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Date:    Fri, 8 Feb 2008 
From:    Rebecca Wenning 
Subject: Students’ Background Experiences
     I am a first year physics teacher, and I have been recently asking my students for input on how I can better help them to learn the material. I am in the middle of a unit on waves/sound (using some of the Modeling materials). One of the responses I have been getting recently from students is that I treat them as though they have background experience, and that I should reflect on the fact that many of them have never had physics before.  Administrators have reminded me that previous teachers may not have been exceptional, and that students really may not have had much science background before.
     I personally grew up in a home with my father, Carl Wenning, who is a science educator himself, and I certainly did not lack in scientific experiences as a child. Still, with Modeling, I have come to assume that students DO have informal experience and preconceptions about most aspects of physical science. I think that they are often irritated that I ask them to reflect on their thinking about certain topics before giving them formal instruction/experiences in class. This may still be a part of the climate setting issues I was dealing with earlier in the year, but this seems like it is a rather new issue, now that we have moved away from mechanics.
     So, does anyone have any suggestions? I initially tossed out the physics book, and that worked out very well for mechanics, but now I'm thinking about bringing it back in. I did not do the second semester topics during a Modeling workshop, and would like some input from teachers regarding how they supplement their lab activities. Please note, I am not using Modeling
activities alone...still, it seems as though it's just not enough to develop a formalized understanding of waves/sound/light with all of its intricacies, from understanding the wave/particle models to all of the "extras" such as color, polarization, etc.
    By the way, this classroom discussion resulted after handing students back their tests, most of whom did very well. Students, I believe, are not bothered by their grades, but by their "discomfort" level in that they don't think they are getting the "big picture" when they really are learning thinking skills, not a chapter in a thick textbook. I also get the feeling that some students think that I am trying to maintain "secrets" about science when I tell them that "I don't know the answer," or when I ask them to figure it out.
     This is late in the year, and I hoped my climate setting problems were over...did I screw up? What suggestions do you have to offer?
******************************************************************************Date:    Fri, 8 Feb 2008 
From:    Cabot, Nick
    That's the challenge isn't it - finding relevant personal experiences that kids may have had.  As you say, kinematics is easy in this respect - we all have a plethora of everyday experiences in force and motion.
     Sound and light are a little more obscure.  The second semester Modeling materials have some good suggestions, as do Hewitt's Conceptual Physics, Minds on Physics, Kinetic Books Principles of Physics (great simulations), and others.  I especially recommend the Exploratorium's Science Snackbook, Thinking Physics by Epstein, and the PhET website that has lots of cool simulations that can give kids something to see before a formal introduction.
     And that's the heart of the matter - you have to give them something to see first.  There's nothing wrong with a demonstration of some kind that precedes a more formal investigation.  I like to shine a laser through a pinhole and then through a grating - I tell them nothing, but I do ask them to consider how these phenomena can happen.  If light is just like little bullets, what should we have expected to see?
     Or, I'll have a kid drive his car, horn honking, back and forth at different speeds, while the class watches and listens (you can record it, too).  What accounts for the apparent frequency shift, etc., etc.
     Or, before I even use the word "polarization," I let them play with pairs of sunglass lenses.
     In other words, GIVE them an experience (which is not unlike what you did with kinematics) but one they might not ever have had themselves that they then can reflect on.  Assume (correctly) that they don't have a clue as to how to explain the phenomenon, but now they might have something to think about - does the size of the pinhole matter?, what about the wavelength of the laser light?, the speed of the car?, the frequency of the horn? - these questions may well occur to them and give you something to serve as the basis for their formal investigation.
     You are right in that for some physics topics it's not so much that the kids have misconceptions as they have no conceptions at all, so first give them some kind of "everyday" experience that they can think about from a new perspective.  What you're really doing is helping them to refocus their attention onto the important details - after all, they hear car horns honking everyday, but what are they attending to when they do hear them?
******************************************************************************Date:    Sat, 9 Feb 2008 
From:    Ron McDermott
    Students sometimes need someone to point them in the right direction; this is a part of what Socratic dialog is all about.  Similarly, while they may not have any/little formal "scientific" experiences, they DO have experiences that involve scientific principles.  You may need to
start a discussion by introducing a situation with which they are familiar and about which they can comment.  Gradually, you can test their ideas or elicit discrepancies between their ideas and discrepancies observations.  The thing is that they are not as observant as you would be, and they seldom question far enough to find those discrepancies on their own.
