Annotated Transcript of Example of Small Group Conversation

about Geometric and Algebraic Representations of a Physical Quantity

Physics 422, Friday October 26, 2007, Day 10
This video clip starts at 54:42 and ends at 58:17 in the video 071026Ph422Grp6.mov

GOING BACK AND FORTH BETWEEN SYMBOLS AND DRAWING - HARMONIC THINKING

Conversation among Corinne Monague, Len Cerny, and Emily van Zee, July 13, 2011.

Len: I  found it fascinating because one student was using the diagram less literally in representing dQ as a arc where the other student was interpreting that arc as a length and that dQ was an alternate description for that physical length.  Therefore it was a contrast between thinking about the physical situation versus thinking about a partial model of that physical situation.  I was looking at epistemic framing and places where students are not understanding the other student's argument and found this to be an intriguing example.  Epistemic framing:  Bing's four epistemic frames which are: calculation, physical mapping, mathematical coherence, and authority (Bing, 2008).  I was wondering whether there is a difference in framing from thinking of the physical object compared to thinking of a geometric representation of that physical object.  Physical mapping becomes this huge category and I was wondering whether situations such as this might indicate the need for subdivisions of that category or additional categories.

Corinne: Our extended research group has been having a running discussion about whether or not its a good idea pedagogically to use the symbol dQ or dM to represent a small amount of charge or a small amount of mass.  One argument goes that if you have an extended charge distribution and you want to know what the total charge is you should write down for the students  capital Q equals the integral of dQ so that the total charge is the sum of a bunch of little charges.   Some people in our group believe that writing that down would help students understand that they have to chop up something large and then sum up the pieces.  Other people in the group believe that the symbol d should be reserved for things that are differentials in the precise mathematical sense and so dQ is not the differential of anything and so they don't want us to write that down.  This particularly rears its ugly head when we switch over to thermo and we want the students to distinguish between things that are exact differentials like dU for the internal energy versus things that are not exact differentials like d(slash)Q or d(slash)W or the heat or the work.  This distinction is so important that the d(slash) symbol has been developed.  My personal view has in these slightly lower level courses has been to emphasize that what one is chopping up is always physical space and that you then add up some physical quantity on that little chopped up piece so that in this case I would always write Q = integral of lambda R d(phi).  I've been on the fence about using dQ explicitly because I've always felt like it would help some people and make it worse for other people.  So this is a video clip where one student is spontaneously using dQ probably because it has been used by either their high school or intro course teachers, it's a common symbol, and it totally confuses one of the other students in this group.  Now we have some actual evidence about what happens to students around this question.

Len: They are talking past each other the entire time.  Seth (top right), Jack (bottom right), Peter (left0.  Seth never understands Jack's argument and Jack never understands Seth's interpretation.  Jack's argument is that he doesn't quite articulate it but he's looking at lambda as dQ over R d(.  Seth is using the geometric diagram to conclude that R d( equals dQ.  

Peter makes a few comments but the main interaction is between Seth and Jack.  Peter was commenting on other issues; unclear what his interpretation is of what's happening.

Expression for J:  J = I little delta(z) little delta(R) (in bracket with capital theta above),

Q/2 pi R   2 pi R/ T

making drawing  arc with label d( and dQ

Corinne: Nothing that looks like a vector symbol?  So talking about a component, what are they saying?

Len: Jack is leading the group, trying to take the d( and J and leave those in the equation, retain them; whereas other groups all switched to I's  lambda and d(phi)'s.  This group is retaining the J, using d(.  

Corinne: dQ is the amount of charge on the arc and the density is lambda so dQ = ( R d(
Len:  I'm seeing that they're seeing, they need to look at the z, r and theta pieces, and so they realize that the z and R are going to be delta functions, reduced points in those dimensions, and therefore they need to now look at what they consider the theta piece and this where they see the interesting parts of J occur.  Now they've thrown in this I at the start and as far as I can tell they don't realize that this I and the expression they are developing here (the bracket) are the same thing.  

