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Figure 5.10: Collapsed representation of how TAs compared in their coded practices during Week
4.

S4: Basically the top book only interacts with one object in space, therefore it has
a normal force and a gravity force, [which| better be equal and [in] opposite
directions. The bottom book has three forces acting on it: one force being
its own weight, the force of the top book acting on it, and then the normal
force from the table.

S3 (to S4): Would those two be equal?

S4: These two don’t have to be equal, but these two add together.

S3: Yeah, so, I’ plus mg equals Fy. Because it’s not moving.

C: So, [S1], does this make sense to you?

S1: Yeah.

C: Cool.
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C: [S2], how about you?

S2: Yep.

C: On board. Cool.

C: Can we all look at our free-body diagrams really quickly? Just so I can make
sure that you guys...OK, so we're all in agreement. [looking at students’
tutorial books] Are we all in agreement?

C: Alright, looks like we are. .. pretty consistent. Cool.

C: Uh, I do think it’s really good to be explicit about what the force is on and
what the force is by. I encourage you guys to do that. I know it’s kind of
annoying.

S3: So this would be like force from table on book, the normal force going up,
would be force from table on book?

C: So that’s a really good point. Now that we’re being explicit about this, what
actually is causing that normal force? What do you think, [S3]7?

S3: I thought it was the table. Force on the book by the table.

C: OK. [S1)?

S1: Table pushing up.

C: [S2]7

S2: I'd agree. Book by table.

C: Consensus. Cool. I will also vote that.

S4: OK.

C: So force on book by table.

S2: So then we would just say for—gravity—

C: How about the other normal forces in this picture? How would we write the
vector for that?

S?: Force of upper book on the lower book?

C: Cool.
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In this episode, Caleb starts by orienting the group toward the task of discussing the tutorial
content. In Lines 10 and 13, he asks individual students by name whether the discussion makes
sense to them. In line 25, he acknowledges S3’s question (“that’s a really good point”), but instead
of directly answering it, he redirects the question to the table and goes around to ask each student
individually by name. Only after each student has expressed an opinion does he weigh in (Line 32).
This step of establishing consensus and addressing students by name was common for Caleb. In this
clip, we observe multiple levels of Agency being emphasized: the TA orienting the group toward a
task (Teacher), checking with students (Mized), and establishing group consensus (Student). We
also note that each student is heard from at least once during the interaction.

This episode exhibits a mix of Conceptual (Newton’s Third Law) and Procedural (use of
subscripts) knowledge. Although Caleb did not attend to student reasoning in this episode, he did

so during other episodes from this week.

Darren

Darren’s practices were coded as being more Teacher-centered than Caleb’s. To see how this
was reflected in action, consider the following Week 4 episode in which Darren works with a group

of four students on the same “stacked book” free-body diagram.

Darren: OK, so how are you guys doing over here?

S1: (turning book toward TA) Um, getting to...

D: OK, so let’s talk about some stuff first. Um, so let’s. .. so does everyone under-
stand the difference between contact and non-contact forces?

[some nods and “yes”es]

D: OK, so that’s very important to have that distinction and stuff, but if you
understand it that’s good.

D: Um, so now question E has these students discussing some scenarios. Does

anyone agree with any of them, does anyone disagree with any of them?
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S4: We kind of decided that [student] 2 is sorta right, but since Pam is exerting
the same force on the rope that the rope’s exerting on the block, they’re the
same?

D: Yeah, they’re the same exact force.

S4: Is that true?

D: You're right, you guys are right.

D: Um, so now page number 2. Someone explain to me their free-body diagram
for this book resting on the table.

S2: I think the normal force and the force of gravity would be equal, since the book
isn’t moving.

D: Yep, and that’s very—you have to make a distinction, like as we were talking
about earlier. These vectors have to be the same together.

S2: They have to be the same length.

S4: Is there a way to like, know what the magnitudes of these [forces| are for this
diagram, or is it essentially just make up—

D: No, you gotta—Yeah, you would have to um. .. you would actually have to know
the mass of the book. Yeah, but that’s a good question. But vectorially they
would have to be, um. .. [leans down to look at book]

D: OK, so I'll let you guys start this one, 'cause this is like another 4 questions.

In this episode we observe similar instances of Darren orienting the group toward specific sections of
the tutorial, but in contrast to Caleb there are no instances of Darren encouraging group engagement
or discussion. Additionally, Darren consistently answers student questions directly, without turning
them back toward the group or using them to set up subsequent discussion. Consequently, almost
the entirety of the discussion is oriented toward the TA, with little to no interaction between

¢

students. We also see Darren place verbal emphasis on points that he considers “very important”

to know.
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Joanna

Joanna was coded as Mized in her practices along Agency during Week 4. Consider the
following episode in which students draw and label a free-body diagram of two people exerting

forces on a stationary block:
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[Joanna looks at S1 & S}’s books]

Joanna: Do you guys all agree on part E?

S4: We disagreed with student 2 [unclear| Pam isn’t exerting a force on the block
because she’s pulling on the rope, which is pulling on the block.

J: Anybody disagree with that?

S1: Well at first we said force of Pam, but you know, it’s wrong.

S2: It’s the rope pulling.

S3: But then what’s causing the force of the rope?

J: Does it matter?

S2: Not really. It just matters that there is a force.

S3: Because anything could be pulling on the rope, not just Pam.

J: It could be a whale! A truck, anything.

S3: But OK, it’s the force of the rope plus the force of Chris.

J: I wouldn’t draw those added together, I'd draw them as two separate forces.
They’re still distinct, and they’re even different types of forces. The rope is
a tension force, and what type of force is Chris exerting?

S3: Perpendicular.

S1: Force of C. Force of Chris. [Gestures uncertainly/

J: What kind of a force is he exerting?

S4: Normal force.

J: Normal force. You guys get why it’s a normal force?

S2: It’s perpendicular to the block?
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J: Yeah. I also think of it—anytime you’re wondering why two things just aren’t
going through each other, like why Chris isn’t falling into the block, it’s a
normal force.

S3: OK, so what is the force the block is exerting on Chris? Is that a normal force
as well?

J: [Nods]

S3: OK. They’re both normal forces.

J: Yeah.

Here Joanna prompts for disagreement within the group (Line 5), a form of positioning that was
coded as valuing Student agency and Constructive questioning. Although she never switches into
straight lecturing, Joanna does make suggestions at various points (Lines 14 % 23) about forces
and free-body diagrams. Early in the semester Joanna also a demonstrated a “checking” mode that

consisted primarily of brief I-R-E style questioning, as seen here during Week 7:

Joanna: Do you mind if I just look at your first page really quick?

[Looks at S4’s tutorial book]

J: So for part C, do you guys all have the same thing for that?

S3: Same direction if it’s positive, opposite direction it’s negative.

J: How about the case up here for part 27 A27

S1: Perpendicular.

J: Right. So which component of the force then is really important?

S2: Horizontal.

J: In this case it’s the horizontal. What if this were to be vertical? What if the
block was being moved up?

S3: Vertical. So it’s the parallel force.

J: Right. It’s the component of the force parallel to the displacement that really

contributes to work. So that’s for that third part, C. You guys had the
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direction and the positives/negatives right. Also magnitude.

S1: So when it is perpendicular, what do you use?

J: So if I'm like, lifting up my book. [Lifts tutorial book] I'm exerting a force on
it, and there’s a displacement. So which, what sign is my work if I'm doing
this?

S1: [Unclear]

J: Well, I'm talking about the motion from when I'm raising my book. (pause)
Which direction is my force?

S1: [Points up]

J: Which direction is my displacement?

S1: [Points up] So it’s. ..

J: Right. The, [unclear| part asks about pushing at, like if I'm trying to move my
book across the table I'm pushing down at an angle like in this first part
here. Then only some component of my force actually contributes to the

work.

This interaction is very similar to Sarah’s “checking” mode described in the previous chapter,

including the way that Joanna first asks permission to go over a previous page before interacting.

Terrence

Terrence’s instructional approach is illustrated in the following Week 4 episode, again featur-

ing the “stacked book” problem.

[Terrence sits down with group/

S2: But so that it doesn’t go down, this book has to exert the same— has to
y’know, uh...

S1: To push back the same amount.

S3: Yeah.
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S1: But when you draw that up, y’know, you put another line down here and that’s
the natural force on that lower book, right. So then you have another one
of those match it.

S2: So basically this one equals this one.

S1: What if this book weighs more, though? Doesn’t it make that larger?

S2: No, if it weighs more, even this goes larger. It’s the weight. So if it is larger,
it has more weight too.

S3: So the normal force will correlate you see, increasing in the same way.

S2: OK.

Terrence: You guys wanna explain that to me?

S1: Here, let me try to explain it. Um, so. This is kind of how we were going about
it. You’ve got the book and the first one. So it’s got the normal force and
the weight.

T: Part 1, OK.

S1: Part 2. And we’re talking about the book on the bottom. So you’ve got the
weight of the book itself, right? And then you’ve got the normal force from
the book on top, right? And then you have the normal force pushing back
up. It’s gotta be the same magnitude as these two forces coming down.

T: So why do you label this one F' normal and draw this normal where you labeled
F and you list this one normal but you never put it in?

S1: I've got a bad habit of writing F' instead of. ..

T: OK. We should use subscripts, right? So we know what we’re talking about.

S1: Alright, this is a normal force on the book by the table. And this is the weight
of the book by gravity. And this is the normal force from book 1 to book 2.

T: So why’s it a normal force?

S1: ’Cause it’s pushing down.

T: Well isn’t gravity pushing down?
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S1: Well gravity. . .

S2: Gravity’s pulling down the upper one. Gravity’s not pushing down the lower
one. Gravity’s pulling down the upper one, and in turn the upper one is
pushing that same force on the lower book.

