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Collaborative inquiry learning environments, sucfTsTutorials in Physics
Sensemakingre designed to provide students with opportunities to partake in the
authentic disciplinary practices of argumentation and sensemakimgugh these
practices, groups of students in tutorial can build shared conceptual understandings of
the mechanisms behind physical phenomena. In order to do so, they must also build a
sharecdepistemologicalinderstanding of what they are doing togetbech that their
activity includes collaboratively making sense of mechanisms.

Previous worlConlin, Gupta, Scherr, & Hammer, 2007; Scherr & Hammer,
2009)has demonstrat that tutorial students do not settle upon only one way of
understanding their activity together, but instead build multiple shared ways of
understanding, draming(Scherr & Hammer, 2009; Tannen, 1993hgir activity. |

build upon this work by substantiating a preliminary finding that one of these shared



ways of framing corresponds with increased evidence of tidestsO collaboratively
making sense of physical mechanisms. What previous research has not yet addressed
is howthe students come to understand their activity as including collaborative
sensemaking discussions in the first place, and how that undémgtaeselops over
the course of the semester. In this dissertation, | address both of these questions
through an irdepth video analysis of three groupsO discussions throughout the
semester.

To build shared understandings through scientific argumentatidn
collaborative sensemaking, the students need to continually make repairs of each
otherOs understanding, but this comes with the risk of affective damage that can shut
down further sensemaking discussions. By analyzing the discourse of the three
group® discussions throughout the semester, | show how each group is able to
manage this essential tension as they each build and maintain a safe space to
sensemake together. | find that the three groups differ in how soon, how frequently,
and how deeply thegngage in collaborative scientific sensemaking. This variability
can be explained, in part, through differences in how the groups use hedging, irony,
and other discourse moves that epistemically distance the speakers from their claims.
This work highlighs the connection between studentsO epistemology and affect in

faceto-face interaction.
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Chapter 1introduction and Dissertation Overview

INTRODUCTION

In this dissertation, | examine how groups of introductory physics students
cometo understand the nature of their activity within a ftiaditional curricular
context: TheTutorials in Physics Senddaking.! In this chapter, | introduce the
central aims of this research by first describing the tutorial environment, highlighting
some of the obstaclesudentdace in coming to a shared sense of what they are
doing. Then I tscuss research that has begun to address how the students overcome
these obstacles. | presenpair ofcontrasting examples of tutorigioup$
approaches to a particular tutorial problem, in order to illustrate what it means for
groups to share an urrdéanding of their activity that includes collaboratively making
sense of physics. | conclude the chapter by stating my central research questions, and

by providing a chapteby-chapter overview of my approach to addressing them.

! The Tutorials in Physics Sendaking were developed by researchers at the
University of Maryland, College Park. Building upon other reformed curricula
(McDermott & Shaffer, 2001; Thornton, 198#)e tutorials background
mathematical problem solving in favor of supporting studentsO reasoning about

conceptual and epistemological issues in physics.



OWhat ale we supposed tdo?0N Building shared understandings in tutorial

The tutorials constitute a reformedmponenbf the traditional algebrbased
introductory physics course. They take the place of the traditional recitation section,
where students typically sit facing thiackboard as a teaching assistant (TA) works
through homework problems and answers studentsO questions. In tutorial, the
students sit in groups of four each week fomai@ute guided inquiry into topics
discussed in that weekOs lectures. Each stualeatdopy of a tutorial worksheet,
which is designed to guide them through the conceptual and epistemological issues
related to the physics content. Two tutorial instructors circulate amongst the student
groups in order to encourage and support the sts@etiscussions.

The tutorials provide a more opended learning environment than the
students in introductory physics maydmustomedo. Many of the worksheet
questions have more than one correct answer, while others call for students to reflect
ontheir learning of physics in ways that do not even have-agermined OcorrectO
answer. Furthermore, the tutorial instructors play a very different role than in
recitation. Instead of lecturing or answering studentsO questions, the TAs facilitate
thestudentsO discussions and generally encourage the students to work out their own
answers to the tutorial questions. By emphasizing studentsO own conceptual and
epistemological reasoning ova@mply gettingto Othe correct answeria
mathematical probha solving, the tutorials can go against the grain of introductory
physics studentsO expectations about what it means to learn and do(Blegéts

Saul, & Steinberg, 1998)



The fact that studentsO views on what it means to learn physics can conflict
with the tutorial designers and/or instructors complicates the task of building a
productive understanding of what they are supposed to do in tutorial. Furthermore,
their views an conflict with those of their fellowtorial studentgfor an illustrative
example, see Lising & Elby, 2005)or example, some introductory physics students
believe that learning physics involves recejvkmowledge from an authority
(instructor, text, etc.), while others believe that learning physics involves an active
process of constructing onesO own understangiagsmer, 1994; Redish et al.,

1998) Expectations can also vary wrespecto the structure of physics knowledge,
e.g., as a collection of isolated facts or as a single corsyrsteim(Hammer, 1994;
Redish et al., 1998)

These differences in studentsO beliefs aaa Hrastic consequences for how
students engage with the tutorials. A student who sees physics as a set of unrelated
facts may not seek to resolve inconsistencies when they arise, for example, which can
create tension with other members of their tutgraup. Through analysis of video
from tutorial, Lising and Elby2005)have provided an example of two studentsO
contrasting epistemological stances getting in the way of their learning physics
together. While one student was looking for a common sense atplanf how
light travels, another tried to make it more OphysitntedO by stringing together
key vocabulary terms. Through their contrasting approaches, these two students
showed a lack of a shared understanding of the nature of their activigynmotihent.

This in turn prevented them from working together to build a shared understanding of

how light works at that time.



The case described fhising & Elby, 2005)illustrates the problem students
face in tutorial: in order to collaboratively make sense of the conceptual issues, the
students need to build a shared epistemological understanding of what it is they are
doing together. They need to build this shared understanding out of a diverse set of
beliefs about what learning and doing physics entails. Are they ever able to Ho so?
so, how?

Research on tutorial studentsO understanding of their activity has demonstrated
that they are able to build shared understandings of what they are doing together
(Conlin et al., 2007; Conlin, Gupta, Scherr, & Hammer, 2008; Scherr & Hammer,
2009) Scherr and Hamm¢2009)analyzed the behavior and discourse of student
groups in tutorial, finding that group members implicitly coordinalbedt activity in
ways that demonstrated a shared sense of what they were doing together. In fact, the
groups all displayethultiple shared understandings of what they were doing together,
such ashaving a discussioar completing the worksheetll of the groups spent
most of their time within these shared activities, switching between them as a group
either spontaneously or through implicit ObidsO rather than through explicit
discussion.

This dissertation builds upon previous research into introduptorgics
studentsO shared understandings of what they are doing in tutorial. While this
research has demonstrated that tutorial students are able to build shared
understandings of what they are doing, several open questions remain: How do
studentsO sharedderstandings align with the instructional goal of the tutorials,

which aim to engage students in the practices of collaboratively making sense of



physics? How do the students initially build these shared understandings of their
activity, and how do thee understandings evolve as the semester progresses? In
Chapters 3, 4, and 5, respectively, | address ttpesstions irturn.

In this chapter, | first illustrate what it means for students to share an
understanding of their activity, focusing on undenslings of their activity that
include collaboratively making sense of physics. | do so by presenting a pair of
contrasting examples that show how two tutorial groups approach the same problem
in different ways. | conclude the chapter with an overviéthe rest of the

dissertation.

ONE PROBLEM, TWO APPROACHES

In this dissertation, | examine how groups of students in tutorial build shared
understandings of what they are doing together. For example, they could understand
their activity as an opportuyito figure out physics together. Such an understanding
would be in alignment with the aims of the tutorial curriculum. Alternately, they
could understand their activity as a place where they have to complete the worksheet,
or to have TAs and/or moksmowledgeabletudents explain Othe correct answers.O
My interest in what influences groups to engage with the tutorials in ways that are
more like Odoing scienceO than Odoing the lggbmedezAleixandre, Rodriguez,

& Duschl, 2000)

So far | have suggested that studentsO contrasting views and beliefs can
present obstaclder students as they build shared understandings of how to learn
physics within the tutorial context. These contrasting views include their differing

conceptual and epistemological understandings. Students in introductory physics



have many contrastingonceptual understandings in physics, e.g. how an objectOs
mass affects its rate of falling. But they also have many contrasting epistemological
understandings, such a$etherandhowto resolve disagreements over conceptual
issues. But what do these sens look like in practice? What does it look like when
students share an understanding that they should be Odoing physics,O and what does it
look like when they do not share such an understanding?

In what follows, | will address these questions byspreging a pair of
contrasting examples of how tutorial groups approach the same conceptual problem
in tutorial. One group, the Bluebirdsapproaches the problem by appealing to their
intuitive sense of causand-effect, and by resolving disagreements wiieey arise.
This is evidence that this group shares an understanding of their activity that includes
collaboratively making sense of physical mechanisms, in alignment with the tutorialOs
goals. The other group (the Ospreys) approaches the problerpdajiag to their
lecture notes, and although they note when inconsistencies arise, they do not work to
resolve them. This group is understanding their activity in the moment in ways that
are out of alignment with the tutorialOs aim. By comparing anchsting these
episodes, | will illustrate what it means for students to share an understanding that

they should be collaboratively making sense of physics.

% For the purposes of referring to the groups, | have assigned them tieerrsl

names that will remain consistent throughout the dissertation.



The loop-the-loop problem

Figure 1.1N A cart is released at point O, goes down a hill, and goes around a vertical loop in
the track. What forces act on the cart when it is at point B?

Both ddaa examples come from the Tutorialvhich deals with conceptual
and epistemological issues relatedheOloopthe-loopO problem (see Fig 1.3). This
is a standard problem in introductory physics in which a cart is released at one point
on the track (point O), rolls down a hill (through point A) and then around a vertical
loop in the track. The ultiate goal is to calculate the minimum starting height at
which a cart can be released and make it all the way around a Vedjzas an
intermediate step to solving the problem, the tutorial asks the students to draw all the
forces acting on the cart thte top of the loofthe-loop (point B).

| have selected a segment from each groupsO discussions in which they have
been listing the forces acting on the cart at the top of the loop (point B). Both groups
have included two forces acting on the cart:ftiree of gravity and the force from
the track (a.k.a. the Onormal force®). Both groups encounter disagreement over the
direction of the force from the track is acting (up or down). The groups differ in how
they approach this disagreement. Specific#iigy differ in how they justify their

ideas about the direction of the force of the track.



Example 1: The Bluebirds help each other make sense of the carack

interaction

Deirdre

Carmelle

Figure 1.2N Amanda, Bree, Carmelle, and Deirdre are working on the loojthe-loop problem

The group | refer to as Othe BluebirdsO consists of four students: Amanda,
Bree, Carmelle, and DeidfeThrough the coordination of their meerbalbehavior
as well as the substance o¢ithdiscussion, this grougisplays a shared sense of what
they are doing together that includes collaboratively making sense physical
phenomena. | will first describe their behaviors during this episode, befonegttio
the substance of their discourse.

The Bluebirds initially address the tutorial question in silence, by drawing
diagrams of the forces on the worksheet. As they do so, the students are all hunched
over their worksheets, their eyes are down, thads on the table or writing. After
about fifteen seconds, Bree looks up while the members continue their focus on their
worksheets. At the end of that fifteeacond interval, the rest of the group suddenly
shifts with Bree into a different cluster loéhaviors. For the last fifteen seconds of

the clip the Bluebirds are sitting up, making eye contact, gesturing, and building off

% All student names are pseudonyms.



of each otherOs statements with animated voices. Following Scherr and Hammer

(2009), we can say the group is transitiorfiregn completing the workshett having

a discussion

=

~ .. For 15 seconds the group is looking dow
y writing, completing the worksheet

Next 15 seconds,
Bree is looking up

Last 15 seconds, the group is sitting u
making eye contact, gesturiftgving a
discussion

L

Figure 1.3N The group transitions from doing the worksheet to having a discussion .

When Bree looks up it creates a contrast with the gaze of everyone else, which
Bree can easily see as directed generally downward toward the worksheet. She breaks
away from the common activity of quietly filling in the worksheet, and begins to
orient to tle group space. This gets taken up by the group as a bid to discuss things,
as they quickly join Bree in orienting to the group space by sitting up, making eye
contact, speaking, and accompanying that speech with gestures.

These claims about the studeriélsaviors are substantiated by the substance

of what the students are saying during this time. While they are focused on their



worksheets, the students are largely silent. After the transition, they share their ideas

about what forces are acting on tiaat at the top of the loop.

(30 seconds of silence)
BREE: Okay.
AMANDA: Ohmygod.
BREE: Alright...(5 second pause)...There's mmm...
DEIRDRE: Well there's gravity
BREE: Gravity's going down...

Bree breaks a long silence by saying, OOkay.Osifjhiss an orientation to
the group spad¢or at least thatOs how it gets taken up by the others, who then start
to break their silence as well. Amanda utters, OOhmygod,O which has the feel of a
commiserating complaint, as if to say OThis is tough,Ohis ©Ppainful.O The
Bluebirds proceed to name the forces that they have in their free body diagrams. Bree
opens up this process up with, OThereOs mmmEQO This statement, taken out of
context, is thoroughly vague. But Deirdre takes up BreeOs formalatiadds to it,
OWell thereOs gravity.O Bree responds that OGravityOs going downE,O which agrees
with DeirdreOs inclusion of gravity as a relevant force but also adds a direction to it.
And so, the Bluebirds are establishing a shared understandingahi&y ¢ going
down.

Although | am interested in the shared conceptual understandings that the
groups build, I focus on that only in the service of my central focus of how the
students share an understanding of what they are doing. The means by which
students groups build shared conceptual understandings is an important indicator of
their shared epistemological understandings of the nature of that activity. In the

present example, The Bluebirds are acting as if they share a sense of what they are

10



doing;naming the forces on the force diagram. They did not explicitly agree upon
having a discussion, nor did the tutorial tell them to discuss their force diagrams.
Even without explicit instructions to do so, they are using their discussion to build a
sharel understanding of the physics of the interaction between the cart and the track.
Having established that gravity is down at the top of the loop, The Bluebirds
proceed to discuss the next force to include, i.e. the force that the track exerts on the
cart. While the Bluebirds all agree that the diagram should include this force, they

disagree about its directionality:

CARMELLE: I mean you have the force of the track pressing it down,

BREE: The force of the track pushing down.

DEIRDRE: Butwouldn'tit -

AMANDA: Going down.

DEIRDRE: Would it be going up or would it be going like, (drawing)
like that?

BREE: What?

DEIRDRE: The force of the track.

BREE: Nah, it's going down.

CARMELLE: Cause its pressing down on it, itOs at - itOs at the top part it
that top part of is is what's pushing down (gesture: one
hand on top of other)

BREE: (overlapping with Carmelle)Epushing down, cause
that's what's holding it in from like being shot like way
out (gesture: pointing away from body w/ index finger &
shooting hand away)

In this strip of talk, Carmelle, Bree, and Amari#ially establisha mutual
agreement that there is a force from the track, which is pressing down on the cart.
Deirdreimplicitly agrees that this force should be included, while disagreeing abo
its direction OBut wouldnOtiWould it be going up or would it be going like that
(drawing)?O This prompts Carmelle and Brdesbestablish that they are all talking

about the same force before correctrgjirdreOs understanding of the direction

11



In the process of making thierrection both Bree and Carmelle provide
justification for the forceOs downward directi@armelleOs argument for the track
pushing downward is based on where the track and cart are positioned relative to each

other. OItOs at that top part of it. That top part is whatOs pushing down.O

That top partis
It's at that top part what’s pushing down.

il TIXI XXX 1111 ... =

1 down.

P ..{f"‘ A

'

S— |

'
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1 9 L Y B 2 » | 1092 4 . =

Figure 1.4N Carmelle explains why the normal force pushes down, based on where the cart is
relative to the track

Although her words are a bit vague, Carmelle accompanies that statement
with a gesture that makes her explanation cléking her left hand to represent the
cart, and her right hand on top of it to represent the track, Carmelle shows that it is in
virtue of the track being above the cart that it must be pushing down on it. Carmelle
bases her justification on her sense of what is going on between the cart and the track,
as opposed to say, basing it on the authority of what was said in lecture (as the next
group will do).

Bree also reasons about the traekt interaction in support of her answer of
the normal force being directed downwards. In BreeOs explanation, she highlights the
competing inward and outward influences on the car, the interactiohict vead to
the cartOs resultant circular motion. She reasons that there must be a downward force

from the track that is counteracting the cartOs tendency to fly off, thereby constraining
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it to move in a circular path. The track is Opushing down,@&OBrword&rause
that's what's holding it in from like being shot like (gestures) way d@ne® uses her
hands to represent the competing influences on the cartOs motion by pointing in, then

out:

Cause that’s -
what’s holding it... -.from being like... ...shot way out.

i
"
A
- P : n®.

Figure 1.5N Bree explains why the force must be downward (inward), to counteract the cartOs
outward influences

Example 1 Summary & Discussfoifhe Bluebirds went from individually doing the
worksheet to having a group discussion, a ttemmsthat began when Bree raises her
head up and started list the forces acting on the cart. In their discussion about the
forces acting on the cart at the top of the loploop, they all agreed on the

presence of two forces, gravity and the force fthentrack, but they disagree on the
directionality of the latter force. In convincing Deirdre of the downward direction of
the normal force, the students appeal to their intuitive sense of the physical
interactions between the cart and the track. A3melle and Bree each provide a
mechanistic reason that the force would be down, Deirdre concedes the point without

further discussion and the group moves on.
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The way the Bluebirds handle their disagreement demonstrates a shared
understanding of theircéivity that they should be making sense of physical
mechanisms, in alignment with the goals of the tutorial. This is evident in both the
fact that Carmelle and Bree each provide mechanistic reasoning to support their
answer, and that Deirdre is convindsdthis reasoning. In what follows, | will

analyze a group that does not seem to be understanding their activity in this way.

Example 2: The Ospreys miss an opportunity to make sense

The Ospreys (Britte, Cena, and Devin) approach thetloefpop quesin in
a way that starkly contrasts with the BluebirdsO approach. These differences are

evident in the OspreysO behaviors and discourse. | will briefly describe each in turn.

CENA

BRITTE

Lecture
notes

Figure 1.6N The Ospreys (Britte, Cena, & Devin) are working on the looghe-loop problem

The Ospreys start out the question with their lecture notes out on the table,
even though the TA had encouraged them earlier to put their notes away. Although
this may be a small detail, it is reflective of the OspreysO approach to this tutorial, i.e.,
translating each step of an example covered in lecture from their notes onto their
tutorial worksheet. In contrast, the Bluebirds worked through the tutorial without

ever referring to their lecture notes.
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The Ospreys also display far less coordinatioméirtnonverbal behaviors
than the Bluebirds. While the Bluebirds transitioned together from completing the
worksheet to having a discussion, the Ospreys generally remain hunched over their
worksheets the entire time with only intermittent comments anstigns. Analysis
of the substance of these comments and questions reveals that the Ospreys are
working to maintain consistency between their responses and their lecture notes,

rather than making sense of the mechanism.

BRITTE: (reads from lecture notes , looks up)
We did this in class but, | donOt think | wrote it down right.
(closes notebook and puts it down)
DEVIN: (flips through lecture notes, starts writing on worksheet)
BRITTE: (glances back and forth between her worksheet and DevinOs for
about 1 minute)
CENA: (flips through lecture notes, then points at BritteOs worksheet)
Why does he say /times something/? | remember him writing
that down, but why is it minus N.
BRITTE: (opens lecture notes and reads, then points to DevinOs
worksheet)
Are y ou sure that's just like N and MG?  Because like, | have like
written like N DMG and stuff like he talked about /??  //
DEVIN: Right, thatOs for - (reading silently for 30 seconds )

The Ospreys are referring to their lecture notes to determine the ¢ortes
cart at the top of the loejme-loop. Like with the Bluebirds, they include the force of
gravity (MG) and the force of the track (N). Also like the Bluebirds, there is some
confusion over the direction of the force of the track on the cart, V@ecdka brings
this when she asks Britte why the N has a minus sign. Instead of answering CenaOs
question directly Britte opens up her lecture notes once again, glancing at them before

asking Devin about what she has written for the forces. This prompis @dwok
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to her own lecture notes before formulating her answer. At this point they all consult

their notes for thirty seconds before Britte once again breaks the silence:

BRITTE:

DEVIN:
BRITTE:
DEVIN:
BRITTE:
DEVIN:
BRITTE:
DEVIN:
BRITTE:

(reading from lecture notes) ~ ON minus MG equals force
directed into the circle.O ::: | guess if youOre at point A,
/isnOt that the lower one/?

Yeah | have it written down MG BN = mv2/r at the top.
At top, so that's /right/ at B

Yeah

/So thatOs/ when youOre at BEYou're here,

Yah.

(pointing to DEVINOS notes) That equation.

Yeah.

Okay.

After consulting their lecture notes, it seems that the group agrees that the sum

of the forces at the bottom of the track (pdtshould be NDMG, while at the top

(point B) they should be M®N. A few moments later it becomes apparent that this

agreement was unstable:

CENA:

BRITTE:

DEVIN:
BRITTE:

DEVIN:
BRITTE:
DEVIN:

(looks at DevinOs then her own for 15 sec)

So, what - what do you guys think for the A then. Did you
put MG BN?

Yyyeah. Cuz - (looks at DevinOs worksheet) like why
didnOt you put MG BNEfor the bottom.

(looks at worksheet, then at lecture notes)

(pointing at DevinOs worksheet) Cuz at the top here, MG B
NEwill give youE

/Cuz/ itOs asking us to draw the free body diagram, right?
Mmhm,

And these (points to lecture notes) thatOs what | have
written down for the free body, is justthe - (points to
notes, then turns page)

The conversation continues in this manner for another several minutes, before

a TA comes by to check in with the group. The OspreysO force diagrams surprise the

TA, who notices that not only have they drawn the normal force in the wrong

direction at poinf, but they have also drawn the force of gravity gaipg
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Their behavior and reasoning in this episode indicates that while the Ospreys
may share an understanding of what they are doing, this understanding does not
include collaboratively sensemaking about the physical mechanisms. Instead, they
repeatedly refeto the authority of their lecture notes. This way of understanding
their activity in tutorial is out of alignment with the goals of the curriculum, and has
negative consequences on their ability to build a shared conceptieaktandingf

the directiorof the forces acting on the cart at the top of the-hedoop.

The BluebirdsO and the €preysO contrasting understandings of their activity

By comparing and contrasting the BluebirdsO and the OspreysO approaches to
the looptheloop problem, | have demetrated what it means for the groups to have
different shared understandings of the nature of their activity in tutorial. The
evidence for their shared sense of what they are doing together lies in their
coordinated behavior and reasoning. The Bluelalaaptly and implicitly
transitioned as a group between two distinct activities, frompleting the worksheet
to having a discussioabout the physical mechanism of the ¢eatk interaction (as
in Scherr & Hammer, 2009). They resolved discrepanciteein conceptual
understandings by appealing to their intuitive sense of what is going on between the
cart and the track. In contrast, the OspreysO focus was on coordinating what was
written in their lecture notes with what they have written on thesrialtworksheets.

There is little evidence in the OspreysO discourse that they are attending to the
physical mechanism of the cdrack interaction.

