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I. Surface Area 

A.  A student (named Sean) performs a few experiments with a book and a wooden 
incline.  The book is shown in perspective at right.  

In Experiments 1S and 2S, Sean places the book on the incline in two different 
orientations, as shown.  In each case, the book remains at rest. 

1. Discuss with your group: Is the magnitude of the friction force on the book in Experiment 2S 
greater than, less than, or equal to the magnitude of the friction force on the book in 
Experiment 1S?  Explain. 

 
 
 
 
 
 
 
 
 

2. If you have not already done so, draw a free-body diagram for the book in each experiment, 1S 
and 2S. 

 
 
 
 
 
 
 

3. If you have not already done so, think about why someone might think the magnitude of the 
friction force in Experiment 2S is greater than that in Experiment 1S, regardless of whether you 
agree. 

 
 
 
 
 
 
 

4. Write your final answer to question 1 here. How would you describe your thinking about the 
reasoning in question 3? Did you override it, or did you reconcile your own reasoning with it? 

 
 
 
 

FRICTION AND TENSION 

Exp. 1S
Exp. 2S

Mechanistic Reasoning:
“Mechanistic reasoning involves describing how the particular 
components of a system give rise to its behavior.” ([1], p.6)

Travis: We have X going along the ramp and Y 
normal to the ramp. Right?

Mark: Okay, so ... Oh, okay, kay, kay, kay. So 
...
Travis: Yeah.
Alex: Yeah.
Mark: Okay.

1. X and Y axes 2. Gravity

Travis: And then gravity would just like run 
straight down.

Alex: Gravity would be going down.
Mark: Hmm-mm-hmm (affirmative) Oops. 

(laughs)
Mark: Force of gravity. Okay.

3. Normal force

Mark: Okay. And then, are we doing it ... this 
one the force normal?

Alex: Well, wouldn't it just be that?
Travis: Yeah, yeah. This is force normal it 

would be on the Y axis.
Alex: Yeah. 'Cause it's perpendicular to the 

plain ... the ramp.
Nate: And then friction is the X axis
Travis: Yeah.
Alex: Yeah, friction can be this one.
Nate: 'Cause on ... normal has to be 

perpendicular to the surface.
Alex: Yeah.

4. Components of gravity

Alex: But there's still a force of gravity ... And 
then force of gravity that way ... mm-hmm 
(affirmative) ... And then there's another 
force of gravity that way, right? Wait, wait, 
wait...

Travis: Yeah. I think we just have the one 
force of gravity pointing straight down, 
right? Is this straight down, or along Y?

Alex: Yeah, what is that?
Mark: Y'all tell me. 
Alex: (laughs)
Mark:  I ... I drew it myself, [inaudible 

00:03:31] what y'all are telling me!
Alex: Um. Uh we'll send that straight down.
Mark: I should [crosstalk 00:03:37].
Alex: Well, why don't we just split it up? 
Travis: Yeah we ... we'll split it then.
Alex: So like this would be the force of 

gravity in the Y direction ... 
Travis: Yeah, yeah. So that's ...
Alex: And the force of gravity in the X 

direction would be along that ramp.
Mark: 'Cause right here ... 
Alex: Wait. What?
Nate: Because it's saying like, that's the 

actual force of gravity that's [crosstalk 
00:03:59].

Mark: Yes.
Alex: Oh, oh, okay. I see what you're doing. 

Gotcha.
Mark: And then ... Should be over here right?
Travis: Yeah.
Alex: Yeah. Well, you could put it right here 

as well. Just to show that it's not moving. 
Just to make it more clear I guess. You 
see what I mean?

Mark: Mm-hmm (affirmative)

5. Eureka!

Instructor: Did the coordinate system shift 
help?

Alex: I think it did, actually. It makes more 
sense. But, So what can we say about the 
normal force? Is, is, is it still ... 

Travis: Well, [crosstalk 00:04:25] is equal to 
the component of gravity.

Alex: Oh. Okay. It's equal to ...
Travis: The Y component.
Mark: They Y component. Yeah.
Alex: Okay.
Travis: So ... So they're not equal in 

magnitude.
Alex: But it's ... They're not equal.
Travis: Okay. So there you go. I'm done 

learning from you. So that's cool.
Alex:  We got that figured out. All that for that.
Travis: We can move on to number 2. (laughs)

Chaining: 
“We observe students reasoning about one stage in a mechanism based on what is known about 
other stages of that particular mechanism and code this type of reasoning as “chaining.” …For 
example, a student might say, “I know that objects fall straight to the ground in air but not in liquids, 
so there must be some force pushing up on objects in liquids that keeps them from falling.”” ([1], 
p.15)

Context:
A group of TXST Physics Learning Assistants in a weekly preparation session 
preparing the tutorial “Friction and Tension.” The diagram below shows the task.

Can chaining occur in a group?
Can group chaining affect individual reasoning?

Reasoning Sequence:
A. Initial confusion: relating three force vectors

B. Intervention: coordinate system adjustment

C. Rapid, successful collaborative chaining
(see sequence above) 

Travis: Well, is there static friction?
Alex: No, yeah.
Mark: Oh, yeah. Crap. Um...
Nate: Friction up the ramp.
Alex: It's like that way.
Mark: Does it need to be equal to for this 
one? Force normal?
Alex: Well, both of those equal that. I think.
Mark: Okay, okay, okay. I see what you're 
saying.

Travis

Mark Alex

Nate

Task:
The Las are constructing a free body 
diagram to answer question 1 below:  
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Abstract:
The physics department at Texas State University has implemented a Learning Assistant (LA) program with 
reform-based instructional changes in our introductory course sequences. The LA program structure at TXST is 
informed by the theory of communities of practice. We are interested in how participation in the program 
influences LAs’ identity both as physics students and as physics teachers; in particular, how being part of the LA 
community changes participants’ self-concepts and their day-to-day practice. Russ et. al. developed a 
Discourse Analysis Tool to help identify students’ mechanistic reasoning [1].  In Russ’ Discourse Analysis Tool, 
she outlines nine categories for identifying mechanistic reasoning; the highest level of these is “chaining”. Our 
data include six semesters of video of LA prep sessions. We utilize Russ’ Discourse Analysis Tool to investigate 
the impact of being an LA on their use of higher level mechanistic reasoning.