S3: Basically these 2 books are in contact, and contact force is a normal force. So
you wouldn’t label two gravity forces, there’s only one gravity acting on the
little one. And then you have two contact forces, so it’s normal.

T: Let me ask you guys a different question. Did you guys label two gravity forces
the first time you looked at this one?

S3: No.

T: No, you did two normal forces. That’s good. So let me ask a different question.
If you had labeled two gravity forces, how would you know immediately that
was wrong?

S2: Because they’re in contact.

T: Even more basic.

S3: ’Cause there’s no two gravitys acting on it. This one only has one gravity.

T: Gravity can only act on an object once, right? Cool. Good, guys.

This episode exemplifies a few features of Terrence’s approach. First, he sits silently at the table
for a while without interrupting the conversation that S1 and S2 are having. He also uses very brief
questions to challenge student thinking (Line 31) but also to probe understanding. Like the other
TAs during this week, Terrence also attends to Procedural knowledge, such as the use of subscripts

(Line 27).

Oliver

Oliver’s discussions with students tended to be brief in comparison to the other TAs. He

often spent less than two minutes per interaction, which was consistent throughout the semester.
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In the following excerpt, Oliver goes over a group’s free-body diagram after the tutorial prompts

them to have an instructor check their work.

Oliver: You have a question?

S3: Uh, they wanted you to come check our free body diagram.

O: Oh, they want that? I guess I'll have to do that.

[leans down to look at big sheet of paper]

O: So...OK, we've got Fpam, Fonris- S0 you draw them equal there. Do they
have to be equal?

S2: Not necessarily.

S1: But it didn’t specifically say they weren’t equal.

O: (laughs) That’s true. Yeah, I guess, simplify. Although sometimes, when you
draw physics diagrams, it’s dangerous to draw stuff equal that doesn’t have
to be equal. Because then you can be led to some false assumptions and
stuff. But yeah, in this case, it’s not that important. Uh, so let’s see, can I
see the first page? I need to refresh—*“Describe the remaining forces.” OK,
so it’s the normal force, so how does the normal force work. It works, like,
if you drew it like, uh—

S2: Perpendicular to the surface.

O: And it’s on the what by the what?

S?: [Cross-talk]On the block by the floor.

O: [Nods| Sounds good. And the gravity is. ..

S3: On the block by the Earth.

O: OK. And uh, what about Fpgy,?

S3: We kind of changed Fpg,, to tension force.

O: Ahhh. OK. That’s pretty good. Why do you think that?

S3: Because Pam’s exerting a force on the rope, and the rope is what is doing the
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force on the block.

O: Ah, OK. That sounds pretty good. So do you see the pattern here, like all the
forces you drew for the block diagram are forces that are on the block. Like
when you draw these force diagrams, free body diagrams, you only want to
draw forces that are exerted on the block by other objects. [Flips page in
S4’s book] What was the second page? [long pause while O reads] OK, so
you were right for the tension thing. That’s good.

(pause)

O: (shrugs) OK, yeah, looks good.

Here we see Oliver use primarily closed-form questioning (“...it’s on the what by the what?”), but
he also attends to student reasoning (“Why do you think that?”). There are also a few examples of
extended explanations regarding how the students should draw forces on their free-body diagram
(Procedural). Overall, in this episode Oliver focuses primarily on what the students have written

down and drawn to assess their correctness.

5.2.2.2 Week 9

The Week 9 tutorial was “Conservation of Momentum.”

Darren

In this episode, Darren reviews the first page of the tutorial, which asks to find the net
momentum of a system of two boats traveling in opposite directions with respective momenta of

25 kg m/s and 30 kg m/s.

Darren: You guys finished with page 17
S5: Yeah.

S4: Uh-huh.
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Practices: Week 9 (Conservation of momentum)

®Caleb
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Figure 5.11: Collapsed representation of how TAs compared in their coded practices during Week
9.

D: Let’s go back real quick. So I see a couple—is everyone working together, ’cause
I see like people have all different—actually everyone has a different answer.

S5: For what?

D: Well you guys have 5—for number 2. Um, you guys have 5 kg m/s west, you
[S2] have east, and you [S4] have. ..

S2: Oh, I meant to put west.

S4: Right and left, I'll just put east.

D: That’s alright. So remember, what is—is momentum a vector or a scalar quan-
tity?

S4: Vector.

D: It’s a vector quantity, right? So how can I figure out the total momentum?
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S5: Use vector addition.

D: Yeah, so use vector addition. So do you see why it’s west? I mean, um... It

might be better, I know like you can say west and east, it might be better
just to keep it as like, west is negative so negative 30, plus 25 will give you
minus 5 kg m/s. Because like, west is like assumed that like, east in the
positive direction, like if you say negative 5, like anyone, any physicist is
gonna know exactly what you mean by that. Um. Which, saying west is

OK. But make sure you just define everything appropriately.

D: (to S4) Do you see why, um, OK, so remember. Look at the signs of each. Left,

so, remember, just do mass times velocity. Don’t do mass times speed. Like,
try not to do the west-east thing. Mass 3 times negative, or mass 10 times

negative 3 m/s. 'Cause remember, it’s moving in the opposite direction.

S4: Yeah, so it’s negative.

D: Yeah, so do you see, that might make it easier to see if you sum them. [pointing

to S4’s book/ And remember it would be negative, it would be negative 5,
right. Because this would be negative 30 plus 25. Just think of like, you
have a vector of minus 30 and a vector of plus 25. Right? Um, here real
quick. I don’t wanna— I’'m not trying to harp in any way. [pointing to S4’s
book] OK, so you have minus 30 for this one, right. And you have 25 for

this one.

S4: So I have minus 5 total, right?

D: Yes, but um, I think this looks a little confusing. All you gotta say is, just

minus 30 plus 25. T know like that’s what that says here, but it’s written a

little—

S4: (laughs)

D: That might like, be confusing later. You know what I mean? Just literally, it’s

OK just to put minus 30 plus 25. ’Cause that’s all you were doing, right.
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S4: Just, OK.

D: Does that make sense? Does everyone see why it’s minus 5, or 5 to the west?

[Various "yeah”s and nods/

D: OK, so like the main point, do you [S3] see what I mean, 'cause I see you showed
up [unclear| late.

S3: Yeah, I just got through it. Yeah, it makes sense.

D: OK. Alright, I would recommend, unless you learned in class about the east and
west, did you guys learn about that in class, or? I would like just say, we
have a coordinate system here, and this is like negative x and this is positive.
Like, that’s gonna help out a lot later. ’Cause I think it’s easy to make a
mistake trying to keep east-west straight, rather than negative-positive. So,
is everyone OK with page 17 So like, just remember the main point of page
1 is momentum is a vector. [Chops hands with words] Vector, vector, vector.
So. Any questions?

[Various “Nope. Nope.”]

Darren’s instruction in this and other episodes during Week 9 was coded as highly Teacher-centered
with respect to Agency. Darren spends most of this episode individually checking each student’s
tutorial book and giving explicit direction on how to respond and which concepts to focus on. Note

“vector,” to provide added emphasis

in Line 51 how Darren physically chops the air as he repeats
to this idea.

Darren’s focus in this episode is on Factual knowledge (“Is momentum a vector or scalar
quantity?”), but also Procedural knowledge involving the choice of coordinate system. We coded
multiple instances of Answer-making, as Darren makes repeated attempts to steer students toward
one particular response without attending to student reasoning. In Lines 36-37, he goes as far to

tell S4 to just say “minus 30 plus 25.” We would argue that there are multiple acceptable responses

to this question, and instead of centering a discussion around the merits of each choice, Darren
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focuses on making each student adhere to the same convention.
In terms of assessment, Darren focuses on student’s written responses and uses questioning

only briefly to probe understanding by asking a series of I-R-E style questions (Lines 11-16).

Caleb

In this episode Caleb discusses a series of experiments in which two gliders of unequal masses

collide, with the rebounding glider leaving with a different momentum between each experiment:
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Caleb: How’s this going for you guys?

S2: Good!

S3: Fantastic.

[Cross-talk]

S3: Swimmingly. I've never heard that one before.

C: Looks like you guys are crushing it.

S3: Always crush it. Every day.

C: Let me ask you guys something. So what if I told you that on this problem, B3
actually had the longest velocity vector, B2 had the middle, and B1 had the
shortest. Would your answers change?

S3: Yes they would.

C: How?

[pause]

S4: B3 would have the greatest momentum?

S3: Well, A3 would have a very, very large backward momentum. This one would
have a much smaller backward momentum—or if not, no backward momen-
tum. And this one would just probably stop, depending on how big that
arrow is.

C: [nods slowly] OK. So how would you rank the momenta of blocks B1, B2, and
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B3?

S4: In this case?

C: Yeah, in this special case that I've drawn in red.

S4: B3, B2, B1. ’Cause we know that they’re increasing in velocity, I mean mass,
and they’re increasing in velocity.

C: This is a pretty trivial question, right? OK, cool.

S3: We're crushing [unclear].

[laughter]

C: OK. I only ask you guys that because I wanted to point out that this is infor-
mation that you didn’t use.

S2: That it’s a what?

C: Right, these velocity vectors? Like, what if I just had not told you what they
were? What if you were given no information on them? Could you solve the
problem?

S3: Yeah. ’Cause you know the final momentum. It’s conservation of momentum.

C: [nods] That’s all. That’s all. Don’t let me slow your roll, brah.

Although he doesn’t prompt for consensus in this episode (as he does in others this week), we
observe Caleb asking multiple questions that extend the tutorial content (Lines 8-10, 31-32), a
Constructive approach to assessment. This is a relatively brief interaction for Caleb, and it may be
inferred based on other episodes that this group does not need as much guidance as others. Caleb’s

statements seem to support this, i.e. “You guys are crushing it”.