The groupsO contrasting approaches had consequences for their ability to build

shared understandingstbe conceptual issues raised in the tutorial. In response to a
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disagreement about their answers to this question, the Bluebirds discussed what is
going on between the force and the track. At least in this case, such an approach
enabled them to build &ared understanding of the direction of the trackOs force on
the cart at the top of the lodpe-loop. The Ospreys also disagreed over the direction
of the normal force, but they attempt to settle it by referring to their lecture notes.
Their approach kethe Ospreys unable to resolve this disagreement. The difference
between the BluebirdsO and the OspreysO approach involves whether and how they go
about resolving their conflicting conceptual understandings. This approaching and
managing conflicts rexas an underlying epistemological understanding about how to
go about learning and doing science together.

| have posed these contrasting examples in order to clarify what it means for
the groups to have a shared understanding of what they are diisgstill leaves
the question ofiowthe groups establish such a shared understanding in the first
place. Another question that remains is how these shared understandings develop
over the course of the semester. Addressing these two questions is rhleaganf
this dissertation. In what follows, | will give an overview of the rest of the

dissertation, describing briefly how each chapter addresses these questions.

DISSERTATION OVERVIEW

In this dissertation | examine how groups of studenistioductory physics
tutorial build a shared understanding of theurebf their activity together. yBwvay
of contrasting examples of two student groupsO approach to the same tutorial

question|] illustratedthatat leassome groups come to share anensthnding that
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they should be collaboratively sensemaking about mechanisms. This allowed me to
formulate the central questions of this dissertation:

1. How do tutorial students build shared understandings of what it is they are
doing in tutorial?More spedically, how do they come to understand their
activity to involve collaboratively making sense of phenomena, in alignment
with the tutorial aims?

2. How does that shared understanding evolve over the whole semiglkties?
specifically, what contributes todtstability of this shared understanding that

they should be collaboratively making sense of physics?

In Chapters 3 and 4 | establish the theoretical and empirical foundation for
these questions in terms of epistemological framing. Then in Chapter$4land
addres®ach of these questions in Chapter 4 anddpectively by analyses of the
groups@nteractions at various points throughout the semester. In what follows, | will

provide a chaptebby-chapter overview of my approach.

Chapter 2N Managing the Affective and Epistemological Dynamics of

Collaborative Sensemaking Discussions in Physics Tutorials

In Chapter 2 | review two bodies of research that suggest the tutorial students
will need to simultaneously manage conceptual, epistemological, antivaffec
conflicts in order to build shared understandings of their activity in tutorial. The first
is research on scientific argumentation in science classrooms, which suggests that
students need to manage multiple levels of conflicts in order to framedhigity in

ways that are authentic to the scientific practices of scientific argumentation and
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sensemaking. | introduce the tecwilaborative scientific sensemaking to identify the
particular shared understanding the tutorial curriculum is aimingpéostudents to
arrive at. | then connect up findings from research on scientific argumentation in the
classroonwith researcton how people build shared understandings in-fadace
interactionmore generally, a field known as discourse analysis.

Both of these literatures reveal a central tension faced by the tutorial groups as
they are building of shared understandin@s the one handhe groups must repair
each otherOs understandings if they are to arrive at a mutual understanding, whether
corceptual or epistemological. On the other hand, these repairs bring about
emotional responses that can pull the students away from a focus on sensemaking.
Having established this tension, | then draw from literature from on discourse
analysis to identifisome of the resources by which students in tutorial manage it
These resources include the studentsO epistemically distancing themselves from their
claims(Kirkham, West, & Street, 2011; KSrkkSinen, 2Q@Tough hedges and other

sorts of footing shift§Goffman, 1979; Goodwin, 2007.a)

Chapter 3N Tracking Shared Understandings Through the StudentsO

Coordinated Behavior and Reasoning

This dissertation builds on previous research on how students understand the
epistemological nature of their activity, i.e., how tlegystemologically framtheir
activity (Elby & Hammer, 2010; Hutchison & Hammer, 2010; Redish, 2004; Scherr
& Hammer, 2009) In Chapter 3 | briefly review this research, which has estaddi
that the tutorial groups routinely establish not one but multiple shared ways of

epistemologically framing their activity in tutorial. By reviewing the methods of
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behavioral and discourse analysis of the tutorial groups descrii@dharr &

Hammer, 2009)I show how these framings are easily recogpie by the group

level transitions in behavior. | then substantiate a preliminary finding reported
previously(Conlin et al., 2007; Scherr & Hammer, 20@®at the discourse within

one of these share framings is significantly more mechanistic than the discourse at
other times. This finding means that by using a reliable method behavioral coding, |
can select video clips of tutorial groupsO interactions when they are more likely to be
framing their activity as collaborative sensemaking about mechanisms. What this
research does not address is how these shared framings get established in the first
place, and how they evolve over the semester. | will address these open questions in
Chapters 4 and 5, respectively, by usingstuelents®ehavioral indicators to track

the dynamics of three tutorial groups at various points throughout the semester.

Chapter 4N Making Space to Sensemake

To address the question of how the group first establishes these shared
framings, it is critical to focus on their initial interactions.chapter 4 | present a
micro-analysis of three tutorial groupsO first discussion of the semester, groups | refer
to as the Bluebirds, the Sparrows, and the Ospreys. | examine how each group gets
into their first discussion, by relying on linguistic resmg such as tustaking and
epistemic distancing. | find a wide variation in how seriously each dekgsthe
activity, and show how the Bluebirds take the activity more seriously than the other
groups, ironically, by making fun of the activity.

Thesefirst discussions contain provide clues about how the groups build a

shared framing that they should be collaborative scientific sensemaking within each
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groupsO discussions. | then provide a microanalysis of the first discussion that each
group shows sigjficant evidence of collaborative scientific sensemaking, examining
what precipitated it and what stabilized it. In every case, | show that small things
make a big difference, whether it is an instructor overhearing a good question, or a
new group membewrording her question in such a way that challenges the

burgeoning norms of the group.

Chapter 5N Long-Term Dynamics of GroupsO Collaborative Sensemaking

Having addressed the question of how the groups initially build a shared
framing of their activity asollaboratively making sense of physical phenomena, in
Chapter 5 | turn to the question of how this framing evolves over the semester. A
qualitative analysis of the Bluebirds, the Sparrows, and the Ospreys over the entire
semester reveals that the dynesndf the groupsO framings of their activity are
complex. Their understanding that they shdaddollaborativelysensemakings
challenged by a variety of mixed messages about what it is they should be doing they
encounter as they progress through the early tutorials. | present a case study of one
groupOs bumpy road towards sensemaking, in which they manage contrasting
message about whether they should be sensemaking about some unexpected OjumpsO
in their motion graphs. This case shows how mixed messages may inevitable in such
a flexible learning environment, and some of these messages may end up having
unintended consequergceThis also highlights the importance fistributed
responsivenesacross multiple aspects of the curricular context, including the tutorial
instructors and the worksheets. | show how in several instances the TAs depart from

the written instructionsni order to take up an opportunity to engage the students in
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sensemaking, and these departures prove critical for the groups understanding that
they should be making sensetloé physical mechanisms

Having characterized the complex dynamics by whiodentsO shared
framings evolve over longer timescales, | then examine the groupsO activity later in
the semester. With brief examples from the data, | pregortrait of the groups in
week nineof the semester. Building upon the data exammiesentédin the current
chapter, in Chapter 5 | compare and contrast how all three groups frame their activity
during their discussion of the forces on a cart at the top of thethedpop. The
Bluebirds and Sparrows eacloshsigns that they understatigeir activity in this
moment to include collaboratively making sense of the mechanism, while the Ospreys
do not. Ithenrelate this example to more general observations of each of the three
groups at this point in the semester. 1 find that all three graupsittl a shared
understanding of their activity as collaborative sensemaking, although there is a wide
degree of variability in how often and how stably they do sargliethat these
differences can in part be explained by how the groups manage ttearepigical
and affective dynamics of resolving conceptual conflicts, for example, through

epistemically distancing them from their claims and stances.

Chapter 6N Conclusions, Implications, and Future Directions

In Chapter 6, | first summarize the findsgf the research presented in this
dissertation. In addressing how students build shared understandings of what they are
doing in tutorial in ways that include collaborative scientific sensemaking, this work
highlightsthe central role of the epistemoiogl and affective dynamics of the

groupOs interaction. As the students progress towards sharing an understanding that
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they should be sensemaking together, they must navigate ambiguities and repair
understandings at multiple levels, while simultaneousipage the affective damage
that can come from such repairs.

Another finding is that the student groups manage these dynamics with
varying degrees of success. As the picture painted of these groups shows, this
variability derives from the complex dynassiof the groupsO paths towards building
a shared framing of what the tutorial is about. | briefly illustrate this point by
presenting an example in which one group, through a series of ambiguous statements,
arrives at a shared understanding that theyldhmave a sensemaking discussion.
This case shows that ambiguity, although ubiquitous, is not simply an obstacle to
building shared understanding; it is a matter of how the groups take it up. | have
shown in this dissertation how if it is taken up ie tight way, ambiguity with
respect to whether a student means what she is saying can help fuel the whole process
of constructing a safe space to sensemake.

Analysis of the groupOs management of these tensions reveals that the groups
do not navigate thisrpcess alone, a finding from this research that has implications
for instruction and curriculum design. | have shown examples of small moves of the
TAs having a lasting positive impact on the studentsO framing of the tutorial as an
opportunity to sensemakogether. For instance, TA Joey overheard a good question,
and used it as an opportunity to get the Sparrows sensemaking for the first time.
Then he used the whole interaction as an opportunity to repair their understanding of
what it is they should beoing in tutorial. | have argued that this sort of

responsiveness is a crucial component of the distributed responsiveness of the tutorial
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curriculum, which includes a large degree of openness and flexibility in the tutorial
worksheets. While coherenaeongst the various components of the curriculum is
should be an overall goal, | have shown how mixed messages inevitable arise and
how their net effects on the studentsO progress can often be a positive one.
Finally, | conclude Chapter 6 by pointinggdome of the open questions that
remain, which could prove to be fruitful directions for future research. For instance,
this dissertation focus@n the group more so than the individual students. Further
research is needed to unpack the ways the shadatstandings at the group level

impact the learning of individual students.
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Chapter 2Managing the Affective and Epistemological
Dynamics of Collaborative Sensemaking Discussions in Physics

Tutorials

CHAPTER INTRODUCTION

On the first day of class, studentdlire introductory physics tutorials face a
daunting task. They sit down at a table with three unfamiliar students, each with their
own tutorial worksheet, and they need to quickly figure out what they are supposed to
do together. This task is complicatedthe fact thatesearch ostudents in
introductory physics coursasiggests that thegome in with a variety of contrasting
conceptual understandinf@idalloun& Hestenes, 1985fhornton & Sokoloff, 1998)
as well aglifferent expectations about what learning physics is all aftedish,

Saul, &Steinberg, 1998; Lising & Elby, 20057 subset of this research has
highlighted studentsO multiple ways of understanding the epistemological nature of
their activity, i.e., theiepistemological framingwithin introductory physics
classroomgElby & Hammer, 2010; Redish, 2004; Scherr & Hammer, 2008

research suggests that if students are to build a shared sense of what they are doing
together in tutorial, they must work through a variety of conflicting ideas,
expectations, and understamgt.

To further complicate matters, they must organize their activity with far less
explicit instruction from either the worksheets or the teaching assistants (TAs) than
they may be accustomed to. The Tutorials in Physics Sensemaking are a reformed

comporent of a traditional introductory physics course, replacing the weekly
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recitation sections with a 5finute guided inquiry. The students collaborate in

groups of four on a worksheet designed to address various conceptual and
epistemological issues relatedthe lecture topics of that week. Both the TAs and

the worksheets support the students in taking up discourse practices that are authentic
to how science is done, such as making sense of physical phenomena, considering
multiple perspectives, and reswlg contrasting intuitions. In this way, the tutorials

have affordances turning the studentsO conflicting ideas into opportunities for learning
the content and process of physics. But amidst all of the conflict and ambiguity, are
the students able to cstnuct a shared sense that this is what they should be doing? If
so, how?

By and large, the tutorial students are able to work out this problem, as
suggested by previous work on studentsO interactions in tutorials (Conlin, Gupta,
Scherr, & Hammer, 2007;c8err, 2009; Scherr & Hammer, 2009). This research
indicates that many student groups generally share a sense of what they are doing
(i.e., a shareffamingof their activity) for most of the time spent in tutorial (Scherr &
Hammer, 2009). Moreover, tlggoups formmultiple shared framings of what they
are doing. Behaviorally, each group transitions back and forth between a small set of
distinct behaviors. Analysis of the discourse within these behavioral clusters show
that they correspond with differeways the groups are framing their activity, e.g., as
having a discussiomgr ascompleting the worksheefFurther evidence suggests that
one of these shared framings involves a disproportionately high amount of evidence
of the students reasoning togethbout mechanisms (Conlin et al., 2007; Scherr &

Hammer, 2009), a claim | will further substantiate in Chapter 3.
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While these studies have demonstrated students in tutorial are able to
build shared understandings of what they are doing, these stiadied specifically
addres$iowthe students are able to arrive at these shared understandings. This forms
one of the central aims of this dissertation: to develop an empirical account of how
the tutorial students build shared understandings of theéntgctParticularly, the
focus is on how they come to frame their activity as collaboratively making sense of
physics. Chapter 4 provides a close empirical analysis of the interactional processes
by which students construct mutual understandings of ivisathey are doing in
tutorial. Chapter 5 contains an analysis of the stability of the studentsO framing over
the course of the semester. The current chapter provides the foundation for these later
chapters by providing the theoretical constructs amdlytical tools for those
analyses.

In this chapter, | review several areas of research to support the case that in
order to build shared understandings through the authentic disciplinary practices of
argumentation and sensemaking discussions, studentsmanage conflict of many
sorts, including conceptual, epistemological, and affective tensinomaaking this
case, | situate this dissertation at the intersection of two main bodies of literature:
research on scientific argumentat{@erland & Hammer201Z1 Driver, Newton,

Osborne, & others, 2000;.Kuhn, 1992; DKuhn & Udell, 2007)and research on
how people building shared understandings in-tadace discussions, a field often
referred to adliscourse analysi€G. Brown & Yule, 1983; Schiffrin, Tannen, &
Hamilton, 2001; Van Dijk, 1985). | identify conflict resolution as a cefgsale

within both literatures.
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In Part I, I illustrate how conflict resolution is at the heart of both doing and
learning science through the authentic disciplinary practices of scientific
argumentation and sensemaking about physical mechanisms. TPem ih |
demonstrate that conflict resolution undergirds peoplesO ability to understand each
other in faceto-face conversations more broadprawing upon insights from
discourse analysis, | then identify several of the resources students have at thei
disposal to manage multiple varieties of conflict simultaneously. In later chapters, |
show these resources at work in students interactions in the tutorial classroom, as they
contribute to (or take away from) their shared sense that they should fegfiguit

the physics together.

PART N TO LEARN SCIENCE IS TO DO SCIENCE

Learning and Doing ScienieAmong other things, learning science means building
shared understandings about both the body of scientific knowledge and the processes
by which that bodyf knowledge has been forged. The students can accomplish both
of these simultaneously when they are engaged in inquiry learning environments,
such as the Tutorials in Physics Sensemaking, which are designed for epistemological
authenticity. As argued ifHutchison,2008) to be arepistemologically authentic

practice requires two things: (1) disciplinary authenticity, in which students are meant

29



to engage in practices that reflect what scientists actually do, and (2) personal
authenticity, in the sense that flearner finds the activities personally meaningful

The Tutorials in Physics Sensemaking are designed to provide students with
opportunities to engage in various authentic disciplinary practices, including scientific
argumentation and collaborative semaking. But whether something counts as an
authentic scientific practice depends on oneOs view of the nature of science, and how
it is practiced.l will address each in turn, first by defending a general
characterization of science as the collaboratiwesuit of coherent mechanisms, then
by highlighting how this is accomplished in science, in part, via argumentation and

collaborative sensemaking.

Science as the collaborative pursuit of coherent, mechanistic accounts of natural

phenomena

Collaborationin Science and in the Science Classrbiohhe picture painted by

modern philosophy of science highlights the fact that science is done increasingly
throughcollaboration(Goldman, 2004; Thagard, 2006, 200Naturalistic studies of

the collaborations of practicing scientists have incorporated a wide array of activities
(Dunbar, 1993; Hara, Solomon, Kim,8onnenwald, 2003; Latour & Biezunski,

1994; Ochs, Gonzales, & Jacoby, 1996)m coauthoring a research report

(Newman, 2004)o engaging in argumentation in the service of making sense of an

* These are not really two separate things, a point recognized as early as
Dewey(1910, 1998)Dewey recognized that unless the scientific pursuit is personally

authentic to the studentscinnotbe aithentic to how scientists engage in science.
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idea (e.g.Ochs et al., 1996) or some anomalous (Btawer & Chinn, 1994;
Darden, 2006)

Considering the growing importance of collaboration in science,
epistemologically authentic curricula should give students opportunities to partake in
scientific collaborations. But the fact that Odoing scienceO can look so different
makes the taskfadentifying scientific collaboration in the classroom a difficult one.
There are many ways to collaborate, not all of which are equally Osciéniific
address the question of what makes collaboration a scientific one, | review literature
that identiies two core aims of scientific work, collaborative or otherwise: building
mechanistic accounts of natural phenomena, and seeking coherence within and
amongst those accountientifying these aims within studentsO activities offers a
sense of their samific merit in a way that bridges the many varieties of scientific
collaboration. Recent research in science education has emphasized this point, and
has developed ways of identifying the mechanistic reasoning and coherence seeking

within studentsO disssions | will also review this literature in what follows.

Mechanism in Science and in Science ClassrobReent work in the philosophy of
science has argued for the central role of causal mechanisms within accounts of
nature put forward by sciené®lachamer, Darden, & Craver, 2000Ylachamer et al.

(2000) build upon a long history of accounts of scientific explanation in terms of
mechanistic thought, dating backGalileoOs account of geometrinechanical
explanations based on ArchimedesO simple machines (p. 15). Mechanisms, according

to this view, are regularities brought by entities and their interactions. A mechanistic
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account tellshrowthe entities, their mperties, and their organization lead to a reliable
outcome. Given the right setup conditions, the entities and the interactions bring
about terminating conditions with reliability. In other words, a mechanistic account
of a phenomenon tells how the gettonditions leads to the terminating conditions
via the intermediate activities of the entities. In their seminal work on mechanisms in
science, Machamer, Darden and Craven (2000) presented the classic textbook account
of chemical transmission at the sypse between two nerve endingsjuasone
illustrative example from a long tradition of mechanistic explanation in science.

Several researchers of science education have argued for the importance of
identifying and encouraging studentsO thinking atrugal mechanisn{§opnik,
Sobel, Schulz, & Glymour, 2001; Hammer, Russ, Scherr, & Mikeska, 2008; diSessa,
1993) Russ et a2008)make the case that mechaniséasoning is a core element
of scientific discourse, pointing out the need for instructors and researchers alike to
attend to studentsO mechanistic reasoning in order to cultivate this aspect of studentsO
thinking. They lay out a framework for identifyitige mechanistic reasoning within

studentOs ideas, which | will describe in more detail in Chapter 3.

Coherence Seeking in Science and in Science Clasdxo&asearch in philosophy

of sciencgThagard, 2007;197&)s well as science educati@litsky & Loman,

201Q Redish & Hammer, 200%as identified another central of scientweseek
coherence within and amongst scientific explanations. Scientists seek coherence by
making connections between explanations andvegptonflicts when they arise.

Scientistavork to resolve conflictitrough the coordination of theory and evidence, in
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the service of forming sharedolistic perspectivef howthe various mechanisms
Ohang togeth€They seek botinternal coherencamongst the pieces of a single
mechanistic amount ancexternal coherencacross a wide array of interrelated
mechanistic accounts of the natural worlthe coherence seeking process can result
in the rejection of a theorgeen asncompatible with the evidencer it could lead to
thetheoreticalunification of compatibldut previously distinctheories.

As (Schurz, 1999) has pointed out, there is a long history of prominent
philosophers of science who have argued that the pursuit of coherence or unification
lies at the heart of the scientific enterprise (Mach, 1883; Whewell, 1843; Feigl, 1970).
One way inwhich coherence seeking is fundamental to science is reflected in the fact
that it is generally presumed that scientific theories should be theoretically (and
mathematically) continuous with each other. This is particularly true in physics,
where the ulmate goal is the unification of our best theoriethefknown forces into
asingleOtheory of everythii@Greene & Schwarz, 2000; Hawking, 2007; Weinberg,
1994)°

Researchers in science education have recagjttiseimportance of studentsO

seeking of coherence amongst ideas in the classroom, and have developed methods

S Historically, this has proceeded via a stepwise unification of MaxwellOs theory
electromagnetism with the weak and strong nuclear forces into a single Ogrand unified
theoryO know as The Standard Model ofigla physicgsee, e.g., Weinberg, 1994).
Modern attempts at unification aim to include the gravitational force as the final piece

of the puzzle in a theory of everything (Hawking, 2007).
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for identifying when students are seeking coherence. While early work has focused
on assessing student ideas for coherence in written assesEamamis & Ranney,
Sandoval, 2003; Vosniadou & Brewer, 1992), more recent work has argued for the
importance of attending to studentsO cohersmeking behaviors itheir science

classroom interaction®litsky & Loman, 2010 Sikorski, Winters, & Hammer,

2009). Sikorski et al. (2009) used classroom video to identify two key varieties of
coherenceseeking behaviors: when studentssgeking consistency amongst ideas

or when theyare seeking meaningful connections amongst idéasording to this

view, astudent is seeking consistency amongst ideas when they orient to
inconsistencies, such as a student who points out that clouds that are higher in the sky
are colder, despite being closer to the Sun. A student is seeking meaningful
connections amongst ideavhen they piece together multiple ideas into a plausible
mechanism, such as a student who explores plausible causal and temporal
connections between clouds that are high in the sky, fog that is low to the ground, and

puddlesthatare on the ground.

Seeing Coherence Through Sensemakimgl #&rgumentatioN One way that both

scientists and science students can seek coherence amongst multiple competing ideas
is through the practice of scientific argumentation. Argumentation in science

includes a variety of coherenseeking behaviors, including the considiera of

multiple perspectives (Berland & Hammg611, 2012 D. Kuhn & Udell, 2007), the
coordination of theory and evidend®. Kuhn, 1993), and sensemakif@gerland &

Reiser, 2009; Roseberry, Warren, Conant, & HudiecBarnes, 1992)Early work
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on scientific argumentation in the classroom catalogued various difficulties students
encaintered in coordinating theory and evidence through argumentation. For
example, D. Kuhr§1991, 1993nssessed the argumentation skills of children,
adolescents, and adults thgh their responses on written surveys and in clinical
interviews, finding that people in all three age groups have general difficulties
providing justifications for their claims based on evidence. More recently, Kuhn has
studied children and adultsO iaptio coordinate children multiple perspectives in
argumentation, finding again that both age groups have trouble, although young
adolescents encounter more difficulties than adults (D. Kuhn & Udell, 2007).

These studies were largely conducted withotatory contexts, Oisolated
from the verbal and social demands that argumentative discourse also entailsO (D.
Kuhn & Udell, 2007, p. 90). Such decontextualization raises concerns for the
generalizability of these studies to classrooms. Perhaps adtamesa recently
researchersO attention has turned to contextual factors, coinciding with a shift in focus
to studentsO scientific argumentation in classroom settings. Berland and Hammer
(2012 synthesizes research within this secigtural approach thaupports a more
favorable view of studentsO argumentation skills. Namely, the research has
uncovered a great deal of studentsO nascent resources for argumentation, finding that
students can do thindgisat aremore advanced than would be expected frorieza
accounts. The difference is in the context, and on how the students are experiencing
that context. This shift in focus towards the context dependence of studentsO skills of
argumentation is evident in the more recent work of D. Kuhn (D. Kuhn, 2010;

Kuhn & Udell, 2007).D. Kuhnand Udell(2007)found that while adolesctsand
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adults each were able to provide justification for their claims when asldalso
theytended not to provide justificatian their ownwritten argumentsThe authors
took this to indicate thathile peopledo have nasceiaibilitiesfor argumentation,
they do not always see these abilities as relevant within the context.