     So, for example, I might start a discussion by asking them what a "wave" is.  Invariably, I will get water waves and/or "the wave" (in a stadium) as examples.  I ask them to describe what they're talking about to someone who might never have seen such a thing.  I usually get something about a hill of water moving from the ocean to the shore.  I follow up and get that the hills ALWAYS move to shore, everywhere in the world, all the time.  The obvious question is, then, why don't the oceans empty?  They then do a little tap dance about the "hills" going back out "under the water", but they can see that this isn't a particularly good explanation.  So we move on to "the wave".  We get that what we see "moving" around the stadium isn't a physical thing; it can't knock you over when it "hits' you.  Also, without "stuff" (people), you can't get "the wave".  The medium is the "stuff", and a disturbance (energy) "moves" through the medium, causing the particles (people) to vibrate in place.  Kind of like the old movies where a mouse would move, unseen, across a row, causing the people it passes to stand up.  I usually drag
in a brief discussion of my cat which, like most, loves to get under the covers when I make the bed.  Lots of kids have seen this, obviously.  I talk about poking the lump and making it move, and the fact that when it reaches a sock, the sock rises straight up and then falls straight down, never actually going anywhere.  From there it's an easy leap to what would happen if you tossed a bowling ball on top of the bed (and sock).  The disturbance moves, not the material.
     What happens to "the wave" if the stadium is filled with young people versus old people (different medium)?  If you "start" the wave at row A every ten seconds (same frequency) in both cases, what looks different (width/wavelength, speed)?  Eventually, they can go back to the ocean wave and come up with a better explanation of what they've seen, and someone remembers that when a wave comes "in" they were lifted up and then set down as the wave passed.
     This whole discussion probably only takes 1-2 forty-minute periods, and it highlights most of the underlying understandings needed for waves.  If you choose carefully, you can usually come up with everyday observations they can talk about that will let you lead them where you want them to go; they're just not used to doing it on their own.
******************************************************************************

Date:    Sun, 10 Feb 2008 
From:    Marc Price Reif 
     Are you assessing students on their "prior knowledge" and giving them a grade for it?  I suspect not, so why are they complaining?  Sounds like they may have just chosen one other thing to complain about.
     I often give my students conceptual questions for a grade (Ranking Tasks) before we have studied the material.  But any attempt gets the grade.  As soon as they realize that I'm only interested in their ideas as a jumping off point for discussion, the complaints stop.
     This is usually the first thing I do on the first day of class.  When students walk in, there is a physics question up on the overhead for them to discuss.  It helps get the point across that you can think and discuss before studying.
     If you, like I usually do, use open-ended questions as beginnings of class discussions here are a couple of ideas that may help.
     Remind the students that this is how science is done.  It begins with someone wondering about something BEFORE they know all about it.   If they knew the answers what would be the point?  Einstein's famous question that he asked himself when he was 16: "What would it be like to ride a beam of light?"
     If your first attempt at a question gets no response, break it down to something much simpler.  For example, you might ask "What is light, really?"  Not much response, so modify the question to "What do you know that light does?"  Or, "how can we see something?"  "How do eyes work in general?" "Why can't I see through a door?" I guess sometimes the questions may sound simplistic out of context, but the point is to make students aware of how little we really know about things we all have experience with.  Of course, you will want to have a direction in mind (the particle model of light, say).  If you try to start broad and then ask a question that everybody has some experience with (we nearly all see things), how can they refuse to answer?  If they do, it's just to be difficult.
     I was rereading some of the modeling compilations recently.  It seems many people mentioned falling back on traditional instruction for parts of the year when they were starting out using modeling, didn't have a modeling unit for the topic, or felt like modeling was producing too much tension.  I have done it myself. 
     So, do what feel you have to do.  There's always next year to implement more modeling.
****************************************************************************** Date:    Sun, 10 Feb 2008. From:    Rebecca Wenning 
    Thanks to all of those who responded to my questions about student background experiences.
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