Oliver

S3: [Reading] “On the basis of your results, describe how you can tell whether the
momentum of an object or system is constant by inspecting the free-body

diagram for the object or system.”
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Oliver: So what did you guys think about the free-body diagrams?
S2: Half the time they seemed a little out of place.

O: (laughs) OK, OK. So which way does block C accelerate?

S3: C accelerates that way. [gestures left]

O: OK. So net forces should be...

S3: That way. [gestures the same way]/

O: To the left. [Nods] And uh, which way would D accelerate?

S3: It doesn’t.

O: It doesn’t, OK. So net forces...

S2, S3: Zero.

O:—cancel. So where does the horizontal forces come from on block D?
S3: One is, one going this way is from block C...

O: Block C, yeah. [Nods]

S3:...and then the other one is the normal from being fixed in place.
O: [Nods|] OK. Good. And the net force on the entire system?

S3: Is that way. [Points left]

O: To the left. Yeah. [Nods]

Based on this episode, Oliver’s questioning strategies haven’t changed much from Week 4, as he
still relies on repeated closed-form questioning with an immediate evaluative response, and very

infrequent prompts for student reasoning.

Terrence

This episode illustrates Terrence’s “Would you bet money on it” approach regarding chal-

lenging students’ certainty, in this case regarding conservation of momentum:

Terrence: Whoa, whoa, whoa. I'm pretty sure this arrow is bigger than this

arrow.
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S2: It is.

T: Can you explain that to me?

S2: (laughs) Well, since the momentum of this one is equal to the whole system
because this one isn’t moving, and because the glider A bounces back, then
to conserve momentum this one has to have—

T: Whoa, whoa, how do you know momentum’s conserved?

S2: Um, ’cause it’s a fact?

T: It’s a fact?

S1: It’s always conserved.

T: Would you take that to Vegas?

S1: Yeah.

T: You would lose money in Vegas.

S1: What? Momentum’s conserved... when there’s no friction. An isolated system.

T: An isolated system.

S1: Yeah.

T: Which means what?

S1: [Unclear, laughter] That means there’s no external forces.

T: How do you know there’s no external forces?

S1: [Unclear]

T: So that’s how you know momentum’s conserved.

S2: So an isolated system with no external forces?

T: Yeah, that’s what an isolated system is.

S2: Gotcha.

S1: So if there was like, friction, it wouldn’t be conserved? It would just lose some
of its energy to friction and then...

T: It would depend. Would you still include the Earth?

S1: Yeah.
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T: Then it would be conserved. If the system doesn’t include the Earth, then it’s
not conserved.

S1: Why’s that?

T: So if you have friction and you’re including the Earth, you’re saying that force
is an internal force. But if you exclude the Earth, like we usually do, then
friction is an external force.

S1: Oh, OK.

T: It depends on how you define your system.

Here Terrence takes a primarily Conceptual approach to understanding momentum conservation.
The students’ initial idea that momentum is always conserved occurred multiple times during this
week, and Terrence tended to challenge this assertion (much as he does in the above episode). We

also observe Terrence prompt for student reasoning three times (Lines 4, 8, & 20).

Joanna

In this episode, Joanna is called over to a group by a student having trouble:

S3: [Raises hand]

Joanna: [Pulls up a stool] OK.

S3: So I am having trouble with part 3, like, fixed block. It says system S but it
never says what’s included in system S. And I feel like...

J: Just blocks C and D.

S3: Just blocks C and D, and not the Earth? Or whatever it’s fixed to?

J: Right.

S3: OK. So then D doesn’t have a change in momentum, so the total momentum
of the system does change?

J: [Nods]

S3: Alright.
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one-on-one with S3.

J: Does A experience—or, it’s a block. Does C experience a change in momentum?

S3: Yes.

J: Does D?

S3: No.

J: No. So when you’re looking at the momentum of the system, how do you
calculate the net momentum?

S3: Just momentum of one plus momentum of the other?

J: Yeah, you add up all the individual parts. In this case one of the parts stayed
the same, one changed, then the entire thing must have changed.

S3: But if it did include the Earth, ’cause it doesn’t say it can’t...

J: If it did include the Earth, then yes I agree with you. It’s really good that you
thought of that too, because a lot of students don’t take into account the
fact that that means it must be (importing?) the momentum of something
else. Momentum is conserved, that’s like, not a question. It just depends

on where you draw the bounds of your system.

leaving, Joanna also praises S3’s contribution (Lines 22-23).

5.2.2.3 Week 14

Week 14 covered the “Buoyancy” tutorial.

Darren

in the semester:

Darren: So how you guys doing. On page 27

110

Joanna’s questioning is primarily I-R-E form in this episode, which also happens to be completely

Although she starts giving extended explanations toward the end before

Darren’s practices during the final week were ultimately very similar to those he used earlier
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Practices: Week 14 (Buoyancy)

®Caleb
A ] ADarren
Agency O 1 Joanna
B Terrence
Teacher Mixed Student .
Oliver
Goal: ® A
Knowledge [ ]
Factual Conceptual Procedural Metacognitive
Goal: )
Epistem. A
stance .
Answer-making Sense-making
Assessment =

Evaluative Constructive

Figure 5.12: Collapsed representation of how TAs compared in their coded practices during Week
14.

2 D: So this question right here, number 3, is very, very, very important key point
3 in buoyancy. So the question’s asking how does the sum of all the forces of
4 the block by water differ from the previous case? Like so this one sinks and
5 the other one floats, and like, you guys what, said it’s the same?

6 S2: Yeah.

7 D: That’s very, very crucial. What does that say about buoyancy force? Does it
8 depend at all on mass?

9 S2: No.

10 D: That’s very important. So like, all that matters is like the volume of the,
1 y’know, it takes up. And also like the density of the object. But the bottom

12 line is if you have 2 objects, like in this case, just ’cause it has more mass
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doesn’t necessarily mean it’s gonna have a different force, in fact in this case
it didn’t. That’s like the key thing, like, in this tutorial that I would try
to take away is like, how does volume affect buoyancy force, and how does
mass affect buoyancy force. So if you make that distinction, you’ll be set for
the final for like stuff on buoyancy. So does that make sense?

S2: Yeah.

D: Do you guys have any questions at all on this page at all?

S2: Um, for C3, the vector sum of the forces on the block by the surrounding water,
I’'m not sure, would that be greater than? For, compared to...

D: (reading from S1’s book) Oh, um, “the vector sum of the forces on the block
by the...”

S1: When it goes down deeper.

D: Oh, it’s deeper. OK, so, OK, so what’s that gonna mean, you’re gonna have,
obviously a much greater, uh...

S1: Buoyancy.

D: Well, remember, the buoyancy, does it matter like where it’s at, like for buoy-
ancy?

S2: No.

D: See, it doesn’t matter. So see if that can—I mean, I can come back in like a
minute. See if you can think about that, like it doesn’t matter where the
depth is. Like, yes, the pressure downward’s gonna be much, much greater
now. 'Cause we're a lot deeper. So...

S2: ’Cause you have the force of the water pushing it down too, or...?

D: Uh, yes, but so if the buoyancy force stays the same, what does that mean?
If you have greater force pushing down, but yet the sum of all the forces
by the water is the same, what does that mean about the force pushing up

from the water below it?
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S1: Um, it’s less?

D: Well, I mean like, uh, I dunno, you might not even be able to answer that. Um,
well, OK. Remember, the sum of the forces by the water has to equal— it
doesn’t matter how deep it is, like this vector will stay the same, right. So,
see if you can—

S1: So then it’s the same.

D: I think it might be the same. [Flips open book]

S1: If it’s still the vector sum of the forces by the water. ..

D: Yeah, it’s the same. And that’s why, like remember, this doesn’t change. I
mean, it doesn’t matter how deep something is, remember the equation for
buoyancy force is pVg, right? I mean, have you guys gone into that at all
in class?

S2: Yeah.

D: I mean, you don’t have to memorize formulas, that’s why the formula sheet is
there. But if you look up in your book, it’s the density of the fluid times
the volume of the water, fluid, displaced times gravity. I mean, that has
nothing to do with depth. So the vector sum of all the forces still has to be
the same. Is that OK?

S2: Yeah. Thank you.

D: Alrighty.

In this episode we once again observe Darren emphasizing a “key point” of the tutorial, in this case
the buoyant force being independent of object density or depth. His questioning also tends to rely
on students self-assessment of their understanding (“...does that make sense?”, “Is that OK?”).
We find it interesting how Darren downplays the reliance on rote memorization of formulas after

he just prompted them to remember the equation for the buoyant force (Line 50).
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Joanna

S2: This is density of the liquid, right? For pVg?

Joanna: What does the V represent?

S2: Volume of displaced liquid.

J: Yeah.

S2: So the buoyant force depends on just the volume of the object?

J: [Nods] Mm-hmm.

S2: OK.

J: One of the things that confuse students is the fact that it sinks sometimes and
floats other times, and they think it somehow has to do with the densities and
things like that. And it really doesn’t. It has to do—the density yes, but not
directly the way you got it here. The buoyant force stays the same, regardless
of the density of the object. It’s just that having a higher density with same
volume—therefore the same buoyant force—makes it have a greater weight.
So it has a greater downward, same upward force. It’s not that the upward
force decreases. That’s where a lot of students get off on the buoyant force.

S4: Unless the volume changes, and then the buoyant force would change.

J: Right. So for C, why did you guys pick the answers you did?

S4: So, I was picking that because for the first part, the volume below the block is
less, so that force is going to be less, but on top of the block is greater, so
that must mean greater down and the difference is going to be the same.

J: So you're telling me that [holds hands flat, one above the other] the upward
force on the bottom of the block gets less [moves lower hand down/, and the
downward force on the surface gets greater [moves higher hand up].