But what makes for the right sorts of contexts for eliciting studentsO
sophisticated argumentatiokiltss? Berland and Hamme2@11, 2012 have recently
synthesized a body of literature that suggests that the difference is in how the
students@®aming of their activity(Lakatos, 198Q)i.e., their understanding of the
nature of the activity that they take themselves to be engaged in. For instance, they
contrasted three different framings of activity within a single classroom period. The
overall task was for studento use a computer simulation of an ecosystem to identify
the food source of an invasive species. At first, the classroom activity was focused on
the generation and introduction of new ideas. In this activity the students were idea
sharing a framing in which ideas were not challenged, only clarified. At other times,
the classroom activity was framed as competition between multiple accounts of a
phenomenon based, in which ideas were challenged based on theoretical
considerations as well as empiricaldance.

A growing body of literature on physics studergiStemological framing
i.e., their understanding of the epistemological nature of their activity, has highlighted
the multiple ways that students frame their activity in the class(Bamy & Redish,

2009; Hutchison & Hammer, 2010; Redish, 2004; Scherr & Hammer, 20083
work sug@sts that even when framing their activity as argumentation, students can

have differences in framing that are critical for their participation in the activity and
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for their learning of science. For example, argumentation can be framed as a
competition wiere only one idea can win (Berland & Hamn#€11;, 2012, or as an
opportunity to help each other make sense of a mechd8dmerr & Hammer,
2009)

These differences in framing have consequemnaethe affective and
interpersonal dynamics of an argumentative discussion. Disagreements can cause
frustration and embarrassment, and in some cases can devolve into shouting matches
where the substance gets backgrounded or even abandoned confipétely, 2003;
Berland & Hammer, 20120ondy, 1967; Tudge, 1989Y he affective casequences
of disagreement are not all negative, however. Disagreement can also act as a
motivating factor that stabilizes studentsO engagement in scientific argumentation
(Berland & Hammer2011).

Recent literature on argumentation and sensemakingssroomgBarron,

2003; Berland & Hammer, 2012; Engle & Conant, 208®)gests tht if groups are

to collaborate in scientific argumentation, they must find a way to manage affective
tensions, in addition to the conceptual and epistemological ones. My dissertation
contributes to this research by revealing some of the processes Iytinhgtudents
manage these tensions in such a way that they can build a shared understanding of
what they are doing that includes the authentic scientific practices of collaboratively
figuring things out. In other words, they can epistemological fragiedbtivity as
including collaborative scientific sensemaking, a framing | will briefly characterize in

what follows.
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CollaborativeScientific Sensemaking In Classroom Discus$iddsllaborative
scientific sensemaking is a descriptive term for the processes by which science
students (and scientists) build shared understandings about the natural world. It refers
to the processes of a group of people working together to generatetigie cdeas
in the service of figuring out mechanisms at work in a natural phenomenon. In
Chapter 3, I will be looking for evidence of times when students are framing their
activity as collaboratively sensemaking in physics tutorials. In Chapteri, | w
analyze how the tutorial groups initially construct this shared practice, and in Chapter
5, I will examine what sorts of things stabilize or destabilize these practices
throughout the semester.

This construct is presumed to incorporate many of tphisticated practices
of scientific argumentation, including the consideration of multiple perspectives and
the seeking coherence amongst them. A precondition for sciartifiecnentation is
that studentsO understanding of their activity is sharedgasativo ways: (1) they
must notice differences in opinions, and (2) they must seek to resolve these
differencegBarron, 2003; Berland & Hammer, 2012; Engl€onant, 2002) These
are no simple feats, as the literature on studentsO difficulties with argumentation has
highlighted €.g.,D. Kuhn, 1993).Both involve epistemologically sophisticated tasks
such as considering multiple points of view (Drivdewton, Osborne, & others,
2000; D. Kuhn, 1993; D. Kuhn & Udell, 2007), as well finding a balance between the
processes of generating and critiquing ideas (Duschl, 2008; Duschl & Osborne, 2002;

Ford, 2005).
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The activity of collaborative scientific sensaking necessarily involves the
resolution of conflict, which comes along with a certain amount of risk to the-socio
emotional dynamics of discussion. For instance, argumentation necessarily involves
the threats to affect that come along with publicalBadreeing with peers (Duschl,
2008). Damage to affect threatens to shut down the further production of ideas, and
therefore shut down the scientific argumentation. | will characterize this tension
more thoroughly in Part Il, before addressing the questichow the students in

tutorial go about resolving it.

Summary of PartN So far, | have reviewed the literature on what it means to learn
science by participating in authentic scientific practices, including research on
scientific argumentation in th@assroom.This literature highlights how the students
areframingtheir activity (Berland & Hammeg£011, 2012 Berland & Reiser, 2009;
Scherr & Hammer, 2009), and also draws attention to the influence of affect and
interpersonal dynamics on how studesnts framing their activity.

From this literaturel, distilled a commonly talked about (but rarely defined)
authentic scientific practiceollaborative scientific sensemakingdhis practice is
really a complex constellation of related practices, wheglmmarize aghe process
of generating and critiquing ideas in the service of building coherent mechanistic
accounts of natural phenomen@his process involves a complex dynamic with
conceptual, epistemological, affective, and social dynamics. Qpated tension
this creates is that people have to disagree with each other, but disagreeing with each

other can disrupt peopleOs sustained engagement with the substance of the discussion.
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In Part Il I will put this claim on firm theoretical and empitiggound showing how
it has arisen from thétérature on discourse analysis, which suggests that conflict
resolution in science is an extension of more general issues of conflict resolution that

arise whenever people are building shared understandings

PART IIN WHAT DISCOURSE ANALYSIS TELLS US ABOUT BUILDING SHARED

UNDERSTANDINGS THROUGH DISCUSSION

The big picture in both Parts | and Il is the following: As long as a group can
engage in conflict resolution while managing the s@&imtional consequences of
that conflict, they can create a safe space to introduce and evaluate new ideas in the
service of collaboratively make sense of a phenomenon. Conflict can thereby provide
a tension that drives the progress towards shared understanding. This is artalogous
the essential tension in science between convergent and divergent thought,.which
S.Kuhn(1977)argued is driving the whole process of science.

The same essential tension encountered in collaborative scientific
sensemaking and argumentation also lies at the heart of building any shared
understanding. The tension is tHis:order to understand each other we need to
make repairs of understandingeanwhile those repairs come along with the risk of
damaging afct in such a way that can slddwn the very discussion by which we try
to build shared understanding®No matter whether the understanding is conceptual
(i.e., the direction of the normalrize) or epistemological (i.e., Owe should agree on
the direction of the normal forceQ), the same processes of repairing ambiguity and

discord are present.
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In what follows, | will make this case by reviewing a few strands of literature
within a body of esearch known afiscourse analysi€Schiffrin, Tannen, &
Hamilton, 2001) an interdisciplinary study of people in communicative interactions.
| will review what discourse analysis says about the processgkibly groups of
people in interaction construct shared meanings, highlighting the ways they manage

these essential tensions.

Managing conflict undergirds our ability to build shared understandings

Discourse analysis teaches us that our abilitynderstand each other is not to
be taken for granted. We have to constantly work to build and maintain shared
understandings, due in part to the fact that speech is inherently amifiglioesit
through the ambiguities of speech, participants in conttersmust continually make
repairs of understandir(@irst, McRoy, Heeran, Edmonds, & Horton, 1994;

Schegloff, 1991, 1992)But these repairs of understanding are manifestations of
conflict, and as such they often come glovith socieemotional repercussions, such

as the slight twinge of embarrassment that results freing corrected by a peer

(Brown & Levinson, 1987; Goffman, 1955, 1956). In order to remain stably engaged
in collaborative scientific sensemaking, thendsits in tutorial must manage

multiple dynamics of conflict, includingepairs of understandirapdof affect

® A variety of studies have showtimat speech is inherently ambius at multiple
levels. Syllables are underdetermined by the sounds we (Mak&urk &
MacDonald, 1976)words are underdetermined by syllali@sldstein, 1983)

meanings are underdetermined by wdfisker, Nowak & Lee, 2008and so on.
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Making Repairs of UnderstandiNgn order to come to shared understandings, we
must make repairs whenever problems in understanding(Blirs¢ et al., 1994;
Schegloff, 1991). Discourse analysts have revealed that the implicit structures
embedded in our conversations, such as the fact that we generally take turns, have
built-in affordances for repairing understand{hgvelt, 1983;Scheglof, Jefferson,

& Sacks, 1977Schegloff, 1992, 1997)

Repairs of understanding can take place at many levels, from problems in
hearing (OWhat did you say?0) to problems in interpreting meaning (Ol heard what
you said, but what did yomear?O). Repairsaa also be made to shared conceptual
and epistemological understandings. For instance, Ros¢h@8i8)analyzed student
discourse to identify the repaithey make to their converging conceptual
understanding of acceleration vectors. In Chapter 5, | analyze in detail a clear
example of a repair of the studentsO epistemological understanding.

Repairs manifest in variety of ways. Roschelle (1992)inf&iance,
recognized repairs via their placement of within the sequence of the activity and
converging meaning. Repairs can also be more explicitly signaled with a variety of
discourse markers, ranging from something so small as a whisperegFr®o&O
Schrock, 1999; Schegloff, 1997; Schiffrin, 199@) something as dramatic as a
shaited ONo!!!O, a difference that can have dramatic social and affective
consequences. An example from my data will help to illustrate how | analyze

discourse to recognize studentsO repairs of understanding at various levels.
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You have the force [ would it be going
of the track pushing up, or would it be
down (gestures) going like (drawing) Nah, it's going
like thate down (gestures)

But wouldn't it-
Whate The force

of the
ssssisl ses m”_‘Lk

F" o l!ff
- ',‘v'~
“ o

Cause its pressing
down (gestures) on it

y ‘Q ;vg

Figure 2.1N Repairs of understanding. The group accomplishes a repair of understanding
with regards to which way a force is pointing, in response to DeirdreOs question (white
sweatshirt)

An excerpt from the clip discussed in Chapt@rdvides an illustrative
example of the ways that students manage repairs to arrive at a shared understanding.
In this clip, the tutorial group is listing all the forces acting on a cart as it goes around
a circular track. Carmelle (grey sweatshirt) segjg they include the force exerted by
the track on the cart, and describes the direction as downward. Deirdre (white
sweatshirt) initiates a repair of understanding of the directionality of this force, asking
if it might go up or even out in another dit®n (which she draws). Bree solicits
repair of an ambiguity in DeirdreOs speech with regards to which force they are
talking about. Once Deirdre clarifies that she means the force of the track, Carmelle
and Bree (black shirt) correct Deirdre byiterating that it is directed downward:

In this brief clip, the students are repairing their understandings at multiple
layers. One layer is the repair of the groupOs shared understanding of the direction of
the force of the track. As a result of this reptiie students end up Oon the same
pageO with respect to the direction of the force of the track. But in the service of
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making that repair, Bree and Deirdre make a repair at the layer of ambiguities in the
language. This repairs their understanding oictWliorce they are even talking about.
Depending on its relation to the rest of the groupOs further interactions, this
whole interchange could serve as a repair on their understanding of what it is they are
doing togethef For instance, they could come out of this interaction with a more
stabilized framing of the tutorials as being about making sense of physics.
Alternately, it could shut down further sensemaking, say, if after being OcorrectedO
Deirdre no longer feels cdortable sharing her ideas to the rest of the group. The
difference in outcomes hinges on how the group manages the affective tensions
resulting from the repairs of understanding, a case | will substantiate in the next

section.

Maintaining Face, Even Ithe Face of Conflid The act of being corrected carries
with it affective risk. This risk can be weighed in terms of the loss of face that comes
along with having oneOs understanding repaired. As Goffman (1955) described, we
derive positive social valuge., OfaceO) in virtue of pursuing a consistent line of
reasoning throughout a conversation. Corrections to and deviations from this line
thereby become threats to face, which result in the feeling of embarrassment
(Goffman, 1955, 1956; see alBoown & Levinson, 1987).

Affective damage such as embarrassment can in turn threaten to shut down a

conversation or discussion. In the case of students in physics tutorials, this plays out

"In Chapter 5 | analyze in detail a clear example of such a repair.
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when students become reluctant to share their ideas further, theoebgirshuiting

the collaborative sensemaking process. In order to engage in collaborative
sensemaking, students must find ways to manage the dynamics of making repairs to
understanding while also managing the affective and social dynamics. In my
dissertéion, | aim to study how students and groups manage these dynamics.

The findings from discourse analysis show what the tutorial students are up
againsil they need to find a way to engage with conflicts (conceptual or
epistemological) while also managinifeat in a way that they can stably engage in
collaborative sensemaking. The process of finding this balance is what | refer to in
Chapter 4 as Omaking a safe space to sensemake.O In the next section, | address the
question of how students manage theasptual, epistemological, and affective
conflicts in order to build a shared understanding of what they are doing together.
Drawing from research on discourse analysis on staiieg and footing shifts, |
then point out some of the nascent resourcasstindents have to manage both sides

of the tension, often at the same time.

How do students manage the conceptual, epistemological, and the affective

dynamics of collaborative scientific sensemaking discussions?

In this section| describehe basicprocesses by which people in conversation
build shared understandings amidst ambiguity and discord, focusing on a set of
linguistic resources that discourse analysts have referrecefmstsmic stancand
shifts in footing This will enable me to formate a class of linguistic resources by

which students can navigate the conceptual, epistemological, and affect dynamics of
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conflict resolution in collaborative scientific sensemaking discussions in physics

tutorials.

Taking Stances Through ShiftsFooting\ To engage in authentic practices of
scientific sensemaking and argumentation, the tutorial students need to take up
opposing positions and stances. Research on discourse analysis has explored the
dynamics by which speakers manage to take a stitite a conversatio(Biber,

2006; Biber & Finegan, 1989; Clift, 2006 p@&dwin, 2007a; Kirkham et al., 2011,
KSrkkSinen, 2003)This research has revealed the interactional, dynamic, and multi
faceted nature of stantaking. For instance, discourse analysts have examined how
speakers take a stance by indexing tapisemicpositioning with regards to their
statement as well as theaiffectiveattitudes towards {{Clift, 2006; Englebretson,

2007; Goodwin, 2007a)Researchers have used the tezmdentialityandepistemic
stanceto refer to a speakerOs positioning with respect to epistemological elements of
their utterance, including the source of knowledge and their commitment to its truth
(Chafe & Nichols, 1986; Kirkham et al., 2011; Ochs, 199%peakers can index their
stance with respect tehat they aresayingthrough the use afiscourse markers
designed to serve this tagkg, by prefacing their claim with a word such as
OPresumablyEO (Clift, 2006). Participants in a conversation can even index their
stance through the positioning of they bd@®podwin, 20073)for instance by

orienting towards a particular satft epistemological activity bizuddling around a

space of joint attention.
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Research on standaking in conversation has also revealed that taking a
stance is not black and whitehere are many shades of grey. Speakers can upgrade
or downgrade their epistemic stance through various discourse moves, for instance by
deferring(e.g., Oresearch hasyenEO) or byhedging(e.g., Ol guessE@lift,

2006; KSrkkSinen, 2003, 2007All of these linguistic resources for staftaking

can beaccomplished in a variety of ways, from the explicit use of words (Ol thinkO) to
the more implicit use of paralinguistic channels such as throughrastalhtonation

(Ward & Hirschberg, 1985).

One way that students in tutorial can perform an upggaalira downgrading
of their stance is by managing th&goting (Clift, 2006; KSrkkSinen, 2003, 2007)
with respect to their claims and stances. Wsiidacerefers to oneOs epistemic or
attitudinal positioning with respect to the OtruthO of a stateimetimgrefers to
oneOs positioning with respé who is behind its content, and to whom it is being
addressed. Goffmgi979)identified three prirary degrees of participation (i.e.
footing9 with regards to an utterang@incipal, author, andanimator. The
principal is the person whose idea or stance is being expressed, the author is the one
who is composing the message, and the animator isythdaldivering the message.
Typically, these are all one in the same person. In quoted in reported speech,
however, a speaker can shift their footing in such a way that they are no longer
necessarily the princgh If a child tells her brother, OMom saysi have to come
inside,O the child is the animator but Mom is the praicip

Footing shifts can be signaled through the substance of the speakerOs utterance

as in this case, but they can also be signaled in conversation via paralinguistic
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channels, sutas shifts in register and prosody, facial expressions, body positioning,
and gesturefGoodwin, 2007b; Hag, 1998) These channels are crucial for
identifying footing shifts that are designed to be subtle, such as the case of irony,
sarcasm, politeness, and other forms of indirect spgsahdwin, 2007a; Hoyle,

1998) For instance, CliftGoodwin, 2007a; Hoyle, 1998pgs characterized
conversational irony in terms @doting shifts that are often (but not always) signaled
by linguistic and paralinguistic channels (e.g., laughter, smiling, nasal vocal register,
sing-song, etc.).

Footing shifts have affordances for managing conflict. Research on discourse
analysis ks started to unveil how speakers use shifts of footing as resources for
conflict management in written and in faimeface conversation®onito & Sanders,
2002;Heisterkamp, 2006; Jacobs, 2002; Sharma, 20Bbjito and Sande(2002)
demonstrated how students in collaborative writing tasks were able to use shifts in
footing to wage or attenuate conflict while still engaging in attempts to resolve the
disagreement. Heisterkan@006)used video analysis to examine how ceurt
sanctioned mediators used shifts of footing to maintain neutrality in a small claims
court.

My dissertation contributes to this work by examining one @ftlechanism
by which students manage confiicby using shifts of footing to epistemically
downgrade contrasting stances, a discourse movedmiatemic distancingThis
allows opposing views to be expressed while protecting against the affective damage
of disagreement. In Chapters 4 and 5, | report how students in tutorial often shift

their footing in ways that soften their epistemic startéar example, in reading her
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response to the first tutorial question, Bree shifts her footing by Oreadinghehat s
wroteO in an ironic, performative manner, with exaggerated pitch variations, gestures,

and facial expressions (see Fig 2.2).

BREE (smiling, in singsong):

| wrote, OTlinking about your mistakes helps you Eand what led you to think
realize where you went wrong in your that way(Bree gesturesp
thinkingE(Amanda gestures) begin WithO(Iaughter)

- o ——
—— S — B
- T <_“'-,_ _ - e~ g

Figure 2.2N Bree reads her response to the first tutorial question. She softens the stance
implied in her written words via an ironic shift in footing (Clift, 2006).

BreeOs ironic shift of footing has the effect of epistemically downgrading the
stance taken in her written response, by signaling that she does not take her response
too seriously. By signalingmaronic shift of footing, Bree is epistemically distancing
herself from the stance she takes and what she says. Instead of taking stance of, say,
this is how it is, Bree could be conveying to the rest of the group a stance more like

this is a position aamight consider. In the words of Goffm#&h974, p. 512)
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When a speaker employs conventional brackets to warn us that what he is saying
is meant to be taken in jest, or as mere repeating of words by someone else, then
it is clear that he means to stand in a relation of reduced personal responsibility

for what heis saying. He splits himself off from the content of the words by

expressing that their speaker is not he himself or not he himself in a serious way.

Epistemic distance is a resource by which students can manage the
epistemological and affective dynarmiof conflict resolution simultaneously.
Epistemologically, through shifts in footing, students routinely attend to multiple
perspectives as they position themselves with respect to contrasting®Bims
softening their stance speakers can access muareced and sophisticated array of
epistemic stances that are epistemologically authentic to how science is done, such as
pursuing an idea without believing in(itaudan,1981 Whitt, 1990). The softening
of stance also has affective consequences, for instance, by reducing the threat to face
brought on by a repair or a rejection of their idea. In chapters 4 and 5, | argue how by
simultaneously management of epistemological and@ffedynamics of conflict

resolution, the students in tutorial are able to build and maintain a shared

8 Findings such as this dovetail nicely with a rich literature that shows
students have nascent resources for partaking in authentic scientific discourse
practices, including the practices of considering multiple perspectives within the
context of scientificsensemaking and argumentat{@&®rland & Hammer, 2011;

Berland & Reiser, 2009; D Kuhn, 1993; D. Kuhn & Udell, 2007)
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understanding of their activity that includes collaboratively making sense of physics.
In brief, my argument is that by managing epistemic distanegeists in tutorial can
open up space for sensemaking discussions, or alternately they can shut down these

discussions.

Opening Up And Shutting Down Sensemaking Discud$iGosplementing the
research on shifts of footing to manage con{ltinito & Sanders, 2002;

Heisterkamp, 2006xeveral discourse analysts have addressed the consequences of
stancetakingon affective and interpersonal dynamisse KSrkkSinen, 2006, for a
review). Several authors have specifically considered the effect of speakersO
modification of epistemic stance on the affective dynamics of coni@rseither

through saving face or by causing kegsface(Brown & Levinson, 1987; Holmes,

1984, 1990; Nikula, 1996)By hedgingwith the phras®©I think,O speakers can
downgrade their epistemic stance in ways that avoid threats to the face of other
participants in the conversatigiiSrkkSinen, 2006)

Discourse analysts whtave studied standaking in discourse have generally
remarked orthe ability of hedging to simultaneously serve epistemic, affective, and
social dynamicsfor better or wors€Clift, 2006; Johnstone, 2009; KSrkkSinen,

2006) My dissertation contributes to this research by providing details on these
mechanisms through close attention to the micradyos of epistemology and affect
of student groups as they build a safe space to collaboratively sensemake together
about physics. In Chapter 4, | expand upon the episode mentioned above in which

Bree introduces epistemic distance through her ironic ahiftoting. | argue that
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through these sorts of moves, BreeOs group is able to ease away from Oreading what
they wroteO and towards Osaying what they think.O Situating this within the sequence
of activity at the start of the tutorial, | show how thisnig an important stepping

stone on the groupOs path toward establishing a shared understanding of the tutorial

activity that includes collaborative scientific sensemaking.

CHAPTER DISCUSSION AND CONCLUSION

In this chapter, | have situated my researdhiwia broader field that studies
how people learning science through taking part in authentic disciplinary practices,
particularly scientific argumentation and sensemaking. In part I, | have characterized
an essential tension underlying the researchritbestin this dissertationOn the one
hand, science necessarily involves conflict in order to make progress, as manifested in
the core scientific practices of coherence seeking and unification. On the other hand,
conflict can break down the functionglivf a scientific collaboration in the lab or in
the science classroonhhave identified the particular sort of scientific collaboration |
am interested N collaborative sensemaking discussiohitimately, my dissertation
is concerned with how studegrtoups in physics tutorials are able to build a shared
understanding that their activity should include collaboratively sensemaking about
physics.

In Part 1l | showed how this tension manifests itself even in the most basic
processes by which we buildasied understandingonflict appears in the form of
repairs of understanding, which are necessary for coming to some mutual

understanding. At the same time, these repairs carry the risk of affective damage,
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which can shut down a tutorial groupOs afiitityollaboratively sensemake about the
physics | explicated the connection between epistemic sttalkirg and affective
management through discourse moves such as hedging. | introduced onelkesource
epistemic distancirg by which students can introdudistance between themselves
and the claims they are expressifgis softens epistemic stance in such a way that
leave room for throwing out and critiquing ideas that is at the core of scientific

sensemaking.

