

success--almost certainly though calculation--and all or most of the class agrees, challenge them 
to prove it diagrammatically with no math. 
 ------------------------------------------------------ 
May 24, 2018 
From: David Ennis 
 
Joe Bellina wrote (Re: my post of yesterday): 
"Fascinating!! What do you think is the disconnect?" 
 
Diagnosing and successfully correcting that disconnect would be the "silver bullet" I've been 
wishing for in my recent posts. 
 
And based upon this and other classroom experiences precipitated from recent conversations 
with Rob MacDuff, I've come to believe that there is quite literally a physical disconnect 
between the separate areas of the brain responsible for processing verbal, diagrammatic 
and symbolic (mathematical) understandings, respectively, as languages.  The needed 
synaptic network has not adequately formed in the brain.  The typical student is unable to 
move adroitly between those languages in his thinking or in expression of his thinking.   
When he or she thinks in one of those languages, the other two tend to disappear from his or her 
consciousness.  Adding to this problem, the diagrammatic language facility in particular, 
which is essential in connecting verbal and mathematical understanding to observed 
physical phenomena, is underdeveloped.   
 
Rob has been trying to tell me all of this in various ways over the past several years.  I thought I 
understood, but I was merely nodding and filling it in the "interesting idea for future 
consideration" drawer in my mind, along with other "interesting ideas for future consideration."   
 
That changed when I finally acted on his suggestion that I try a few things, and my students 
behaved so much like he predicted that it was as if they were actors performing on a stage in a 
play he wrote.  Now I can't un-see it.  It all makes sense.  I no longer have to ask, "why don't 
they get it?"  "How can they possibly not know this?" "How can they be so lazy, unmotivated, 
etc.?"  
 
 I'm aware that this may sound a bit delusional, but it is what it is.  I can only implore others to 
try it.   There are an unlimited number of possible demo-based discussions like the one I 
suggested yesterday.  I discovered that one accidentally, by the way.  I had set up the demo to 
illustrate that what we call kinetic energy is a calculation of the product m ΔV Vav.  I had asked 
the question, "would Δt be the same on the horizontal as on the incline if the force were the 
same?" only to complete the discussion of variables in preparation for the lesson.  I never got to 
the lesson (and I now know that it would have been futile anyway). 
 
The reason for this developmental deficit, we believe, is the lack in k-12 education of 
awareness of and focused attention on the required development.  Teachers need to 
explicitly discuss the three languages with students and connect activities to them, just as 
trainers and coaches explain the reasons for various exercises and training regimes to athletes.  
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We know that athletes so informed go on to invent new regimes to train themselves.  I can only 
imagine how different my students might be if they were the product of eleven years of 
such teaching.  There is probably a significant limit on what we can do in one physics course to 
remedy the effects of those years of benign neglect, but it's worth a try. 
 
Despite the initial deficits which we too experienced in k-12, we physics instructors have 
developed over the years our ability to move between the three languages, perhaps even to think 
in all three at the same time, and perhaps to process a lot of that unconsciously, like riding a bike 
or driving a car.  I had no idea how little ability our students have to do this.  I was 
systematically kidding myself.  I had never considered Rob's fundamental question, "What does 
it mean to know and understand in science?"  To compare my conventional assessments--
including the problems and even most of the conceptual questions--to three-language thinking 
is like comparing tee-ball to baseball.  I had often paid lip service to "forgetting that what's easy 
for me is hard for them," but the depth and profundity of that observation was completely lost on 
me and not acted upon. 
 -------------------------------- 
May 24, 2018 
From: Rob MacDuff 
     Joe Bellina wrote with regard to David’s post: “Fascinating !!  What do you think is the 
disconnect?” 
     I am not sure that I would characterize it as a disconnect.  David is asking a structural 
question rather than a computational question.  I am certain his students would easily determine 
the difference in kinetic energy if given the mass and velocities.  Let me illustrate the difference 
in question type in the following way.  What would you be observing if you were to see 
momentum in action?  Or what is the total momentum of the system?  Most I am certain will find 
the latter question trivial and the first almost impossible. Our educational system has 
indoctrinated us in a particular way of understanding science.  
     One more example, I have often asked what is the product of 6 and 3, the quotient of 6 
divided by 3, 6 minus 3 and 6 plus 3.  Most easily provide the correct answers.  Then I ask, what 
is a number?   And rarely do I find anyone that has a suggestion as to what that answer might be!  
Then I pose my final question:  In light of your answers what is your understanding of math?  
     My initial questions were computational, the others are structural.  I suspect that our ability to 
attract about 1% of student to obtain degrees in math and physics has some connection to the 
lack of this alternative form of understanding. 
 ------------------------------- 
May 24, 2018 
From: Mark Lenfestey 
David Ennis wrote: "Whether you place a cart on an inclined track and let it roll down freely, or 
you place the same cart on a level track and push or pull it somehow with the same force as the 
the gravitational force it had on the incline, the time, Δt, to travel through the same displacement, 
Δx, will be the same, correct?  As physics instructors we know that this is true with no need for 
any calculations, because we know that nothing will have changed for the cart. " 
 
I wonder if they would understand a "fictionalized" version of this problem better where we say 
there is no friction?  While I agree that the effect of rolling friction is trivial, I wonder if that is 
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why students are having a mental block.  In my class we don't really talk about rolling friction 
other than mentioning it.  However students know that it must exist as it does working to the 
wheels to cause them to have an angular acceleration. 
 
It would be interesting to give two sets of this problem to the same class with the same 
instructions of explaining without equations, who would be more successful (i.e. problem as 
stated and problem with no friction and no wheels).  If the second group does better, then I 
would guess that perhaps they are having issues with rolling friction.  Maybe it would be 
interesting for students to consider how much energy is stored as rotational compared to 
translational at the bottom of the ramp and perhaps they could do some estimates on how large 
the rolling friction force is and then estimate the size of the coefficient of rolling friction and 
then a discussion as to why tires have the shape they do. 
 ------------------------------------- 