S4: So the difference between the two is still the same.

J: So they were like this, and now they’re like this [spreads hands apart].
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S4: Oh.

J: So you're telling me that’s going to stay the same?

S4: [Unclear]

J: So do you guys remember the expression for pressure at a certain depth?

S3: The force, the perpendicular force over area.

J: Great. You know a way to write it in terms of liquids, things like that, like the
pressure, like 8 feet below water?

J: So your pressure at any given height is going to bepgh [writes on sheet of paper],
plus usually atmospheric pressure. So this is the density of whatever surface
it is you’re under, g is gravity, h is the distance between the surface.

S4: Sorry—the p is the density of the object, or—7

J: Of the liquid that you're being submerged. The thing that’s like, around you.
So in this case as the block is lowered, what will happen to the pressure that
is on the bottom of the block?

S3: It’ll go up.

J: It’ll go up. And since pressure is related directly to force, pressure equals force
over area, what does that mean about the force?

S2: Both increase.

J: [Nods] They both get greater. So, before they were at this level [holds hands
up/, now they both increase this much [lifts hands in parallel]. That make
sense? ’Cause you had all of this other stuff right, it was just right there,

so. Do you have any other questions or anything?

Joanna makes several moves to attend to student thinking in this episode. In Line 17, she prompts
for the students’ reasoning, and in Lines 21-23, she restates S4’s position using gestures to help
him clarify his argument. Joanna also emphasizes multiple content goals in her questioning and

explanations, including Factual and Conceptual.
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Terrence

Terrence’s instructional approach changed quite a bit during Week 14, as illustrated by the

following excerpt:

Terrence: Hey, guys.

[Mumbled “hello”s]

T: How we doing?

S?: Good.

T: Is everybody happy? [sits down]/

T: Are you happy?

T: So how are we, guys?

[looks at S1’s tutorial book]

T: (reading) Greater, greater, same. Cool. That’s a good response. So have you
guys figured out what the buoyant force is? No? You still don’t know what
that is?

S3: Uh, what? What problem?

T: Buoyant force. Well, yeah, do you know where it comes from?

S1: The mass—of the—

T: So if I have a fishbowl. .. and I look at the forces on a block of water, right? Is a
block of water going to move up or down? In a fishbowl? No. So the forces
are going to be exactly the same. Force up, force down, and some weight,
right? (pause) So if I draw—write that out, I get F' up minus F' down, minus
W is equal to zero. Newton’s Laws. Right? So I know that F' up minus F
down is equal to W. And I know that my forces in a fishbowl are p times the
volume—or times A times h—times g, right? You know what I'm talking
about. So if I were to plug this in here using different h’s, so if I had like an

hy and hg, where ho is the bottom, just call this distance hg and this is hq,
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right? What am I going to get? Well, this is going to become pAAhg = W.
That’s what we call the buoyant force. So basically the amount of water
you displace tells you how much force you’re gonna have pushing back up.
"Cause this is the volume of an object now, right? Ah, Ah corresponding
to this. So what you’re seeing is that your buoyant force comes from the
amount of volume of the water you displace. And it has a force that’s equal
to the weight of the volume of the water you displace. ’Cause this is the
density of water. And so when you’re applying that to, y’know, now if I have
a block of brass in the fishbowl, right, this is brass. Right? Well, now the
free body diagram, I can draw that with an Fp and some W, and obviously
if Fip minus W is greater than zero, it’s gonna go up, and less than zero it’s
gonna go down. So that explains why heavy stuff sinks in the water and
stuff that’s not as dense as water rises. So is that elucidating a little bit,
maybe?

S1: [nods/

T: It’s OK? Helpful, kinda?

S2: Yeah.

T: Any questions? (pause) So I'll let you guys keep working...or should I quiz
you?

S3: Let’s do the work thing.

T: Do the work thing. You don’t like my quizzes.

LA (off-screen): Quizzes? I thought we didn’t give quizzes.

T: Well I give quizzes. Verbal quizzes. Which makes it worse.

We have no evidence of Terrence giving extended explanations anywhere near this length in prior
weeks, yet he was observed to deliver this same lecture to multiple groups during Week 14. During

his explanation, Terrence attends to formulas, definitions and Procedural knowledge involving the
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use of free-body diagrams. He talks continuously for nearly three minutes without prompting for
any kind of student contribution.

Comparison with other weeks indicates that this lecture approach does not appear to be part
of a semester-long shift in Terrence’s practices, but rather a specific change he makes to compensate
for a particular aspect of this tutorial. In fact, Terrence confirmed this when commenting on this
episode during his end-of-semester interview, as we will discuss in the next chapter.

Additionally, this episode provides some additional insight into Terrence’s preferred forms of
assessment. In Line 9 he focuses on written student answers, and at the end we see a mention of
the “verbal quizzes” he described during his interviews, which are essentially challenge questions

to test the understanding of students who have finished.

Caleb

Caleb also used the “block of water” thought experiment during the “Buoyancy” tutorial,
after hearing it from Terrence during the weekly prep meeting. However, he incorporated it in a

slightly different manner:

Caleb: OK, OK. So someone, when we were doing this tutorial on Monday, one of
the other TAs I thought explained it in a pretty good way. [Starts to draw/
They said, so consider you have a tank of water, and then you just want to
look at a little cube of water in that tank. Right? So, it’s kind of weird to
think about a little piece of water inside a body of water, but we could do
that, right? We could draw a free body diagram or something like that for
this. So what are the forces acting on that little bit of water? [S3], give me
a force, man. Bail me out here.

S3: Gravity?

C: Gravity, yes. Awesome. So there is some, um, weight, some force of gravity

exerted by the Earth. Right? And then, there’s water all around it, right?
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S1: [Adds to drawing] Going up.
S4: And on the sides.

C: There’s water on the sides, pushing. There’s water below pushing up. Water

above, pushing down. What do you guys think about the net force on this

block of water?

S1: Zero?
C: [Nods] Why?
S3: It’s not moving.

C: Yeah, ’cause this little block of water isn’t zooming around inside the tank. I

mean, if you think of like, maybe just a bucket of water that you would sit
on a table, y’know, the water is pretty still. If you put like a drop of dye in
it you can see it spread out slowly. That is like, small-scale diffusion. On
a macroscopic level, Fj is zero for that little block. OK, so what’s that
tell us? That tells us that the sum of these forces has to be the opposite of

gravity, right? If you guys will agree with me that there are no other forces.

[Various nods]

C: So...that is like shorthand for what we call the buoyancy force. It’s the sum

of all these pressures of like the water around it, yeah. Or whatever fluid it
is. OK, so we abbreviate these with like, Fip up. So when something floats,
that means that the force of gravity is less than that buoyancy force, right?
When something doesn’t float, it’s because this force of gravity is greater
than that buoyancy force so it accelerates downward. If something is just
sitting in water and not moving, like our little block of water, that means

that these two are equal. Right?

S1: Mmmm. Makes sense.

C: So the mass of—so say this is not water, so this is now some solid, right. If I

make it heavy enough, will it sink?

119
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S3: Yeah.

C: Yeah, it will. Here’s a question. If I make it—when I make it heavier, is this
force changing, or this force changing, or are they both changing?

(pause)

S1: Just that one?

C: Yeah.

Here we observe more explanation on Caleb’s part than in some of his other episodes, but compared
to Terrence’s episode he provides more opportunities for students to contribute to the derivation.
Caleb also prompts for student reasoning (Line 18) and asks extending conceptual questions (Line
40). Additionally, the overall focus of the conversation is not on the expression for buoyant force

(as it was for Terrence), but rather conceptual aspects such as the dependency on object density.

Oliver

This is another characteristically brief episode for Oliver, beginning with him checking in on

a group of students:

Oliver: Any questions over here?

S3: I don’t think so.

O: So how did you rank the forces on the different surfaces?

S3: Well, the buoyancy was greater. Wait, of 37 This one?

O: Yeah, like, you're supposed to rank the vertical forces.

S3: We said the buoyant force is greatest because if it’s float[ing], it’s gonna rise.

O: So which is the buoyancy force? Is that the one pushing up or down?

S3: Pushing up.

O: Up. OK, so actually, so when we say buoyancy force, we actually usually mean
like the sum of all the forces from the water. So it’s like the difference

between the downward and upward. But uh, yeah. So how did you know
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that the upward pointing one is bigger?
S3: Because it said that it floated.
O: Oh, OK, so it’s going up.
S3: So it’d have to rise.

O: OK.

Oliver’s average interaction time was consistently among the shortest of all the Physics 1110 TAs,
including during Week 14. In this episode. Oliver’s choice of question in Line 7 is interesting as he

constructs it to be a bit of a trick question, since neither of the choices he offers is correct.

5.3 Discussion & Conclusions

We conclude by returning to the research questions presented at the beginning of the chapter:

(1) Can we distinguish stated beliefs and practices for the expanded set of TAs?

Beliefs: Post-semester (All 8 TAs)

®Caleb
Agency A e_o_’ o ADarren
L 2
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Goal: A~ o A | Oliver
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Evaluative Constructive

Figure 5.13: Post-interview coded belief results for all 8 TAs described in Ch. 4 and Ch. 5.

As in the previous study, we observed variation between TAs in both beliefs and practices that

could be distinguished using the TA-PIVOT framework. Fig. 5.13 shows how all 8 TAs compared
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in their post-semester coded beliefs along the TA-PIVOT dimensions. Again, some TAs tended to
be more aligned with particular aspects of the tutorial approach in their stated beliefs than other

TAs.

Practices: Aggregated
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Figure 5.14: Practices coding results for the Fall 2011 TAs, aggregated over all weeks.