Looking aheall This chapter sets the thetical boundaries of my work and

establishes some of the analytical tools by which | will accomplish it. Once again,

the core question is how students in tutorial build and maintain shared understandings
of the nature of their activity that includes cobiaditive sensemaking. Before
establishindhowthey build these shared understandings, | will report on some of my
previous research that helps estahiisdt the groups do build these shared
understandings in the first place. | will show that the tutgriailips tend to settle on

a handful of shared behaviors that reflect shared framings of their activity. | will

show that one of these framings exhibits more evidence for the groupsO understanding
as including collaborative sensemaking. Thus, in Chagtestblish the criterion

for identifying clips throughout the semester that are more likely to contain evidence
of collaborative sensemakingn later chapters, | use these clips to piece together the
dynamics of how the groups form these shared uratetstgs, as well as how they

maintain them over the course of a semester
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Chapter 3Tracking Shared Understandings Throdgitorial

StudentsO Coordinated Behavior and Reasoning

INTRODUCTION

In the last chapter, | reviewed literature informing the question ofgrowups
of people work to build shared understandinigam interested in one particular type
of shared understanding, namely, the understanding of what it is that the group is
doing. Previous work has indicated that some of the ways a tutorial growgsfram
their activity are more in line with the curricular goals than others. In the case of the
Tutorials in Physics Sensemaking, the goal is to have the students collaboratively
sensemaking about physical and epistemological phenomena in physics. In this
chapter | present evidence that the tutorial groups are able to form several distinct
ways of epistemologically framing their activity. Moreover, | will present evidence
that one of these framings involves a significantly higher amount of collaborative
sersemaking than the others.

In the first part of this chapter, | will build upon work that has been reported
elsewherdConlin, Gupta, Scherr, & Hammer, 2007; Scherr & Hammer, 2009)
Scherr and Hammer (2009) analyze the behavior and discourse of stadgstig
introductory physics tutorials. They found that the groups coordinated their
behaviors, switching back and forth between several distinct behavioral clusters. By
analyzing the discourse during these behavioral clusters, Scherr and Hammer found

that they corresponded with different waydraimingtheir activity, i.e., different
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ways of understanding what sort of activity the groups take them themselves to be
engaged ir{fBateson,1972 Goffman, 1974; Tannen, 1993a, 1993b)

To address my further focus on what sorts of shared understandings about the
nature of the tutorial create space for collaboeasigientific sensemaking, | will
focus on the nature of the discourse during the OgreenO behavioral mode, when the
students are framing their activity laaving a discussianl will present evidence the
substance of the discourse changes during the disousame. In particular, the talk
becomes more mechanistic, an important component of sensemaking in physics.
Before we begin with the data analysis, however, | need to tell you what | mean by

frames and framing.

ON THE NATURE OF FRAMES AND FRAMING

Theconstruct oframingwas first proposed by Bates@972) in order to
explain how monkeys were able to remain in a sustained state of play fighting. Such
activity hasassociated with the same activities of OrealO fighting such as bites, yelps,
and signs of aggression. Bateson surmised that the monkeys must be accompanying
these messages withetamessagese., messages about how to interpret the
accompanying messagéut of the myriad metamessages that denote the
interpretation of the messdgevhether a bite is a real bite or just a playfultip
emerges distinct interpretative frames, such as OplayO or Ofighting.O As Bateson
(1972 puts it, Oa frame is metasmunicative. Any message, which either explicitly
or implicitly defines a framapso factogives the receiver instructions or aids in his
attempt to understand the message included within the frameO (p. 188). Although he

derived it from observations ahimal behavior, Bateson regarded framing to be a
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psychologically real entity in communicative interactions more broadly, including
humans.

Framing has been taken up by discourse analysts including prominent
scholars in sociolinguistiqg€&soffman, 1974, 1981; Gumperz, 1982; Tannen, 1993a)
to be the means by which we structure our experiences of communicative interaction.
Goffman (1974) argues that framing gives us onse®f Owhat is going onO in any
particular interaction, at any particular moment. We organize our implicit answers to
this question in order to structurally support our experi¢Gogfman, 1974)

While early works on framing were based on general observations of human
(and norhuman) interactions, the construct was given a stronger empirical basis by
sociolinguists who study languageuse(Gumperz, 1982; Tannen, 1993a)
Gumperz(1982)argwed for a way of empirically tracking framing by looking for
Ocontextualization cuesO within the discourse. OBy careful examination of the
signaling mechanisms that conversationalists react to, one can isolate cues and
symbolic conventions through whichstince is maintained or frames of
interpretation are createdO (Gumperz, 1982, p. 7). T§h8@8b)explored the nature
of frames empirically by examining how mowewers described sequences of
events as they are presented somewhat disconnected aspectsyofvahstris all
that movies are, really), Tannen (1993) argued that their sense of what was going on
in the film was framed by Ostructures of expectation.O

In summarizing the literature on framing, Tanii&@93a)brought attention to
the fact that O[a]lthough the influence of BatesonOs and GoffmanOs work has been

pervasive, there have been few studies directly applying BatesonOs seminal theory or

56



GoffmanOs elaborate framelwor microanalytic linguistic analysis of real discourse
produced in fac¢o-face interaction.O (p. 3). Tannen & Wa(lE887)provided some
such analysis when they observed the interaction of a daatbild patient, and the
childOs mother during a medical chapk By following participants

contextualization cues such gsfts in vocal registerthey track how the participants
shift back and forth between three separate frames, which they named the reporting
frame, the observation frame, and the consultation frame.

These early accounts of framing have seemed to presume sefdaifan
frameswhich all participants have access to. This could mislead one into thinking that
frames are static, unchanging entities. Some researchers, however, have focused on
the dynamics of frames and framing. Tannen and W@!&87) for example, report
on the dynamics of multiple frames navigated by a parent, child, and doctor during a
medical checlup. They found/argued that canflng knowledge schema triggered
shifts between frames, for example switching from the examination frame to the
consultation frame to reassure thelooking mother who thinks the child is having
trouble breathing (p. 72). Although Tannen & WallatOs7188rk seemed to
presume these frames were in place and static, they did characterize the dynamics of
how and why the participants move between these frames. They found that
contrasting knowledge schemas amongst the participants could trigger shifts of
framing.

This work on framing has also been taken up by education researchers in
science education, who have theorized about and documented the dynamics of frames

(Elby & Hammer, 2010; Hammer, Il, Scherr, & Redish, 2005; Redish, 2004;
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Scherr & Hammer, 2009highlighting participantsO ability to mutually shift

implicitly and smoothly between multiple shared framings of their activity. Hammer,
Elby, Scherr, & Redish (2005) provide a framewfmkstudent learning in physics by
which students recruit conceptual and epistemological resources in which they
include framing, which they take to be Othe activation of a locally coherent sent of
resourcesO (p. 9). Scherr & Hammer (2009) found evidentteese locally coherent
activations of epistemological resources.

The work reported in this chapter builds upon the foundation of work reported
in (Scherr & Hammer, 2009)They examined the behavior of small groups in tutorial
and found that they dynamically shifted between at least four behavioral clusters,
which accounted for most of the time spentutotial. By analyzing the discourse
they found that these behavioral clusters corresponded with distinct ways the groups
were epistemologically framing their behavior. For example, at times they were
hunched over their desk, looking at their workshesetd, writing, with only
intermittent comments to each other. This behavior coupled with the substance of
their talk showed that they were framing their activitgaspleting the worksheet
At other times they were sitting up straight, making eye cordgadtgesturing to each
other, which is when they were framing their activityhasing a discussionThis is
the work upon which much of my dissertation will be building, and so | will be

providing a more irdepth analysis below.

METHODOLOGY AND ANALYSIS

The central question of my dissertation is how groups of students in tutorial

establish shared understandings of the nature of their activity. And we already know
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some of the dynamics by which this occurs(Soherr & Hammer, 2009)he
authors report on the behavior of the groups in introductory physics tutorials in
physics sensemaking. They found thatghmup switched dynamically between
various ways of epistemologically framing their activity, includmaying a
discussionandcompleting the worksheeBy supplemental analysis of the studentsO
discourse, they showed that the gréenel behavioral tragitions corresponded with
shifts in the ways they are framing their activity. | will first report on this work,
before contributing to it evidence that the nature of the discourse within one behavior
mode is different in important ways than the naturthefdiscourse in the others.
Namely, during green mode discussions there is considerably more mechanistic
reasoning in their discourse.
Rachel Scherr first noticed the behavioral clusters whileféastarding
through many hours of videotape of intrathry physics tutorials, when the greup
level transitions in behavior caught her eye. She then observed the behaviors and
found several distinct clusters of behavior, which account for much of the time spent
in tutorial. Four of these behavioral clustars detailed iriScherr & Hammer,
2009) Theblue behavioral clustefpr example, consisted of the following
behaviors: students hunched over, looking down at their worksheet, hands writing or
otherwise quiet. The authors describegheenbehavioral clusteas times when the
group were sittig up, making eye contact, and gesturing. Coding for these
behavioral modes is quite reliable, 90% before discussion, 100% after discussion.
But whatare these behavioral modes? The blue behavioral cluster and the

green behavioral cluster could bothdescribed as collaboratively working on the
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tutorial. However, these behavioral clusters indicate quite distinct ways of
collaborating. In the blue behavioral cluster, the students posture, gaze, and
gesticulation is primarily oriented to the workshedtjch seems to imply they are
framing their activity as primarilgompleting the worksheeln the green behavioral
cluster, their posture, gaze, and gestures are directly oriented to the other group
members; they seem to be framing the activithasng a discussion They provided
three exemplary episodes of the discourse during behavioral transitions to
demonstrate the different nature of the frames. In what follows | will present further
evidence to support one of Scherr & HammerOs (2009) claimslynthat one
behavioral mode corresponds with higher levels of evidence of the groups
mechanistically reasoning.
Discourse in green behavioral mode includes more mechanistic reasoning

In this section | summarize the findings of the research | coedattthe
beginning of my graduate career, which involved applying coding schemes for both
behavior(Scherr & Hammer, 2009nd mehanistic reasonin¢scherr & Hammer,
2009) to videos & transcripts of tutorial groups. By combining two independent and
reliable coding systems, one for behavioral clusters and the other for mechanistic
reasoning, we gain the opportunity to look for quantitative traces of the
interdependerebetween these categorical variables by using, for instance, the chi
square test for independence. A significant result would substantiate the claims that
discourse (behavior & reasoning) is different during the distinct gletgd framings.

In a pilotstudy, Conlin, Gupta, Scherr, & Hamm{@007)analyzed 2éminute

video segments from 5 introductory physics tutorials. We selected a mixture of video
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segments from the beginning, middle, and end of tutorials, as well as the beginning
middle, and end of the semester, to protect against Oboundaty,éffi@cluding any
potential bias arising from discourse or behavior at the beginning or end of
tutorial/semester. Two independent coders analyzed the video for behavior according
to the coding scheme @Bcherr & Hammer, 2009s well as coding the transcript for
evidence of mechanistic reasoning following the framewolRats et al., 2008)

For any given segment of video, one coder transcribed and coded the mechanism, the
other coding the behaviors, although these roles were alternated for eachtsdgme

will briefly describe the coding processes, to give more of a sense of what the

numbers mean.

Coding behavidX Grouplevel behaviors were coded for every five seconds of the
video segmentsAn inter-rater reliability was established between thregecs via

the following procedure: (1) watch the clip with volume high enough just to hear the
volume and pitch of speech, but low enough not to make out the content, (2) note
transitions in grouplevel behaviors with a number, repeating numbers when the
behavior seemed the same, (3) characterize the behaviors corresponding to each
number in terms of posture, gesture, gaze, prosody, (4) bin numbers into related
categories labeled by theemgutral colors (red, blue, green, yellow, gravijle also
allowing for mixed categories (e.g., bhggeen) if it seemed like there were two
different sets of behaviors @curring as in when the students pafit Such

discord was quite rare, however, accounting for less than 3% of the total codes.
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These proceduresgsulted in an interater reliability of 90% before discussion, 100%
after discussion. Discrepancies were resolved after discussion.

There are four primary behavior modes that regularly show up after this
analysis, and they are summarized in Scherr &tar (2009) as well as in
(Conlin et al., 2007). 1 will list them here along with the descriptions of the
corresponding behaviors and description of the framing:

Color Code Behavioral Cluster Framing
Green Sitting up, making eye Having a discussion
contact, handgesturing,
elevated vocal register
Blue Hunched over, eyes and Completing the workshee

hands on worksheet, low
vocal register

Yellow Fidgeting, laughing, looking Playing around
around, touching face/hair
Red Sitting up, eyes on TA, Being receptive to the TA

smaller gestures, lower

vocal register
Table 3-1. Behavior clusters, their color codes, and their corresponding frames

The five video segments were selected by grabbing any old tape, and
rewinding to an arbitrary time (while keeping in mind a mixture of clips at
beginning/middle/end), then choosing arBthute segment starting at that time. The
segments were coded by tlelowing procedure: (1) watch the clip with volume
high enough just to hear the volume and pitch of speech, but low enough not to make
out the content, (2) note transitions between red, blue, green, yellow, grey, and mixed
behavior codes, (3) assign belwicodes to each fiveecond bin, rounding up if
there was a transitionseconds or later into the bin. The four primary codes (blue,
green, red yellow) account for most (86%) of theeBond intervals. Including the

mixed bluegreen code then accouriis 97% of the time.
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Table 3-2. Relative frequencies of behavior codesr each 5second interval of the video clip

Coding Mechanistic ReasoniNgwo independent coders analyzed the transcripts of
the video segments based on the framework of Russ(208B) This framework is
based on work in philosophy on the nature of mechanistic accounts in science
(Machamer, Darden, & Craver, 200@hich has characterized a mechanism in the

following way (p. 3):

Mechanisms are entities and activities organized such that they are productive of

regularchanges from start or sep to finish or termination conditions.

Russ et al(2008)argue that students show evidence that they are reasoning
mechanistically whenever their talk contains some aspect of mechanisms, whether it
is identifying the identities involved or how they act in order to bring about changes.
They built a coding schegrby analyzing student discourse for the presence of the
following aspects of mechanisms, in order of the quality of evidence of mechanistic
reasoning: (1¥lescribing target phenomendf) identifying set up conditiong3)
identifying entities(4) idenifying actions,(5) identifying properties of entitie$t)
identifying the organization of entities, a¥) chaining.

The highest mechanistic reasoning codedfaining involves piecing
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together several of the other elements of mechanistic reasoning in order to make a
prediction about how things will be or about how things must have been in the past.

It is a special code in that it is the most complete of students reasoning

mechanisticdy. An example of chaining would be when Bree is talking about a
roller-coaster car as it goes around a ktogloop and she describes why the force of

the track on the car has to be downwards when the car is upside down at the top of the
loop: Oit [thdorce of the track] has to be pressing in, to keep it [the car] from like,
shooting out.O She is reasoning about entities (the force of the track, the car) and
what they are doing (pressing in) so she can predict what will or will not happen (the

car will be kept in rather than shoot out).

[ [ G H |
1
Time MR chaining
F4Al mm.ss speaker utterance
0|TA ...help you get started...[inaudible].. So, [??) at the bottom this 0
week instead of um you guys were doing the experiment
individually in your groups, we're gonna do it as sort of a class
demonstration all together cause we have only one set up. So
when you get to that point at the bottom of the page we're gonna
3 try to kinda hold off and wait till everybody gets there.
4 02251 Omigod 0
5 54 Oh, just for this? 0
b 51 Just for this or did you mean... 0
7 TA No, just for this. 0
B 54 Oh, that sucks. 0
9 52 | knew that [inaudible] is she gonna have that worksheet... 0
0 51 Hey, | was close. [}
2§ 03954 | wonder how we did on the last lab. 0
51 Oh yeah...hopefully it's better than how | did on the first 0
2 homework...okay...[reading)...according to common s...
ZI 057|53 Yeah, | have some trouble understanding. 0
54 [reading) according to common sense, which force is greatest 0
derhem thn aalllan tha Sacan aunstad b tha tmscks am tha ane as

Figure 3.1N Coding the transcript for mechanistic reasoning, and chaining specifically.

Two independent coders trained by analyzing the same transcript for
mechanisticdeasoning, agreeing on 87% of the mechanistic reasoning codes including
chaining. Then they transcribed the variousiute video segments of the students

working in tutorial and coded them according to the above framework.

Analyzing the intersectioof behavior and reasonifyyTwo independent coders
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analyzed the video for behavior and the transcript for mechanistic reasoning. Every

five seconds of the video was coded for the behavior mode, as well as the presence of

any evidence of mechanistic reasanand of chaining in particular.

G H

Chaining

Figure 3.2N Coding the behaviors every 5 seconds.

Of all the mechanistic reasoning codes, more than half (53%) fell within the

green behavior mode, when studentssittang up, making eye contact, and

gesturing. Moreover, the vast majority (81%) of all the chaining occurred in the

green behavioral mode:

| 23/*/%9Y
+Y*, % LHSD  -%+23/4*Y
&" % &% Y %
(% | . (% 4) %
(0 % &1% 0.) %
(33% (% 4) %
5$"6B  '&% : % ) %

&M (% 4) %

Table 3-3. The frequency of each behavior mode, along with the frequency of mechanistic
reasoning and chaining codes
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The proportion of mechanistic reasoning codes in green mode (165/310 =
53%) were over twice the proportion present in any other behavior mode, despite the
fact that students spent more time blue mode, and approximately tbessunt of
time in red mode.

One way of clearly illustrating the increased density of mechanistic reasoning
codes during green mode is to split the time in tutorial into rectangles with areas
proportional to the time spent in each mode. Then we caeseqreach instance of
a mechanistic reasoning code as dots in these stjueaes open circle represents a
mechanistic reasoning code, while closed circles represent instamtesnifg
codes. Due to space constraints, | only include the square fagla 28minute

video segment.

Figure 3.3N The areas are proportional to the amount of time in a behavior mode. Circles
represent mechanistic reasoning codes, with solid dots being chaining codes.

We cando a statistical test for whether this disproportionate amount of
mechanistic reasoning codes within green mode is due to chance by usiftetite
for independence. The data here is categorical, mutually exclusive, and exhaustive if
we count the presence or absence of mechanistic reasoning codes and likewise for
codes for the green behavioral mode. There are several ways to implement.this test

The most straightforward way is to proceed by counting all tbecbnd intervals that
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were coded as being green, along with whether they contain a mechanistic reasoning
code. The frequencies for the cumulative codes of all fiven2ite video segmest

are summarized in the contingency table below:

I")*./*99%1$234/"8 % : ;8%+%<*.$'43=8%!"{ :;8$+%<*.$'43=8%"

38%>'$$*%5"#6 I"#$#0638%>'$$* 0%
5"#$ %
- 18$+06<*.$'43=8Y 1% 41% EFG6
I"* 3/%/%9%
5$+23%/8./+%
7$38"4/%9%!"#$8%
 :8$+06<* $'43=8%7 %4986 3(4% HIH%
I"* 3/%/%9%
5$+23%/8./+%
7$38"+/%9%!"#$86
A@ABED JHKA HLKA% FF:Hb

Table 3-4. Contingency table for behavior codes and mechanistic reasoning codes. Observed
test statistic180.63 > Critical Value 6.6%0

Setting!/ =.01 as the significanceriterion wecan now ést for whether this
disproportionate amount of mechanistic in green mode is duleatwe by using the
| 2test for independence. The observed frequency of green mode codes that
contained mechanistic reasonifi$5) was higher than the expected value based on
row frequencies (77). In addition, ngneen behavior modes contained a much lower
frequency of mechanistic reasoning (145) than the expected value (232). The
difference is statistically significant{(1, N = 1158) = 180.63, g .01) so we can
infer that we are more likely to have mechanistic reasoning codes when the behavior

mode is green. Further analysis reveals that the effect size is

< (B! B,) . . .
w=,[" (“P—O') =.39, which for the! ? test for independence we can describe as
il 0i

slightly above a medium effect sig@ohen, 19921988) This value indexes the

difference between green modes and-gmeen modes in terms of likelihood of the
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presence of mechanistic reasoning codes. Gilma(.01), N (1158) andw (.39)
allows us to determine statistical powehich in this case is approximately .80,
enough to detect even small effect si@eshen, 1992)

Now we can test whethémnere is a relationship between the green behavior
mode and the highest mechanistic reasoning code, chaining. The proportions seem
more dramatic for chaining than the mechanistic reasoning N&E% of all the
chaining happened in the green mode! *Aest for independence shows that this
difference is significant,?(1, N = 1158) = 84.73, p < .01At .27, the effect size is
medium, and the power is essentially 1, enough to pick up even a small effect.

% <=>>70

@<=>>% ABACDAE

FO9:G-G%  %/%o /% 40%

@F9:G-& 94;%n0 0'; % v %

A@ABCE JHKA HLKAo FF:H%

Table 3-5. Contingency table for green mode behavior codes with chaining codes

Since we are countinggecond time intervals in the above two chi square
tests, the result already correct for the amount of time spent in green \ggeeon
behavioral modes. We can thereby rule out the possibility that it is just due to the
students avingmoretimein green without the talk in green mode being any more
mechanistic. However, a worry that remains is the result could still be due to the
groups jusspeakingnoreduring green mode, without that talk being any more
mechanistic. We can plore this question by counting utterances (i.e.,

conversational turns) rather than time intervals.
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Each utteranceis coded for whether it contained evidence of mechanistic
reasoning. The utterance is also coded for whether it occurred during a grezn mod
or not. Counting by utterance is more labor intensive, and so due to time and space
constraints | will have to restrict this analysis to a singlenifute tutorial video

segmerit The frequencies for this segment are summarized in the contingerey tabl

below:
I")*./*9% M..$'3*+$8%  M..$'3*+$8%#)'/*9%  M..$'3*+$8%? @AY A@ABED
>'$$*%60"#$% #)'1*9%>'$$*%0"#$o
M..$'3*+$8%!"#$#%3 44% 0% "( %
5%$+23*/8./+%
7$38"*/*9 9
M..$'3*+$8%7?".% ;986 03% (3%
I"#$#%B8%
5%$+23%/8./+%
7$38"*/*9 9
A@ABECD HI% FG% FHRA

Table 3-6. Contingency table for utterances coded as mechanistic reasoning and utterances
made during green mode¥o

Once again setting =.01as the criterion for statistical significance, we can
see if these frequencies could be expected based on chance alone. There are more
mechanistic utterances during green modes (44) than would be expected based on
chance (28), and fewer mechanistic uttees during noigreen modes (18) than
expected (34). The difference is significant according to ttiest for independence,
1%(1,N=189) = 26.29, p = 2.94x10 We can conclude that utterances made during

green mode are more likely to be mechanisTibe effect size,

(R R) . : i
w= @ =.39, was slightly above a moderate effect size for this test.
il 0i

° This segment was selected from the SparrdMsi®rial.
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Further analysis revealed that the power is above .80 and that sample size of 189 is
indeed sufficient to detect a medium effect ¢i2ehen, 1988, 1992)

Future work would have to do this analysis of counting by utterance for the
remaining video segments. This segment can only provide a plausibility argument.
However, there is no reason tespact that this strong connection between the
mechanistic quality of statements and the green mode behavior is unique to this one
segment. Having corrected both for time spent in green mode, as well as the number
of utterances in green mode, there séithains another possible worry to expfére
utterance length. It could be that mechanistic reasoning, and chaining in particular,
tends to happen when the utterances are longer. While it is certainly plausible, there is
reason to doubtfit there are many shioutterances that are coded for mechanistic
reasoning and even chaining, e.g., when students collaboratively build ootlearchs
statements. This should be explored in future wamkany event, this is a worry that
does not cut into my central claimpwever, which is that the students are framing

their activity differently during green mode.

What To Take Away from the Quantitative Analyie can infer that whether or not

an utterance is mechanistic is correlated with whether it is uttered while the group is

in the green behavioral mode, i.e., sitting up, gesturing, making eye contact, etc. This
substantiates the claim that the changesaonmglevel behaviors correspond with

changes in the groupOs epistemological framing of the activity, given the changes in
behavior and in discourse. In this case, the data supports the claim that when in green

mode, the students are approaching the a&gtivith a different epistemological
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framing than their activities during other modes of behavior. A rough
characterization could describe this framindnaging a discussiqrbut this does not
exhaust the characterization of the epistemological framiaggobup. The
discussiorframe must involve different amounts of talking aboutrttezhanisnthan

the groupsO other ways of framing their activity. But it would be oversimplifying to
characterize the green modedéscussing mechanisrsince they also gcuss other
matters during that time, such as discussingmenhanistic tutorial questions as in
Owhat are the potential benefits of discussing your mistakesO and the like. To
examine the nature of discourse during green modes requires a closer anh#hgsis
substance of their speech and the structure of their behaviors, which I will provide in
the next chapter.

