Deep conceptual understanding: its relevance to careers


COMPILATION. Deep conceptual understanding: its relevance to careers
Date:    Wed, 19 Dec 2007 
From:    Seth Guinals-Kupperman 
Subject: Trying out Modeling
     I am in my second year of teaching modeling after a workshop in 2006.  The other physics lecturer in my school is intrigued by the curriculum and, because he wants us to go approximately lockstep, is using the worksheets, too.  He's very experienced with his own version of physics teaching, and popular and successful with many students.  

     In a recent meeting between us and the physics laboratory teacher, he said the following [I have no reason to doubt any of it], and I'll paraphrase:
    “ I've worked as a successful engineer and taught physics successfully for 10 years.  I'm JUST NOW learning these deep Newton's third law (NIII) concepts [among others in physics].  I wonder if these ideas are SO deep that they're not really useful [because clearly you can be a successful engineer and physicist without knowing them].”
     I am not sure how to respond, but I was hoping some people might point out that one piece about modeling.  Why go any deeper than necessary?  Why not stick merely to standards, etc.?  Especially if going deeper costs you MORALE.
****************************************************************************

Date:    Wed, 19 Dec 2007 
From:    Joe Conner 
     I think the point is made in a Hestenes' literature review that we feel that students who grasp deeply Newtonian mechanics do better in physics than those who do not.  I will agree with that, and that is all I need to worry about when defending Modeling.  It is true that many engineers and other advanced mechanical disciplines do not need a deep understanding of Newtonian mechanics; however research physicists and many others do. I would hope that all of our astronauts have a good handle on Newton's third law.  It is very difficult to understand space navigation without it.  

      The standards were not written by those who understand the implications of Modeling.  If they were, the standards would reflect “less is more” and we would be held to teaching a deeper understanding of basic science underpinnings talked about in Arons.
****************************************************************************

Date:    Wed, 19 Dec 2007 
From:    Park, Nicholas
     Another point is that an introductory physics course, for that matter, has different goals than a "specialty" physics course or an engineering course. In a specialization, one can do very well simply by applying various specialty equations. One may have read the derivation of these from basic principles during grad-school, but that is of little concern on a day-to-day basis. Simplistic examples from among standard first-year topics would include "the range equation" and the equation for the speed of an object in a circular orbit around the earth. Either can be applied to
quickly and efficiently solve a limited number of practical problems, but the ability to do so bears little correlation to an understanding of the underlying models. If the goal of science is to gain some understanding of the underlying patterns -- the common models that lead to each and every one of these specialty equations -- than our introductory courses should emphasize this.
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Paul Bianchi 
    As a general answer, I'd agree with the other replies. First, your colleague was doing a specific sort of engineering - the ideas he's referring to may be more applicable to other branches of the field. Secondly, what you need to know to be an engineer is not the sole criterion (by a long shot!) for what ought to be in the course – another major criterion would be, what topics help you understand common phenomena?

****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Tim Burgess 
     The idea that sharing understanding only to the level we ourselves have attained limits the innovation that spins off of those insights.  New and better innovations often follow better understanding.  So this bodes well for his students.  So sharing his new understanding makes him even better. Our educational institutions are actually for this purpose:  To share with the next generation our more refined understandings of the basic foundations of our knowledge.
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Andy Edington 
     Compared to "traditional" physics teaching, at our school modeling has created (IMO): 

(A) Larger enrollment in physics and AP Physics (aside from other benefits, with the 20% layoffs from budget cuts we are seeing on our school, that is a big deal towards keeping younger physics teachers in teaching.) 

(B) Higher retention of students majoring in engineering and science when they go off to college (C) Greater quantitative analytical skills 

(D) Greater quantitative presentation skills 

(E) Much higher ability for "future nonscience students" to communicate with science people - including being able to make their questions and requests clear to the "science geeks." 