In Fig. 5.14 we present aggregated coding results for the Fall 2011 TAs. We notice first
that the TAs’ “centers of gravity” appear to be toward the left side of the chart, which is less
aligned with the curricular approach. Looking across the dimensions, the TAs’ practices appear to
be “stratified” relative to one another. That is, the TAs’ relative positions along each dimension

appear to be coupled (for instance, compare Darren’s points with Caleb’s).

(2) Can we observe differences in individual TAs’ beliefs and practices across weeks? 1If so, is

there evidence of consistent development of particular beliefs and/or practices?
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As illustrated in Fig. 5.7, we were able to distinguish shifts in stated beliefs for the Fall 2011
TAs as measured by the TA-PIVOT framework, although the size of the shifts were small compared
to their overall span of coded statements. Hence it appears that TAs tended to persist in particular
beliefs, despite teaching in a research-based classroom environment that is structured to promote
student-centered instruction. In other words, it does not appear sufficient to simply place TAs
in instructional environments that are aligned with student-centered pedagogy in order to impact
their beliefs about teaching.

This result is consistent with prior research on the development of teacher beliefs, which sug-
gests that pre-service teachers’ beliefs change over a timespan of several years. Furthermore, four of
the five TAs in the Fall 2011 study population entered with some form of teaching experience, some
in environments very similar to the CU tutorial model. It is possible that these prior experiences
served to engage these TAs in refining beliefs about teaching before their arrival at CU, which may
have reduced the “novel” impact of teaching in a transformed environment.

Although TAs’ practices did not appear to undergo consistent overall shifts over the course
of the semester, we do observe differences, suggesting that certain TAs tended to utilize different
strategies for different tutorials. (For instance, Terrence’s use of direct lecturing during Week 14.)
We hypothesize that the structure and/or content of the tutorials may be a factor in these differ-

ences in approach.

(3) Do we observe instances of coordination and/or discoordination between between beliefs and
practices?

As in section 5.2.1.3, we can use a 2D representation to illustrate coordination between
TA beliefs and practices, as shown in Fig. 5.16. Here we have plotted aggregate coded practices
against post-semester coded beliefs. In this representation, the location of a TA indicates the
degree of coordination between his or her beliefs and practices. Points along the X-Y axis indicate
coordination between stated beliefs and enacted practices, with points further from the origin being

more aligned with the curriculum. Points that are above or below the diagonal indicate that a TA’s
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Figure 5.15: Comparison of post-semester stated beliefs with aggregated practice codes. Arrows
start at beliefs and end at practices.

stated beliefs are more aligned with the curriculum than practices, or vice versa.
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Figure 5.16: How to interpret 2D plot of practices versus beliefs.

In Chapter 4 we observed instances of TAs whose stated beliefs were aligned with curricular
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goals (but not aligned with their practices), and TAs whose stated beliefs aligned with their practices
(but not the curricular goals). In Fig. 5.15 we have aggregated TAs’ coded practices across the
semester and plotted them alongside the post-semester beliefs. (The arrows are directed from beliefs
to practices.) We observe similar instances for the TAs studied during Fall 2011. Overall there is
a general trend away from alignment with the curricular approach (i. e. toward Teacher-centered
agency, Answer-making, and Evaluative assessment).

We note that Darren tended to have the largest differences between coded beliefs and prac-
tices. On the other hand, Terrence demonstrated a relatively small difference between coded beliefs
and practices, although each of these tended to be anti-aligned with the tutorial approach. We may
therefore wonder whether TAs such as Darren are aware of the difference between their described
and enacted practices, and whether they would recognize a disconnect upon viewing themselves in
the classroom. We will address this question in the next chapter.

As we described previously, perceived barriers to implementation are one explanation for why
instructors’ observed practices may not align with their stated beliefs. Talking to these instructors
and presenting them with examples of their own practices affords a rich opportunity to approach
the question of why they chose to engage in certain practices but not others. At the end of the post-
semester interview during Fall 2011, these five TAs commented on segments of video drawn from
the video data inventory. In this case the TA video reflections provided information regarding the
underpinning motives for these differences in approach. A number of preparation models include
video consultations such as these to scaffold practitioners’ ability to reflect upon instructional
practices. In the next chapter, we will describe in detail how this model could be incorporated into

a broader program for professional development.
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Chapter 6

Conclusions & Future directions

6.1 Conclusions

In the preceding chapters, we documented an analytic framework for characterizing physics
Teaching Assistants’ beliefs and practices, and used this framework to examine the range of stated
beliefs and enacted practices for introductory physics TAs. In doing so, we uncovered instances
of apparent tension between how these TAs described and carried out their roles as instructors.
Furthermore, by tracking TAs over the course of a semester, we were able to document shifts in
TA beliefs (the size of which varied between TAs), as well as further notable instances of dis-
coordination between beliefs and practices. In light of the conclusions of Chapter 3, these findings
encourage us to consider how we may extend a successful model for focusing attention on student
difficulties and direct it toward the alignment of TAs’ beliefs and practices with curricular goals.

Prior research has examined similar instances of consistency and inconsistency between de-
scribed and observed practice, with reflection on the part of the instructor appearing to play a
critical role [1]. In this chapter, we examine the role of structured self-reflection in TA professional
development, as well as the utility of the TA-PIVOT framework in facilitating this process. We
begin by describing the video reflection activity that the Fall 2011 TAs took part in, which provides

some insight into a few of the instances of dis-coordination we called out in the previous chapter.



129

6.2 Video stimulated recall

Our post-semester TA interviews included a brief (30 minute) segment in which the TAs
viewed and commented on 1-2 episodes of their own teaching. These segments were not planned
at the beginning of the semester, and were arranged in response to one of the TA subjects (Caleb)
expressing interest in reviewing his own teaching for his own professional benefit. We asked Caleb if
our discussion could be included as part of the research analysis. When he agreed, we contacted the
other TAs to ask if they would be willing to view and comment on their own video as an optional
activity. All 5 TAs who were videotaped during the Fall 2011 semester agreed to comment on their
own teaching as part of the final interview. We included the video commentary segments at the end
of the final interview so as not to influence responses to questions earlier in the interview protocol.

First, as researchers we were curious whether TAs would attend to the same general categories
of features that made up the TA-PIVOT framework. Second, we viewed this as an opportunity
to explore self-reflection as a component of TA preparation. We are careful to specify that these
conversations provide insight but not validity into TAs’ thinking. That is, we cannot accept TAs’
descriptions of their practices after-the-fact as a “true” understanding of what actually happened in-
the-moment. Nonetheless, TAs’ comments on their own practice provide valuable insight regarding
the context of the episode that may not be apparent to us as researchers.

We purposefully avoided selecting episodes to examine specific practices or classroom inci-
dents. Instead, episodes were selected based on being a reasonable length (roughly 2-3 minutes)
so that the video could be played back multiple times if necessary, and we selected more recent
episodes to increase the likelihood that the TAs would be able to remember the general context.
Prior to viewing the episodes, the interviewer communicated to the TAs that he did not have a
“motive” for selecting the particular episodes that were viewed, in order to (1) reinforce the non-
evaluative nature of the session, and (2) avoid having the TAs focus on identifying a particular
“flaw” that would have led to a particular episode being chosen.

Here we discuss common themes that emerged from the video stimulated recall.
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Promoting student agency

In watching their own practices, some TAs recognized missed opportunities to promote stu-
dent agency in the learning process. For instance, while viewing an episode in which he drew a

diagram for a table of students, Darren commented:

I could maybe even ask someone here to draw, rather than me doing it, maybe
ask someone to—“How about you draw the after vector?”...I could probably have
them try to draw it out, instead of me doing it. ‘Cause like, I feel like just in these
settings, sometimes it could easy for like one person to kind of zone out, you know
what I mean? So like, having people be involved in it will like, you know, keep
them involved. [Darren post, 00:49:55]

We have seen that Darren considers it important to identify the main “big ideas” of the tutorial, but
in practice he tends to communicate these ideas in a direct manner instead of asking the students
to generate them on their own. This may be another opportunity for Darren to identify a specific
teaching strategy that he could incorporate in a more student-centered manner.

Terrence watched an episode from the “Buoyancy” tutorial, in which he spent several minutes
explaining Archimedes’ Principle and deriving the formula for the buoyant force. (This was the
same episode we discussed earlier, in which Terrence used the canonical approach of identifying the

forces acting on a stationary “block” of water in a tank.)

This is somewhat of a passive listening learning that I make them do, but again,
they told me they didn’t know what the buoyant force was. So, y’know, I recognize
that this is somewhat against making them be active learners because I'm showing
them how this works. But um, on that tutorial when I read through it, I felt like
if you didn’t know the [buoyant] force equation, it was never going to make sense
to you. And so I made sure that I went and...did that. [Terrence post, 00:46:26]

Here Terrence recognized that his instructional approach was teacher-centered, but felt that stu-
dents needed to know the buoyant force equation in order to do the tutorial. He also indicated
that this was an explanation he gave to every table if they didn’t already know Archimedes’ Prin-
ciple. Recall that Terrence stated in his interviews that he believes students don’t learn from being
lectured to. He also specified that this type of extended explanation was not part of his regular

practice earlier in the semester, but made an exception for this tutorial.
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Terrence’s opinion is interesting as the tutorial places considerable emphasis on what causes
the buoyant force, by comparing the magnitude of forces a fluid exerts on each side of a submerged
object. However, tutorial does not derive the exact formula for the buoyant force, which appears
to be what Terrence means by “what the buoyant force [is].”

Joanna also attended to the fact that she did not involve more students in the discussion:

Um, I didn’t include all of the students in it. [This student], usually— she’s like a
very smart girl, she sometimes would like falter in that course if she wasn’t really
paying attention, but she would sort of usually get bored when I was explaining
stuff, she was a very like, “Just give me the answer to this, and then I’'m done with
stuff.” And she would—Ilike how she started (smacks lips) whatever-ing towards
the end there. Um, I dunno. I usually, even though I'm like discussing, would try

to look around the table and make sure I am engaging all the students even if I'm
not directly talking to them or asking questions. [Joanna post, 00:46:38]

Joanna recognized that not all of the students were involved in the discussion, but did not offer an

alternative strategy beyond her usual approach of making eye contact with all the students.