Scherr & Hammer (2009) as well as Conlin et al. (2007) both present evidence
that some of these shared ways of framing their activity are cooucive for
collaborative sensemaking than others. For instance, there is a disproportionate
amount of evidence of higlevel mechanistic reasoning during treenbehavioral
cluster, which is when the groups were framing their activityaasng adiscussion
Since reasoning about physical mechanism is a central component of sensemaking in
physics, the behavioral clusters can act as a powerful tool for selecting for clips that
contain evidence of collaborative scientific sensemaking.

Before relyng too heavily on the connection between the green behavioral
cluster and mechanistic reasoning, | must close an interpretational loophole the
previous analyses have left unresolved. Namely, the correlation is still open to an

alternate interpretation: geaps the increased evidence of mechanistic reasoning
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during the discussion frame is simply due to the fact that the groufzdkang more

during discussion. In this chapter, | will present a quantitative analysis that addresses
this concern by correctg for time spent in each behavioral mode, and another that
corrects for the number of utterances spoken within each frame. The end result is that
the discourse during the discussion frame contains more evidence of mechanistic
reasoning not just becausey are talkingnore it is rather that they are talking

differently. Specifically, an utterance is much more likely to contain mechanistic

reasoning if it is uttered during the discussion frame.

CHAPTER CONCLUSIONS

In this dissertation, | am explorinige processes by which groups of students
build shared understandings. In this chapter, | have focused in on one rather
particular sort of shared understandiinipe groupsO shared understanding about the
nature of what they are doing. This is what dissewanalysts have referred to as
their framingof their activity. Frames, according to Goffmd®74) provide our
implicit answer to the question to which we are conbtasking ourselves and
establishing for each othaifhat is it that is going on here.have reported on how
student groups in physics tutorials frame their learning activity in at least four distinct
ways, which they transition between as group. Thezdimes when they are framing
their activity ashaving a discussioand times when they are framing it@snpleting
a worksheet

| also presented evidence that the studentsO speech is much more mechanistic
when they are framing their activity having adiscussion When they are having a

discussionpf coursethere is going to be more mechanistic speech. But this result
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holds even when correcting for both the amount of time spent in each mode and the
amount of utterances. So it is not that theyjasetalkingmoreduring green mode,

they are talkingnore mechanistically And talking more mechanistically is just the

sort of thing we want them to be doing, if we want them to be doing inquiry into
physics.

While the analysis in this chapter esisiiesthatthe groups build shared
understandings of what they are doing, it does not address the question of how they
accomplish this. Nor does it address how these shared understandings may develop
over time. | will address each question, in turrthennext couple of chapters. In
Chapter 4, | will examine how the groups manage to construct a shared space where
they feel comfortable introducing and evaluating their ideas. In Chapter 5, | follow
these same groups through the rest of the semestaartore the longeterm

dynamics of their sense of what it is they are doing together.
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Chapter 4Making Space to Sensemake

INTRODUCTION

In the first chapter of this dissertation, | identified two central research aims:

(1) to give an empirical account of how gpsuwof tutorial students come to share an
understanding that they should be collaboratively making sense of physical
phenomena, and (2) to explore the longem dynamics of how this understanding
develops throughout the semester. In Chaptereé¥iewedliterature on scientific
argumentation and discourse analysis that suggests that in order to build these shared
understandings, the tutorial students must manage to make repairs of understanding
while also making repairs of affect. In Chapter 3, | regmbon research that
establisheshatthe groups are able to build shared understandings of their activity,

but this research does has not addressed the question of how they build these shared
understandings in the first place.

In Chapter 4, | address onéthe central aims of the dissertation by giving an
empirical account of how groups of tutorial students come to share an understanding
of the nature of their activity. Through an analysis of the behavior and discourse of
three tutorial groupsO firstfeliscussions in tutorial, | describe the processes by
which they build a shared understanding of the natuceltaboratively making sense
of physical phenomena, and this question. Through this analysis | demonstrate some
of the linguistic and interacnal resources by which the students manage the
epistemological and affective dynamics in building a shared sense of what it is they

are doing in tutorial. | identify one resource in particular that students use to manage
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the epistemological and affectidgnamics simultaneoudiyepistemic distancing.
By distancing themselves from their claims, through hedging and other varieties of
footing shifts, the students soften their stance in such a way leaves space for the
groups to sensemake. For instance, sti@at through hedging and through ironic
shifts of footing, the students are atwdakethe tutorial seriously, but nado
seriously. This allows them to ease away freading what they wrotend towards
saying what they thin

In what follows, | wil first discuss théheoretical foundatiosior this
analysis, pulling from research in the philosophy of science and science education
that highlights the epistemological significance of studentsO modifications of their
claims through hedgingThen | wil analyze three tutorial groupsO early interactions
to show how their management of epistemic distance helps them to enter their first
discussion of the semester (Part I) as well as their first collaborative scientific

sensemaking discussion of the semeg®art Il).

THEORETICALFRAMEWORK

Making space to sensemake

Many scientists and philosophers have characterized science as a delicate
balance between the generation and evaluation of {deasJapp, 189 T. S.Kuhn,
1977) Research on studentsO learning of science through inquiry has also highlighted
this tension in scientific argumentation and sensemaking discugBiosshl, 2008;
Ford, 2008; Kelly2007. This research has revealed that these two processes of idea
generation and evaluation are not ipeledent, but rather remain in constant

interplay. Ford (2008) describes the construction and the critique of claims as
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complementary aspects of studentsO grasp of scientific practice. Duschl (2008) and
Kelly (2007 highlight the social and affective témss that link the creative and
critical processes within scientific argumentation and sensemaking.
When a studentOs (or a scientistOs) ideas are corrected or rejected there can be
negative social and affective repercussions, including loss of face, asgraent,
and frustration. These in turn can threaten shut down scientific inquiry, for instance,
by preventing the future introduction of ideas. This tension is present at the level of
scientific communities, where scientists put their reputationskaivitk the
introduction of new evidence and explanations. If those ideas are rejected, the
scientists who introduced them can find their reputations in jeop@rdyscience
classroom discussions, these tensions manifest in the studentsO making repairs of
understanding while managing the affective consequences of such repairs.
Duschl(2008 and Kelly(2007 each draw attention to the social and
affective nature of the connection between tiveaand critical processes of scientific
argumentation and sensemaking. Both authors note that the disagreement required

for scientific argumentation can result in negative social and affective consequences

19 This was the case for Dan Shechtman, for example. Shechtman recently won the
Nobel Prize in chemistry for the discovery of quasicrystals despite ideaOs initial
rejection, which caused lodgsing damage his reputation. Shechtman was expelled
by his research group after his discovery, and was ridiculed by leading chemists such
Linus Pauling, who quippedT@ere is no such thing as quasicrystals, only guasi

scientists."
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that can shut down the discussion. Both afguée need for students to develop
norms by which they can make their thinking visible while also remaining open to
having those ideas assessed and refined, noting that the processes by which groups
establish these norms are not well understood.

In this chapter, | contribute to research on how groups establish norms of
interaction that enable them to balance the epistemological and affective dynamics of
scientific argumentation and sensemaking. By analyzing three tutorial groupsO
behaviors and discose during their first few discussions of the semester, |
demonstrate some of the linguistic resources by which they balance making repairs of
understanding with making repairs to affect. In what follows, | develop the
theoretical framework for identifyingne such resource, which | find plays a major
role in the groupOs sensemaking dynamics: the downgrading of epistemic stance
through hedging, deferring, and other shifts of footing.

In what follows, | will first show how literature from philosophy of science
and from science education research supports the view that the management of
appropriate downgrading of claims is a key aspect of sophisticated scientific
discourse. Then | willeview research from discourse analysis that develops
theoretical and analytical tools for identifying when and how people modify their
epistemic stance in conversation, through shifts in footing such as hedging or even

through the use irony.

Managing egstemic commitments in scientific discourse

Philosophers of science have identifted appropriate use of caution in

making and evaluating clainasakey elemenbf sophisticated scientific discourse
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(Lakatos, 1980; Laudan, 198w/hitt, 1990) One reason for this is that at any given
time there are many theories (e.g., string theory) and experimental results (e.g., faster
thanlight neutrinos) whose epistemic certainty is in limbo. Theories that have been
rejected by the scientific community at one time can still make a comeback, as was
the case in the particle theory of lightkatos, 1980and in the pursuit of the hidden
variables of quantum mechani®&aggott, 1992; Bohm, 1952)These historical cases
of theories lying within the Onether region® between discovery and acceptance suggest
that science could not proceed if scientists only pursued theories they believed in
(Laudan, 1981p. 174; see also Whitt, 1990k-or this reason, Laudh981)
distinguishes betweehe pursuitof a theory andbelief in a theoryarguing for their
equal status as rational forms of scientific appraisal.

LaudanOs argument for the rationality of theory pursuit without belief
identifies just one of the manifold ways scientists epistemologically manage their
commitment to theoretical and experimental claims. For instance Ldka&®)has
pointed out that scientists orient themselves distribute tiusit unequally among the
components of a theory, with some claims forming core beliefs while others form a
Oprotective beltd of auxiliary assumptions that can be subject to change. As Feynman
has put it, Oscientific knowledge is a body of statementsrpihg degrees of
certainty\l some most unsure, some nearly sure, but none absolutely certainQ
(Feynman, 1988)This variation inepistemologicastatus of the various laws and
theoriesrequires scientists to constantly manage their epistemic stance awthivie
network of theoretical commitments. Researchers in discourse araysi®egun to

study how scientists mage their epistemic commitmentsough discourse moves
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such as hedgin@chrsder & Zimmer, 1997; Varttala, 1999)

Given the importance in scientific discourse of maintaining an appropriate
distance from oneOs claims in scientific discourse, researchers in science education
have iderified the appropriate use of caution in makargl evaluating claims as an
important aspect of their epistemological understandings in learning science. Several
researchers in science education have analyzed studentsO discourse to show how they
manage thie commitment to their claims through hedgifiSessa, Elby, &

Hammer, 2003; Kirch & Siry, 2010)diSessa, Elby, & Hammer (200&8)gue that a
studentCshoice of when to hedge, and when not to, is an Oepistemologically loadedO
discourse move that can shed light on a studentOs conceptual and epistemological
understanithgs in physics.

My dissertation contributes to this work by identifying several ways students
index their epistemic commitment to their claims and stances within collaborative
scientific sensemaking. | also examine the influence of the studentsQ eedtjia
dynamics of sensemaking discussion, finding thalaiys both a role in both the
epistemological and affective dynamics. By hedging their claims the students are
able to monitor the sources and certainty of their claims, and by softening their
stances the students they can protect themselves from the affective sting of having
their positions challenged, refined, or rejected. In this way, hedging can help students
maintain a space where they feel safe to introduce and publicly evaluate their idea
In the next section, | draw from research on discoursgsiedb identify some of the
ways students in tutorial epistemically downgrade their stances in ways that help

create a safe space to sensemake.
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EpistemicDistancing Through Shifts Of FootiNgn Chapter 2, | reviewed research
on discourse analysis that revealed how speakers in conversation modify their stances
through shifts of footing. This research has identified several discourse markers by
which speakers can upgrade or downgrade theitegpis commitments (e.g., Ol
guessEO). Researchers on stance have also identified paralinguistic channels by
which participants in conversation can convey their epistemic stance, including tone
of voice(Ward & Hirschberg, 198%nd even the physical positioning of the body
(Goodwin, 2007a)

In Chapter 2 | also highlighteche way that students can modify their
epistemic stance in conversation: throggifts in footing Goodwin, 2007h) The
notion of footing was introduced by Goffm@aoffman, 1979; Goodwin, 2007&)
characterize the subtle ways tepeakers can distance themselves from Omeaning
what they say.0 Goffman discussed hedgers and qualifiers as a means of Ointroducing
distance between the figure and its avowalO (p. 148), thereby changing the
relationship a speaker hagth their statementThis is what Goffman refers to as a
shift in footing In his wordsQ[w]hen we shift from saying something ourselves to
reporting what someone else said, we are changing our footfh§Z9, p. 151) By
hedging, quoting, and other shifts in footing, speakersigaalsvhether they are the
author of a claim (the person who came up with it), or just the messenger.

Shifts in footing can be used to epistemically upgrade or downgrade claims,
for instance byleferring(e.g., Oresearch has provenEQ) ohégging(e.g, Ol

guessEO)CIift, 2006; KSrkkSinen, 2003, 2007 use the ternepistemic distaring
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to refer to a shift in footing that softens the speakerOs stance. Through epistemic
distancing, stdents can reduce their epistemological and affective stake in their
statements in ways that shield students the affective risks of taking a stance, thereby
facilitating the groupsO construction of a safe space to introduce and evaluate their
ideas.

In the data analysis section of this chapter, | will present video analyses that
show how three groups rely on epistemic distancing as a resource to manage
conceptual, epistemological, and affective tensions in making a safe space to
sensemake. It is throughamaging these tensions that the groups are able to maintain
a balance between the generation and evaluation of ideas in order to make sense of
physical phenomena.

The data analysis is divided into two parts. In Part I, | analyze how three
tutorial groupgthe Bluebirds, the Sparrows, and the Ospregsh get into their first
discussion of the semester. | show how each group is able to build a shared
understanding@f their activity ashaving a discussionThey accomplish this, in part,
through their use of epistemic distancing. In Part Il, | analyze how each group comes
to understanding their activitg a way that involvesollaborativéy making sense of
physicd mechanisms through discussion. | show how the how this understanding is

aided by the studentsO epistemic distancing as well.

DATA ANALYSIS, PARTBIHOW ADISCUSSIONS BORN

In Part | of my analysis of the tutorial groupsO early interactions, irexam
each groupO§'tliscussion of the semester. Through a close analysis of their

coordinated behaviors and reasoning, | describe the processes by which the students
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build a shared framing of their activity as having a discussion. | also point to the

precursors of collaborative scientific sensemaking in each groupOs first discussion.

This leads to Part Il of this analysis, where the central focus is on how the groups

come to frame their activity as collaboratively making sense of physical phenomena.
All three groups get into their first discussion of the semester in response to

the instructions of the first tutorial question. As shown in&gthe first question

asks students to reflect on their learning. Specifically, it asks them how thinking

about their mistakes may help them learn physics.

Since reflecting on the purpose of an activity can help you get more out of it, let’s start with this:

A. (Answer individually) What do you see as potential benefits of explicitly thinking and talking about
the mistakes you make while working through these activities? If you think dwelling on your
mistakes won’t be particularly helpful, explain why not

Figure 4.1N Part I.A. of Tutorial 1 asks them to reflect on the potential benefits of thinking
and talking about mistakes they make

Part B of the first quesin asks them to discuss their answers to part A. It

also asks them to note any differences amahgsgroupsO answers (see Fig. 4.2

B. Discuss your answers with your group. If anyone gave part of an answer significantly different from
yours, write a one-sentence-summary of that opinion here

Figure 4.2N Part I.B. of Tutorial 1 asks them to discuss theiReponses to Part I.A with their
group

As | will discuss in what follows, all three groups get into their first discussion
in response to part B, where they are asked to discuss their answers. At the same
time, all three groups show signs of resisting #gtivity. There is a wide variability

amongst the groups in how they take up this discussion, which shows that Ofollowing
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the instructionsO is an interactional achievement that is not to be taken for granted. In
Part |, | show how differences amongstdentsO use of epistemic distancing can help
explain this variability in their first discussion. In Part I, | show the studentsO and
TAOs management of epistemic distancing helps each group to construct a safe space

to sensemake.

The BluebirdsO1* discussiorlN Ol guess we shouldEOdiscussss our answersssOO

After the TAOs introduction to the tutorials, the Bluebirds start the tutorial
silently focused on their worksheets. After a few minutes, the group suddenly
transitions to a new set of shared behavidrsey go from being hunched over their
worksheets and looking down as they write, to sitting up, making eye contact,
speaking, and gesturingrhisshift is what Scherr and Hammer (2009) describe as a
transition between two ways of framing their actiyitpm completing the worksheet
to having a discussionThey engage in the discussion for about one minute before
turning back to the worksheet. How do they accomplish this group level shift in how
they are understanding their activity? | will disctres behavioral transition and
then analyze the discourse surrounding it to gain on insight on how and why it

happened.
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Figure 4.3N The BluebirdOs first transition from completing the worksheet to having a
discussion

Behaviorally, each student orients to the group space one at a time over a span
of about thirty seconds. Deirdre trédims first. As she finishesat A she sits back,
lifts her hands away from her tutori@brksheetand looks up. This cotitsites an
example of what Scherr & Hammer (2009) cdliéfor a change in activity. After

the last student orients to the group space Deirdre hedges as she suggests the groupOs

DEIRDRE: | guess we should...whatdidwehavetodo?
BREE: (ina mocking tone) ODiscusssss our answersssEQ
AMANDA: I'm sure we all wrote the same thing  (laughs)
DEIRDRE: We could just read it to each other Idunno, to see...
BREE: WellE
AMANDA: What'd you write, Bree?
BREE: (smiling, in a mocking tone) | wrote, "Thinking about your

next action.
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mistakes helps you realize where you went wrong in your
thinking (Amanda gestures) and what led you to think
that way (Bree gestures) to begin with.O (laughter)

AMANDA: (laughing) | wrote exactly the same thing.

Deirdrestarts the discussion by Ocalling the question® when she says Ol guess
we shouldEO but leaves it open what it is they should do. She asks,
Owhatisitwehavetodo?0 and looks down at her worksheet, which she points at with
her pen as she reads.

Bree follows DeirdreOs gaze downward and looks at her own worksheet,
reading in a sort of mocking tone, ODiscussss our answersssss.O BreeOs move sends
the signs obothcompliance and resistance, an ambigargatedoy reading the
instructionswhile also possibly mckingthem Amanda offers further resistantce
discussiorby saying, OlOm sure we all wrote the same thing,O which would apparently
obviate thenstructions of the tutorialDeirdre manages this ambiguous landscape of
stances towards following the insttions by a sort of compromise, OWe could just
read it to each other Idunno, to seeEReading out loud is not exactly discussing,
but it is a wayfor the students to followhe letter of the tutoriahstructions, if not the
spirit. This move turns oub bea criticaloneas theyenter an alignmentf@ngaging
with the tutorial. In this way, the Bluebird&ork out a system of taking the tutorial
seriously, but notoo seriously.

This moveto read out lou@lsocapitalizeson the turrtaking structue of
discourse. Bygreeing taeadtheir answers out loud to each other, exgagup
membergains access @nopportunity to Ohave the floorBDee takes the floor first,
and she uses the same ironic shift in register to deliver her own response as she did
the tutorial. Amanda Oplays alongO by making a gesture that seems to say, Obut of
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course!O and laughing. BreeOs move here is somewldgipsetfatoryn that she is
mocking her own response. This is also an ambiguous message of following the
tutorial while at the same time mocking it. Amanda replies, Ol wrote exactly the
same thing® a similarregister, anove which in this casservesas a proxy forher
turn at having the floorpbviatingtheneed to read hawn response.

Carmelle goes last, but since Bree is still commenting on her turn there is
some overlapping speech that precipitates the repair of théaking structure:

CARMELLE: | just putthat it um,
BREE: ...silly.
CARMELLE: Oh, you still goinO I'm sorry
BREE: Oh nonono I'm done
CARMELLE: | was just gonna say it comforts others in knowing
that they too may have made the same mistakes, so
you don't feel like you're alone, (Bree nods) and um, |
also said it kind of fosters better reasoning because /if
you can/ reason through you mistakes then you can -
TA ROSSLYN: (off camera) Real quick, guys, | 'm sorry to inter -
need to explain to you about how to do the
experime nt for this oneE

Carmelle recognizes the fact that Bree is still talkindgthat she may be
intruding onBreeOwirn. She had apparently understood that she was next, but there
were problems with that understanding. Bree repaired the turn overlap by letting
Carmelle she was in fact not interrupting: OOh nonono IOm done.O Carmelle then
goes and she starts reaglimer responsgpeedingup her pace after the repair. She
looks up as she shifts frommading what she wrote to saying what she thinks.
Carmelle gedinterrupted by the TA who starts making an announcement to the class
The TA accompanies her interrigat with repair of understanding that the

interruption is potentially cutting into what the TAOs want them to be doing. That is
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the end of their first discussion, as the TAOs take a few minutes to explain how to use

the motion detector for the upcomingtseof the tutorial.

How the Bluebirds Got Into Their First Discussiom part, the Bluebirds get into the
discussion by following the instructions and thereby relying on the intentions of the
tutorial writers. This is no simple matter, because therenargy ways of interpreting

the tutorial instructions of Odiscuss your answers with your group,0O not all of which
align equally well with the intentions of the tutorial. This is a group achievement that

it is worthwhile to understand based on the detditsach groupOs interaction.

Ol guess we shouldEWhat is it we have to do*

ODiscusssss our answers?

Figure 4.4N Both Deirdre and Bree use epistemic distancing to suggest the groupOs next move
according to the worksheet.

The Bluebirds used epistemic distancing in ways that helped them take the
tutorial question seriously, without takingdt seriously. Deirdre makes a bid to
change groupOs activity, but softens her stance first by hedditiiearby turning it
into a question. Bree answers DeirdreOs question, but in a mocking tone with

exaggerated pronunciation. This move constitutes an ironic shift in footing in which
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Bree distances herself from the content of her suggestion to diseusantbwers

(Clift, 1999; Goffman, 1979) Deirdre introduced further distancing from the task by
suggesting they read their responses. This move stabilizes their discussion, since by
taking turns the Bluebirds are able to introduce more ideas about how discussing
mistakes can be beneficial for learning. By taking turns and by softening their
stancs through hedging and ironic shifts of footing Bluebirdssase away from

reading what they wrotand towardsaying what they thinkin Part Il | show how

this move proves to be a foundational step in the Bluebirds® sensemaking dynamics.

The Sparrows@* discussioiN OWhateverEnext!O

Like the Bluebirds, the Sparrows switch as a group from being hunched over,
oriented to their worksheet to sitting up and orienting to the group. The entire

transition takes thirty seconds.

Figure 4.5N The Sparrows first transition into the Green mode behaviors

Daria is the first to speak. She does not comment explicitly on what they
should dounlike the Bluebirdy but rather dives right into discussing her answer.
She does so in a way that is an apparent attempt to obviate anyone else from having

to take a turn sharing their answers, a move which Alan and the others then get
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behind. Alan closes the brief discussion with a dismissive comment,

OWhateverEnext!O

CHRISSY: (laughs)
DARIA: So...okay.../we talked about how/ you can learn from
your mistakes /pretty much/ yeah
ALAN: Yeah I think everyone said "learning from your
mistakes," right?
DARIA:  Yeah
BRANDI: Right
CHRISSY: (laughs)
DARIA: /pretty much okay/
ALAN: Whatever...next!

How TheSparrows Got Into Theit®DiscussioiN Like the Bluebirds, this group has
also entered into their first discussion by following the instructionghie@parrows
engage with the substance of the question much more suglbrfioan do the

Bluebirds. Nobodyn the Sparrowsactually reads their response, which was a move
that helpedluebirds distancéhemselves from the tutorial question while still
engaging with it. In the Sparrows, the group seems to cohere aroundssiism
attitude towards the tutorial question and their need to discuss it. At this point, the
group could be in danger of aligning against the grain of the tutorialOs goals. They

will continue on in this direction until a TA intervention | will discus$art Il.