(F) No plugging and chugging.
     Modeling is not just about trying to create a deeper understanding of Newton’s laws.  Those misconceptions are just a small evidence piece of a large endemic problem.  Just listen to how students explain problems to each other now, compared to traditional where they just "quoted" equations.
     First year high school physics is usually only the third serious science class that students have ever had.  It should not be a filter to filter out 16, 17 and 18 year-olds from continuing in science and engineering. Remember - these kids have only had 100-250 hours of algebra instruction. Are we going to select our future quantitative analytical thinkers by who learns algebra the fastest?
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Allen Sears 
      Your fellow teacher may not have used Newton's third law in his day to day engineering activities, but he likely has a keen sense of modeling physical phenomena.  I think of the modeling method as using Newtonian/classical physics as a conduit for fostering those thinking skills (read: modeling) possessed by scientists and advanced thinkers in other non-science disciplines.  It is in this way that the physics class can be viewed as extremely relevant by the students.
****************************************************************************
Date:    Thu, 20 Dec 2007 
From:    John M Clement 
     While one can certainly as an engineer get along by looking up formulas in books, unfortunately this limits your ability to transfer ideas.  Physicists generally proceed by using deep understanding, and then go to the specific formula if needed.  An illustration is in order.  My roommate and I were trying to splice some 5 finger discount coaxial cable to carry an FM signal from a hill to our apartment.  We were worried about signal loss.  I used some general principles, and reasoned that any reasonable splice would work well; he (an EE PhD candidate) hauled out a specialized formula and found the same result.  Incidentally I got my result sooner.
     The ability to use concepts is enabling; the ability to look up formulas, while useful, is very limiting.  The MPEX survey shows that expert problem solvers use concepts as the basis for problem solving, while novices start with equations.  It also shows that conventional teaching drives students to more novice-like strategies, while studio courses can move students toward more expert-like strategies.
     Having both degrees in engineering and physics, I am quite well aware of the limitations imposed by conventional courses.  Modeling and other reformed courses help all students from the low to the high. Now we do not have, to my knowledge, data on achievement in later
education after reformed physics courses, but we do have data up to 3 years later showing that the learning gains on the FCI or FMCE seem to be permanent.  Conventional courses generally can not make similar claims.  We also have comparison data on student problem solving behavior at the end of reformed courses which show favorable outcomes.  There is also data that shows that reformed courses improve MCAT scores for women.
     So the bottom line is that there are no negative indicators, and we have some very positive ones.  Modeling also fits in with what we know from brain research about learning.
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Brad Katuna 
     I too have a background in engineering, eight years as a structural engineer before switching to teaching physics and engineering in high school, now in my 14th year.  The fact is, many engineers DO NOT understand Newton's laws, and those that do are the continuous resource of those that don't.  Anyone, me included in my engineering career, can plug members and node points into a structural bridge program and copy down the results.  But when things go awry, and they often do, it's the engineer with the fundamental grasp that all others seek after.
     So is a solid understanding of physics essential to receiving a paycheck as an engineer?  No.  Should the expectation that a high school physics student understand the basics of mechanics be our objective? You answer that question.
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    Lee Trampleasure Amosslee 
     I would also remind everyone that "most" students who take "regular" physics take it not because they are going to go on to be scientists or engineers, but rather to be competitive in college applications. So, we are teaching physics to students the majority of whom need to learn introduction to physics and develop good learning/thinking styles, not (necessarily) what they will use as future engineers.
    So, if Modeling helps the "average" students to better grasp the world around them, then it's a good thing.
     I recommend to my students who are interested in following science/engineering careers that they take honors/AP physics, since those are the courses that should be designed to prepare them for those careers (and not to say those can't also be taught with Modeling curriculum). And, yes, many students in those classes are only in it for the GPA bump, but to them I say "You chose to take a class designed for future scientists, so you get to behave like a future scientist."
****************************************************************************

Date:    Thu, 20 Dec 2007 
From:    mitchell johnson 
Why not stick merely to standards, etc.?  Because the standards say to develop inquiry skills which mean thinking skills.  Since students almost always slide back on their understanding, only by having them reach deep understanding can they leave school with a good understanding.
****************************************************************************
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