Questioning & assessment

Darren also commented on how he tended to assess student understanding, and again de-

scribed a practice would have used in hindsight:

So if I would have to do this again, I would say like, “Could someone explain to

me why angular momentum is conserved?” rather [than| “Does everyone agree?”

So I feel like people would be like—I mean, they may very well understand it, but

I feel like there’s some people who are just going to be inclined to say, “Oh yeah,

like, I understand it,” when they may not. [Darren post, 00:47:32]
Here Darren identified a questioning strategy that he used often in the classroom (and that we coded
as low-level assessment), and described how to make it more reflective of student understanding.
Although we did not have Darren “code” himself, this is an encouraging preliminary indication that

the features we identified in developing the TA-PIVOT framework are also salient to our research

subjects.
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6.3 Revisiting TA preparation

Recently, Gray [2] was able to document changing conceptions of teaching for first-time
undergraduate Learning Assistants (LAs) serving in the same environments as the TAs in our
studies. Of course, these LAs are engaged in a semester-long pedagogy course that includes frequent
opportunities to consult literature, reflect upon practice, and discuss with peer instructors [3]. We
must also consider the recommendation from Goertzen et al. that TA professional development
should address and seek to refine beliefs rather than specific practices [4]. To illustrate this, we

borrow Schén’s model of “double-loop learning” [5], diagrammed in Fig. 6.1.

Inform Lead to
Beliefs Practices A
|
B | Shape future I

o - - - - - -

Develop more productive/accurate

Figure 6.1: Single- and double-loop learning. In single-loop learning (A), practices are adjusted in
response to outcomes. In double-loop learning (B), these outcomes lead to the refinement of beliefs
that will in turn inform practices. Adapted from [5].

As described in Chapter 3, it is desirable for any enhanced efforts to operate within existing
institutional structures and constraints, including time and resources. For instance, while we might
expect an LA-style pedagogy seminar to influence TA beliefs and practices, it would represent a
significant addition to TAs’ weekly time commitment that would come at the expense of their
ability to engage in other course aspects. Nonetheless, we may consider the particular features of
this and other existing models to consider how to support the development of TA beliefs that are
aligned with the curriculum.

The key features of the weekly preparation modifications we introduced in Chapter 3 were:
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(1) A focus on observation & discussion
(2) Explicit opportunity for reflection following practice

(3) Structure around a particular component of teacher knowledge (in this case, student diffi-

culties)

In the next sections we address how these features could be extended to TA professional

development, along with existing models that could be drawn upon in doing so.

6.3.1 Observation & discussion

Teachers’ ability to notice features of classroom situations is recognized as a key form of
professional knowledge [6, 7]. These researchers use “learning to notice” to mean identifying signif-
icant or meaningful features of classroom situations; connecting specific classroom interactions to
more general instructional principles; and using contextual knowledge to reason about classroom
interactions.

We have seen in the previous section how even a brief stimulated recall session can lead TAs
to rethink particular strategies, assess their effectiveness, and consider alternatives. Extensive work
on video as a form of stimulated recall has been conducted by David Taylor-Way [8]. Taylor-Way
identifies three critical factors for consultants to make effective use of video recall: (1) helping
clients organize their own concepts of teaching toward constructing a framework of professional
knowledge about teaching; (2) creating a safe and comfortable atmosphere for clients to reflect
upon their own beliefs; and () encouraging clients to take ownership of the session by allowing
them to control the direction of conversation and summarize points for themselves.

The critical incident technique (CIT) is commonly used in service fields such as nursing to
help practitioners deconstruct specific on-the-job events in order to better understand their roles in
professional settings. A “critical incident” is one that causes a practitioner to stop and reflect on
its meaning. Rather than solicit answers to specific questions, a critical incident interviewer instead

asks a worker to describe a critical incident, its causes and outcomes, as well as the specific actions
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taken and any impact on their future behavior. This technique has been applied to educational
settings [9].

These methods are structured to be completed in the company of an expert consultant, but
other video-based activities have been incorporated into community-based models for professional
development. For example, “video clubs” involve teachers meeting regularly to view and discuss
videos of one another in the classroom [10]. This type of model could be incorporated into workshop-

based professional development opportunities for TAs.

6.3.2 Opportunities for reflection

Self-reflection on practice is widely acknowledged as a powerful tool in teacher training,
and indeed, professional development more broadly. Schoén describes reflection-in-action as in-
the-moment rethinking of strategies in response to unexpected situational developments [5]. In
contrast, reflection-on-action takes place after practice and relates to the situational approach that
was taken. For example, the TAs video commentary activity described in the previous chapter is
an example of reflection-on-action. The goal of developing professional vision would be to scaffold
toward reflection-in-action so that TAs are better able to consider instructional strategies during
practice.

The CU Learning Assistant program seminar includes weekly written reflections on teaching
practice, as well as longer article reports and a final project. Although all of these reflective
opportunities would not be feasible for graduate TAs to complete, the use of brief weekly reflections
could serve as a productive first step toward scaffolding TAs’ reflection-in-action. Furthermore, a
shift in framing of the weekly preparation meetings could support this model by devoting part of

the time to sharing TA /LA reflections or deconstructing specific classroom events.

6.3.3 Structure

The PCK intervention in Chapter 3 was structured specifically around student difficulties and

misconception, which provided a common focus for the participants. Here we describe alternative
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“anchors” for discussing beliefs and practices.

TA-PIVOT dimensions

In the preceding chapters we have built up the TA-PIVOT framework as a categorization
scheme for beliefs and practices. We argue that the TA-PIVOT dimensions could serve to structure
and focus TA attention on particular components of instructional beliefs. In Table 6.1 we provide
some example targeted questions that could be used to guide TA self-reflection or discussion. Some,
but not all, are drawn from questions in the interview protocol. The benefit of this approach would
be for practitioners to focus on a single specific segment of their teaching, which could be alternated

between professional development sessions.

e How do you usually encourage students to work together?

Agency e When do you think it’s OK to directly explain a concept to
students?

e What do you want students to learn in this course? How is that
reflected in your teaching?

Goals
e How do you encourage students to make sense of physics con-
cepts?
e How can you usually tell when students have learned?
Assessment

e What types of questions to you tend to use most frequently?

Table 6.1: Possible themes for TA reflection and/or discussion, drawn from the TA-PIVOT dimen-
sions.

Common challenges

Many TA training models do not actively provide opportunities for TAs to discuss the types
of challenges they face in the classroom and hear effective strategies used by their peers. For

instance, a commonly cited constraint in small-group classroom environments is how much time
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the instructor is able to spend at each table. In our interviews, several TAs explicitly mention that
they consider it important to visit each group at least once during the class period. This time
constraint places a demand on TAs to be monitoring how long they are spending at each table,
which may interfere with their ability to contribute productively to discussion. Other commonly
discussed challenges include homework grading and student frustration with tutorials.

Likewise, we have observed instances of TAs recognizing instructional strategies that they
are still trying to improve. For example, Oliver described in an interview that he knew Socratic
dialogue was important, but felt he needed more practice to do it better. As TAs in this setting
are expected to use Socratic-style teaching but do not receive ongoing training in how to use it
effectively, targeted discussion (for instance, during the weekly prep sessions) centered specifically
around Socratic dialogue could help TAs like Oliver engage in this practice in a more consistent

manner in the classroom.

Metaphors for teaching

We have observed that TAs often use descriptive analogies to talk about how they view their
roles in the classroom. In helping TAs refine their beliefs about teaching, it may be productive to
leverage and build upon the analogies that TAs already find familiar and relevant. For example,
we have already considered how Darren persisted in using a “translating” metaphor for teaching
throughout the Fall 2011 semester. Since this is appears to be a particularly salient analogy for
him, a useful activity for him and other TAs could be to unpack these analogies to consider the
specific features they consider important. (We do not argue for a single “correct” metaphor, but

rather the use of metaphors as anchors to discuss components of pedagogical beliefs.)
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6.4 Future directions

6.4.1 Survey design

Qualitative coding by hand is time-consuming and limits our ability to consider a large
population of TAs at once. Therefore, a productive next step in continuing this work would be
to design and validate a short-response or multiple-choice survey that addresses the content of the
TA-PIVOT framework. Adams and Wieman [11] document this process for a survey of expert-like
thinking, and recommend conducting early interviews to identify effective questions that elicit varied
and detailed responses. Based on the interview data we’ve collected, the protocol in Appendix A
could be adapted to an open-ended survey. The FASCI survey [12], due to its open-ended nature,

could also serve as a useful model in this process.

6.4.2 TA self-coding

Although the TA self-observations we have described provide useful contextual information,
an important methodological step to further apply the TA-PIVOT framework would be to have
TAs code themselves. This step would not only provide an additional validational check on the
robustness of our coding schema, but could also serve as a more focused reflective activity for the
TAs. In this way, we envision the TA-PIVOT framework serving a similar role to the RTOP in

teacher professional development.

6.4.3 Impact of environment

A remaining question in this research is the impact of the teaching environment on TAs’
beliefs and practices, and the degree to which the support and/or constrain their instructional
practices. With further refinement of the framework and interview protocol, we may be able to
untangle “splits” in TA beliefs; in other words, which descriptions of a TAs’ practices are reflective
of their actual models of student learning, and which reflect course expectations that they are

upholding but do not necessarily agree with. It would be particularly interesting to follow TAs
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as they move between teaching in different course environments (such as discussions versus labs)
to see whether different course structures constrain their observed practices and, in turn, the
coordination with their stated beliefs. Indeed, we may hypothesize that observing TAs in a less
constrained environment (in which they have the opportunity to engage in broader decision-making
regarding classroom content and organization) will provide a more robust understanding of their

practices.
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Appendix A

Interview Protocol

Pre-semester only:

Do you have any prior teaching experience?

e What were your undergraduate physics recitations like? What were your physics TAs like?