The Osprey<istdiscussionN OItOs been proven that you learn from your
mistakesO

Like the Bluebirds and the Sparrows, the Ospreys orient to the group space

after an extended period of focusing on their individual worksheets.
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Figure 4.6N The OspreysO first transition into the Green mode behaviors

Adam is the first to transition in his behaviors when he puts his pen down and
looks up at the computer screen. He apparently finishes PartuAabdnute before

anyone else. Towards the end of this minute, Brad makes a disparaging comment on

the tutorial question right before Cathy looks up and starts the discussion.

BRAD:
CATHY:
DEVIN:

CATHY:
DEVIN:

CATHY:

ADAM:
BRAD:

PShshss this is very...condescending

What were...your reasons?

/SOjust/ allows you to better understand :: the way  you
thought about it,=

| saidEif you

=versus the correct way, /so you can sorta/ be able to
assess the situation better next time.

Yeah, if you - can catch your mistakes you might notice
like a pattern /of/ what you - like, what topic you're /not/
understanding

It's been proven that you learn from your mistakes.
MOQyah

How The Ospreys Got Into Theif' DiscussiofN Despite BradOs disparaging

comment, the grouenters the discussion by tacitly agreeing to follow the

instructions. Cathy and Devin each share their ideas about how discussing mistakes

can help them learn, while Adam states matfeiactly: OItOs been proven that you

learn from your mistakes.O Fhtatement constitutes a shift in footing that

epistemically upgrades his stance. This statement seems to shut down the

conversation, perhaps because Adam is deferring to experts instead of offering more
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ideas abouhowtalking about mistakes can help.

Summary of part IN Reflection on the groupsO™discussion

In Part | of my analysis, | examined three tutorial groupsfis¢ussion of the
semester in order to describe the processes by which they first got into a discussion. |
found that all three groups entered their first discussion in response to the worksheet
instructions | also foundvariability across the groups how they interpreted these
instructions which highlights the fact that Ofollowing the instructionsO is a mutual
achievement and not to be taken for granted. The Bluebirds décidach read
their response, a move that lengthened their discussioanatded them to get more
ideas on the table. In contrast, the Sparree=egenerally dismissive and do not
discuss much at all. They bypass theaiking format by agreeing that they all put
Olearning from your mistakes.O The OspreysO first disdasaim®e substantial than
the SparrowsO, with Devin and Cathy talking about ways talking about your mistakes
can actually help you learn.

The groupsO variability in taking up the discussion can be partly explained
through the students® management ofegpistdistance. In a sense, the Ospreys
used too little epistemic distancing; the discussion shuts down when Adam states,
matterof-factly, OltOs been proven that you learn from your mistakes.O The
Sparrows, on the other hand, use too much. By sayitigin®we all put Olearning
from your mistakes,OO Alan shifts his footing in a way that epistemically distances
himself from the activity and precludes further discussion from the others when they
implicitly agree. Taamuch greater extent than the otesups, the BluebirdsO were

able to make space for sensemaking about the substance of the tutorial question.
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Through their use of hedging (Ol guess we shouldEO) and ironic shifts of footing
(Odiscusss our amerssssEQ) in a way that enablbem to eas&om Oreading what
they wroteO to Osaying what they think.O

Although the first question is not about making sense of physical mechanisms
per se, there is variability across the groups in how the groups take it up. Although
the Sparrows are generally mhissive of the first question, the Ospreys and Bluebirds
each engage with the substance of the first questions that show signs of collaborative
scientific sensemaking. In the Ospreys, Cathy and Devin tried to make sense of the
mechanism by which talkingntough your mistakes can help you to learn physics, in
alignment with the tutorial goals. In the Bluebirds, the groupOs activity goes from
reading what they wrot saying what they thinka shift in footing that is a
precursor to framing their activigs collaborative scientific sensemaking.

Although these first discussions contain hints of collaborative sensemaking,
the question remains as to how the groups build a shared framing of their activity as
collaborative making sense of mechanisms. InlPaftmy analysis, | will identify
the first collaborative scientific sensemaking discussion of each tutorial group and

discuss the processes by which the groups get into such a discussion.

DATA ANALYSIS, PARTHIWHEN, HOW, AND WHY DO TUTORIAL GROUPS

START COLLABORATIVELY SENSEMAKING?

In Part | of my analysis, | found behavioral transitions amongst all three
groups that marked their first discussion in tutorial, and discussed what led to those
transitions. In Part Il, | follow each gro@psubsequent stussions to look for

evidence of collaborative sensemaking about physical phenomena, and identify the
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dynamics by which each group got into their first collaborative sensemaking
discussion. As in Part I, | will provide instzesof all three groupSuseof distancing
mechanism# waysthat help make space for the group to collaboratively sensemake.
| find that once again there is variability amongst the groups in their sensemaking

discussions, both in when they have these discussions and why.

The BluehirdsO 1 collaborative sensemaking episode

In Part I, | showed how the Bluebirds went fromading what they wroti®
saying what they thinkin analyzing their subsequent discussions, | find that the
Bluebirds continue to say what they think. By tHeurth discussiomf the first
tutorial, they show evidence that they understand their activity to include making
sense of physical mechanisms. Having just made motion graphs by walking slowly
away, resulting in a straight line of positive slope, the Bilais are asked to draw
and discuss their predictions for a faster walking speed. This prompts a discussion in
which they sensemake about the connection between their physical motion and the

features of a graph of that motion, as | will describe in whliav's.

CARMELLE Darn it! Why am | not doing this dotted line thing?
BREE It'd just be like a steeper slope (gestures with pen)
AMANDA Right, okay.
DEIRDRE Steeper slope, that's what - okay.
AMANDA And not starting at the origin
DEIRDRE Yeah a little bit higher
AMANDA Yeah
DEIRDRE (reading) and then, same thing. (gestures)
CARMELLE But you know what...(they look at her) Okay. Okay. Okay
right cause the steeper slope would represent
AMANDA (over S3) Going faster
DEIRDRE (over S3) A shorter
CARMELLE A farther distance in shorter time (S1 and S2 finish her
sentence with her) Okay
AMANDA Right.
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CARMELLE Okay. (nods)

Through this discussion, the Bluebirds collaboratively decide what the graph
would look like, and why it would look like thatn doing sathey are making sense
of the motion graphs and how they were different from last tifey concludehat
the steepess of the slope waseater, and they also remiadch other not to start at

the origin,alesson learned ia previougdiscussion.

ReflectingOn TheBluebirds@&arly Sensemaking Dynami¢3 he Bluebirds have
found away tobalancehe processes aftroducing ideas and evaluating them. They
are not afraid in this moment to put their idea out tharsuggesting that the
steepness of the slosegreaterand theinterceptis higher. They are also evaluating
the ideas that are being thrown out thertegiby agreeing with them, elaborating on
them, or challenging them. Carmelle was about to push back against the steepness
idea, OBut you know whatEO but then she apparently figures out why the steepness
of the slope should increase in terms of the mg{sOthe steeper slope would
representEa farther distance in shorter time. Okay.O In this wa)ikeeirdsare
softening their stances in ways that manage the epistemological and affective
dynamics simultaneously. By making repairs of understandingnéighting the
affective risk of making those repaitee Bluebirds have constructed a safe space to
sensemake.

The Bluebirds are unique out of the three groups | am analyzing here in that
they seem to make steady progress in coming to an understanthieq aeftivity that

allows for scientific sensemaking. Up until their first sensemaking discussion, the
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other two groups are showimgoresigns of antialignment with the goals of

curriculum than alignment, through their dismissive approach. In boSpdueows

and the Ospreys it is the small act of an individual that seems to spark this dramatic
change in the groupOs progress. First | will detail this process for the Sparrows, for
whom a teacherOs assistant stepadielps the group right itsourse. Then | will

tell how, for the Ospreys, it was a new student who was able to alter the dynamics of
affective engagement enough for the group to create a space where they can

sensemake by relying on their own ideas.

The SparrowsO 1st collaborative semsaking discussion

In Part I, | showed how the Sparrows were dismissive of the first tutorial
question. This dismissive approach continued for the Sparsuiséquent
discussions, until later in Tutorial 1 whafT A overhears them dismissing a good
queston. The TA uses this as an opportunity to get the Sparrows sensemaking, which
he makes room for by incrementally adding epistemic distancing into his questioning
pattern until the students started coming up with ideas. Then, he uses this
sensemaking disssion as an opportunity to make repairs to the SparrowsO
understanding of what it is they are supposed to be doing in tutorial. Once the TA
leaves, they gaght back to collaboratively sensemaking on their owwill
describe the TAOs interventionad| as the SparrowsO discussion affieTA
leaves.

The second question of the first tutorial asks them to walk slowly and steadily
away from a motion detector while the computer displays a graph of the motion on

the screen in real time. Once they stop moving, the graph stays on the screen and the
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studentscan orient to with their talk and action. Alan is the walker for this

experiment. He walks slowly and steadily backward, while holding up a notebook to

make a ALAN:
DARIA:
better ALAN:
CHRISSIE:
target DARIA:
CHRISSIE:

for the

Wh- what are those two jumps?

I(h) - don't know.

Whatever.

Okay,

(trailing off)  You wanna try it again?

(reading out loud and trailing off) ~ Sketch the resultE

motion detector (as suggested by the TAs earlier). While he is refumihe table,

he notices two OjumpsO in the graph, but starts to dismiss them.

Just when it seems that the group is on course to ignore these OjumpsO in the

graph, TA Joey steps in to use it as an opportunity to engage them in sensemaking

about the graph. He enters the conversatioredppsing AlanOs questidnSo wait a

minute, th#Os -athatOs a good questionvhat are those two jumps?0
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What are those two jumps’  Whatever.

So wait a minute,

ThatOs a good question, wh | donOt
were those two jumps? I donOt know

Figure 4.7N The TA overhears the group dismissing a good question joins in to help the
Sparrows make sense of the graphs

When nobody responds, TA Joey kneels down and asks the question again,

but with some epistemutistancing:

So, what do you think happened ther
do you have any ideas?

(D

Figure 4.8N TA Joey introduces more epistemic distance to the question, when he kneels
down and asks about what theyhink happened there.
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TA Joey introduces epistemic distance to his question in a way that helps the
Sparrows feel comfortable sharing their ideas. He then engages them in a
sensemaking discussion about what might be causing the jumps in the graph in which
the students offer competing suggestions, such as an unsteady walking pace and an
inadvertent movement of the book they were using as target for the motion detector.
Chrissie suggests that they do another trial. At this point TA Joey comments on this
senseraking discussion in order to make an explicit repair to the SparrowsO

understanding of what it is they should be doing tutorial.

So this is the sort of thing we want

you to investigateEdonOt just say, OOh,
itOs exactly what we thought. OCause
itOs not, exactly.

Figure 4.9[51 TA Joey uses this sensemaking discussion as an opportunity to repair the
SparrowsO understanding of what they should be doing in tutorial.

After TA Joey leaves, they continueethsensemaking about the causes of the
jumps in the graph. They follow ChrissieOs suggestion and do another trial, which
results in a straight line with no jumps in it. They celebrate this with smiles and
laughter, saying OOkay it worked out.O Butreeaftoving on to the next question

they go back to making sense of the causes of the jumps in the original graph:
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DARIA:

DOyou wanna try again?

ALAN: You wan/me t/a try it again?
CHRISSIE: yeah
DARIA: Yeah just /one/ try
BRANDI: How /did ??/
DARIA:  Hold on,
CHRISSIE: You gotta stand in front of it...ready?
ALAN: Yep (walks slowly away with book in hand)
DARIA: There you go::::
CHRISSIE: Ah:::, okay,
BRANDI & DARIA : (laughing)
DARIA: Okay it worked out.
CHRISSIE: So maybe you we ren't walkin' at a steady pace at
one point
ALAN: Probably , | prob ably like moved the book or
something like that
DARIA: Did you? Yeah maybe
ALAN: Yeah.
DARIA: Wait did you do something differen t the first
time?
ALAN: No.
DARIA: /While you were/ walking back?
ALAN: |was-I-1probly...I donno either=
BRANDI: [Sometimes you do things subconsciously
ALAN: [=moved the book down or, you know, whatever
yeah
CHRISSIE: Sowhere do you, you write that where? Oh, for B.

This discussion providesvidence that the TAOs intervention has had a lasting
effect on the Sparrows® understanding of their activity this discussion, the
Sparrows illustrate that they have built a shared understanding that the OjumpsO in the
graph are entities that theymshd point out and try to make sense of. TA JoeyOs

moves served to not only to refine not the SparrowsO shared conceptual

1 As | will demonstratén Chapter 5, the Sparrows continue to sensemaking about
their motion graphs, so much so that they sensemake about bumps in their graphs

even when the tutorial worksheet tells them to just Osmooth out the bumps.O
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understandings, but alsieeir epistemological understanding of what it is they are
supposed to be doing in tutorial. As | will diisss in the next section the Ospreys
also build a shared understanding that they should be making sense of their motion
graphs, after a new member of the group challenges the norms of the group with a

simple question.

The OspreysO®icollaborative sensemaking discussion

In Part I, | showed that the OspreysO first discussion contained some of the
precursors of collaborative sensemaking. For instance, Cathy and Devin each
described some of the mechanisms by which talking about yotakesscould help
them learn. But AdamOs comment, OltOs been proven that you learn from your
mistakesO seemed to shut down the conversation. After that point, the OspreysO
discussions contained little evidence of collaborative sensemaking for thetrest of
first tutorial.

It is not until the beginning of the second tutorial when the group goes into a
discussion in which they are collaboratively making sense of a physical phenomenon.
Notethat in this tutorial the group membership has shifted. Seatraggements in
tutorial are generally setirganized, people may sit wherever they wish unless
otherwise noted (which the Twill otherwise note in the®utorial, telling them to
keep the same groups). But even with this open policy, students testdrtoto the
same grougs to the same seats, in fact. Devin, for instance stays in the same seat for
most of the semester. But of the three groups in my study, the Ospreys are the only
group to not have its original members by the end of the seméstéatorial 2,

Cathy is gone and a new member Britte is present.
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As in the first tutorial, the second tutorial asks the students to make motion
graphs and to compare their predictionaiast the resulting graph. Iruforial 2,
they are making graphs dfdir velocity versus time. The Ospreys start out the
tutorial drawing their predictions of a velocity vs. time graph for someone walking
slowly away from the detectoiThey are focused silently on their worksheets for

several minutes, before Brad suggdbey get to the experiment:

BRAD: Should we let it rip?

BRITTE: Are we um, allowed to discuss now?
DEVIN: Yes.

BRITTE: MMmkay.../let's see/...

Brad suggests they get started with the experiment. Britte, who is new to the
group, solicits a repaof understanding of what OitO is they are supposed to do by
asking, OAre we, um allowed to discuss now?O Devin answers in the affirmative, and

this prompts them to show each other their graphs and to discuss their predictions:

BRAD: (holds his tutorial — booklet up, silently, for others to see.)
DEVIN: /Wait/
BRITTE: (looks at DevinOs worksheet , holds hers up) | have the opposite of
you ahehEWhy?
DEVIN:  (puts her tutorial booklet in middle of table, then looks at BradOs)
So, /it's my thinking was/ the um, (::) velocity's gonna increase
(hand gestures ) AS it's going down?
ADAM: But since it's a constant acceleration wouldn't it be a (gestures)
BRAD: Well, veloc ity's gonna increase (gestures) because, it's just
FALLing (gestures) ...slower so thing s...increase /steadily in
speed/ when they fall. And they fall at constant acceleration.
ADAM: Constant acceleration but should be velocity?
BRAD: /yeah it's curved/
ADAM: the curve is supposed to /change/
DEVIN: /Absolutely /. Right right.

ReflectingOn The OspreysO Sensemaking Dynéiibis discussion contains
evidence of the Ospreys' collaborative scientific sensemaking. They notice

inconsistencies in their graphs and seek to resolve them by reasoning about how the
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physical motions connect with features of the graph. There is atdeneei that this
sensemaking is facilitated in part through epistemic distancing. Britte was

challenging BradOs move by suggesting that they discuss their predictions, but she did
so with considerable hedging. This enabled her move to influence the dgrami

the group towards alignment with the tutorial goal of collaborative sensemaking.

Should we let it
rp?

Are weum,
allowed to
discuss now?

Figure 4.10N Brad bids to start the experiment,while Britte suggests that they discuss their
predictions, with considerable hedging.

Once they have this first sensemaking discussion, the Ospreys continue to
have them throughout the rest of the semester, although these discussions are not as
frequent a the other two groups. | will discuss these lorigan dynamics in

Chapter 5.
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Summary of Part Il N Reflections on the groupsO sensemaking dynamics

In Part II, | explored the dynamics of collaborative scientific sensemaking
within the groups throughout thiest tutorial and, in the case of the Ospreys, the
second tutorial. | found that the Bluebirds made steady progress towards making a
safe space for sensemaking, in part by using epistemically distancing in ways that
help maintain a safe space to introéuheir own ideas and to evaluating them. 1| also
showed that although the Sparrows were heading inteabgitiment with the goals of
the tutorial, a TA stepped in at the right time and helped them right their ship. And
finally, the Ospreys got thereh@n a new student phrased a simple question in a

interesting way, OAre we um, allowed to discuss’ now?0

CHAPTER SUMMARY AND DISCUSSION

In this chapter, | showed how three tutorial groups were able to able to build a
shared understanding of the naturéhedir activity. | first laid out the theoretical
foundation for understanding how tutorial groups can maintain a safe space to
sensemake by managing the epistemic distance between them and their statements.
In the rest of the chapter | analyzed how thtgerial groups managed these
dynamics within their first few discussions of the semester.

In Part I, | analyzed each groupOs very first discussion of the semester,
finding that all the groups got into the discussion by following the tutorial
instructins. However, there was evidence of variation across groups in how they
understood those instructions, based on how they approached the discussion. Part of
this variation can be explained by differences in how each group managed the

epistemological and fdctive dynamics of their discussion. Through the use of turn
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taking and epistemic distancing, the Bluebirds were able to construct the beginnings
of a safe space to sensemake as they shiftedréading what they wrott® saying
what they think The oher groups either distanced themselves too much (the
Sparrows) or too little (the Ospreys) to share much of their thinking in the first
discussion.

In Part Il, | identified and analyzed each groupOs first discussion that showed
significant evidence that é¢hstudents were collaboratively sensemaking about
physical phenomena. There was variabilityhia timing ofwhen in the tutorial this
discussion occurred for each group, and how they got into the discussion. In the case
of the Bluebirds, they progresssigadily in their sensemaking over the first few
discussions. For the Sparrows and Ospreys, the groups were sfewsignsof
sensemaking, until an outsider from the group challenged them to engage in the
tutorial in a new way. The Sparrows startedsemaking together after a nearby TA
overheard a good question and used as an opportunity to engage the group in a
discussion, and to repair their understanding of what they are supposed to be doing in
tutorial. The Ospreys started sensemaking when ashedent asked the group, OAre
we um, allowed to discuss now?0O

These findings contribute to research on how students in tutorial come to
understand the epistemological nature of their activity in tutorial, i.e., their
epistemological framin@Bing & Redish, 2009; Elby & Hamer, 2010; Hutchison &
Hammer, 2010; E. Redish, 2004; Scherr & Hammer, 2008 analysis of these
three tutorial groups has shed light on some of the dynamics by which tutorial groups

build these shared ways of framing their activity. In Chaptewd| contribute to
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this research further, by following the groups through the rest of the semester to show

how these shared understandings evolve over longer timescales.
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Chapter 5L.ong-Term Dynamics of Tutorial GroupsO

Collaborative Sensemaking

INTRODUCTION

In Chapter 4 my primary analytic focus was on the initial interactions by
which the behavioral clusters and sensemaking discussions emerged within the
tutorial groups. To study this, | chose to look at the first discussion of each group in
fine-grained dedil. How does this connect to their longerm dynamics? Research
on small groupgArrow et al., 2000; Bettenhausen, 1991; Bettenhausen &
Murnighan, 1985has emphasized that the earliest phases of group formation are
precisely when the groups are establishing the norms that will supervene on and in
ways even constrain their future progress. And so by gaining an understanding of
how the tutorial groups ft manage to construct some shared space to sensemake, we
gain insight into the tools by which the groups maintain the stability of these shared
understandings throughout the rest of the semester. But it would be unwise to simply
assume that the tools theoups use to initially construct the shared space are
important for the longeterm dynamics of the groupOs interaction. And so, it is
important to begin to undertake the task of characterizing and accounting for the
dynamics on longer time scales. Myngecture is that these tools from the beginning
will be used throughout, but | am not assuming that these are the only tools likely to
be relevant.

The analyses in Chapter 4 suggest that small things can make differences in

thegroupOs sensemaking tctgeies toward sensemakindt could be an instructor
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overhearing a grouas theydismiss an opportunity to sensemake (in the case of the
Sparrows), or it could be a new student who is unsure of the norms of the group (in
the case of the Ospreys). Thesamples serve us as existence proofs of the facts
that (1) the tutorial instructors can make enormous positive influences on the
sensemaking practices of the groups, and (2) that the norms of the group are still
subject to perturbations from individual mbkers of the group.

It is important to continue the story of these groups to determine that these
differences in practice were lasting differenc@gth that in mind, | promised in
Chapter 4 that | would report on some of these lotgen dynamics of #1 groupsO
sensemaking practices. What happens with the Sparrows is quite intetasting
following TA JoeyOs advice sensemagkabout graphshe Sparrows have a lengthy
discussion only find out they are sensemaking when they are not supposed to. | will
report on these dynamics in this chapter, drawing implications for instruction and for
curriculum development.

First, | start with piecing together a story out of vale moments from the
Sparrows Ttorial 1 after TA Joey stepped in and helped them stéletboratively
sensemaking about anomalies in the graph. | show that this understanding is one that
the Sparrows take away, and stably so. It is robust enough to withstand several
instances of mixed messages with respect to whether they should discossies in
the graph.

Then, | will present a relevant moment from later on in the tutorial for each
group. | will compare how each group approaches the same tutorial pkbblem

drawing the force diagram for a roleoaster cart that is upside down agaées

107



around a big loop in the track. | will use this example as a touchstone for discussing

each groupOs longerm dynamics.

THE SPARROWBOSMOOTH OUT THE BUMPSO

As reported in Chapter 4, the Sparrows at first are dismissive of the
epistemological gals of the tutorial, until a tutorial instructor steps in to help them
engage in some scientific sensemaking. He encourages them to help each other make
sense of things such as unexpected bumps in the graph. He also Ogoes metaO to say
this discussioris the sort of thing we want you to be doing. This interaction proves to
be quite a formative moment for the SparrowOs shared understanding of the nature of
how to engage with the tutorials. However, that shared understanding is not set in
stone, and is Mnerable to perturbations (as the Ospreys helped us see with a new
member challenging their norms with a simple question). And there are many mixed
messages sent to these students in tutorial, some of which will threaten their
understanding of tutorialdat includes collaborative scientific sensemaking. And
some of these threats will come from the tutorials themselves.

The Sparrows should be considered a successful tutorial group. But itis
illuminating to follow their bumpy path of sharing an undamsling of what the
tutorials are all about, in part because it includes some surprising twists and turns. In
Chapter 4, | reported on the interactions during the SparrowsO first discussions of their
first tutorial. In what follows, | will expand upon tlamalysis provided in Chapter 4
of the SparrowsO first sensemaking discussion. | use this example to illustrate the
stability of the SparrowsO understanding that they should be collaboratively making

sense of unexpected features of their motion graphs.
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TA Joey to the rescue

When TA Joey stepped into the conversation, he was soliciting ideas for what
might answer AlanOs question about two unexpected bumps in the motion graph he
just made: OWhat are those two jumps?0O As TA Joey increases epistersi flistan
them get their ideas out there, Ogoing from Owhat happened theve?a tio Qou
think happened there?O to Odo you have any idea?Q they finally start to propose some
ideas. When TA Joey heard DariaOs suggestions that the motion detector is Ojust
getting started up or something,O he revoiced it in such a way that gave Chrissie the
idea to retest it, which they did. TA Joey had asked a clarifying questiorg<O
getting started up, so like if we did it again (rolling hand motion), like now it's
warmed up almost (revoicingjkeEO and Chrissie suggested, Ol think we should do
a second trial.O TA Joey suggests to them that Othis is the sort of thing we want you
to investigate,O and lets them do so. And when they do that second trial, the bumps
are gone, and they have a positive affective response where they all smile and laugh

and generally express happiness with the result:
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Figure 5.1N The Sparrows are happy after they do another trial and the OupsO in the
graph do not show up this time.