[00:54:42.01] Jack, POINTS to charge density expression, Q/2piR, "But this has to be with respect to d(phi), right? Charge over length is,...this has to go,...we need this related to d(phi), so for,...we've got small sections." (GESTURES a small distance, DRAWS a d(phi) wedge and WRITES labels

Corinne:  This looks like the first place where someone is realizing that they have to chop something up.  He's talking about small sections, he gestures a small distance, he draws a little d( wedge.  

[00:55:08.16] Seth, "So Rd(phi) equals Q?"

[00:55:15.07] Jack, "Rd(phi) equals Q."

Corinne:  Seth is checking his understanding, Rdphi equals Q? and Jack confirms it.

Len: one of the things is that he (Jack) mumbles that and it's unclear whether he is just mumbling what Seth said or whether he is confirming that.

Corinne: Question both about what Jack intends and what Seth hears.
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{pause}

[00:55:29.03] Peter, POINTS to the long expression for J and says, "This equals J, huh?"

[00:55:31.11] Seth, "This equals J, huh?"

[00:55:32.09] Peter, "Is this true?"

[00:55:33.11] Jack, "Not quite"

[00:55:36.01] Peter, "What are we missing?"

[00:55:38.04] Jack, "We need a d(phi)"

GOING BACK AND FORTH BETWEEN SYMBOLS AND DRAWING

[00:55:45.16] Seth, "We need somehow to, like, incorporate, like, an Rd(phi) right?", (WRITES "Rd(phi)" on board)

[00:55:50.15] Jack, "Yeah."

[00:55:51.27] Seth, POINTS at Jack's wedge drawing and the Rd(phi) expression, "So, there's your...so we got our dz, our dr, we need Rd(phi). Rd(phi) is dq, (pause) right? For example. So, how can we make this look like a dq?" (points at second half of expression (2 pi over T part, may mean whole thing or just that part)

NOTE: Rd(phi) = dQ ERROR

Corinne: Seth seems to be asserting "Rd(phi) is dq" and there there's sort of a pause and then he says, right?

Len; "for example" a hedgy comment

Corinne: when he says 'right?' he also turns and looks at Jack and Jack seems to nod

[00:56:16.11] Seth, POINTS to Q in Q/2(pi)R part of expression, "So this is the charge,...total charge divided by..."

[00:56:22.16] Jack, "The length."

[00:56:23.29] Seth GESTURES around ring and says, "The total length, that makes sense."

[00:56:26.03] Jack, "So..."

[00:56:26.03] Seth, "That looks,...this to me looks like a dq, right?"

[00:56:28.10] Jack, WRITES and referring to his drawing, "Oh, OK, so, yeah, dQ over,...then our partial length is going to be rd(phi), right?", (WRITES dQ/rd(phi))

[00:56:37.00] Seth, "So dQ over dQ?"

[00:56:38.24] Jack, POINTS at expression, "r d(phi)"

[00:56:40.28] Seth, "But then it...but, like, rd(phi) is dQ, so, like, that'd be dQ over dQ." (POINTS at expression)

[00:56:44.27] Jack, "Wait."

[00:56:47.21] Peter, "Uh, that'd be a big R, by the way, just ...[?]..."

[00:56:52.13] Seth (laughs)

[00:56:54.15] Jack, "Um, well, no, really it has to be a little r, because it's changing. No, wait, no, it's not, it's got to be a big R,..." (WRITES a capital R into expression)

[00:57:04.03] Peter, "Yes."

[00:57:04.14] Jack, "...because it's not changing."

[00:57:06.01] Group laughs 

[00:57:07.03] Seth, "That was really good intuitive..."

[00:57:09.20] Jack, "Um..."

Corinne: so Peter at that stage really interrupts this discussion, with what kind of an r it is. 

LIZ ARRIVES

[00:57:11.17] Liz, "How's it going over here?"

[00:57:13.01] Jack, "Not good."