How would you describe how you learn best?

Why did you decide to go into physics?

Mid/post-semester only:

How are things going?/How did the semester go?

e What is teaching, to you?

e As you see it right now, how would you describe your role as a TA?

e If you had complete freedom to create the ideal environment for learning physics, what

would it look like?

e What do you think students should learn in a first-semester physics course? Do you think

everyone should learn physics?

e Based on what youve seen of the Tutorials, what about them do you think is good for

students? What about them would you change?
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How do you think group work is helpful for students? Do you think its helpful for all

students?

Walk me through one of your sections.

How do you decide to start interacting with a group of students?

When you do, how does it start?

How do you know when to leave a group and move on?

At the beginning of the section, does the TA need to give any sort of introduction to the

Tutorial, or just have students get started?

Is there any experience this semester that stands out to you?
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Sample Coded Video & Interview Excerpts
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Agency
Goal
Video
Dialogue Action Codes
[TA approaches a
table where S1, S2,
1 S3, S4 are seated. ]
Are you at a point--are you ready to go over
2 | TA | some of this yet? AG2 (Recapping)
Can we go over A really quick? I think
we’re on the right track. We think the first
3 | S3 | sentence is correct.
[leans in to look at
4 | TA | OK, so that’s just saying that-- S3's book] AG2 (Recapping)
5 | S3 | the smaller mass will have greater velocity.
6 | TA | Sounds good. AGI (Pass judg)
But then we said that the second sentence
we don’t necessarily agree with, because we
don’t really know how the masses are
related to each other, like if this one’s
7 | S3 | actually 100 times smaller, or...
Okay. We’ll let... well, I guess, keep going.
8 | TA | I just want to hear what you have to say. AG3 (Elicitation),
Well, I guess to finalize that, and then we
don’t really know the velocity between each
one, because one could have a lot smaller
velocity than the other. So we just don’t
9 | S3 | know how it balances out.
So one thing we do know is that the velocity
10 | TA | of C increases faster by some factor. AG]1 (Cuing)
11 | S3 | Right, because we know acceleration.
AQG2 (Informed
So how much longer--or how do the times it cuing),
12 | TA | takes to get to the line compare?
Well, smaller--shorter time period for the
13 | S3 | smaller mass.
So it’s had smaller time to accelerate. So we
don’t necessarily, like, if the acceleration is
twice as big for C, we don’t know that AGT1 (Explanation),
velocity is twice as big necessarily. It AG]1 (Pass judg),
probably wouldn’t be quite twice as big. So GK3 (Reflection),
yeah, that seems consistent with what you GE2 (Chaining)
14 | TA | were saying.
15 | S3 | Okay. Yeah.




So what did you think about the kinetic
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AG3 iElicitation i,

16 | TA | energies of the two?
They’re different, but we can’t tell which [moves hands
one’s greater and which one’s less because | alternately up and
17 | S1 | we don’t know how much... down]
AG3 (Ext.
reasoning),
18 | TA | So how do you know they’re different? -
They both have different masses and
19 | S1 | different velocities.
AGI (Pass judg),
AQG2 (Informed
cuing),
Okay, but what do we know about the work ,
20 | TA | done?
21 | S1 | The same.
And we had this work-kinetic energy Al (Cuing),
theorem. So if we just look at that, it seems ,
like the kinetic energies ought to be the
22 | TA | same.
The change in kinetic energy should be the
23 | S4 | same.
24 | TA | Right. So if they start at zero velocity. A2 (Recapping)
[S1 erases a previous
25 response. |
26 | S3 | And it’s zero kinetic energy.
So the final kinetic energy should be the
27 | S4 | same.
Right. So is that consistent with what we
were talking about? We don’t really know a
whole lot about... I guess you could work it
out carefully, but it’s sort of not sort of very AGI1 (Explanation),
28 | TA | easy to see
29 | S4 | Yeah. Yeah.
And that’s why we do this work-kinetic AG1 (Cuing),
energy thing, is because it makes a really ,
30 | TA | simple way to solve some problems.
Okay. So the kinetic energies are the same.
31 | S4 | [to TA] Right?
32 | TA | Right. AG]1 (Pass judg)
Because the net work is the same, the
33 | S4 | change in kinetic energies are the same.




And what you guys were thinking about
was right, it’s just it’s hard without knowing
specifics to say exactly what the velocity
and mass relationship is, but it should work
out to be this exact same answer. Looks

34 | TA | good.
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AGI1 (Explanation),
AGT1 (Pass judg),
AG?2 (Recapping),
GE1 (Confirming
result)

35 [TA leaves the table.]

Interview excerpt

How would you describe the job of the TA?

Well, you’re facilitating their discussion. So if they were to just do the
tutorial, they would get through it but they might still have lingering
questions or they’re not sure, or they might have only thought about it one
way or have been slightly off in their way of thinking. So I guess your
role is to answer questions they have, or either confirm or correct ideas
they have about what they’re doing. You can do that by getting them to
see the logic behind it, whether their reasoning is good or not. So [ would
say that the role of the TA is kind of answering questions, or asking
questions to answer questions. Yeah, just to sort of—or provide a new
way of thinking about something. Like if they finish it really fast too, you
can try to get them to have a deeper understanding of it.

How do you think the TA’s job is different from that of the professor?

Well the professor like presents the material the first time. So I guess they
have—they just have a responsibility to present it in a clear way so the
students can like understand it as they see it, but they don’t really interact
with the students individually as much. So I think the role of the TA is to
make sure that a motivated student who didn’t necessarily understand the
explanation in the lecture can have their questions answered, and has full
opportunity to completely grasp the material.

Tell me about working with LAs. How do you think it went?

It was pretty good. It’s nice to have another person there. Like, everyone
explains it differently, and some people respond differently to different
types of explanations. So it was nice to have someone else there who
could—first of all, because there’s enough students, you kind of want
someone else going around just to give people enough attention. I think
it’s nice too to have more than one personality in the classroom, so that—
it just makes it a little more fun for the students. Yeah, it was good. They
all knew what they were doing, and were good at it.

Do you think the LAs role is different from TA’s role?
I don’t think it’s very different, at least not in the tutorial itself. Like the

TA clearly has to do things with grading and answer questions about that,
but for the most part I think our interactions with the students is fairly

AG3 (Let students discuss)

AG1 (Explaining)
GE2 (Reasoning)

AG?2 (Socratic questioning)

AG?2 (Individual attention)

AGI (Explanation)

AQG2 (Individual attention)
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similar. I’m trying to think if there’s any way to say they’re different. The
LAs are a little bit more of their peers, but I don’t know if that registers to
the students or not all the time. But as TAs, like, I’'m not that much older
than them either. (laughs)

What do you think of the tutorials?

I think they’re for the most part helpful at _
_ I feel like a lot of the students thought so too. One

frustration some people voiced was that they didn’t always have them
before the CAPA on the same material, so some people told me that they
felt like they understood it after going through it in the tutorial, but it
would have been a lot more helpful had they understood it before they
had to do problems. It seemed like it really did work, like after we did a
tutorial, they got those concepts on the homework. Sometimes it took a
little while, like on Newton’s Second and Third Laws, it took a little
while but you could see the progression of understanding happening. Like
and
So that was

really good to see.
And this semester, one thing we did slightly differently than last semester
was an extra tutorial on the forces, and

1 think they skipped Tension last fall.

Yeah, something like that. Sometimes the questions aren’t always that
clear when you first read them, but it’s not that too big of a problem if
you just go and answer questions about it. I don’t think that poses too
much of a problem. Yeah, if they’re really quick, or if there’s one page
with not a whole lot to ask about,

. But that’s not necessarily a problem, that’s just the nature of different
parts of a problem being more complex than others.

Anything else that you think is good about the tutorials for students?

Well a lot of the research has shown it’s really good for them to work in
groups. And I think that’s really true. They get to know each other
personal, so they can work together on problems and try to answer each
other’s questions. Yeah, I think that is a good thing. Also, I think they
help

And so

we would go over that, and they’d be like, “Oh! Oh, okay. That makes
sense.” (laughs)

So I think, like, one person in particular seemed like he didn’t really want
to be there and was just trying to get through the tutorial really fast, but it
was helpful when we actually found some little gap there and he would be
like, “Oh, okay, that’s good to know.” So, that was useful.

AG3 (Student collaboration)
AG3 (Student collaboration)
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What don’t you like about the tutorials or think could be different?

I don’t really know how to change the tutorials, or make them better. I
think one thing—some people are frustrated in that they do the tutorials
and it but it

So some people who were
doing well on the tutorials were still having a lot of trouble on the exams
and just getting the CAPA done, that sort of thing. I don’t know if there’s
a way to do that in a tutorial, because I think what the tutorials do in

getting people to work together and _ is really

important. But I think there’s a little bit of an unmet need in showin,
some people how to X e Eten
Or finding ways to do that. And I don’t really know exactly how I
would change things to make that happen.
In a more conventional recitation a lot of it’s spent on problem solving.
Like, that doesn’t—and so you pick up some things on how to solve
problems, but
And clearly it , so I know
there’s value in that. That’s the one thing I think is a little bit lacking.

So you re talking about being able to start and solve a physics exam type
problem.

Or just because they have to do that for the exams and things, or they just
read a problem and they’re like,

And some of that might be they need
to get used to doing that kind of problem and it will come as they take
more physics classes. I think that was difficult for some students.