DARIA:
CHRISSIE:

DARIA:

There you go::::

A::::h:::, okay,

DARIA & BRANDI laughing
Okay it worked out.

But they do not simply consider the matter settled. They continue to try to

make sense of what tlheimps were on their previous graph. They generated ideas

about their meaning, from Alan walking unsteadily or moving the book:

CHRISSIE:
ALAN:
DARIA:
ALAN:
DARIA:
ALAN:
DARIA:
ALAN:
BRANDI:
ALAN:

So maybe you weren't walkin' at a steady pace [at one point

Probably | probly like moved the book or something like that
Did you? Yeah maybe

Yeah.

Wait did you do something different the first time?

No.

/While you were/ walking back?

I was- I- 1 probly...I donno either=

[Sometimes you do things subconsciously
[=moved the book down or, you know, whatever yeah

When Daria asked if he had done something differently the first time, Alan

was hesitant. Brandi even made sense of this lack of perception of having done

things differently, by suggesting that ias/something he did subconsciously.

In short, the Sparrows were about to dismiss a good opportunity to sensemake

when TA Joey intervened. He engaged them in a sensemaking discussion, and used

110



that as an opportunity to repair the SparrowsO understarfidihat it is they should

be doing in tutorial. There are signs that this understanding is quite stable over longer
time periods, as | will describe in the next section. In what follows, | provide an
example of this stability using an example showing bmvSparrows keep

sensemaking about the bumps in the graph despite the tutorial instructions telling

them to Osmooth out the bumps.O

The SparrowsO ®ltransition to sensemaking: Smoothing out the bumps

In particular, Sparrows are making sense of the fact that there are unexpected
bumps in their graph of velocity vs. time, although these are apparently of a different
nature than the previous OjumpsO considering that they come up with an different
explanaibn for it. Alan attributes the bumps to changes in speed as he is taking each
step.

DARIA:  With each step you take? or do you think like because...

ALAN: | think it's each step

DARIA: it's like : not exactly the same speed you're going

ALAN: Because, when I'm taking a step, right, you leave one foot,
and then not=

BRANDI:
ALAN: =exactly traveling anywhere when you're moving your
foot, right?
ALAN:  You know when you think about walking, you - it's like one :

foot then you move : one foot then you move (gestures
walking with fingers)
CHRISSIE: Like when you move each foot /you/
ALAN: Yeah, so it /keeps/
DARIA: Oh it says here 'when sketching the results.../?/
ALAN: Yeah, smooth out the bumps, when you're...
DARIA:  Okay.
ALAN:  Whatever.
CHRISSIE: What does it say?
ALAN & It says 'smooth out the bumps'
BRANDI:
DARIA: | feel like we're missing /a piece/ (laughing)
CHRISSIE: Ohh
ALAN:  Whatever.
DARIA: Okay, skhehehe
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The Sparrowsvere in the middle of collaboratively sensemaking about the
graph and how it connects to their motion, yet when they look to the tutorial for
guidance it tells them, OWhen sketching the result of this and etheity graphs,
smooth out the Obumpiséiresult from your stepping.O Daria chuckles and
expresses embarrassment since she was questioning whether the bumps were in fact
connected with the stepping. Alan, on the other hand, expresses frustration. Overall,
this kills the discussion, as the gpgoes back to individually completing the
worksheets.

When TARosslyncomes over to check in with them, however, she asks them
to sharewhat they thought about the bumps in the graph. Note that this is another
instance of a TA taking responsiveness into their own hands in ways that are in
alignment with the tutorial, due to the contingent dynamics of the SparrowOs

progression through thatorial. They responded confidently, OStepsO:

TA ROSSLYN: (walks up to table) So what's going on over here?
DARIA:  (looks up) Oh he stopped right there that's why <heheh>
ALAN: Yeah | came really close and then pulled the...
TA ROSSLYN: That's why it goes kind of funky there? Well that's sort of
reasonable.
ALAN: Yep.
TA ROSSLYN: So...are we trying to show a constant speed here is that?
ALAN: Right. Yeah.
TA ROSSLYN: Okay so, what do you think is accounting for those slight
bumps in it.
ALAN:  Ahhhhh::: my steps
CHRISSIE: His..steps.
TA ROSSLYN: Ohkay so,
ALAN: Cause'm not exactly moving when | take as - well the
speeds always modulating every time | ehh (trails off)
TA ROSSLYN: Right. OKay, great! Yeah. And what does it mean that it's
below the axis?
ALAN, CHRISSIE because he is moving towards the detector.
& DARIA:
TA ROSSLYN: Okay. Okay! (nods & walks away)

TA Rosslyn walks up and asks them what seems like a general question,
QWhatOs going on over h&eDaria looks up and responds to her as if she was asking
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about the bump in the graph, responding, OOh, he stopped right there, thatOs why
<heheh>0 and afterward Alan explains how corresponds with something he did while
walking. TA Rosslyn then evaluatéhat explanation positively, as Osort of
reasonable.O

She then asks about thaccount for the Oslight bumpsL@is is something
that theSparrows haveas thought through alregdithough the tutorial had shut
down their discussion. But they haweasoned through it and thankfully TA Rosslyn
asked about it. So it happens ttiety have a quick, sensible answer, \atitey
deliver with confidence: OHisEsteps.O Alan fills in the explanation thapbid is
subject to small OmodulationsO each isntekes a step. She praises this answer:
OOkay, great!O

TA Rosslyn has responded by their sensemaking by going with it, and asking
them to make sense of all the OfunkyO features of the graph, evdeatares that
the tutorialworksheet instructs theto ignore. This responsiveness on the part of the
TA is in service of a greater alignment with the epistemological goals of the tutorial.
And, since the Sparrows have already thought through this, they have a great answer
alreadycued up. The Sparrows are therefore encouraged in their trajectory towards

collaboratively sensemaking about the physics.

ReflectiongOn OSmoothing Out The BumpistA JoeyOs intervention helped the
Sparrows get back on course with respect to collalvehatmaking sense of the
graphs, only to get feedback from the tutorial worksheet implies to them otherwise.

The tutorial shuts down their sensemaking discussion. But it is underdetermined at
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this point whether they take that to be repairing their wstdeding to say that you

should not make sense of the graphs after all, or just, Oyou should not make sense of
these bumpsO. Either interpretation would be against the grain of the epistemological
goals of the tutorial. Luckily the TA Rosslyn provide@ tiecessary responsiveness

and asked them to make sense of those bumps anyway.

Ewhen IOm taking a step
right, you leave one foot,
and then youOre not exactly
traveling anywhere when
youOre moving yourO foot,
right?

Figure 5.2N Alan and the Sparrows are collaboratively sensemaking about the bumps in the
graph.

In the end theyeceived positive feedbadtar their sensemaking, and that is
what counts in thend for the Sparrows, it seemshey proced to havestrong
scientiic sensemaking discussions in throughout the semeBhay do so even
though there are more mixed messages sent their wWaytanial 2, when TA Joey
has to tell them to not make sense of parts of the grapéchnical glitchesTheir
continued sensemaking, even when encountering more ObumpsO in the form of mixed
messages, is a sign of stability in their understanding that they should be sensemaking

together.
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PORTRAIT OF THE GROUPS IN TUTORIAPS CART ON THE LOOHHE-

LOOP

In what follows | will present the three groupsO approaches to the same part of
the same tutorial, late in the semester. | will describe each groupOs approach in turn,
using it as a touchstone to discuss their dynamics more generally. First, the Bluebirds
set the standard for an understanding of the tutorial that includes collaboratively
sensemaking about physics. They approach the tutorial as if they expect to

collaboratively sensemake, as | will detail in what follows.

SomeThoughts On LongeFermDynamicd So far, | have reported in this chapter on
how the Sparrows encounter bumps along their way in the process of building a
shared understanding of what they are doing in tutorial. This serves as an illustrative
example of the fact that even aftke groups build a norm where they use the
discussions to collaboratively sensemake, there are challenges to that norm arising
inevitably as they make their way through the tutorials. But how does each group
maintain this dynamic beyond the first few tugds, and throughout the semester?

Do the green modes survive to the end? How about the collaborative sensemaking?
While | can provide answers to some of these questions, a more detailed analysis of
the longterm dynamics will have to be left for fumuwork. In what follows, | will

briefly characterize my sense of each groupOstésngdynamics of their shared
understandings of what they are doing in the tutorial. | start off with an illustrative
example from a single question that all three gragmsoach in interestingly

different ways as a way of presenting a snapshot of all three groups near the end of
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the semester, summarizing any lessons to be learned. First | use the example of the
Bluebirds to discuss their lostgrm dynamics and compaitgein turn, to the Ospreys

and the Sparrows.

The Bluebirds B Still sensemaking, after all these tutorials

The Bluebirds have been collaboratively sensemaking during their discussions
ever since Tutorial 1, without much nudging from the tutorial instracta fact,
after the students leave the room at the end of the first tutorial, the TAOs have an
informal discussion of how it went. They noted how the Bluebirds were great, and
TA Joey mentions that he heard the great discussion they were havingta@téju
them go.OThis approach is apparently successful, as the Bluebirds consistently do
good work throughout the rest of the semester.

In Chapter 1 | briefly highlighted the BluebirdsO approach to a problem in
Tutorial 9 as exemplary of the Bluets@ resolving a discrepancy by discussing their
sense of the physical mechanism between the cart and the track. This episode is
indicate of the BluebirdsO general approach to the tutorials, which seems to be a
reliable oscillation between working on th@plems individually, and then going
into a sensemaking discussion when there are disagreements. | will present that
episode briefly here, then compare it with the Ospreys and the Sparrows.

In tutorial 9, the students are walked through the calculafitime minimum
release height needed for a roller coaster to get around attddopp,O a large loop
in the track where the cart is, for a time, upside down. To calculate the minimum
release height, they need to calculate the minimum velocity needeattothe top of

the loop with still enough kinetic energy left at that point to get all the way around the

116



loop without falling off the track. In the service of finding this minimum velocity, the
students are instructed to draw a force diagram at tihenbof the loop, and then

again at the top of the loop. The Bluebirds go from doing their force diagrams
individually on the worksheet to discussing their ideas about them. The abrupt start
Owell thereOs gravityO implies an expectation that they smuigisctheir force

diagrams:

BREE: (looking at AMANDA, then down at her worksheet) Okay. (5 second pause)
AMANDA: Ohmygod.
BREE: (looks up, then back down) Alright...(5 second pause)...There's mmm...
DEIRDRE: Well there's gravity
BREE: Gravity's going down...
CARMELLE: | mean you have the force of the track pressing it down
BREE: (over DARIA) the force of the track pushing down
DEIRDRE: Butwouldn'tit -
AMANDA: going down
DEIRDRE: Would it be going up or would it be going like (drawing) like that?
BREE: What?
DEIRDRE: The force of the track

All the students seem comfortable with identifying the force of the track, as
well as the force of gravity, as the relevant force on the cart to consider. However,
not all of them put the normédrce pointing down, towards the center of the féop
Deirdre makes a move to repair understanding of the direction of the normal force,
but she restarts and phrases it as a solicitation of repairing her own understanding
rather than a move to repair treei This is helps everyone save face as they come to

agreement on the direction of the normal force, as they do as the discussion continues.

BREE Nabh, it's going (gestures) down
CARMELLE Cause its pressing down (gestures - see Fig 3) on it, itOs at-
itOsat the top part it that top part of is is what's pushing
down
BREE (in unison with CARMELLE) pushing down cause that's

12 These observations hold for the Sparsand Ospreys as well.
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what's holding it in from like being shot like (gestures)
way out
DEIRDRE Sothere's a
BREE Just pretend like if you, if this was not like going up and
down, just like (gestures) you know, going around=
DEIRDRE Okay

BREE =in circular motion, it has to be pressing in=
DEIRDRE Oh, okay
BREE =to keep it from like shooting out (points away)
(the group goes back to their worksheets)
AMANDA (pause) So what - what force is that, normal /force/?
BREE Normal.
CARMELLE Mmmhm
So both Carmelle and Bree provide justifications of the downward direction
based on their intuitive sense of the mechanism of interaction between the cart and
the track. Carmelle explains it in terms of the organization of the relevant entities: the
trackis above the track and so must be pushing it down. Bree explains it in terms of
competing inward and outward influences of some sort: the force of the track is what
keeps the cart from Obeing shot like (gestures) way outO. After this, Deirdre concedes
the point, and they go on to attach to it the physics term ONormalO and they go back
to individually proceeding through the worksheet.
This is a nice example of collaborative scientific sensemakiihg. Bluebirds
are collaboratively figuring out togethtine details of the physical mechanism. They
are doing so by introducing their ideas and leaving them open to evaluation, and
working toward consensu$Vhile space limitationprevent me from showing more

of their interactions her my sense is thdhis example is quitedicativeof the

Bluebirds@enerakpproach to tutorial.
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The OspreysbOWhat direction is the weight?0

The Ospreys spend the first 15 minutes or so of Tutorial 9 trying to figure out
the answer to first tutorial questio@an you sote for the velocity of a block as it
slides down a curved trackPhey had been discussing which variables they knew
and which equations linked those. In the service of that, they pulled out their
notebook, because they did not remember the kinematiti@ssiaWhen they had
the book open, they had a lengthy discussion with TA Ashton about calculus, which
the TA concludes by saying, OThere isnOt enough info, but you could do it. IF | gave
you enough info.O Strangely though, they proceed to the negf paettutorial
based on the kinematic equation they were just given, instead of the conservation of
energy equation they are Osupposed toO use. It is strange that the TA just told them
they do not have enough information to solve it that way, and ggtatoceed to use
the same equation:

DEVIN: (starts reading part Il out loud)
DEVIN: Can we use the same equation
then?
CENA: Yeabh, /or the initial/.
By using the kinematic equations from their notebooks, they end up getting
the right answer, but by the wrong means. This perplexes TA Bob when he checks
in, and he uses it as an opportunity to explain a subtlety about gravity that makes

them right but ima way that they could not have known about (particularly since this

is an algebra based course).

Filling In The Force Diagrams For PoinsAndB On The Trackl By the time they

are doing the force diagram, their lecture notes are still out on the table from looking
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up the kinematic equations part I, and now they use them to look up what the
professor said about this particular lethyg-loop problem. Their appreh to this part
centers on attending to what is written in their notes, rather than on collaboratively
sensemaking about the physics. As Devin is about to do her force diagram, Britte lets
her know it should be in her notes:

BRITTE: We did this in class, but...I don't think | wrote it down right.
(closes notebook and puts it aside)
CENA: /What was he saying times something (gestures)
BRITTE: /what now/
| remember him writing /that too/ /?7?/
BRITTE: (looks at DEVIN's paper) Are you sure that it's ju st N and
mg?

They are not collaboratively sensemaking about the cart during this part of the
question, unlike the other two groups. The transcript does not capture the long
silences during which the group searched for the answer in their lecture Botess.
solicits repair of her understanding of the normal force, but solely on the basis that it
is different than what she had written down in her notebddie Ospreyget
different answers for the normal force, and so then they backtrack to find tveere

equations diverged. They do no at any point collaboratively make sense of the

physics of the track and the cart. At this point TA Bob comes by for a check in.

TA BobChecks IN TA Bob notices that there is something strange going on with
their force diagrams at the top of the letbye-loop. 1tOs hard to say for sure, but most
likely the group put the normal force pointing upwards. The TA designs his
questioning in a way thatdes them to the correct answer by relying on their

intuitions about the normal force more productively. He starts this by having them
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construct the diagram at the bottom of the loop. When they get that right, TA Bob
presents a novel scenario: the for@gdam at theideof the loop. They get that

right, since they remember that the normal force is always perpendicular to the
surface. Then TA Bob asks about the diagram at the top. Devin catches on that the
normal force is the other way around from wtieey have drawn there. But then
something unexpected happens. TA Bob asks them what direction is the weight,
seemingly using it as another scaffold for them to get something right that they can

rely on. But the Ospreys are confused by this question:

TA BOB: SO, what do you think is going to be at the top?
DEVIN: s it the other way around?

BRITTE: Yeah. /I put/

TA BOB: Well, what direction is the weight?
DEVIN: Is the w - EOway0?

TABOB: Tha-MG.
DEVIN: That's what I'm confused on, isn't that -

Then Britte apparently draws the weight vector gaipgn her diagram:

BRITTE: Would it be...that way?
TA BOB: What now?

BRITTE: /Should be doing/ that? (points with pen, seems
to be pointing up relative to the loop)
TA BOB: Well what direction is  weight.

DEVIN: M G always has to be (gestures downward)

TA BOB: Right, M G always points towards the center of
the Earth, right?
BRITTE: Ahuh

TA BOB: So it's going to be pointing down.
(They all make note on their worksheets)
The Ospreys argilent or a moment as they wrote that down that gravity

points down. Cena then expresses confusion over how it applies to this context of

being upsidedown on the loogthe-loop:

CENA: Even ifits...flipped over?
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TA BOB: /alright/

DEVIN: Yeah, cause gravity's always gonna be pulling
you down.
CENA: Yeah makes sense <hahah>

TA BOB: So what about the normal force, what direction
is that going to point.
DEVIN: Same...direction?
TABOB: Why.

DEVIN: Because it's the same here, here, like it's always
going to pointing inward.
TA BOB: Always pointing away from the track (gestures
up with thumb)
CENA: Mmhm

TA BOB: That's one way to say it cause if you're standing
on a track, the normal force is pushing up on
you----END OF TAPE

Sa WhichDirection Is The Weight® Unfortunately the tape ends before they
finished their conversation. Although there is evidence they are shifting their
understanding of the force diagram at the top of the loop, we do not know for sure
how stable that understandiis. It is particularly true in light of the OspreyOs
confusion over gravity, although ultimately Cena seems to OgetO why it is down,
chuckling and saying, OMakes sense.O Her chuckle may besavigeact in light
of being corrected, particularly @mmething that seems somewhat obvious in
retrospect. It may belie a realization that she must not have been making sense up to
that point. But that is not necessarily true, of course. It could be that she was
sensemaking silently and in fact | suspethere was likely some intuitive reasoning
behind saying gravity is up at the top of the loop. But whatever was going on in
CenaOs head does not change the fact that the group was not collaboratively
sensemaking.

So, in comparison with the other two grauthe Ospreys are not looking very

collaborative nor do they appear to be taking much time to make sense of the physics.
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While this is true comparatively to the other groups, this is not to say that the Ospreys
are not doingnycollaborative sensemakingrhey had spent the first 15 minutes of
tutorial 9 making sense of a part of the tutorial they were not supposed to spend so
much time on, so they may have been playing Ocatch upO at this point in the tutorial
by not collaborating too much. They wersapulled from their lecture notes away

from making sense of the causal relations between the cart and the track. Rather, they
are apparently just copying their notes from class into the tutorial notebook. The TA
had discouraged them earlier from usingit lecture notes, saying, OAww you got

your notebooks out? ThatOs not coooool.O0 The Ospreys decided to keep them out
anyway, and the TA did not follow up. Now we see the detrimental effetiie sd

decisionn their ability to create a space to ablbratively sensemake

Brief Discussion Of Th®spreys@ongerTerm Dynamidd While there are not many
signs of scientific sensemaking in this example, this is not to say the OspreysO
discussions are totally devoid of collaborative sensemaking at this point in the
semester. In fact, in Tutorial 10 they have a pretty great discuesoan why the

astronauts feel weightless when in orbit. However, they go there much less

131n Tutorial 10, when their notebooks are away, the Ospreys actually go into a nice
collaborative discussion about why the astronauts experience OweightlessnessO.
Notably, Devin starts the discussion with an ironic shift inif@ptmockingly shifting
register to say, OReady to compare our answerssssEQ This is quite like how the

Bluebirds got into their first green mode discussion, as discussed in Chapter 4.
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frequently than the Bluebirds, and do not sensemake as deeply when they do. Nor do

they tend to sensemake as much as the Sparrows, as | will describe in what follow

The SparrowsO approach to the loefne-loop: OHow do we relate the two

forces?0

The Sparrows are sort of the ®atweenO case out of these three grbats
in their sensemaking about the lethg-loop problem, and in their sensemaking
throughout theemester Generally speaking, they continue to have sensemaking
discussions quite often throughout the semester, more so than the Ospreys. Still, they
not as consistently aligned with the aims of the tutorial as the Bluebirds. In their
discussion of théorces on the cart, the Sparrows do at least behave as if they are
expecting to share their ideas about which forces are acting and in what direction.
They are sensemaking, when it comes to the forces acting on the cart at the top of the
loop-the-loop. Frst, they determine how many forces there are. Chrissie makes sure
that friction should not count:

CHRISSIE: (reading out loud) A greased block with mass...
DARIA (reading out loud)
CHRISSIE Lord God....
DARIA  Oh it goes like :: this
CHRISSIE At point B?
DARIA (reading out loud) Draw a free body diagram...point B...top
DARIA Yeah /I assume/ just going down...weight
ALAN Weight /?/ on the block and you have the weight, | mean,
the normal of the track on the block
DARIA  /would be down/
ALAN Ummm, what else do you have.
DARIA /2]
CHRISSIE Do you have any friction?
ALAN  No, no friction.
DARIA No, because /it's greased./
CHRISSIE It's what?
DARIA It's /greased/?
CHRISSIE Cause it's-it'd just be two right? Okay.
ALAN Do you /know/ the tangential force?
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CHRISSIE Oh, please. Please. (nodding no)
DARIA NO, because at that point,
ALAN Yeahyahyahyah
BRANDI  So both forces are downward?
ALAN (gives 1 nod and | think says Mhm but goes back to
working.)
There are some elementsooflaborative sensemaking here. First, with
respect to the collaborative nature of their activity, notice that they are reading out
loud as they proceed individually through their worksheets. While reading out loud
may serve individualized purposes,lg@aserves the purposes of letting everyone else
know where you are on the tutorial. This is a critical element of the group getting on
the same page and keeping it that way, both figuratively and literally. This perhaps
belies an overarching shared urslending encompassing both blue mode behaviors
and green mode behaviors, wherein the completing the worksheet and having
discussions are both part of serving the same overall learning goals. While Goffman
talks about this OembeddedO nature of our uadeéirsys of the physical and social
world, particularly as navigated through shifts of footing (1974). Reading out loud is
a shift of footing, as cued by a register shift in the voice and the unintelligibility of the
sentences, which indicates that théeler should not to take the content as being
from them. Through this practice, the Sparrows turn the individualized activity of
completing the worksheet into one that is serving the broader purpose of working
together through the tutorial.
And what theyare cooperating about here involves some sensemaking about
the cart as it interacts with the track. They go from completing the worksheet into
having a discussion about the forces involved in such a seamless manner that it

signals an expectation that yheill discuss things at the relevant times. Which times
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seem relevant to the group can be evidence of their epistemological approach to
tutorial. In this episode, we see that they move to a discussion to get on the same
page with respect to the forceagrams. They each feel safe enough to give their
ideas of which forces are involved, and which way they are pointing. So far, that is
about the extent of it.