[00:57:13.25] Liz, "Not good? OK."

[00:57:15.09] Evan from Group 5 says, "We have a question."

[00:57:16.12] Liz (to Evan), "I'll be right there."

[00:57:17.11] Evan from Group 5 says, "Oh, OK, I thought you were leaving them."

[00:57:18.04] Liz (to Evan), "Nope."

[00:57:18.21] Liz, "I've come in so that I can read this side."

[00:57:21.06] Seth (POINTS at Jack's equation), "So we've got, for, J = I times, here's our z component."

[00:57:27.08] Liz, "Mm-hm."

[00:57:28.19] Seth (POINTS), "Here's our R component."

[00:57:30.05] Liz, "OK"

[00:57:30.20] Seth (POINTS), "And we still need our Rd(phi), so we decided that Rd(phi) equals dQ, so we..."

[00:57:37.23] Liz, "Wa, wa, wa, wait. I am confused. I think you're convolving some things." (Gesticulates) "So first is" (Gestures around equation for J) "J you're saying is this."

[00:57:46.12] Jack, "Sort of.  We're not sure."

[00:57:49.06] Seth, "we're trying to make this" (POINTS) "a J, but we know that J equals this times this times this times an Rd(phi) component.  Is that right?"

NOTE: THERE'S A COOL PICTURE IN THE PRECEDING SHOT OF LIZ AND Seth BOTH POINTING AT PARTS OF EQUATION

Corinne: statement (57:30) where he says "we've decided that  R dphi equals dQ"

Len; that indicates he still is seeing it that way at that point

Corinne: but not further addressed but he makes this statement several times in his group and in front of the instructor and nobody ever corrects it so it's a really persistent issue.

Len: One thing that strikes me is based on Jack's later comment where he writes dQ over Rd( it seems that Jack differentiates between the dQ and Rd( but his communications back to Seth confirm Seth's equating the two.

Corinne: I agree.

Len; the more I watch it the odder I find it.  I hadn't caught that nod, the earlier mumbling combined with the nod is definitely giving affirmative signs to Seth as Seth is clearly articulating a different interpretation.

Corinne: this is typical of communications, people hear that part of what someone's saying that confirms what they're thinking and don't necessarily hear nuances that are unrelated to what they are thinking.  I think one of the issues about having students working together in groups is that they're not precise with the language so it's much easier for miscommunications to happen.  

Len: it's at the point at which she says "wait wait wait" but she doesn't address it.  

Corinne: saying wait about what she's seeing on the board, not hearing Seth.

Corinne: I think the implications of this are that the students are only beginning to learn how to distinguish between the actual physical thing that they're talking about and the representations of the thing that they're talking about that they're drawing and the algebraic expressions that they're writing down and so these nuances is this physical thing a dQ which is telling me something about charge or is this thing the geometric length R d(, they're just not picking up on those nuances very carefully and so even Jack who drew the original picture and knew that he meant something with a Q is agreeing to a statement that is just the geometric quantity Rd( and Seth is never seeing the difference between them.

Len: I wonder if Jack is imagining a ghost lambda, is he picturing a ( R d(.

Corinne: typical of students at this stage, to not distinguish between different physical phenomena that can share the same geometric representation.  

[00:58:00.01] Liz, "Why do you need an Rd(phi) component?"

[00:58:02.05] Seth, "Oh, man, I thought that you wanted one."

[00:58:04.23] Liz, "You will when you're doing the integral." (POINTS at integral) "I mean, that's where your d(phi) dr d(theta)'s are going to come in."

[00:58:09.15] Seth (over Liz), "So you need a...so you just need a phi component?"

[00:58:13.00] Jack, "So we don't need a..."

[00:58:14.09] Liz (over Jack), "Why do need a..."

[00:58:14.09] Seth, "...[We don't need a tau?]..." (shakes head)

[00:58:15.22] Jack (POINTS at circled part of equation), "You just,...Is this good? Are we good?"[00:00:00.00] Transfer:
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