Walk me through one of your sections. How do you usually start class,
and where does it go from there?

I would usually write things on the board that we had to. If there was
anything coming up I would announce it. I would usually announce what
tutorial we were doing, but people would often just start on their own.
That was mostly it. I don’t think I ever really worked out problems in
front of the class this semester. I did that a little bit last semester, but there
wasn’t—I didn’t feel like there were as many times when I saw on the
homework everyone really missed this concept, so I wanted to present it. I
would usually just get people started, and if someone’s working on their
own, have them join another group. That was mostly it. Usually I would
wait a little bit until people had gotten started, usually not until they’d
finished the first page, and then I would ask them about it.

Sometimes you just go around and ask, “Is there something you finished
you want to go over yet that we haven’t talked about?”” Often there was,

or “Oh no, I already talked about it with so-and-so.”

So your first round of questioning is usually asking them if they have

AG3 (Student collaboration)

GK3 (Student collaboration)
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questions...?

Yeah, or in the beginning | would sometimes ask... like if [ knew it was
at a part that was potentially confusing, at least in the problem setup, I
would just ask, “Does it make sense what’s going on here?” Especially if
they haven’t really done it yet, I would just make sure they know what
they’re doing and then wait until they’d finished. But usually if they had
finished a section, I would be like,

. Yeah, especially if

they’re just starting something,

When you interact with students, how does it usually start? Do you
usually start, or do they?

It would depend on the group. There were a bunch of people who would
routinely if they had a question, they would just wave me over like, “Oh,
can you help us with this?”” But sometimes it would be, I would say,

And then we would do that, I would try to ask them some of the
answers, especially some of the main points, or the harder questions to
make sure they understood that.

How do you know when to leave a group & move on?

Oh, that’s a good question. Sometimes it was pretty quick just because
and then I just wanted them to continue so they
could discuss it among themselves because it seemed like it was going
well, and it wasn’t really going to help anything if I just asked them to
repeat it more. So then I would just move on. But sometimes they have a
misunderstanding so you have to like, try to go over it more. Sometimes it

wasn’t completely clear when to, because sometimes you want to -
*, while other times the tutorial goes over
it a little more, so then in that case I would often just say, “Ok, so it looks
like you’re on the right track, and if it’s not completely clear, it might be

soon, and if it’s not then we’ll talk about it then.” So it just depended on
the rest of the tutorial and how deep the misunderstanding was.

At the end of your sections, how would you usually end class?

[ wouldn’t really say a whole lot, usually if there was anything I might
say like, just remind them of the homework for next week, and that’s
pretty much it.

Do you think you got better at asking questions as the semester went on?

I think so, you get used to what sort of questions will actually be helpful. I
think I know a little better about when to stop asking questions too,
because sometimes they understand it fairly well and if you try to push it
deeper, it’s just going to become confusing again and you’ll sort of undo a

AG3 (Let students discuss)

AG3 (Let students discuss)

AG3 (Let students discuss)
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little bit. So at a certain point it’s good to stop and then maybe the next
part of the tutorial will bring up some of that, and then you can talk about
it. Or when groups are finishing really fast, I thought it was a challenge to
try

and just keep them interested at the end.
I definitely got better than the beginning of last semester, just getting used
to what is helpful and what isn’t.

Do you think you learned anything else from being a TA?

Well, there’s a lot of just having to come up with, a lot of thinking on
your feet to come up with ways of explaining things. Cause there’s going
to be times when you explain something and it’s perfectly clear to you but
it’s not clear to anyone else. Or this particular group just aren’t quite
thinking that way. It just made me think I have to try to approach it in
different ways, after having been in physics for a long time now, you can
look at a problem from different angles than someone who’s just started.
Especially in the Help Room for a class that [ wasn’t TAing, so I hadn’t
already thought about doing the problems. Or like, someone from 2010
maybe who, like, I couldn’t explain the harmonic oscillator using
derivatives, because it’s not the calculus-based class. So I’d have to think,
“How else—what is a simple, clear way to do this?” Like, based on what
they would know. So I think that was kind of fun, a fun challenge to have
to do. It definitely also shows, teaches you something about how people
learn, again learning what kinds of questions are actually helpful and
when to stop, what depth of explanation is helpful at this point and trying
to gauge that based on peoples’ responses. Yeah, it was really gratifying
when people were like, “Oh, I really get this now, it makes so much
sense!” And other times and it’s like,
(weak voice) “Oh, I should stop.” (laughs) Yeah, that was definitely
helpful.

You were saying it was teaching you how people learned. Can you say
more about that? What do you think you learned about how physics
Students learn?

I guess, just knowing What conceps are prefty infuitive and what concepts

Like, I wouldn’t have guessed at the beginning of last semester
that people would have so much trouble with just because
that seemed so intuitive in my head. But I sort of forgot what kind of
concepts were intuitive and what weren’t, and what

helpful to get people to remember that, or what is intuitive.

So that was very helpful for people. In
general, just to, “Oh that makes sense, I can remember that.” Just getting

a better idea of _ That’s mostly what I

meant.

AG1 (Explaining)

AQG2 (Individual needs)

AG3 (Let students discuss)
AG?2 (Individual attention)

AG3 (Let students discuss)




Appendix D

Classroom Norms

In this thesis we have focused solely on the TAs’ practices, but we cannot ignore the students
as participants in the social interactions under consideration. Previous work has indicated that
students perceive differences in classroom norms, as measured by their responses to end-of-semester
surveys (Turpen 2010). Smaller section sizes limit our ability to discern statistical differences
between TAs on such surveys, yet a closer examination of student interactions in these episodes
yields evidence that the ways in which TAs engage students in the classroom influences how these
students perceive their role in interacting with one another and with the curricular materials.
Although we did not go through and code student practices using the TA-PIVOT framework,
during the coding process we observed a few notable instances in which student participation
appears to be influenced by particular TA practices, which we will comment upon here.

As an example, consider the following episode of Caleb’s from Week 7, “Work & Changes in

Kinetic Energy”:

S1: So we say they’re both positive work because they're like, moving in the same
direction as the forces.

Caleb: Say that last sentence again?

S1: That they’re positive work because they’re—the force is in the same direction
that they’re moving.

C: OK. Cool.

S1: ...for both of them.
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C: Does that make sense to you guys?

S?: Yeah.

S1: We all agreed on that one.

C: But the forces are opposite signs.

[Some halting student statements/

C: Wha—Say that again, [S3]?

S3: They both have positive work. . .that’s what’s screwing us up.

S5: No, because the, um. ..

S4: Even if you do look at it in the single coordinate system—

C: (to S5, putting a hand on his shoulder) Say that out loud.

S5: Because the force is negative this way, and then the displacement is also nega-
tive. ..

S4, S3, S2: It’s positive.

C: Right on. [S4], forgive me for interrupting you.

S4: No, that’s fine. [Points to S5] That’s what I was exactly going to say.

C: That’s what you were going to say?

S5: Yeah.

S4: (to S5) That’s exactly what I was going to say.

S5: [Offers a high-five to S4] Good job, man.

S4: Teamwork.

C: (indicating S4 & S5) Excellent. I love this camaraderie.

To begin with, we observe several specific moves Caleb makes to emphasize student agency in this
episode. First, he notices S5 being interrupted in the middle of making a productive contribution,
and in Line 17 makes an explicit bid for him to complete his thought. Lastly, he calls attention to
the “camaraderie” displayed by S4 and S5 (Line 28). Discursive moves such as these reinforce the

collaborative nature of the activity, which is in turn picked up by the students in celebrating the
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fact that they reached the same conclusion.
Again, Caleb’s students (a different group than the previous episode) provide an additional

example of this, also during Week 7:

Caleb: So what they would like to know is, can you just multiply the net force
by the net displacement? [pause] Do you have to do each one individually
and then sum those up? Right? Is like, kind of, uh, is the product of the
sums the same as the sum of the products? Like kinda, that kinda thing.
So you don’t need to write a mathematical answer for this. You can say,
y’know, find the total displacement and then calculate work. Or you could
say, calculate work for each individual force and displacement, and add. Or
something like that.

S5: Is it that one, or is it the one before?

C: Well, what do you think, [S5]?

S5: The second one.

C: Yeah? Why?

S5: Yeah, but we’re not in consensus here.

C: Oh, well let’s have a discussion! What a perfect—

S5: That’s why we called you over!

In this excerpt, S5 appropriates Caleb’s focus on establishing consensus as a goal for their group.
(Notice that she specifically refers to “consensus,” instead of saying, “We don’t agree,” for instance.)
However, this interaction does not make it clear whether the students persist in seeking consensus
in the absence of the TA; further examination of student discussion would be needed to ascertain
this.

We also observed instances of students reacting against TA instructional practices. Contrast
the preceding episodes with the following excerpt of Terrence interacting with a group of students,

again during Week 7:
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Terrence: Hey guys.

S3: Oh god.

T: Oh god?

S3: Nah, I'm just messin’.

T: You always sound scared when I come by.

S4: That’s ’cause you confuse people with your questions [?] and we don’t take
pleasure from it.

S2: Tt’s true. And you don’t give any like positive feedback. It’s always just like,
“Are you right? Are you right? I don’t know, is it right?”

T: Well, I'll tell you, I never leave the table until I know you guys have it right.

S4: Well yeah.

S2: Alright, so I’ll take that as a, as a, “We’re right.”

T: (laughs)

S2: —Instead of any positive feedback.

This exchange is notable because Terrence’s students actually confront him about the intimidating
nature of his teaching style, as well as the lack of positive feedback he provides. Terrence responds
to this by assuring the students that he would not leave them with an incorrect idea (which he also
stated during an interview). In this dialogue, the often tacit goals that underpin TA actions are

briefly made visible.