There is room for improvement when it comes to collaborative sensemaking
here. Most notablyit seems Alan is positioned as a person who knows. One
problem is it leads to Brandi being shrugged off when she seems to express some
confusion about which way the forces are pointing. This could have been a
productive discussion point, especially sintavhat follows we find the group
flopping back and forth between sayitngitthe forces are both downward, and also
that they are canceling out.

AlanOs positionality as OexpertO or OleaderO not only get them into
conceptually murky waters here, but is problematic because while he comes across as
knowing the answer, he is somewhat unreliable in whether this answer turns out to be
the Oright oneOn & poster presented at the Winter Meeting of the Association of
Physics Teachers, | reported on AlanOs being positioned as the leader status despite
not being a leader when it comes to grades (Conlin , 2008). Here we see the micro
details of where beingositioned as a leader is not just about taking the most
conversational turns, but how everyone in the group epistemologically positions
themselves to that person. This will lead them into trouble with respect to

understanding the forces acting on the cawhat follows.

CHRISSIE: How'd'we /relate/ the two forces. Cuzit -
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ALAN: Those two forces must be equal
CHRISSIE: Right, so it should be gravity is equal to...Now.
ALAN: Whatever
CHRISSIE: It should be -
ALAN: Whatever force you find there is  the amount of force
that you -that's um -
CHRISSIE: What do you mean what force
ALAN: That's the normal force.
DARIA: 10.687?
ALAN: That's what it is?
CHRISSIE: Ohhh I was gonna do this the wrong way.
ALAN: | mean, cuz, if those two forces are imbalanced that
means the box is gonna fall.
CHRISSIE: Right.
ALAN: If they're equal that means it's about to fall, but it's
gonna JUST make it across.
BRANDI: Tk Oh
CHRISSIE: Holdon say that again, if the two forc  es...
ALAN: Those two forces have to be equal. Otherwise it's
gonna fall.
CHRISSIE: Ri::ghtin order to have acceleration right?
ALAN: In order -in order for it to...continue on in that circle.
You know when you continue on in the circle
(gestures)
CHRISSIE: Right, okay.
ALAN: /if/ those forces are out of wack (gestures that gets
mirrored by Chrissie when the TA comes by)
CHRISSIE: orit's gonna move
ALAN: they're just gonna fly straight off or whatever...or
something like that.
DARIA:  Why is this so long...

N
ext, the Sparrows calculate the magnitude of the net force acting on the cart.

Ultimately they get an answer, and Daria asks Alan if he thinks it is right:

DARIA:
ALAN:

(to Alan) Do you think thatOs right?
Mmhm. (nods). ThatOs right.

At hispoint, Chrissie brings it back to sensemaking about the physical
mechanism, and they immediately respond by sharing their ideas and collaboratively

evaluating them:
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If those two forces are imbalanced thi
means the box is going tall

I / o )
| Hold~on, saythatagai

if the two forcesE r Those two forces have
to be equal. Otherwise

it's gona fall.

Figure 5.3N AlanOs explanation is suspect here, but he and Chrissie treat it as OtheO
explanation.

Again, there is evidence of collaborative scientific sensemaking here, while
also some room for improvement. Alan and Chrissie especially are working towards
a shared understanding of the forces acting on the cart, sharing their ideabeibout
intuitive sense of the forces on the block. And once again, Alan is saying things
matterof-factly, and it gets taken up as an explanation rather than an idea about the
world (see D. Kuhn, 2003, for a discussion of similar issues).

So, AlanOs laak epistemic distancing from his ideas left little room to
sensemake. They are showing no signs at this point of detecting an inconsistency in
their reasoning. They are alternately saying the forces are working together and that
they are working againstch other. (We saw the Bluebirds displaying similar mixed
intuitions about the forces, particularly in BreeOs explanation) Chrissie takes up

AlanOs idea as the explanation, and this is how they proceed. Luckily, TA Rosslyn
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comes by and catches thiggj in their reasoning and helps them recognize and
address it. We do not know how it turns out, as the tape ends in the middle of TA

RosslynOs chedk.

DiscussiorOf TheSparrows@QongerTerm Dynamids As reported in Chapter 4, the
Sparrows at firsare dismissive of the epistemological goals of the tutorial, until a
tutorial instructor steps in to help them engage in some scientific sensemaking. He
encourages them to help each other make sense of things such as unexpected bumps
in the graph. He atsOgoes metaO to #aig discussiolis the sort of thing we want
you to be doing. This interaction proves to be quite a formative moment for the
SparrowQOs shared understanding of the nature of how to engage with the tutorials.
However, that shared undgésnding is not set in stone, and is vulnerable to
perturbations (as the Ospreys helped us see with a new member challenging their
norms with one sentence). And there are many mixed messages sent to these students
in tutorial, some of which will threatetheir understanding of tutorials that includes
collaborative scientific sensemaking. And some of these threats will come from the
tutorials themselvesDespite their bumpy trajectory of engagement with the tutorials,
in the endhe Sparrows, in the endwould saythey arequite a successful tutorial
group.

The strange thing is although the Sparrows are a successful tutorial group in
that they engage often throughout the semester in the practice of sensemaking, they
are perhaps unhappily so. At a fames throughout the semester, they have

OgripingO sessions where they complain about the tutorials, and the course in general.
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In these discussions, the Sparrows express a surprising amount of animosity. For
example, after the first tutorial they getdra Ogripe sessionO in which Brandi says Ol
donOt like this,O and Chrissie agrees withTiez.others are sort of lukewarm about

it, with Daria saying, OYeah the physics labs are kind of funnyEIOm sure theyOre
gonna get harder,0 and Alan describing thei®elementary school stufS0 this

episode highlights the issue as one that at the intersection of engagement, affect, and
epistemology. The analysis of the Sparrows shows that the story can be a subtle one.
Even though students express at timesnsgflly negative emotions towards the

tutorials, this does not necessarily derail them from engaging productively with the
tutorial, in alignment with the curricular goals of collaborative scientific

sensemaking.

CHAPTER CONCLUSIONS & DISCUSSION

In this chapter, | have presented two separate analyses to illustrate the
dynamics of each groupsO shared understanding that they should be collaboratively
sensemaking about physicghe first example centered on the Sparrows and how
they came to a sharethderstanding of tutorial in the face of contradictory messages
about how they should sensemake, and about what. The TA told them to sensemake
about any anomalies in the graph. As they are doing so later on in the tutorial, their
sensemaking discussigot shut down when they realized the tutorial told them had
told them to simply Osmooth out the bumpsO. But then the other TA comes over and
asks them about the bumps anyway, and they have a good answer for her because
they have thought through it, andestewards this behavior. So we see how the

Sparrows progress towards more stably going to sensemaking in their discussions,
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although this progression is a somewhat bumpy one. One implication from this is
where in the tutorial to place some epistemoldgioahioning.

This example of the Sparrows followed immediately from the analysis in
Chapter 4, but does notterdtoo far into the semester. But what about the longer
term dynamics? How do the groups end up at the end of the semester? To address
thisquestion | compared the approaches of the three groups to the same problem in
Tutorial 9, using the episode as a touchstone to discuss each group@sionger
dynamics in turn. The Bluebirds are a spectacular group, and were soaring from start
to finishin that they quickly went to sensemaking discussions and often returned to
them throughout the semester. In Tutorial 9, they work together to establish a
common force diagram of a cart upsidigvn on the loofthe-loop. When there is a
discrepancy, theyptify their ideas by drawing from intuitive sense of the physical
interaction. The Ospreys, while they continue to have green mode discussions
throughout the year, there is not nearly as much collaborative sensemaking about the
physics. In Tutorial 9, &y copy the force diagrams from their notes, and when a
discrepancy arises they just drop it, without trying to make sense of the physics.

The analyses presented in this chapter characterize that the groupGs longer
term dynamics of sensemaking together in tutorials. The analyses reveal that all three
groups continue to have sensemaking discussions throughout the semester, though the
groups dfer in the frequency and quality of those discussions. They also
demonstrate the highly complex dynamics by which the groupsO shared understanding
of their activity evolves, with conceptual, epistemological, and affective tensions the

students must maga. The analyses presented in this chapter contained further
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evidence that the students manage these dynamics simultaneously, by epistemically
distancing themselves from their statements in ways that help the group maintain a

safe space to make sense loygics together.
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Chapter 6Summary Implications, and Future Directions

In this dissertation, | have characterized the dynamics by which tutorial
students come to understand their activity as collaboratively making sense of physics.
In this chapter | will brily summarize the how each chapter has contributed to
addressing the central questions introduced in Chapter 1, highlighting the key
findings. Then I will discuss the implications of these findings for research,
instruction, and curriculum design. | wilbnclude by suggesting some directions for

future research.

SUMMARY OF KEY FINDINGS

In Chapter 1, I introduced two central research questions:

1. How do tutorial students build shared understandings of what it is they are
doing in tutorial, particularlya shared understanding that they should be
collaboratively making sense of physics?

2. How does that shared understanding evolve over the whole semester?

In Chapters 2 and 3, | lay the theoretical anghieal foundations for
addressing these questioria Chapter 2, | situated this research pursuit at the
intersection of two literatures. Research on scientific argumentation in science
classrooms as well as research on discourse analysis highlights the fact that to build
shared understandinggudens must balance making repairs of understanding while

mitigating the affective damage that often accompanies such repairs.
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In Chapter 3 | presented a qualitative and quantitative analysis of student
groups to empirically establish the fact that the tat@iudents are able to come to a
shared epistemological understanding of what it is they are doing, i.e., an
epistemological framingf their activity. They did not settle on one way of
understanding their tutorial activity, but rather transitionedg®ap between
multiple ways of epistemologically framing their activitypresented evidence that
one of these framings showed more evidence for reasoning about mechanisms than
the others, which enabled me to focus my analysis on the easily identfiabje
discussions where sensemaking is likely to occur.

While theanalysisof Chapter 3stablishedhatthe tutorial groups are able to
build shared epistemological understandings of what they are idoiveyys that
involve making sense of mechanisntsloes not addres®owtheyare able talo so.
| addressed this question in Chapter 4, through an analysis of three tutorialigroups
their first discussionf the semester. | found that the grougseable to manage the
epistemological and affective tensions of building shared understandings in part by
maintaining epistemic distance between themselveshaidstatementsBy
softening their stance through hedging and ironic shifts in footing, a# gmoups
were able to construct a safe space to sensemake. | found that the groups differed in
the details of how they established this shared understanding, when in the tutorial it is
established, and how it evolves from there.

| followed these longeterm dynamics in Chapter 5 by analyzing the
discussions of all three groups throughout the semester. | found that while all of the

groups continue to have sensemake discussions together throughout the semester,
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they differ from each other in how often amalw stable their sensemaking

discussions are. This variability highlights the complex nature of the evolution of the
groupsO interactions as they work to stay on the same page with respect to what they
are doing together in tutorial. To illustrate thesenplex dynamics, | chose one

group (the Sparrows) as they encountered mixed messages regarding whether they
should be making sense of unexpected bumps in the graph. In the end, the Sparrows
continued to sensemake about these bumps, even when the asicehthem to

Osmooth out the bumps.O They did so with the help of a responsive TA that asked
them to think about what might have caused the bumps despite the tutorial
instructions, a finding that highlights distributed responsiveness an importarit aspec
of the tutorial curriculum.

In sum, | have addressed each of the central questions by detailing the
processes by which three tutorial groups built a shared understanding of their activity
that included sensemaking. They accomplished this mutual tewlgirsy in part
through the simultaneous management of epistemology and affect in order to make a
safe space in which to share and evaluate ideas. | showed how each group got to this
understanding in different ways and at different times. | also showedheir
understandings evolved along different trajectories over the course of the semester.
These findings have implications for research, instruction, and curriculum

development, which | will discuss in the next section.
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DISSERTATION IMPLICATIONS

Small things can make big differences

By zooming in on key moments of the tog-turn interactions uncovered, we
can uncover details that prove to be consequential for the groupsGiéomger
dynamics, revealing the ways largeale patterns can emergerm processes playing
out at the level of a conversation. The analyses in Chapters 4 and 5 illustrate several
ways that small things made big differences, including a TA who overheard an
opportunity to get Sparrows sensemaking together, and a new graugemeho
challenges the norms of the group by the way she words a question.

This sensitivity of the global dynamics to OmicroO moments of interaction has
implications for both research and instruction. For education researchers who study
student interetions, this micro/macro connection brings with it a whole new set of
methodological challenges, not least of which being how to go about connecting the
micro and macro levels of analysis. The data set collected fétetpegng Students
How to Learnproject, from which | draw my video, affords this sort of analysis
because it contains longitudinal data over the course of the semester while also giving
access to the groupOs mir@ractions. | have tried to show how micro moments
can give insightful snahots of the groupOs trajectory as they build shared
understandings over the course of a discussion, a tutorial, and even a semester.

That these small moments can have such a broad impact has enormous
consequences for both the instruction and designarfials. In Chapters 4 and 5 we
have seen how ithemoment TA decisions can have a tremendous impact on the

groupOs sensemaking dynamics and thereby there engagement with and learning from
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the tutorials. The Sparrows were dismissive the tutorial b&réoey overheard

their conversation and pointed out an opportunity to collaboratively sensemake.
From then on they continue to collaboratively sensemake regularly, throughout the
rest of the semester. TA JoeyOs move forwarded the epistemologicdltains o
curriculum, but it was a random overhearing of a great question rather than a TA
checkin or anything written on the tutorial worksheet.

Other influential TA moves we have seen are ones that contradict what is
written on the worksheet. The Sparsidvad been having a nice collaborative
sensemaking discussion about until they saw the tutorial instructions to Osmooth out
the bumps,O but TA Rosslyn asked the Sparrows about those bumps in the graphs
anyway during her cheek. This resulted in the Spaws receiving positive
feedback for their efforts of having a sensemaking discussion, which helps stabilize
their tendency to do so.

A qualitative analysis of the Bluebirds, the Sparrows, and the Ospreys over
the entire semester reveals that the dynsumi¢he groupsO framings of their activity
are complex, and their patibwardsensemakingpgetheris nonlinear. Their
understanding@f their activityis challengealong the way when they encoundger
variety of mixed messages about what it is they lshioel doing. This highlights the
need for a responsive curricular tutorial environment, where an instructor can make
informed deviations from the worksheet, for instance, when they overhear an
opportunity to get a group sensemaking together. | will dselements of this

distributed responsiveness in the next section.
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Distributed responsiveness in the tutorial curriculum

In Chapter 3 presentda case study of one groupOs bumpy road towards
sensemaking, in whicihe Sparrowgncountercontrasting mgsages about whether
they should be sensemaking about some unexpected OjumpsO in their motion graphs.
This case shows how mixed messages may inevitable in such a flexible learning
environment, and some of these messages may end up having unintended
consegences. This also highlights the importancedistributed responsiveness
across multiple aspects of the curricular context, including the tutorial instructors and
the worksheets. | show how in several instances the TAs depart from the written
instructons in order to take up an opportunity to engage the students in sensemaking,
and these departures prove critical for the groups understanding that they should be
making sense of the physical mechanisms.

The tutorial worksheets generally leave a lotaafm for the students to take
things in different directions. They are built in part to solicit and reward good
scientific thinking, and not just Othe right answers.O However it is impossible for the
tutorials to be infinitely flexible. Not only is ewestudent is different, but in tutorial
the learning trajectory of each group is bound together. And as we can see from the
SparrowQOs response to the instructions to Osmooth out the bumps,O a groupOs path
towards sensemaking could occasionally encourtstance from the tutorial itself,
at least as it is written on the worksheet. But the worksheets are not the sole vehicle
through which the tutorial curriculum is delivered. Through responsive teaching,

TAs can attend to and assist the groupsO pragratigning with the epistemological
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goals of the tutorial, even if that occasionally means veering from the instructions

written on the worksheet.

The coupleddynamics of epistemology and affect

In Chapter 2, | argued how in building shared understagsdithe groups
would have to find ways to manage the affective dynamics when making repairs, in
order to create a space where the groups feel comfortable to introduce and evaluate
each otherOs ideas. In Chapter 4 | shéwedthe groups manage these
epigemological and affective dynamics through epistemic distancing, i.e., by
softening their stance through hedging and other shifts of footing. This distance
offers protection from affective damage if the idea is repaired or rejected, and can
make or brealk discussion. In the BluebirdOs first discussion, for example, Bree
reads her own response in an ironic register, distancing herself from its content in a
way that sparks laughter and ultimately helps the group ease from reading what they
wrote into sayig what they think. In the OspreysO first discussion, in contrast, Adam
flatly states his response, OitOs been proven that you learn from your mistakesO and
the conversation ends there.

The deep connections between affect and epistemology explored in the
analyses of Chapter 4 and 5 have implications for both research and instriiction
have introduced epistemic distancing as a means to capture the dynamics of
epistemology and affeat the tutorial groupsO discussions. | have identified several
instancs in classroom video where students use epistemic distancing as a resource to
navigate the epistemological and affective dynamics simultaneously, and in ways that

proved to be quite productive for the groupOs sensemaking discugibtise use
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of appropiate distancing from oneOs claims, e.g. via hedging, is more than just a
helpful tool for making a safe space to sensemétkis.also an important element of

scientific practice, and one that deserves more attention from science education

researchers anscience educators.

One consequence of affect playing into the epistemological dynamics of the
tutorial groups is that tutorial instructors and curriculum developers can and should
attend to affect in designing the curriculum, whether it be on papertioe moment.

At this early stage of exploring this connection, however, recommendations for
instruction should be made only with caution, and should be grounded in evidence
from classroom data of the sort presented in this dissertation. Based oinl¢meeV

have presented, | can suggest a few small tweaks that could have a big difference.
For example, | showed in Chapter 4 how the Bluebirds and Ospreys relied-on turn
taking to structure their first discussion, whereas the Sparrows bypassed-the turn
taking and their discussion faded quickly. The question could be slightly reworded to
encourage turtakingwith something like Oread your responses, noting similarities
and difference®utilizing the turnataking structure to get more ideas out there while
allowing the students to ease from reading what they wrote to saying what they think.

Based on my findings about the connections between affect and epistemology,
| suggest that thiutorials couldstand to be a little more expli@bout how the
groupsO sensemaking activities reflect the disciplinary practices of science. If they
understanding what they are doing as authentic to what scientists are doing, this could

mitigate some of theegative affective responses of the students towards the tutorial,
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which at times can come across to them as condescending (Brad), or as Obaby workO

(Chrissie).

OPEN QUESTIONS AND FUTURE DIRECTIONS

The research reported in this dissertation has ramedjnestions, some of
which were addressed, while others remain open questions to be pursued in further
research. For instance, | have only begun to address the-tengedynamics of the
groups. While we saw an increase in collaborative sensemakiagdbrgroup at the
very beginning of the semester, tracking these dynamics over the course of the
semester will take considerably more work.

My dissertation has also touched upon broader issues too big to adequately
address at this time, but would baifful future directions to pursue. For instance,
there is the issue ¢iow the shared understandings at the group level impact
individual studentsO learningollowing the longterm dynamics of the groups by
piecing together micro moments, we can shegidence of the individuals learning
from their group interactions, but in order to make sure the individual students access
this learning beyond the tutorial would require supplemental data such as tests or
homework assignments.

Another issue raised bursufficiently addressed in this dissertation is how the
studentsO shared conceptual and epistemological understandings interact. How does
the shared framing dfaving a discussigrfor instance, impact the sort of conceptual
understandings the groups lo@ There is also the question of the how the groupsO
multiple shared framings of tutorial fit together within a broader understanding of

tutorial. Goffman (1974) characterizes frames as embedded, as in the layers of

141



lamination of talk revealed when tepeakers shift their footing, but little research
has aimed to fill in the story of how frames can be nested.

In Chapter 5 | took one step towards filling in that story for the Sparrows by
showing how their practice of reading the tutorial worksheetdah@lped them to
stay on the same page, both figuratively and literally. This practice suggests that the
Sparrows are forming an understanding of the tutorial whereby they are working
together towards a common purpose that involves staying on the samagagd
has having discussions. The Bluebirds also frequently display this sort of behavior,
but the Ospreys do not. This makes me suspedhisatadingout-loud phenomena
could turn out to be a sign of a wélinctioning tutorial group. But explimg this
question would require expanding the data analysis beyond just the times surrounding
discussions, and so must be left as a future direction.

One last major issue raised in this dissertation that deserves further research is
the studentsO use ofior and irony to navigate the epistemological and affective
dynamics of collaborative scientific inquirdased on the dry, emotionless world of
science painted by philosophers and history of science, one might naively suspect that
humor and laughter hawo place in the doing of science. Or that if they do play a
role, the effects would be too subtle and too secondary to warrant attention from
educators or education researchers. This would explain the strangely sparse literature
on the use of humor ieducation. However, this perspective is a flawed one, as the
evidence presented in Chapters 4 and 5 suggests.

| presented multiple instances in which the students used humor and irony in

ways that assisted their collaborative sensemakngt, humorhelps the group
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work together, a wellocumented benefit of humor within the research on small
groups(e.g., Fine & Soucey, 2005; Gottman, 1993)hat is lacking in the research
are studies detailing the messes by which humor helps accomplish their goals,
especially when those goals includarning. Although space considerations
prevented me from giving due consideration of this point, by providing evidence of
such processes my dissertation and vextknded from itcan contribute to the
literature. In Chapters 4 and 5 | have examples of students mockingly reading out
from the tutorial instructions as way to enter into discussions that are conducive for
scientific discussion.

Humor and irony help students make repairs of understanding while
simultaneously managing affect. For example, students like Bree can distance
themselves from their ideas, thereby protecting affect in the case that the ideas are
repaired or rejected. Thuthe evidence presented in this dissertation hints that
humor, laughter, and irony are not just Osocial lubricantsO but can play a substantive
role in the doing of science and in building shared understandings more generally.
Humor and laughter can albe productive empirical tools for the researchers of
student interactions; sharing a laugh can be perhaps one of the most dramatic ways of
signaling shared understanding. This is a point that the great physicist Richard
Feynman(1988, p. 16expressed eloquentlydT]he highest forms of understanding

we can achieve are laughter and human compagsio

143



Appendix AbTranscriptionConventions

| transcribe talk using a variant of the Jefferson transcription sy§aoks,
Schegloff, & Jefferson, 1974, pp. #3B3).

Sign Description Example
I/ Indicates uncertainties in thinscripf for S1: SshhE/letOs whisper/
instance when audio is unclear or low in volun S2: What?
Boldface  Indicates some form of emphasis, which may What did you saf!
signaled by changes in piteimd/or amplitude.

[ A left bracketconnecting talk on separate lines S1: Haa[ppy birthday to youE
marks the point at which one speaker's talk S2 [happy birthday to youE
overlaps the talk of another.

] A right bracketmarks the place where the S1: [I wasnGinished]
overlap ends. S2: [l have one morghingto

say

~ Tildesbetween words are used to mark rapid Wicked~fast~talk
speech.

Colonsindicate that the soun@r silence)ust NO::::: | wasnOt sayirtbat.
before the colon has been noticeably lengthen WhatOs going on thereAny ideas?

- A dashdenotesa sudden cudff of the current Say wha?
sound.

.?, Punctuationsymbols are used to mairikonation
changes rather than as grammatical symbols:

. A periodmarks a falling contour. But who knows.

? A guestion markndicates a rising contour. You know, like, valley speak?

, A commaindicates a fallingrising contour. Well, | guess,

(.6) Numbers in parentheseasark silences in OkayE (1.6) | got it.
seconds and tenths of seconds.
*hh A series of "h"s preceded by an astedskotes *hhh You scared e
an inbreath.
(comment) ¥ltalicsin parentheses indicasetions (points to workshegt
accompanyhe talk being &nscribed.
Contiguous= ¥ Anequals signs used to indicate "latching"; S1 Objects in motion=
=talk there is no interval between the end of a prior S2 =stay in motion.
unit and the start of a next piece of talk. T: ThatOs right!
CAPITALS Indicate increased volume. Turn it UP!
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